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ABSTRACT

This experimental study has three aims: (1) to give a
detailed description of imitative behavior as it develops during the
first six months of life; (2) to ‘ompare imitative responses
perceived through visual, kinesthetic and auditory modalities; and
(3) to describe and explain the regulating mechanisms and processes
present in the early development of imitation. To accomplish these
aims, 1. Eirst-born female infants vere tested in their homes every
twvo weeks between the ages of 1 and 6 months. A total of eight
visual, three kinesthetic and three auditory tests were administered.
Thirteen behavior categories were observed during both the control
and reaction periods. The two hypotheses formulated to gulide the
research are supported by the data presented in the three main sets
of results. These results show that: (1) imitation exists as early as
1 month of age but is limited to certain types of models; (2) these
first imitative responses wane between 2 and 3 months of age; and (3)
there is absence of imitative response during the first 2 months of
life to some other types of models, (i.e. auditory) but once
imitation to these models comes in, it increases wich age. (SDH)
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ily talk will be divided in {our parts, a short
introduction about the state of knowledge in the study of
imitation, the daescription of the exparimental study on
imitation, some of the assumpticrs uni hypotheses that were
made and finally some of the rasults'v&at were obtained.

LiITRODUCT ION

The dabate in the literature on imitation started
at the end of thc ainetesnth century with theoretical specu-
lations that imitation is an instinct. Early during the
twenticth century just as animal oxporiments were starting
the first psychological theorias about imitation amorged.
Thus theories about imitation arc to b¢ found among
psychoanalytic writings and also among writings by the
gestaltists. These were theories within the framowork of
vhe particular schools concerned and were not based on any
axperimental or direct observations with humans.

In the early thirtics naturalistic obscrvations
were conducted by psychologists on their own children with
spe.ial interest in the origin and devclopment of imitation
during the first year of life. “These studies includec the
works of Guillaume (192%), Piaget (1962) and Valentine (1930),
Guillaume was the first to stand against the vicw that
imitation is an instinct and togcther with Piaget offered
developmental theories ahout imitation.

There followed a series of experimental observations
with praschool, school-aged children and animals conducted
mostly in America which lcad to the description and explanation

1 Praosentad at the B.P.S. Annual Macting; Liverpool, 5-9
April, 1973.
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of imitation witihin tho framework of laarning theocics.
These studies togethar with some raecaent axporimental obser-
vations on infants, i.c. Kaliski (1963), Paraskavopoulos
and Hunt (1971) and Uzgiris (1972) arc refinud obsarvations
but do not considor imitation from a duvalopmental point of
view.

Piacet's study of imi‘ation stands out both for
tho wealth of its observations and for its davalopmental
theoretical underpinning. Piagot strossed the fact that
imitation is a manifcstation of the child's intelligence
and demonstriated how closely related its devalopment is to
cognitiva development during the scnsori-motor period. He
described the development of imitation in terms of succass
or failure, i.e. the infant's capacity at a certain age to
reproduce a particular model and stresscd the fact that the
limits of uvach stage aru sct by the infant's cognitive
capacity at the tima.

Piaget carried out his study on hiw own three childreon
his method was clinical rather than experimental. I beliave
that, for the further study of the dcvelopment of imitation
during early lifc, it is now important to employ experi-
mentel methods that will permit replication of the findings,
at the same tiune any such method must be sensitive anough
to take into account variations in tho individual infant's
capabilitics within cach stagc of the development of imitation.
The necessity for observing gradual changes in imitation
as it develops requircs also that the approach taken be
longitudinal rather than cross--sectional. There are 3
number of concepts in the Piagetian approach taat need
refining and expanding. I hope that the prcsent work will
supplement his developmental theory.

This zhort roeview of the literaturc has served as
an intrcduction to assess the current state of knowladge
in the study of imitation and the thceoretical oricntation

o of the experimental stuvdy which I am now going to describe.
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The aims of this cxporimental study vwere as follows:

a) to give a dutailed description of imitative behaviour
as it dovelops during the first six months of lifc;

b) to make a comparison of imitative rusponses to throe
groups of models, each purceived tarough a diffaront
sansory modality, namely visual, kinaesthotic and
avditory; |

c) to doscribe and explain the regulating machanisms and
processcs prosent im the early developuent of imitation.

I METHOD AND PROCEDURE

A. SAMPLE. The sample consisted of 12 first-borm
normal female infants sclected from the population
available at St Mary'e Hospital in London.

B. PROCEDURE. The infants were visited in their
homas every two wecks from the time they were 1 month old
until 6 months. Thu visits took placc immediately after
a foed. The infants were placed on @ sofa in the supine
position with a pillow under their heada throughout the control
period and the testing session. The mother was in thc samc
room but vut of thc infant's sight. Thc cxperimenter's
face was within the infant's visual ficld and the baby could
look at her at will, Before the testing session each infant
was observed for a control pceriod of 12 min. during which
the spontaneous activities were recorded and this provided
baseline data with which the infants' rzactions to tho tests
were compared. In fact during thc control period there
were twelve 3C-secs intervals of observation time interxr-
spaced with twelve 30 secs note-taking time. The sessions
lasted a little over half an hour; if the baby started
fussing or crying at any time the session was suspended
and resumcd as soon as she was calm again.

C. THE TESTS. The tests form thrcece groups that
are described by the sensory modality through which they
arc perceived. There arc the vigual (V) tasts, the kinaes-

Q thetic (K) tests and the auditory (A) tests. The order of
administration varied by group of tests; thus 4 infants
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and 4 in tho ordar KAV throughout tho longitudinal study.
Each tust was administured threa times with an interval
of 30 sccs butwaen cach administration.

Visual group of tasts

This group included the following taoats:

1. Four tonguc protrusions without naking any sound;
this constitutcs one administration of the tongue protrusion
tast.

2. Four tongue protrusions accompanicd by the sound
"n".

3. Side to side rhythmical movements of the head.
This test was a rcplication of Piagat's test on his own
childran. '"The cxperimentor gets thz infant to follow the
movement of an objact by moving it horizontally within tha
infant's visual ficld. In order to follow it the baby has
to rotate her head from onc side to the other at least
threa times. Once the haad movemont is obtaincd, the cxpori--
menter drops the objoect and starts moving her hecad the same
way the baby was moving her own.

4. The same test 1s administered accompanied by the
sound “aa". The order of tests with or without sound was
countcr=balanced over infants and over ages.

5. Opening and closing of the mouth without emitting
any sound; the opeaing and closing is repeated four times
and .this constitutes cne administration of the mouth
movements toat.

6. The wxperimenter movas her fingers for 10 8cC3
while the baby is lmmobile.

From 4.5 months two additional tests are given in
this visual group of tests.

7. llands Loygcther; the experimenter moves both hands
within the baby's visual £icld by bringing them togethcr
and moving thoem apart four times.

8. Scratching and banging: the baby is secated on the
exp arimenter's lap. The experimenter scratchas her dress
and walts for 30 sccs then bangs on her lap and waits for
another 30 sccs. Tha sequcnce is repeated three times.
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1. The oxperimentur gots hold of thu baby's log from
the mid-calf and bends and straightens it saveral timas
rhythmically. As the tust is given three timos like all
the othars thao two legs are alternated; i.e. first the left,
then tho right then the laft one again.

2. The experinentcr gots hold of the baby's arm from
the elbow and moves it up and down parallel to tho body
rhythnically.

3. The oxperimeontcer gots hold of baby's both lcgs
ané bands and straightens them rhythmically with altcrnation
of the movoment several times - “bicyle~1like" movement.

Auditory group of tasts

1. when the baby is silent the exparimenter while in
face to faca contact emits some vocal sounds sclocted from
the spontanuous repertoira of infants under one year of
age, They includc single vowels and VOwol groups, single
consonants and consonant groups, vowgl-consonant Or
consonant-vowel groups and finally sone rhythrical
sequences. Examples: a, o, 0a etc., m. g, b, bvvv, pfff
atc., bu, ma, ag etc. and “aa aa aa a", *ma--ma-ma-ma-1aa’

2. The recording of a baby's babbling consisting
mainly of sounds "m" and "a* was playcd on a tape recorder:
the duration was 15 secs to make it comparable with the
duration cf tne other tests. This was repoated three tines
with an interval of 30 seccs botween dthe playbacks. The
age of the baby in the recording was 1.5 montns.

3. The recording of a baby's high intensity crying
was played on the tape rocordor,; the duration was 15 sacs
ropeated throe times with an intcrval of 30 secs between
the playbacks. The age of the baby in the recording is
2 months.

During the administration of the recorded tests
there was no visual contact between the baby and the
axparimentex.

The whole of the auditory group of tests was
recorded on a second tape rocorder; tnat is the modals as
well as the babyv's vocal responses were recorded.

-2
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D. TuE BEHAVIOUR CATEGORILS

It was cssantial to look for and note the same
behaviour categories during the control period and across
all taesoes fur the fullowing rcason. To say that a response
is imitative it is esscntial to show that it is similar to
the model and it occurs in responsa to it. It is also
2ssuntial to show that it occurs a) more frequently following
the model than during the control period, and b) that it
occurs in r:spense te a particular model and not equally
to uvary model.

Su th. behaviour categorics that woere observed
and noted during both the control period and the rcaction
tin.. to each test are the following:

- Arousal, 1i.e¢. uncoordinated limb and Lody movements
- Head movements, spuecifying if they are side-to--side
nevements, singlc or rhythmical, quick or slow
- Arm movenrents,; specifying the direction of the movement
and 1f one or both arms move
~ Hand and fingcer movements
- Leg and fect movements, a single motion or rhythmical
novemente
- Scanning the environment
- Eyc fixation, specifying the objoct of fixation
- Looking away
~ Mouth and tongue movements, specifying if they are sucking
novements in thoe void or related to an object and whether
tho object is part of the baby's body or an cxternal one
- Tongue prctrusion

Smiling
- Wnimpaering
- Vocal sounds, spacifying if they are single vowels or
vowel groups, single consonants or consonant groups or vowel -

coamsonant rrouds.,

I am now going to talk about the main assumptions.
1nd hypotheses related to them Leforo I pass on to the

veoantits,
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Throe assumptions woro mado: the first ono has to
do with imitation and tha other two with thu discriminative
capacity of tha young infant and hor motor abilities.

A. In order to imitete a percaived model, a
coordinaticn is nocussary bastwaun tho parception of it and
tha motor reproducticn of it. For axampla, in order to
imitata tongue protrusion thcre has to bu a coordination
between the visual schema, to take up Piaget's terminology,
and the infant's propriocoptive, kinaosthatic, tactile
schema of tongue movement. This coordination may be an
intersensory one as in tho axample of the tonguc protrusion
or intrasensory as in tho case of the kinacsthetic modaels.

8. iork with infants in the laboratory has by
now establishod the fact that very young infants have a
very goud discriminative capacity for perccived stimuli.
Classic examples arc Bower's (1966) and Carpenter's (1970,
1971 & 1972) studies on visual discriminatiou, Lipsitt's
on olfactory (1963 & 1965) and gustatory (1972) discrimina-
tion and Eimas and Siqucland's (1371) studies on acoustic
discrimination. ‘The second assumption then is that thec
infant perceives and discriminatos among the models adminis-
toered to her and any Gifficulty she has in reproductidn
will be due either to the lack of coordination between the
schemas involved or to an insufficiency connected with the
motor ability to raproduce the modcl.

¢, Finally, the third assumption is that during
embryological development the foctus possesses and exercises
some reflexes and ovements. The carliest reflexes have
to do with the hcad, the mouth and the tongue as in the
case c¢f sucking and rooting as has bzen shown by the work
of Humphrey (1554 & 1971) The novenments that a foctus makes
arc mainly body, le¢ and foot movenents.

The roflexes available to the infant at birth form:
an organized totality. A good c¢xample is the rooting rcflex
Q where the head turns towards the source of stinwulation and
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the mouth opens at the same tiwe, or the palmar-montal

and Babkin roflaxes when pressure on the palm causaes

chin lifting in one case and grasping with simultaneous
opaning of the mouth in the other. This totality gots
dissociated with the disappearance of the reflexes and new
differentiations and coordinations appear in the course

of sensori-motor development, (Mounoud, 1971).

Hypothaeses

A. The first hypothesis will carry this last
assumption a little bit further. I think that in the first
two months of life therc is an organized totality not only
of the reflexes available to the organism, but also of the
infant with her environment. So one would expect certain
particular inter- and intrasensory coordinations to exist
during early postnatal life, If the dissociation-differentiation
principle is true, one would expect these particular
coordinations to disappear and the capacity for imitation
to shift along with them.

B. The second hypothesis accordingly is that
during the I{irst 2 months of life there is going to be
selective imitation. The preference and success of imitation
will be dependont upon a) the embroyological experience of
the infant which has to do with the reflexes the foetus
possesses and thce movcments it makes, but also b) the
movements that the infant exercises spcntaneously during
carly postnatal life. So one would expect the privileged
nodels to have to do witn the head, the mouth and the legs.

On the other hand, models that can be reproduced
by parts of the body that are not exercised. during the
embroyological development or immediately after birth will
not be imitated. These are the auditory models and the ones
that have to dec with fine finger movements.

I nust stress the fact that thesc are only two
of the hypotheses that were made; there are othecxs about the approxi-
mations between the model and its rceproduction or the aspects and
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featuraes of tha model that are first imitated or aven othors
about the function of imitation during warly life, but there
is no time to discuss them herc today.

THE RESULTS

There are thrue main sets of results that I am
prescnting haure today. They show that:

a) as warly as 1 month there is imitation, but it
is limited to certain types of models:

b) there is a waning of these first imitative
responses batween 2 and 3 months of age; and

c¢) therc is absence of initative response during
the first 2 months of life to some other types of models,
but once imitation to these models comes in it increases
with age.

What is called imitation depends of course on
the operational definition one gives it, so for lack of
such a definition that would fit all my models, I would
rather at this stage of knowledgc anyway, describe the
infant's response to the tests rather than call it imitative
and I shall Jdo that as we go along with tha slides. Let
me just add that no order effects were found and the
reliability study showed 92% agreement between two observers
on the count of the presence and absence of the behaviour
catuegories at the tests and during the control period.

D G B SN S IS U WIS A WA GRS GEE S WP IS A Gn U osh it G} Wnt GP UIP GER A WS R GER A B H E 8w W .
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The frequency of the occurence of the behaviours
shown in all the graphs is given in percentagaes to make
comparable the responses to the tasts with the spontaneous
occurence of similar behaviours during the control period,
as the maximum possihle differed in each case. In the case
of the response to tno tests, tne naximum possible frequancy
of occurence at each ade lavel is 36 (12 babias x 3
administrations of each itam). In the casc of the sponta-
neous behaviour during the control period the maximum possible
frequency of occurence at each age level is 144 (12 babies x
12 time intervals during which the bechaviour might have
occured. )

Figure 1 shows thie frequency at which the tongue
protrusion response was given to the tongue protrusion modcl.
The trend is quite clear and significant .(p <.05). There
is presence of the imitative behaviour at 1 nonth and then
it decreases until it becomes sporadic f£rom 2.5 months
onwards. At 1 month all infants except one gave at lcast
one imitative response to the tongque protrusion model. On
the other hand, one infant kept imitating the medel of tongue
protrusion, but as I discovercd later, she was reinforced by
her father for sticking the tongue out as this beccame a
privileged means of communication betucen them. It is to
be noted that the presence of sound in the model scems to
suppress the capacity for the reproduction of the movement.
Imitation of tonguc protrusion is observed again around the
end of the first ycar of lifc as Playot has reported and
as it was in fact confirmed by th. pilot study that prcceded
this work.

Figurc 2 shows the frequency of mouth movements
given as a response to the mouth movement model. This item
was introduced rather late, herce the variable N at each
age group. The dgeneral trend is the same as for the tongue
protrusion. In the case of th:e tongue protrusion model
exact reproduction was obtaincd whereas in the case of
thce mouth movements model, there was a combination of
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approxinations and dclozuations, thut is to say sucking
novemonts, pregsing of the lips, licking ota. Tile ney as
fact aceount for the smoother slop. of chu curva.

Figure 3 shows tho troequoncy of mout:: and tongue
moveraants that occur spontanucusly wuring thy coatrol period
and thu Eraquency of the spontanuous occursnce of tongue
protrusion. It is obvious that the trond of the imitative
response follows closely tha tronu vf thu spontanoous
occcurency of moath and ktonyue moveir:nts and in the caps: of
the tongus protrugsion thu imicative rosponss is obtaincd
significantly mors following tnc modul than egpontaneously.

P vE m I GIPVEN WL A S W SO G G 84 SED LRGN G W X S oM. ER

Insult tiguro 4 about nore

Figurc 4 shows thu froguuncy of the imitative
raspense to tiae head moveiwnt wou.l as wall as tha froguaency
of the spontaneous oceurence of hiad rovancnits., Hore
again if on:. couparus the £4rst 3 months to tha cacond
3 mo: ths of 1ifc, the fraquency of occarcnco ol thce initative
response diminishes, the trend roach. significance (p <.05)
botween 3 and ¢ months. 'Tho lato introduction of the model
wicth sound accounts for thu abscncou of t.:ltativ. response
to this modol at 1 month. it is wousth noting that in this
musal  sound swems co fasilitate the lwitation nf the
movemcnt, so that Lhe drop is uilayed for the moucl with
sound by half a month. what was c:livd imitative response
in this casu was in fact a rouuctlon which coulu be described
as a quick slight horizontal mov..nt of tie hecad around
the midline. Qe spontancous rhythmical cide to side naove:
nente of tnc hoad are of greater amplitude anc siowar thian
the movament obtained in iuitation of thwu node:d..

Prom the kinaestnctic grouy of tosts:

Lqurt tiguru b about hur“
Figure 5 shows the frequency of a) thu corrcet

reproduction of the moull; tiis rusponse involves cniy the

corrcct leg at the exclusion of any othar buliaviour;
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b) the rcsponsa that was callaed reduction; i.ae. corract leg
exclusively but instead of the leg it is the foot that
moves rhythmically up and down; and c) the fraquency of
the'corract localization' response; that is imitation and
reduction put together. It is worth noting that a slight
downward trend is obtained between 1 and 2.5 months,

if one looks at the 'corract localization' curve oaly, an
upward trend is obtained before six months whareas in the
case of mouth and tongue movements this does not happen
until much later.

All the above graphs show that indeed the imitation
of the modcls involving the mouth, the tongue, the head and
the leg is obtained more reliably during the first 2 months
of 1life than say at 4 months. The developmental trends
of imitative response reached significance for the tongue
protrusion and the hcad movement models. In the case of
the head movement the trend was obtained at a later age and
one could arguc that this happefied because it was the only
model that could be imitated by the direct continuation of
the infant's accommodating movements.

Figures 6 to 12 will illustrate imitations that
show different developmental t¥ends.

———-u--_-----&ﬂ---—_—*-m‘—-ﬂ-‘—---ﬁi ' -

Insert figures 6, 7 and 8 about here

For the finger movements model imitation is absent
at 1. month and very rare at 1.5 months. Then we obtain
three distinct types of response ; at 2 and 2.5 months tbh..
infant imitates the model only at its presence, that is mcoves
her fingers while watching the experimenter's fingers move
without looking at her own hands. At 3 months the imitative
behaviour changes, that is the baby imitates the movement
once the model has disappearud and watches her own fingers
move. Lastly, from 5 months onwards the infant imitates
the model once it has disappeared but again without looking
at her owm hands.
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Figura 6 shows the frequency of the imitation of
the finger movements modal with or without looking at own
hands.

Figure 7 shows the frequency of tihe spontaneous
finger movements and the spontancous looking at own hands
which makas it . pppearance at 2.5 months.

Figure 8 shows the frequency of the imitative
response to the finger movements model (with, plus without
looking) and the frequency of the spontancous finger movements,

~ plus looking at own hands. Although spontansgous movenments
of the fingers occurred with roughly the same frequency
throughout the age range examined imitative movements of
the fingers increased from star: to finish. The greatest
increase happened about the time the babies were looking
spontancously more at their own fingers.

From the kinaesthetic group of tests:

Insert figure 9 about here

- O e S G N NE AR O oS Gl 50 G AN U G G G G G S GF S5 . v

As for the leg, there are three types of response
plotted in figure 9: correct reproduction of the movement;
movement of the correct hand which is reduction; and

‘corract localization' i.e. imitation, plus reduction. As
for the imitation of the finger movements the frequency of
occurance of the imitative response increases with age.

Finally the responses to the auditory group of
tests show similar developmental trends as the imitative
responses to tha finger wovements model and the arm
movement model.

D s e S D W G G R G S A WY G O i D M S B o WD IR M Y S A5 B SIS GRS WS e W e

Insert figures 10, 1l and 12 about here

Figure 10 shows the frequency of thc spontaneous
occurerice of vocalizations during the control period which
increases with age; (the slight drop at 6 months is worth
noting) and the frequaoncy of the vocal responses of the
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infants to the experimentar's sounds. It is obvious that
the response to sound by sound that is plotted here follows
the general trand of the spontaneous vocalizations, that
is increases v’'th age but thuere are more vocalizations
whan the baby hecars a sound than when she does not. It is
to be noted that the behaviour called vocal response is
simply any vocal sound that thc baby gave as a rxaesponse to
the experimenter's sounds. The analysis of the results
to thigs test is not complete as it is extremely difficult
and time consuniing to analyse the sounds that the infants
make.

Figure 1l shows the frequency of the reproduction
of the recorded babbling model which incrcases with agc and
the frequency of the approximations which decrease with age.
Approximaticas include any sound given by the infant during
the intcervals boetween the playbacks of the recordings.
Reproduction is the vocal response obtained during the
intervals containing the sounds "m" and "a" exclusivelyy
and repeated more than once as in the model.

Finally, figure 12 shows the frequency of the
responses given to the racorded crying modecl. The first
type of response obtained for this model is contagious
crying, that is the baby starts crying upon hearing the
model and does not stop unless she is picked up and comfor-
ted. This is the most common reaction up to 2.5 months and
then disappears. From 2.5 months onwvards thc response
called reproduction of the model starts to occur and its
frequency increases with age. There are two conditions
to be fulfilled for including the infant's response in
this category: a) one is that the response was not a
continuc.ion of the response given to the prcvious recorded
babbling model to which some babies give a whimpering
response; and b) the second condition is that the response
is given more than once during each interval. Lastly,
the response called mimicry, i.e. crying face, follows
closely the trend of the reproduction curve. This type of
responsc i3 obtained either during the pPresence of the
model, or immediately afterwards, or both, and it may or
may not result in a vocal response.
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On the whole the vocal rcsponses to vocal souncs
as well as the efforts to imitate the recorded models
increase with age over the first six months of life and
show the same developmental trends as the imitative
behaviours of fine finger movements and arm movements.

CONCLUSION

In conclusion, we can say that the original
assumptions and hypotheses have been supported by the data
analysed so far. That is, certain inter- and intrasensory
coordinations exist during the first 2 months of life.

The capacity to imitate also exists and seems to be selective;
it is dependent upon the embryological history of the infant
and also the spontancous excrcisc of schemas during the first
2 months of prenatal life. It is thus that only models
involving the head, the mouth and the tongue are imitated
during that period. The disappearcnce cf the imitative
capacity of these models may be due to the dissociation/
diffcrentiation principle.

From 2 months onwards auditory models and the ones
that h.ve to do with the arm and f£ine finger movements are
imitated and the imitative response incrcases with age.

The question still remains: why does the infant
imitate? This, I should emphasize, was a2 study of non-
rcinforced imitation.

It secems to me there are two explanations; there may
be others but I would rather mention the ones I believe are
the morc likely ones.

The first one is inspired by Piaget's theory. He
has stated that the function of imitation is accommodation.
If one accepts his ‘equilibration procers’, (in other words
that intelligence is adaptation and tends towards an
equilibrium betwecn the crganism and the environment), then
EBig‘ one could argue that the administration of the model to an
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organism disrupts any stata of equilibrium the organism may
be in and the imitative response is among the acts that
tend to restore equilibrium,

The second explanation could be that imitation has
a biological~-social function, that is communication betwcen
two organisms. If imitation scrves as a means of communica-
tion between the infant and the human beings in his environ-
mant, then it is natural that it occurs often before the
appearence of smiling on the one hand and of language on
the other.
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1192 OF PIGURES

1. Tomgue protrusion model

2. Mouth movenent model

3. Spcugmeous mouth and tongue movenents

4. Head mOvenmsnts -~ gFpontaneous and initative
5. one leg movexent model

6. Finger movements model

7. Spontaneous finger movements

8. Finger movements - spontancous and imitative
g. One arm movement nouel

10. Vocalizations - spontancous and imitative
11. Recorded babbling nodel |

12. Recorded crying mouel




TONGUE PROTRUSION MODEL (N=30)

¢——¢ Imitation of the movement:
silent model

Imitation of the movemoent;
model with sound
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MOUTH MOVEMENT LIODI'L (M yaries wit. age)

-

0O Mouth movemnment response
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SPONTANEOUS MOUTH AND TOJGUE MOVEMENTS (N=144)

P ——_ Mouth and tongue movements
O ---3 Tongue protrusion
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80 T
70 -

60 -+

40 -

30 -

10 -+
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Figure 3
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JEAD MOVEIMENTS

Initation of the movenent;
silent model (N=36)

(e
o Imitation of the movement, model with
sound (N varies with age)

G- --<Q Spuntanecus rhythmical side to side
nmovenents (N=144)
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ONE LEG MOVEMEJT IODEL (N=306)

@ ——p—g Currcct reproduction of the movement
O = w0 correct foot movoment: reduction

Mp—/) Corroct localization, i.e. corraect
reproduction, plus reduction
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FINGER MOVEMENTS MODEL (N=3G)

@it Initation of the movement; without

looking at own hands

& 29O Imitation of the movement; plus

looking at ownt hands

AGE IN MONTHS
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SPONTANEOUS FINGER MOVEMENTS (li=144)

[ 4 Fingor nrovenents without looking
at than

o - -© Looking at own hands with or without
moving them

100 -
90 -
80 -
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50 -
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Figure 7
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FINGER "OVEMENTS

o~ -€ Spontaneous finger movements;
including looking at own hands (N=144)

e | Initation of the modcl, including

looking at own hands (ii=36)
100 -
J0 -
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70 -

50 -
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20 +
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Figurce 3
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ONE ARM MOVEMENT MODEL (Nm=36)

(GO Correct reproduction of movement
O = «Q Correct hand movement; reduction
Ot Correct localization; i.e. correct

reproduction, plus reduction
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Figure 9
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VOCALIZATIOLIS

Gsen Vocal response to cxperimenter's
sounds (N varics with age)

O~ -~ =0 Spontancous vocalizations (N=144)
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RECORDED SABBLIKG ii0uiL (11=34)

o acnrociuetinon o7 Lh2 nodel
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RECORDED CRYING LIODEL (N=36)

¢——e , Kuproduction of the model
O- = =0 Mimicry
O} Contagious crying
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Figure 12




