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Philosophy have I digested,
The whole of Law and [Medicine,
From each its secrets I have wrested,

Theology, alas, thrown in.

Poor fool, with all this sweated lore,

I stand no wiser than before.

Goethe (Faust/Part 1)
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ABSTRACT

Seéveral aspects of Orang—utan development wsre followed
from 7 - 63 weeks, Housing care and feeding are described.
Deciduous dentition and weight data are recorded, and compared
with human and chimpanzee ddta., Physical development was in

advance of Homo sapiens.

Motor development was studied by (i) intercoordination of
discrete limb/body movements. Ever-more complex behaviour
stemmed from accretion or intercoordination of previously seen
behaviour, or arbse de novg, (ii) General motor development
showed a gradual mastery of more complex actiaons, (iii) Gessel
testing of motor develaopment and comparison with other Hominoidea
revealed this Orang-utan to be in advance of the human infant,
Development was more similar to Gorilla than Chimpanzee, yet
was in many respects more sxtended than thechimp. This is
explained by the small Gonrilla and Orang -subject number, and

variability within Primate species.

Piagetian cognitive development was tested using a battery
of sensorimotor tests. The Orang-utan was in advance of the
human infant, except in the Stage VI Stick test, which was never
achieved, An alternative to Piaget's explanation of certain
sensorimotor behaviour is advanced., There was, generally, a
shorter (though complete) sensorimotor period in the Orang.
Contrary to human data, there was no synchronicity in achievement
of the same stage over different tests. This is explained by
the species' different ecological/evolutionary histories., A

phylogenetic scale of Piagetian accomplishment is suggested.,

Visually directed grasping was achieved at 3% months,
before H.sapiens, and after .the chimpanzee, Several new
grasping behaviours are described, many of Piaget's
observations are confirmed, and several are not., Oevelopaent
of hand to mouth, visual following and visual-auditory coordination

are charted,



vi

Tuition using operant conditioning techniques
resulted in the learning of 4 sounds in 3 months. These
were used with greater than 70% consistency for four
goods/services, Error sounds are analysed. Later sounds
were learnt faster, Comparison is made with human language,
and Pongid artificial language, development. Its

relevance to language evolution is discussed.
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PREAMBLE.

It is passing strange that, although the mast endangered

of the Great Apes, the Orang-utan Pongo pygmaeus, nhas until

now been the victim of an almost criminal amount cf neglect,
not least in the Field_of psychological development, flost
students of the creature in the wild believe that not more than
5000 free living Orang-utans survive in the forest fastnesses
of Borneo and Sumatra ( e.g. Fisher, Simon and Vincent, 1969 ).
The population decreases yearly as more and more of its habitat
is destroyed, The spebies is listed in the Red Data Sheets of
the International Union for the Conservation of Nature and
Natural Resources as endangered, and it is likely to bacome
extinct in the wild, If the Orang-utan is not studied soon

it will never be studied at all.

Such a study is necessary, and not only fsz the reason
mentioned above. There seems to be no comprehensiuve account
in the literature of the development of an infant Otang-~utan,
ie., a wide spectrum of topics has never been looked at
longitudinally in a single member of the genus Pongo., It seems
that current opinion inclines to the visw that the study of the
African Great Apss is sufficient to delineate the capebilities
or otherwise of other members of the Pongidae. Manifestly,
this is false, The Orang-—utan is separated from the
Chimpanzee and the Gorilla by millions of years of separate
evolutionary development, and by thousands of miles, No
one claims that we can make definitive statements on the
intelligence of the Wolf in the U,S5.A. by studying Cape

Hunting Dogs in Africa.,

A further resason has to do with the increasing influence
of the theories of the Swiss psychologist, Jean Piaget. His
thearies have been studied on a longitudinal basis in
the human infant by numerous co-workers, but have yet to be
attempted with species other than Man, One aim aof the
research was to test the hypothesis that similar methods
could be usefully applied to other species, in this case the

Orang-utan. This proved to be the case.
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The work attempts the elucidation of anm infant Orang=-utan's
development in a broad range of areas, a number of which, as far
as is known, have never before been studied in this species.
Chapter 1 ( Care, feeding and physical development ) and
Chapter 2 ( Motor development ) comprise brief chapters concerned
with those aspects which it was paossible to study while
pursuing the main points of the research, Chapters 3, 4 and 5,
These latter chart Cognitive, Grasping and Linguistic
development respectively., With an "n" of 1, the findings of
the following pages cannot be considered as other than tentative.
However, given the species' survival status, to await the chance
to study even 10 Orang-utan infants is ta wait forever.

Further, and as discussed at more length later, the precision
and de*ail of a developmental study decreases rapidly with

increasing subject number,

To a varying degree then, Chapters 2 - 5 are pioneering
studies, and it is hoped that they will be received as
such, The reader should bear this in mind when viewing the
undoubted inadequacies in specific areas of study. Overall,
however, one trusts that a fairly lucid picture of the infant's
development has been achieved., It is ta be hopzd that such a
scanning of the .Orang~utan's abilities during the First 15 months
of life will stimulate further research on this, the most

neglected of the Great Apes,



CHAPTER ONE

EXPERIMENTAL SUBJECT, REARING COMDITICNS

AND PHYSICAL DEVELOPMENT




EAPERIMEMTAL  SUB3JECT

Tha subject uvas a male (rang-utan or FMzias (Pongo pygmasus,

Honpius, 176C), naned "Cody". Tha infanrt u:s the result of a
match betwesn "Adam", a male of the Sumatran sub-species

(p. avamaeus abqlii, Lesson, 1827} znd'fiandy”, a Bornean sub-

\

emale (P, oygmaeus pyagmzeus, Hozsius, 1752, QOath

(5]

gs f 1
parents had been imzorted at the age 2f a-rproximatzly tuwe years
(

DETAILS OF BIRTH #*

The infant was born at approximately 12 noon, 3July 28th, 1573,
after a gestation period of 263 days (z2pproximately the szme as
that given by Asano {1967) for an Cranj-utan at Taina Zoo, Taokyo.

Parturition was rapid, with the nszaonatz bein; delivered within an

¢

hour of the first signs of labour, The=
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with tha Taina birth (Asano, 1567). Thers arz no data on the fate

of the placenta.

Although showing con

in

iderabls interest in tha infant, Mandy

‘J

seemad completely igneorant of th2 infant's nesd to suckle, pilscing

him in diverse positions about her person, but not holding him to

thz breast, 'Wha2n the infant fortuitously found the nipple, the

mother would pull him from it, Fears fFor the infant's safsiy
increzsed, and after 15 hours, with the nother showing no signs

of initiating or allowing bresast feeding, thz female was anaesthetised

and the babvy removed to bz hand-reared.

The details concerning the first 6 weeks of life are as reported by
the curator of Flamingo Park Zoo, Fr John Lziny, or by the kezper

in charge of the Oreat Apes at that time, frs Zthel Andrew. The
latter kept copious notes of the events from which much of this
section (and th2 early feecing and weight data (up to the 6th we=k))

are tak=zn,
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CARE AND FEEDING

HOUSING

The infant w=:s tran

diac

o]
r3

s

roomad bungaleu, iniry b2ing effected by a single daor (see layout
{
AY

ams, Fig,l.l for 21l nain dimensions). 0nz room

=

u

called the "playroom", was frented by an armour plate glass windouw

which extended From the roof te 14 inchas above the floor. This

0

room was separated From the second room (hereinaftsr callsd the
"workroom") by a door, constructed of 1/g-inch diamster mild
steel rods in a 2-inch meshwork, and with a double bolt system
for security. Tha workroom's interior was, for the first ten

\

warks of tha infant's life, as shown in fig.l.1{ii}, containing

four small chimpanzee cages, a wooden partiticn and a small sink.
After this time the room was refurbished; tre chimp cages and the
partition ware removed, and lang benches installed, as detailed in

Fig,1.1{iii), At th2 same time, a cuphnard and table werz added

to the playroom and the flsor tiled.

Heating of the building was by two 2-kilowatt blow-heaters, one
heater to =ach room. The action of these devices uwas pontrolled by
a thermostat which allowed a choice of constant temper;ture conditions.,
The infant was kept in a caonstant ambient medium of 24°¢. (750F)
for the First thr=ze months of life, following which the temperature
was decreased to 21°C {70°F), This temperaturs was maintainad
until the infant reached an ac2e of 8 months when it was further
decreased tn 18,5°C (65°F), Following this date the infant,
previously held strictly within his quarters, was allowed outside

during neriods of mild weather,

The nennate spent his first weeks of life in a small carry-cot
(13" x 26" x 9") placed directly beneath the warm air currents of
both haaters. Mo additional sbjects were available to the infant's
sensory channels during this period. 0n my arrival (infant's age:; !
6 weeks 5 days) an attempt was made ta transform this dull, monotonous
habitat into nn2 anoroximating that of a human infant, Tovs were

hung up around tha infant amd also oucasionally placed beside him

cr

in the carry-cet, The walls wsre rcainted and, noting the findings

A

nf seouveral workers on the beneficial effacts of handling {z5. Adler

and L1 xlin, 1963 ), there

—

vas much carrying and fondling of the
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. ant,  A4s the infani grsw and became noTs adent aib

0

b B
raulirsg,

clinmbing, =2tc,, additinnal tays were intreoducerd, Mo comprehansive

record of tove nresented to the infant was kapk, {this nrovad
imp2ssible as, te taka one axemale, many neaple brought Cody
"aresants® during my absences). fouwever, the Follouing abjzcis

nay b listed a3 bis nain toys, tnpeifber with their =z2pporoxisatez

-

Rattle string: Tth week

L

Hanging toys
key ring
small bear

2 plastic discs
7th and 8th wesks

Nt S el N M NV g et s

rattle

collar

diabolo
A-Frame )
Big cot ;
2 teddy bears ) 9th week
Chair 2

/

Peg-board )
dath j
Patty
Blanket 13th wesk

Squeaky dog

N et e e s

ned plastic cubes

Rgpe ) e4th week

in addition, a radis or btaped music was ofte

il
3
x
0
iJ
ot
-
c
3
3
I
]
d
[«%
[
r3
fan
3
[tw]

the infant's waking hatrs, It was nnted that the infant showed
g

no ocbvious intersst in this brnasdcsst material, even durin
latter part of the ax-~erimant.

During the last manth of tha rﬁseafch, Cody was moved from
the zoo to a house in Sunderland. This move (accomp=2nied by all

his toys and furniture) was not saeen te noticeably upsset the infant,

CARE OF THE ARMIMAL

Throughout the period of the research (5 weeks 5 days to
1 year 11 weeks 4 days) the primary interactor with the infant

was the exnerimenter. Ouring the first two months tha infant



photographers) popping in and out. Durin:

tequired spacizlised care, involvina Feoding at 11,70 a,m, =zach
night and 6,30 a.m. each marning, Thuse fesding se s
curtailed after this time, and, on averasgz, a day baoan betuean
8.C0 and 8,32 a.m., with tne experimenter's entry into the hut.

The infant

-

J
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W
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[d]
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[w )
jo]
3
2L
r
=)
1Y)
i

1lay2a with, Cleaning up
lates and utznsils
lasted until approximately 9.45 a.n, A 15-7incte ehser
pariod of Cody's qeneral abilities, primncarily mator and espacially
graseing, was takan at this time, then testing of onz of the
anprepriate "tepics of the day' continued for one hour after this.
The experimenter went to coffee at around 11.50 a.m, At 11.20 a.m.
further testing began and was continued up to 12.33 a.m, After
lunch (12,39 - 1.30 p.m.) the infant w2s once azain fed and changad,
a2 15-minute observation period similar to that of the morning
session then ensued, following which testing, or playing continued
until 3,00 pom. from 3.30 to 4.30 p.m. th2rz was a further hour
of testing. Playing with the infant for 15 minutes was follow=d
by a final feed and nappy changz, after which hs was placed in the
ft

to his own davicss wuntil ths Following morning.

)

playroom and le

v

A small 60-watt "nisht light" was switchad on just prior to the
exzperimenter's leaving, usually around 5.45 - 5.15 p.nm,

Tae routine wz

in

infinitely malleable; if Tody zgr-eared e

[O)]

r
at ease playing for an extra ten wminutes this was allowed, if he

0
seamad keen to centinue an exparimental tast session this was like-

wise permitted. On occasion, thz infant appesred to be so upset

by the expzarimenter's leaving thzt it wacz dsesed n=

c
with him until he slent (any tine between 7,00 and 9,00 p.m,}. In

passing, it should be noted that tha infant was nsve
"naturaliy! to the wild Crang's routine of waking, feeding, siesta,

feeding and sleaning (MacKinnon, 1974; Harrisson, 1962),

The only aspects of the routine which ramained relatively

v
inviolable wer= the feeding periods, and th2 15 minutes of cbservation

which followed, although on nccasions evan thesz were waived,

It should not be thought that the experimasnter completely

mononolised the attention of thes infant. Rather, he playad the

~~

part of "mather", with various individuals (keeoners, visiters,

he tiireg of exoerimenter

(e

-1

absmnce Cody was cared for by one ar othzr of two keepers with whom

fe was especially familiar,
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Excent when taken outside his cags, Zody for thz2 mest part
wore either T--shirt and diazper, or diaper only, It was only when
0

t

"!

avnlling thet woollans were donned to pretect the infant from
inclemant weather,

Diapars: The infant was kept in diapers for reasons =f clsanliness,

¥

In the high canopy of the Ureang-vtan's nztive hsbitat any faeces
or urina would simnly fall away from the infant's body. 1In the
close confines of the infant's cot, howsver, defascation without
some method of confining the stools weould result in a miasmatic
calamity at each bouwel movement, Coprephaly was also seen
several times. Consequently, diapers were used as a ‘cachement
area”", Later, as the infant arew, he became quite adept at

ramoving both his diapers and. plastic pants.

ILLMESS

Tha infant suffered from only one complaint during the duration
of the experiment: gastro-enteritis. Although the sole infection,
saveral of the attacks wers severe, and, in the early weeks,
patantially fatal. Treatment was effected by the use of kaolin to
slow bowel movements; the preparation was given in the infant's
solid food (dosage: 2 teaspoon per pan of cereal). A wide-spectrum

ntibiotic ("Penbritin”) was also given in his food or, in severe
cases, by subdermal injection. The other main threats to the infant's
wsll-being, pulmonary infections, never msterialised. This is

thought due to the constant temperature environment in which he was
hald, and to the non-admittance into his rooms of gpersons suffering

from colds, 'flu or similar complaints,

BATHING

The subject's hands and face ware lightly bathed after each meal,
or as the occasion demanded. A full bath was given apsroximately
two times each wesk., Not enly did the bath serve to keep the infant
clean, its aftermath is thought to have helpsd forge a stronger
infant-experimenter bond. 1t was found that Cody arsatly enjoyed

tickling, grooming and brushing. The latter was

o

nacessity following

his bath, and this occasion proved an apaartuna time to initiate

the remaining two servicaes Brushing was by long strokes douwn



bally, limbs =and back, groominj by pnlling aside 2z pn

L]
R
)
3
J
=N

hair with one hand and scratching at the exposed skin ith tha
finzer tigs nf the other hand, after the manner sa2id to be

en joyzd by chimpanzess at the Sombe Stream Reserve [ .. Fisher,
pers, coms, '.  drushinn and greaoming wars, on alma.t 211 occasions
accepted by the infant for as long as the experisaepier would
continue,

Thz infant wa=z ticklish in many areas of his nady, corresponding
to those enjoved both by human infants (and adults!} and in those
chimnanzess who have bean home-raised (Kellag and Xellogg, 1933;
Hayes, 1952; Gardner and Jerdner, 1971; #ohts, 1%35;, Tiwus, the
lateral region of the ribs, axillaes of legs and arms, belly and
soles of tha feet wers all sensitive. A gquiie anomalous "ticklish"
area, from a human point of view, was the infant's paroxysms of

delight when tickled on the madien aspect of the junction of upper

and lowar arm (i.e. on the inside of the elbow jnint),

Az the obtention of milk from the female proved impassible,

human infant npowdered milk was fed the infant after he was removed
from his mother (with the exception of the first fesd, this being
a glucose and water mix, of which 3/4 fl, oz, was tekan), Feeding

times and additions of ngvel fnod are shown in Taklz 1.1.

Table 1.1
Time Food Feeding Times
day 1 to Oster Milk a.,m,: 6,30, 10.30, 12.00
week B {hzlf cream} pem.: 4,30, 7.33, 11,00
week 8 to Oster Milk a,m,: B,30
week 12 {full cream) p.m.: 1.30, 5.00
week 12 Oster Milk as weeks B = 12
to week 24| (full cream)
Ceresal —
tinned (Heinz)
baby food
week 24 Couw's Milk as wesks B - 12
to week 40| Cereal
tinned baby food
egg
week 40 as weeks 24 - 40] as weeks 8 = 12
to week 63| plus fresh fruit




In adiitian to tha diet described in Tahisl.1, liziary
supzlements in the form of "ARINIC" and "Dslrosa" werz given

from the da, of separatian and two weszis Followine this date

Ly ]

esp2ctively,

The infant grew rapidly undar the influesnce of fhis r aire
as will be se=n from the wei-ht data, (pg.14 ff.). Cody
accepted nzy foods readily, the saole difficiliv being Zre infant's
tendancy to ornduce much loosar stools at each change-over perind,

as the alimentary canal adjusted to this new foodsturf,

Feeding was in the usual human fashion, i.e, feeding bnttls and
teat for administering milk, spoon and plate for the solid food.
Cody adapted esasily to both msans of revictuallin: as soun as they
wvere offered, and later learned to use a mug as a container

nr hi iguid sustanance.
f his liguid stanance

The average enesrgy intake per day per month is shown in colusn 2
of Tablel1.2, with a break-down of consumotion by food type, columns
3 - 8. For this table, thes average enerqy intake per day (taken
from the final 7 days of =ach month and allowing 1077 wastage for
each food-~item) was computed using calorific values givan on the
Foodstuffs {for cereals and milk), in literatures (sugars, eaas,

1
fruit (Calin, 1966)) and from data jiven by the Heinz Research
and flutrition laboratories (Tackly, cers comm.)

Tablz 1,2

Kcals per day
Month | Total | Cereal | Milk |Tinned |Sugars| Eqg| Fruit| Kecal/day/
Kgm body wt.

1% | 4sn - 450 | - - - - 155

2 635 - 635 - - - - 148

3 693 35 445 213 - - - 162

4 560 153 | 335 37 65 - - 116

5 579 164 419 41 55 105

6 626 126 433 46 21 99

7 590 102 410 - 66 10 87

8 765 134 493 10 90 38 108

9 742 117 505 | 30 .62 28" 98

10 644 - 96 390 - 100 16 42 82

11 542 64 390 - 80 - 8 66

12 610 61 404 - 92 37 16 71

* Data from month 1 taken from notes of animal keeper in charge of
Cody during this time,
N.8. All figqures have been takan to thz2 nearest Kilocalarie,
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Average 2n2rqy intaksz par day - s kilearvz™ body u=i ht is

. L

tabulated in thez fimal celurn, using informztien darived from
the weight qraph, fig.%.2,& page 14, han theszs dels are jraph:d
with month number as ebscissa, & relatively consistent decline
in Kilocals/day/#ilocals body ueight is seen as time progjresses.
t

This decline would seem to indicate 2 graduz2l dacr=:i¢n ir the

ameount 2F Faoad tabtren hhat iz ubtilisedd directly

This resul® {Taile 1.2 c2lun 9 , &

\

@



PHYSICAL DEVELOPREMT

Given the prior conmitm=ant to thoss aspacts of psychological
developmaent detailed in the oreamble, a comerehansive siudy of

physical developmant was not possible. Zuwing to this, only

o+
o

g3z parameters which could be most crrveniently nmeasuved wera
i i,  Tha tws arasantad here are the times and snquence aof
£

the decidunus dentiticn and the w=isht increas

DERTITI

The dentition of tha Pongidae is thought to hs evolved

r

2
from thzt of their presumed ancestor, members of the ganus

¢

Oryopithecus.

With resard to time of eruption of the tsett

-

in the Hominoidea,

the most work has been performed on Homo sapisns (e.3. Robinow,

Richards a2nd Andersaoh, 1%942; Adler, 1958; Hellman, 1943),

some on the chimpanzee (S5chultz, 1940; Rissen and Rissen, 1945;
Vanderplank, 1937) and but a small amount on the jorillas and Orang-
utan, further, thsz majority of studies concerns the pernansnt
dentitinn of these species, the deciduous dentition receiving much
l=2ss attention., Schultz (1941), reviawing the information then
available on this subject cites only Brandes' report (183S) wheroin
the times of eruptisn of the deciduous dentition of a single male
Orang, raised in captivity, was recorded, 0Other data have since

becone available (Heirz, Seorg and Klos, 1966).

Method _

Eruption of the deciduous dentition in the infant Orang-utan
"Cody" was monitored on a daily basis from 12th September, 1973,
(age 6 weeks 5 days) until completion of deciduous tooth eruption.
From coumasncement a schedule of marning gum inspection was instituted,
and any nsw tooth noted. A tooth was recorded as "erupted" if any
cusp of that tooth had_bierced the outzsr integument of the gum.
Inspection was daily, with the exception of those times that the
experimenter was absent (on average, two days evefy two weeks) or
ill. On only one of these occasions did a tooth erupt (the right
lowar canine). The ape-house keeper had, housver, been requestied
to observe and note any tooth eruptions during the experimenter's

absences, and stated that on this occasion, eruption had nccurred



onz day b -fore the expsrimenter's ratu As the exse

\'-'J
ot
l..‘
3
3
o
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)

had b-en absent fer orly two days, and hut 3 sincle cusn was
ciarcing ths2 qum, the accuracv of this abservation was taksn to

bes correct. tith this exeention, tooth rruptions are precis=aly dated.

[~d

Cody's times of eruption of tooth-npairs ars sk~ in column 1
of Tablaz 1.5, As can be seesn, the first tooth erupted I~ 7.11.73, with
the infant then 103 days cld. Sequence of tooth erustion in this
subject was lower then unper first incisors, followed by lower
thern upper second incisors, though in this cases the tooth at the
left side zrupted some time b:>fors the riaht-hand counterpart,

The pattern with the first and second molars is not so clear-cut,
with the eruptions of the left first upper and lower molars being
split by the first indications of the right first upper and lower
molars. The right and left lower canines follow, ths left and
right lower second molars being next to erunt. The penultimate
tooth—-group to show is the upper canines (laft and right} with the
final addition to the lacteal dentition being the eruption of the

uppar s2cnd nnlars, the sper stonnd medb.or Being the last

”1

infant 471 days old,

to emevoa an 10,10,.74, wi

There was very little troubie exnerisncad with teethinn
in the infant - unlike others ( e.g. Harrisson, 1961 )
in which the gums wers swollsn, and frod refused because of

- =
SeT

ot

1ina troubles, or where tha gums had to be slit. The infant in
this investigation showed very little signs of discomfort, tha
only chanse in behaviour bzing a seeming increase in the amount of

hiting and chewing of various objects,

How tvpical is Cody's sequence of tooth eruption? Data are
A h }
scarce, but seme studies have listed the seguance of eruption, As
b ) h
far as is known, only two accounts are published on this subject
(Schultz, 1941, Heinz-Georg and Kloo, 1965) together dztailing tota
deciduous tocth eruntion in three infant Crang-utans, and the partial

path in three oth=rs. Thase, 2lus the infeorasmtion derivad from thsa

study, er=2 tzhulated in Tables 1.4, 1.5 and 1.6.
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As with all the data presented in this work,

as to the situation prevailing in the species as a whole.
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However, certain trends can be mentioned.

Scrutiny of these data reveal a great deal of variation
in both time and sequence of eruption,
clarified when each animal is listed according to the average time
of eruption of right and left homologous teeth, i.e, right and

left upper first molar, right and left upper canines, etc. ( Table

1.4. ).
Table 1,3. - Deciduous Dentition.
Date of Age in Tooth Erupted,
Eruption, Days.
7.11.73 103 Right first lower incisor,
7.11.73 103 Left first lower incisor.
15.12.73 141 Left first upper incisor,.
15.12,73 141 Right first upper incisor.
24,12,73 150 Left second lower incisor,
B.1.74 165 Right second lower incisar,
18.,2,74 206 Left second upper incisor.
22.,2,74 210 Right second upper incisor,
1.4,74 247 Left first lower molar.
19.4.74 265 Right first upper molar,
22,4,74 268 Right first lower molar.
22,4,74 268 Left first upper molar.
1.5.74 277 Left lower canine.
7.5.74*% 280 Right lower canine.
21.5.74 297 Left second lower molar,
2,6,74 310 Right second lower malar.
5.7.74 313 Left upper canine,
14.7.74 322 Right upper canine.
2,10,74 463 Left upper molar,
10.10.74 471 Right second upper molar.

Said by keeper to have erupted one day previously.

the small

number of subject(s) in the sample precludes definite statements

The position is greatly




Table 1 ol

I

k SUBJECTS Average range
Tooth Pair | Cody | Buschi| Brandes| Viko |Bobby | Satu| Anak | of eruption foz:
each tooth pai:
- (0) (0) (8) (18) {(11) (0) (0)
Upper I, 141|142 136 192.5(224.5 | 124 | 208 5.3
(0) (0) (10) (7) (6) (0) (0)
Lower 1, 103|129 124 178.5|154 124 | 202 3.3
(4) (0) (3) (14) |(0)
Upper I | 508 |200 201.5 | 301 {390 - - 4.2
(15) | (0) (7) (7) (7) * (8)
Lower I, 157.5| 200 181.5 262.5(240.5 | 188 | 239 7.3
. (7) 0 (3) (0) -
Upper C 317.5|(341) | 316.5 | 357 | - - - 2.5
(6) 0 (21)
Lower C 280 |(341) | 322.5 - . - 9.0
. (3) (0) (7) (21) |(0)
Upper M, 266.5| 166 156.5 227.5| 215 - - 6.2
(21) {(0) (2) (21) {1 (0) *
Lower M, 257.5| 161 149 199.5/202 | 188 | - 8.8
(8) (0) (4) (0)
Upper M, 467 |281 278 364 | - - - 3.0
(13) {(0) (4) (10)
Lower M, 303.5/ 281 260 — 282 | - - - 6.75
Average
range
tooth
o 7.2 |o 6.9 11.1 {3.9 | o 2.7 -

eruption
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inyres; in parenthases Siva ths ran-»~ a7 aruation in days Tar
that snecific tooth—-pair/aniral. hr avocoas= range for 211 tanth
pairs comhined wes l2ss than Ao wo-b 'S.6 davs, ranne: © = 2170,
85 can b2 sazen, ths lowar caninss contribote tha sreabaaet Tmot In
terms of individual range in eru=iiorn tices, the o gorar secont nolers
th~ 1=azt, The average valua f-r ansnt o7 b2 decidyous dentiting

\Y

of deciduous dentitien being even more marhadly variazbla

4

m

arkedly, ranging from minimun of 124 -

. - E I'4 - 3 : - '
5 144 .8 days, far campletion Z71.8 devs (0 = 4, Bobby, Sctuy 2-3 I nai
mittd;. However, time of onset of erupbinn iz =0ij-ct to srazt

ariability (103 and 202 deys, a range of 99 days) completicn

-
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3
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57 days). The duratisn of eructien in

0]

ny on

22,5 (equils 197,5 dzys)

!

for 8randes' Crang subject, te 103 te 467 (equals 364 days) in the

case of Cody. The average for this paramster is 258 days {n = 3).

Note that Cody both began eruption earlier and completed it lzter

than the other Orangs detailed. The reasons for this arz nst known;

i

/
i
.

t may be that, heaving 2ccess to many objects which he couwld bite
3 ] b J
as opposaed to an infant on the mothar Grang) mzy have spesded the

onsat of testhing,yet it would be thought that just such zrn aivantage

would have brought sbout an early end to this csndition. Howsver,

the data show that just the opposite is true with regard to this latter

condition, In the absence ef mores definite knowledge, the most likely

explanation for ths variable times of eruption is thought to be the
t

individual genstic consti

utinns of the individuals concesrned,

Tables 1.5 and 1.6 ar2 of help in determining the probable

sequence of tooth pair eruption. In table 1.5, each palr to erupt is

ordered vertically from first to lzst. ‘har2 two tooth cairs are

said to have pierced tha gums simultaneously both pairs are displayed

athwart the two boxes. Scanning across the horizontal columns of

Table and counting the number of times each tooth pair appear

that row allows the construction eof columns 2 = 4 in Table

o in

o]
.6,

|_4

The mnst probable eruptive sequence can then be arrived at by

calculating which tooth pair is present in the highest proportion in

any horizontal row. In this way we find thez senuence to be that

Jdescribed in the fin2l colunn of Vable 1.6, viz: I

1? m1’ IZ’ m2' C.
This sequence doess not correspond to that given in Harrison (1962),
perhaps because the subject number is so low in the latter account.
In addition, there is a definite possibility that the lower tooth

of any upper and lower tooth-type will erupt before its upper tooth
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Table 1.5

i
; Cody Buschi Brandes Viko Bobby Satu Anak
g LoI1 LoI1 LoI1 LoIl LoIl LoI1
; U&LoI1
E UI1 UI1 UI1 UI1 LoM1 UI1
LoI2 LoM1 LoM1 LoM1 UMl * LoIz
Lol &
UM, 2
UI2 UM1 UMl UM1 UI1 1 -
LoM, Lol, Lol, | Lol, - -
U&LoI2
UM1 UIz LoM2 UIZ - -
LoC LoM Ul - - -
U&LoM_ 2 2
LoM2 UM2 uc - - -
uc U&LoC uc UM2 - - -
UMz LC LC** - - -

*

only one tooth from each tooth pair showing
** not given, but only teeth left to erupt

Table 1.6

Position Tooth Pair gigggg;g most ﬁgﬁgi?e?n)
1st I, - 7 I, 7
2nd I, -6 My -1 I, 7
3rd M -4 I,-2 My 6
4th My -3% I, -1}3 I, - My 6
5th I, - 4 Mi -1 I, 5
6th I,-3 My -1 M, - I, 5
7th M, -2 C -1 I, - M, 4
8th M, -3 C-1 M, 4
9th C -3 M, - 1 C 4
10th C - 3 M, - 1 | o 4
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counterpart. Ffigures for all teeth in all the animals considesred
show that on 38 occasions the lower teeth appeared before the
upper; on only two occasions was the reverse true, with simui-

taneous eruption occuring eight times,

When compared to the most probable sequence of eruption, Cody's
sequence is seen to be atypical in two respects: (i) the inverted
sequence of eruption for M, and I, and (ii) the arrangement of

alternate eruption of M, and C (C then M

5 27 C then NZ). With regard
to (i), and given that the figures for the time interval betuween

the first I1 eruption and the first M1 eruption are 32, 25 and 31
days (for the three Orang~-utans for which we have most data - Buschi,
Brandes' and Viko) then Cody's figure of 154.5 days seems to

indicate a late eruption for M1. In addition, the time (54.5 days)
from the eruption of the first I1 to the eruption of the first 12

is shorter than for the remaining three subjects mentioned. pointing

to a slightly early eruption of the I2 teeth.

Table 1.7
*Human Orang % Chimp Cody
1 I1 I1 I1 I1
2 I2 N1 I2 I2
3 M1 I2 M1 m1
4 M m, c/m2
5 m, C C c/rﬂ.2

B
7

Robinow, Richards and Anderson (1942).
# Nissen and Riesen (1945).

It is evident from Table 1,7 above that, on average, all the
species listed initiate deciduous dentition with eruption of I1
;2, then m1 follow, except in the Orang-utan, the N1 then the
I2 erupting in this case. Ffollowing this, the human infant appears
to erupt anomonously (when compared to the other two species)
having a C, M2 saquence. By contrast, both Chimpanzee and Orang=-
utan erupt M2’ C. Thus, it would appear that all members aof the
Hominoidea studied so far show an initial similarity at the
beginning of deciduous dentition eruption, but thereafter diverge
considerably. This finding, however, is simply a generalisation, and
as the " Cody " data indicate, there is considerabie individual

variation within the species,
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Wich reagard to date of anzet of th-e deciduous dentition, the
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1945 " ~luces the chimpanzee at

.

70 days average (n =16 ) well in awance ~f the Grang-utan (145

cr

\ . . . .
days, n = 7} with the human erurtive senuence occurring last, aon

average abt 219 days, (n equals g4, Robinow, Richards and Andsrson, 1942
Th2 =nd point of tha deciduous dentition ch.n as ik relative s

n
of the species semewhat; {frang-utan 376 davs; chimpanzee, 376 days;

man 852 days — saurces as for anset),  Thus, thae rorg connletes its
decidunus dentition , on average, at the same time as the chimp, with
the human infant once again last. As the chimp starts esarlier, ¢

{-ranp—-utan's eruptive span is much shorter, bewnq 355 for the former,
229 for the latter, Tha human nnce more possassas grezatest span

the
of the three hominoids, with an average figure of 633 days.

WEIGHT

The ueight at birth and its subsequent increass with time are
important parameters in comparative developmznt, but for which there
are no concrete data when wild-living Oranp-utan are considered,

The position with rsgard to zoo-born animals raised on the natural
mother is somewhat similar -~ rarsly can thz female be induced to
part with her offspring so that weighing may be undertaken. As far

as is known, data from this source are similarly absent, uith zoo~
born hand reared infants there is'more information; several animals
have bzen weighed while tearing took place, However, difficulties
arise in that the infant is both reared under unnatural conditions

and fed with artificial nutrients, any of which may affect growth

and body weight abnormally. This applies equally to the female

before and espzcially during pregnancy, Consequently, the compar-
ability of such birth weights and their increase with that of the wild
Orang-infant is open to question. It is only by amassing a large
number of reports on such animals that it may be nossible to re=zch
some approximation of the position in the wild. The following 3 pages
. are ccncernad with the birth and subsequent increase in weight of

the Orang-utan "Cody" during the first twelve months of life.

e thod

The infant's weight was monitored at least once a week. Usually,
a weight datum was obtained more often that this, primarily to check

upon the infant's health (as when daily weight measurements were taken
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during an =arly bout of jastro-onters

on the pan of the aggaretus whils welghing was in proaress. La

months ! th- iy fart b-ecsp2 incrazsirgl

fccuracy in th2ze cas28 was serioausly inmntirsd,  Yectunately, it
w3s found that in bthesa cases the plscin: 2f a rolled blanket on
[y /7 . . 1 AY
the infant's stamach (which he irrediatelv grasped; greatly decreased

such disructiv= pehaviour and zallos2d thz obtentinon of accurate raosults,

Results
The increase in weight (in Kilnjramtes) with time is grached

waiqght is doubled in less than four months, and triplsd in eight
manths, fQuzsdrunslling of the birtih w2izht uas not achisved by tha
and of tha tw2lfth month, decrazses o

m
three in nunbar; occurring zround 28,8.73

Ceonsidering first the decreases

i
L ]
W
w
r3
r

n
decrzases correlats wit

tws or more davs of observer absence, times
at which ths keeper in charge repartad refusal of facd {especially

p
solid food) by th

3
cr
L]

e infa

Seitz {1569 ) gives the average birth weights for male and female
Orsng-utan as 1,740 gm. {n = 7} and 1,69 om. (n = 5) respectively.
The minimum weight is given as 1,420 gm, and maximum as
2,040 gm, Both subjects were female., Cody's weight at birth {2,3BC gm)
axcaeds all infants so far recorded {and other mele infants by at

least 365 gm.), but falls within ths maxirum limit given by Portman (1956)
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TABLE 1.8

Change in Weight with Time

DATE KGM. DATE KGM. DATE KGM.
29. 7.73 2.384 21.11.73 4.854 19. 6.74 8.204
1. 8.73 2.469 24,11.73 4,925 22. 6.74 8.204
4, 8.73 2.668 29.11.73 5.053 26. 6.74 8.2465
6. 8.73 2,753 2,12.73 5.124 3. 7.74 8.261
14. 8.73 2.966 5.12.73 5.166 10. 7.74 8.346
17. 8.73 2.853 8.12.73 5.209 17. 7.74 8.360
19. 8.73 2.839 12.12.73 5.273 24. 7.74 8.474
20. 8.73 2.697 16.12.73 5.394 8. 8.74 8.801
21. 8.73 2.612 21.12.73 5.549
22. 8.73 2.612 26.12.73 5.641
23. 8.73 2.597 3. 1.74 5.450
24. 8,73 2.626 7. 1.74 5.734
25. 8.73 2.697 10. 1.74 5.890
26. 8.73 2.782 15. 1.74 5.905
27. 8.73 2.810 19. 1.74 6.004
28. 8.73 2.867 26. 1.74 6.117
29. 8.73 2.895 31. 1.74 6.358
30. 8.73 2.895 5. 2.74 6.344
2. 9.73 2.910 8. 2.74 6.387
5. 6.73 2.966 1. 2.74 6.501
11. 9.73 3.236 16. 2.74 6.529
12. 9.73 OBSERVATION| 20. 2.74 6.579
’ BEGINS 23. 2.74 6.621
13. 9.73 3.237 26. 2.74 6.699
15. 9.73 3.378 2. 3.74 6.799
17. 9.73 3.314 6. 3.74 6.7717
19. 9.73 3.335 15. 3.74 6.926
22. 9.73 3.392 19. 3.74 7.040
25. 9.73 3.435 23. 3.74 7.068
27. 9.73 3.492 28. 3.74 7.026
30. 9.73 3.605 3. 3.74 7.097
3.10.73 3.634 5. 4.74 7.239
6.10.73 3.761 7. 4.74 7.437
10.10.73 3.804 10. 4.74 7.395
13.10.73 3.932 13. 4.74 7.338
16.10.73 4.045 16. 4.74 7.267
19.10.73 4.102 22. 4.74 7.423
22.10.73 4.073 24, 4.74 7.494
24.10.73 4.201 2. 5.74 7.650
27.10.73 4.173 10. 5.74 7.707
31.10.73 4.272 13. 5.74 7.792
4.11.73 4.457 20. 5.74 7.764
7.11,73 4,457 25. 5.74 7.991
10.11.73 4.627 28. 5.74 7.906
14.11.73 4.534 4. 6.74 7.920
17.11.73 4.797 12. 6.74 8.232
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ii,

nd Brandes (1930} as 2,504 gm.  Indexd, Cody's bodv weight

becomes less ananilous at three manths of age, =n! 2y the szixth

aontn is almast egqunllied by aone pzle, "Samu’, At nipe nonths
Cody's weight is surrsssed by this lather ard szuezllad by another
male, "Vike", uhile at tualv: ronths both thess irfzris are
heavier than Tady.  3rendes (15231, 1239) statas thizt the infant
Wysehd™ wes estir-tad to double his 1w the ana of six
menche, 8y contrast, Cody seiizved thic Banizb in laoz= than fourv
manths {see fig,1.3). A rerusal of Tahle 1.8 also reveals an earlier
doucling of tha hirtn weisght de .cricad by Sozndes in Marnd
Toni, $igli, Vikn and Zoell (in sach case the birtdb weight wes
douled in thrao months,. This result, and the discresancy between

e

1717 gnm.,

average birth weights of Brandes (1938)

may be best explained by a single factor.

in distary steatus of

aptive Orang-utans since Brande

The improvemant

s' report

with better nutrition and distary supplements, could esasily have
producesd the difference in birth weights reported and the increased
rate of growth {ses “ackernagel, 1-52°.

Tha infant's birth weight - 25 s true for ail firiéng nzonztes -
is small when comnared to the huszn infant's {2,380 om comnared to
approximataly 4,00C gm. (Bovd, 1335). Howavar, whsn considsrirg
rates of increas2 in weight, this tdrang-utan subjsct outst the
human child guite quickly, Udhareas the infani human is only
approachin) a thrac-fald inarsasc in birth wainht by the snd of thn

fir

st year of 1ife

level by the ninth month. Tndesd, although hein: =a2lf tha weight
of a human infant st birth, this Crang-utain was, ov tha =2nd of the
twalfth month of an absoluta weight equszl tn that of the avarage
human child {approxinataly S Kam. (Soyd, 1935)). T.is finding is

explainad by the Grana-utan's earliar

ity {Schultz

1,5ii0i gn., and Seitz (1959) -

{Sinclair, 1973) Cody had already achiesved this

,1969).
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CHAPTER TwO

MOTOR DEVELOPMENT
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GENERAL MOTOR DEVELOPMENT

The development of gross motor behaviour in the captive
Urang—utan,-although not difficult to observe, daoes not appear
to have bean documented at the time of writing. This is not the
case for the remaining members of the Pongidae. Chimpanzee data
ars available in a rather diffuse form from a2 number of studies
wherein this species was home-raised (Kellog & Kellog, 1933; Hayes
and Hayes, 1951; Gardner and Gardner, 1971), and from other rather
more spacific, detailed work (Rissen and Kinder,1952; Jakobsen,
Jakobsen and Yoshioka, 1932-34; and Budd, Smith é Shelley, 1943),
Data on the Gorilla, apart from the home-raised reports (Hoyt, 1941;
Benchley, 1942) are more sparse; Knoblock and Pasamanick (1959%)
have reported on tha motor and adaptive behaviour of a gorilla,
using the Gessel method of testing, and naturalistic notes on ths
development of two gorilla infants have also been published, (Kirchshofer,
Weissa, Bereny, Klose & Klose, 1958). Other Qorkers, (e.g. Harlow, 1961
Zimmerman, 1967 ) refer only peripharally to motor abilities in infra-
human primataes in the course of research directed towards other study
aims, With regard to the Ponpidae, it appears fraom the data so far
accumulated, that the gorilla‘'s adaptive responses tec various test
problems platsau ocut at around the 44-wesk level (Xnoblock and
Pasamanick, 1959) whereas the chifpanzee produces respanses comparable
to the human up to the 3-year level. It is thus of great interast to

determing the Urang-utan's position within this ability leagua.

iTha antogenssis of walking, crawling, standing and a host of
other motor behaviours has been studied in great detail in the human
infant. 5Such minutiae as finger-to-thumb-apposition, and rapid
alternating supinaticn and pronation of the forearms and han&s have
recently come under study (Grant, Soslsche, and Zin, 1973) as has
the motnr davelonment of infants blind from birth, (Adelson and
Fraiberq, 1972, 1974; fFraiberg, 1968), Of great importance in
sﬁudies of this typse, however, ars the normative tests which chart
the smaguence, and usual times of emsrgence of various motor behaviours
in a sample. Shirley (1Y33), Bayley (1935) and Gessel and Armatruda

(1947) have given the most detailed accounts of human infant develop-
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However, the accumulation of normstive information on humail
{and animal}) subjects is
Times of achiovensnt of

but the sracess by which

bahavioural sequences to
sgusl impoartznce. It is
of fiotor Patterns™ shows, far mo
into throa narts, a rouq

In Part One (Intercoordination of fiotor Pattsrns, the deavelop-
mgnt of behaviour at the lavel cof individual limsb and trunk movemsnis
is charted, and it was planned initially Lo follow such actions
through from the beginning te the tarminaticn of the study. In this

the study was similar tn a dovelopmental "ethogram", (Eibels~Eibes-

feddt, 1970), of the Jrang-utan, with the differecce that naw

brhaviour patterrs would be adcded as they appzarsd. Unfortunately,
it becam= abvious, =arly in thz research, that the =slucidation

of ths minutiae of mator davelopmznt and their inkerrelation was
complex in the extreme, and that to attempt such an.znalysis would
require a full-time effort, to the exclusiecn of all other asgects
of behavioural davelnpment, As the work is intend:zd as a pionszer
study of the Orang-utan, it was reluctantly descided to curtail this

ntersstin nga aspect of thas research, and to be content with simply

r

arting tha devzlopment of the meain mator landmorks of the infant's

activitins., This individual dascription of thz infant's zctivitiss,

(idinsyncratic in as Far as the infant's behaviour was modified by
the available objects in Wiz enviricnment, foress Lhz tapic of the

of the results.(General Motor Usvelopment). So as to make
the infant's development more strictly comparzble with other specises
of pongids, and with man, Part 3 describes ths results of presentation
to the infant of the motor development part of the Gessel test

(Gessel and Armatruda, 1947).

METHOD

Maturalistic Shservation

This baaan on the sixth dayv of ifne sixkh woe's, rcacardings be2in
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nada on record sheets. In the beginning behaviour patterns w=zre

simple, and it was encugh meraly to obsarve the new behaviours

and their intercoordinatinns as they occurred. Later, as motor and

cagnitive bahaviour bacame mor> comjlex, formal observation was
nerformed an a routine basis of two 1S5-minute periods/day, as
duscribad in Chapter 1 , page 4 . Juring these pericds the
motor behaviour was described down to the 1ls
head and trunk movem=2nts, by means

f
fiese latter being dsvised whsnever it was Found

and symbals, ti
neceszacy in the interest of spesd and ancuracy. An exampls of

the cyphar follows:

PRAWE

C u o La-+1, d, ls xtend,
Cody up oan 1laft arm and leg, down, legs axitend, he goes
U o oS, H up, Vs me, R b scr L a,
uo on 2lbows, head up, looks Lo me, right hand scratches lsft arm,
L h P+ — rattle
12Ft hand in verhkic=l honking mavamant at rettils,

In addition to formal observatieon, informal and incidental

nbszrvations ware taken whepesver a new development was seen to

occur outside formal obsarvation psrinds, Irn many instances thes

nroved invzrluable additiosns to the records; and amphasisde ths

fdesirability of an in-depth, concentrated study of devslopment as

e

v
opposed to the more usuzl cross-sectional reseavch, Az an example,

the creature turned Trom prone2 to supine, outside the formal

f
chsarvation period, this was rgcorded.

Lacking vidac-recnrding for so long 2 pa2riod as I was presant
with tha animal, and in ordsr to increases undarstanding of the

animal's mobor and cognitive developme two vizual and anez audi

L
pus |
r
-

var: employsd,

tory

e 1y
E‘ inficat s the smell cot

N
unish the infart gzs h-used

“7
designates tha infanit, apd
itig aositisn viz-a-vis tha
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Later, as the infant's agility increased, the plan sncompassad

the whele room, thus

8nly those toys upon which the
infant concentrated his attentions

fzz\\\\ ware marked on the plan, several
\Wanket
7 % other playthings being usually

¥
A (o]

UAL3

T

scattered around the Tloor at any

given time. -

b/ Sketching, Small vignettes of the infant were made whenever
possibla so as to clarify certain postures, movements, etc. In

addition, photogrsphic evidence was taken, as shown in plates 1-12.

c/ Tape-timer. So as to obviate the need to refer to a clock or
watch during observation a tape cassatte was pre-racorded, giving
the passage of time verbally at 2-second intervals. An individual

2ar--piac

w

was used so that the sound was availablas only te the

observer.,

In sum, these four techniquss, code, plan, sketching and taps,
allowad quite a comprehensive picturs of motor development to be

]
followed clearly.

GCessel Testing:

Presentation of the Gessel test was made on the table T (see fig.
1;1(iii)pg.2a ) at ons wssk intervals., Every troubla was taken
to confptm ta the saquence and mathod of presentation rdescribed in
"Developmental Diagnosis" (Gessel and Armatruda, 1947), with the
exception that the subject was seated on the experimenter's lap
to avoid emaotiaonal disturbance. The behaviour was recorded on

duplicated record sheets,

RESULTS AND DISCUSSIONM

Intercoordination of Motor Patterns

Table 2.1 charts the infant's progress in the prons position ovar

the first sight days of observation. On sach day, the infant's
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hovel behaviour (i.8. not previously seen) has been added to

the table, and the relationships with prior behaviour detailed

by connecting lines, I have defined three major modes by which
such development can progress: There is an almost infinite number

of interc~ordinaticns between the various movements, and between

the motor sequences in a battery of motar patterns, There are

also accretions, tiny advances on, or finer control of, a

previously stereotyped behaviour pattern. Finally, tihere are

those behaviours which seem to arise de novo, i.e. without any

previously reccognisable antecedents. UWhether their cause be due

to physiological maturation or simply due to gaps in observational

technique is a matter for conjecture and further experimentation,

Each action has been classified as one of thess three modes in

Table 2.1; i = intercoordination; a = accretion; and dn = de novo.
Certain abbreviations have been used so as to conserve space,

1. n.p.: Normal position, ie., the infant lying flat on the cot

floor, arms and legs bent at 900 at elbows and knees, head on

floor; in midline or turned to laoft o

s}
L]
[

L)
r
ctr
L]

2. Up on elbows (u o es) i.e. upper

body slightly raised, taking

weight on fore arms. (plate 1)}

"3, Up on 1 elbow, 1 arm fisted
and straightened (plate 3)

’

_4. GBMs - Gross bodily movements, where all limbs and the trunk

angagéd.in short, undirected movements, e.g. squirming,

All other behaviour terms are self-explanatory, with the exception
of ¢ movements (hooking actions with the hand, see page 112),and the

abbreviations R, L, and ast, designating Right side, Left side

and "at the same time" respectively,
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Bahaviours seen following initial

horizontal column) number sowe 83 movemanis. 55, during the Fircst

fartright, very little in iho wsy of axpzrcimontation was posaible,
opious notes concerning the infant's wuster behaviour were kept.
gble2,) can thersfore be considerzd a fairly complete list of this

infant's actions during the first eight days of observation.

Although & relatively complate description, this

"
3
Q
ct
o
Q
9
mn

~

that the designations (accretion, interconrdinaticn, de rova; sre

o))

invariably corract., 1In this rajard tiz Loilz nust b2 considered

provisinnal, for examnnles f tnn hohavinure of the geries

t
be viewad as accretions (i.e. small advances in greater control of

a moveinant). However, the bshavinur "leg up and grasping” (marksd

as an accraticn to the "leq Up™ behaviour is not ssc clear-cut.

In a third behaviour series, a similar actinn, *hand uz and grasping

cot" is considered an intercaocrdination of "hand up", a2nd "grasasing

r
blankat", Thus "leg up and grasping” may ba {and vary probably is]
an intercoordination of "lag un" and a "foot grasning" hehaviour,
which wauld perhaps have besn noted prior to the "lzq up and grasping
behaviour" had observation bmeen conducted sarlier, Indeed, observaticn
from birth is mandztory if the unravelling af an ordered segquance
of behaviour is to be attemnted., It is to ba expected that such
progress will follow a "Oiagatian® serieg, with increasingly wore
complex bashaviour supplanting, or assimileating, earlier, less c
movements, A suggestion of this is givean in Tablz 2.1, whore the
actions af later.days do secm, For the rost part, to compriss more
comnlex actions, Howsver, until further work, (taken from the birth
of the infant until soma arbitrary end-point) is

question must remain speculative,

General fiotor Deavelopment

Tabln 2.2details what might be termad tha idiesyncratic development
of this infant's motor skills {idissyncratic in that not =sv=ry infant
would possess e,q. an A-frame shove the cot, or an iron mgsh dasr to

inb on - its behaviour would tharefeore diffar 2n rouie to identical

behaviours, the asbility ta crawl, climb, stsnd, etc., - sea als2 1332 185}

This individuality means that comoarisans of behavicur are difficulg,
excapt with regard to tho biwes nf zinearance of cromling

]
Thase latizv ara ronsidarnd i mare datail in khao "Jaszel’™ chaoter.



Table 2.2

Week | Date BEHAVIOUR

7 Up on elbows in prone

8 Up on all fours, head down

9 Stands supporting most of weight, when held

Up on all fours and looks around

10 . Rolls prone to supine. Trying to sit in supine
11 Grasping object when supine, and, by pulling, moving the body
13

Pulls himself almost completely to -sitting, in supine.

Right hand grasps cot side, up on legs and other hand (prone)
Pulls to sitting when allowed to hold experimenter's hand

Moves from prone facing top of cot, to supine facing bottom of cot
Moves from prome facing top of cot, to prone, facing bottom of cot
Moves so both hands over one side of cot and pushes himself off

14 Turns supine to prone

0

15 Pivots (900, 1807, 270%) using hand on other side of direction of pivot

16 SITTING, by his own actions (supine)
STANDING, holding support (from prone
Moves in standing

17 Pulls himself up so high legs off ground
18 Both legs on side of cot, holding A-frame
19 Both legs over side of cot, not touching floor, holding A-frame
20 - Uses rails of large cot to pull himself up so both feet off ground
21 Uses large cot to climb A-frame to 2/3 its height
22 * Standing OUT OF COT, can't get back inside
24 Climbs back in cot
CRAWLS
26 Legs touch A-frame in climbing

Crawling when out of cot (to Iron door)
BALANCING while standing

27 Legs grasp A—frame in climbing

Crawls, from cot to middle of workroom where experimenter standing
Stands away from cot, holding A-frame, grasps large cot and door
Out of cot, CRAWLS BENEATH observation chair

28 Crawls under large cot

CONTINUED .....



Table 2.2 -‘conntinued

Week | Date BEHAVIOUR
29 CLIMBS iron door, cannot climb down for 3 days
Grasps top of table
Pulls himself up on A-frame and swings legs
Pulls himself up on A-frame and touches its tip with head
31 Crawls from cot almost to workroom sink
32 Uses A-frame as a "walker"
35 Uses A-frame to climb to get objects on table
36 Crawls to furthest point in workroom
39 Climbs off-chair unaided
40 Touches top of cupboard
41 Crawls to window and, standing, looks out at people
42 Pushes A-frame to door, climbs, using both
49 Climbs onto window ledge
53 Climbs into large cot
54 Climbs onto table
56 Climbs into sink
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It in therefora proposed tc considaer simnly the infart's orojress

touards full mobility as thesy occurred,

'
~

At the beginning of Observaticn (week 7) the infant was capable

of only slipht movement, notably aof the head, but aiso of the limbs,
although thesg did nnt funntian £a in anvy way nove tha body, which
remained immobile. His usual position, when not sleeping or sucking
the blanket, is shown inPlats 1. HMovemant af =pa body dii not come

about wntil the 8th week, whan thz up on =21l fours with Head douwn

cr

movemant. began (Piate S5}, accrsting to up on all Fours with loaking

round cduring tha following weak, "Uo on all 45"

wm

nould not be

thought of as appecaring de novo zs, in tha days nreceding this

novensnt, many componanks of the total action ware perfarmad; e.q.

t
nulling the legs far beneath the hi n in prone early in wsek B
it cen be seen thzt by straiohtening the iegs vhen in this position
the hips would be raised, anothor behavicur s=en prior to up on all

fours., This action (raising hips) whan cosbined with the up on ha2nds

movenznt (alsn seen hafore the complated up on all frurs movemant),

produces a reascnable aceroximation to tho full up on 21l fau-s zctiom,
Indued, the latter movement was by no means =2lways performed success-—

fully, with le2g and hand slippage be2ing common,

saes an intercoordination of "up on all 43" with "hand ov-r side of

cat" whan, while in rone - the infant achivved a greater dearze
? p ? dJ =
of maobility by going up on his legs and one hand, with Lhs othar

hand pushing frem its high nosition on the cot wall,

liphility in prone increased primarily by the use of the hands in
grésping structures, and, by pulling, sa moving the body, Thez pre-—
eminencse of tha hands is shown ir w2ek 13, wherc movement Yrom prcna
to supinz {eor pronz topronsg) at tha same time moving the ha2ad from

the top to bottam of the cot, were path effscted by hand~puliiing and

pushing at the coat, The hands and arms wer2 also used in szizing

i
i,

cot wall and pushing away from it (Plate 8 , and diangrans fig.4,11

Chapter 4 , ~rasninn development),
Tha primacy of tha upner limbs saeeas to b2 one of cosrdimation
rotner than strengkh narc so; this i3 sbown in the irfant's 2biligy

La stand supparting nost of

he was placed in 2 standing

Cor attainnd the supine posture from grone in Lhe tenth woolk
mavement Fraa supine to prone pot until the Lath) and this lezd

immadiataly (10th and 1lth weels) fo rasn-cobt-and-pull achiens,
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sermingly aimed at the attainment of a sitting posture. The
infant progressed from an almost pull to sitting (week 1Z) through
an ability to pull-to-sitting whan the experimenter's hands were

grasped, to a completely independent pull to sitting in week 16.

Standing

Standing was also achieved in the l6th week, and its attainment

can similarly be seen as the culmination and utilisation of several
prior behaviours. Thus, the infant had been seen to pull his legs
under him almost to a crawling position (see 3rd horizontal column
(Bth week) in Table 1) and, from the 13th week, to "grasp and pull"
so that both hands grasped one side of the cot (see plate 8), after
which the arms were straightened, so pushing the head and upper body
away from the cot wall, 1In the 16th week Cody.combined thess two
movements; the A-frame at the left of the cot was grasped by the
infant's left hand, the right hand grasping the left side of the

cot so thzt the infant was as shown in fig.2.1 . The legs wers

then drawn in under the body. Cody then pushed

I his head and upper body away from the cot wall,

2.1 oS the legs bracimg slightly at the same time with
) Lg] I the result that a vertical posture (with the

legs bent) was attained. Later the same day, the

legs straightened completely, though for only a
brief period of time. This latter movement may be considered as

a further utilisation of the "legs extended" behaviour pattern.

Standing from supine occurred 14,11,73, i.e, at the end of the
16th week, the infant first attaining a sitting position and then,
with legs pulled bensath him, and hands grasping their respective

cot walls, the legs wers extended and Standing achieved,

Although the infant learned quickly (from week 17) to move’
around his cot in Standing and later to extend his perémbulations -
always supporting his movements by grésping cot or A-frame with at
least one hand - it was not until the 26th week of life that true
bipedal standing was attempted (i.e. without support from the upper
limbs)., 1In this, the infant first stood, holding either cot or
A-frame; the hands were then released and held either above or
fo'the side of his head as he attempted to balance on his legs,

'Cody was never vary successful at this manoeuvre, managing at most
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hres saconrds standing bsfore cnllzpse. Howsver,

i
exproession and the great numbar of times the action was rapsated

o+
=y
6]
0]
A
]
Ly ]
0
=
[y
)
7]

seemed to provide hin uith no smsll amourt of pleasure,
in addition, it very nrobably =2id=d

21lc

Ly
[
3
3
p
=3
[}
—~
n
i
0]
o
]

\__z
v

o

€limbhing, in the a-ult-Crar; sense (Facikinnon, 1974) first
he 29th weak, but its antecedsnts extend back zalmost
Lo the time of standing, indsad this latter s=2=zms Lo have besn a
he former activity. ©Onc ucsk after independent

t
standing bagan, the infant commanczsd pulling himsslf up (using

i at
no leonger tcouched the floor of his cob (17 wa2sks), At the scme tinme,
forward and bzckward movements of ane lsg were observed, somstimes
the right leg participating, sometimaes ths 1l=2ft. These two actions,

when ceordinated, allowed the first placing of one leg on the side

of the zot (Plate 11), and, by the end of tho Llith wask, Standing
with both lsgs on tha cot wall was s=2en {Slats L¥), sStraddling the

cot was observed to commence the same wesk.

Pulling himself up by the a

L }
]

s continusd throughout the study, with
leg swinging appearing during the 29th week, The legs,’previously
2

unused, touched the A-frame in ths 26%th week; and grasped it an the

W

27th, With the legs in increasingly freguent usaj2 from this time,
as the infant's s=cond pair of "hands", the way was now clear for
climbing proper. This was first observed during the 29th week, with
the scaling of the iron-mesh door betwean playroom and workroom.

It is interesting that for threz days Cody appeared ahle to scale,

but not Lo ‘escend from, thz door. 0n one casion, the infant
P ’ ?

aftar climbiny tha door as the axperimentsr lefk, was found one

haour tern wminutes later,_still at tha top of the door. The ex-

a]

arimentar sat on tha Floor at the bass of the door for several

minutes but, although giving avery indicatinn of wishing to reach

his "parant", the infant did nst {(and presumably could not) descend,
]

a
From thisz time on {29tk wesk), and with tha halg of nrawling (ses

buelnow} Cody successivaly nastered virturlly all asichs and furniture
in his guarters, including a small chair {(39%h woal), the window

i
ledne (49th weok}, the large cot [53rd woak) th tablo (S54th waek)



and tha workroom sink {56th weak), Thess cbh ts do seam ton
ty

c

form a scale of difficul in climbing in which th=s primary
ieaansion is height, (increasingnfrom the sm=1ll chair through

to the sirk)., This is true for zll bu®t the cot ard the table,
Both thase chjacts war= of approximately tho s=m=z height. 1In this

czsn the availabilitv of hand- and font-hnlds (more prisent on

tive cat} seems to have been the limiting factor in elimbing success

g the 24th wesak, and was, at this

when all other means of locomention

nad failad, It was first observed 8,1,74, with tha infant placad

on tha Floor of ths alayroon, five feet fraw the experimenter,

fCody maide no attempt to move, meraly raising ane hand and crying,

His blankat was then =laiced twe f:et fron him, and in his desire

wzh this comforter he crazwlsd Forward, as shcunin fig, 2,2 .

Fig. 2.2 Crawling FMovamentls

huz, the leas wece Lrounhht Tarusrd se

thy aosikion shoun fn Fin,2,2780, bth- Lic
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2

cyelas of "Gum over legs" projression were sa=2n as the infant made

far the blanket,

Later tha%t sz2me day a imore advanced fors of crawlinn was seen,

This coansisted of

laft Fant dr-wrn clo

T e v M i Do
ozehoand the cight

moving

ad down hard, impelling the body forwarcd {and:

ightly fran the ground) uhile at the ssme time ths
mo

rial ¥ hand extendad, Tha left hand, hzving remzined immobile in
its Function az pivot for upper body, assum2rd a pizition closz to

i
the trunk, with the result thot the position fig.2.3(iii) is 2 mirror
g2 of fig,23{i}, Fu thar =3vemznlk was by similsr

the contralateoral limbs inthese desgribed abhaova, i

n
crawling movemsnts, whnn having been loft in his cot he was found

(on one morning during this wsek) st the basz of the play-, work-room

. Later.(27th week) he benan followinq the sxperimenter when

r
he 1laft the workrowom, at ane point crossing from the cot teo the middle

- L

h
of the workrsoom where the exnsrimentar was stsnding., That same week
crz=wling From th2 cot to, and under, the experimenter's chair (naxt

to the kable) was seen, Afterwards, Cody aradually extendad his

oyt-nf—rt

gl

ot Forays, exploring under the large cot (28th wsek), part

5
of the workroom (31lst wask), tn the furthest point in the workroom

(36t week) and to the window (4lst week). Followin- this,

0]

very
foot of nlay- and workroom snace was coversd by the infant's crawling
pereqrinatiens, though some a-ras, e.g. tha S5.%Z, corner of the work-

raon (wharo theve were mzny clactrical wives) were firm Favourites,
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if nat identical tn, the adult Orang-utan®s quzdruned2l “knuckle-walk"
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ully accamslished during the
rgatest achizvanent being 3 -~ 4
in=2dal runniny before collapse, a behaviogur
L s2ei o0 the Glst weaek, Yarinus sctions of Teble 2,2
car, hawover, bz suen as precursors Lo this behaviour. Thus from
standing inside the cot (15 weaks), grasping A-frame and raising legs
(week 17), the infant went {(by way of legs over cob wall in the 19th K
t 2

2). Five weeks later the

n
plishing this by Mwalking” movemants of his lowar
the A-Fframn for suppcrt., Betwsan t d

walk his way around his cot using a2s support fo
hoth the A~frame and the various cot walls, The

of behaviour saw the infant {week 27} making grasping

thiz tyns 9

PAL.

movaments tnwards any cbject within reach, this being now circus—
centrad at a l=g of the A-frame end having
span af his arms (fig.24}., Attempts at

1 standing {s2e above

a
alsag b2 constr

D
o

Following Cody's grasping and standing

behaviour {fig.2.4}, the infant found that

by over—iceoching, it wes possiblas to move the A-frame in tha

require i direction, allowing &n increass irn''range'., The hehaviour
later developed into the use of the A-framez as a baby-walker (usek 32),
with thn infant standirg either in the centra a

structura {(fig.2.5al and b}, and pushing it towards his dasirad
goal, The A-freme was also used to complement the irone

b e wnon clingin:, slthaoaoh 1L =3 agre often bhor not over-

-

turazd and collapnsed within mingtes of reaching ihe lather



By the 5§th waelk, th» infant was sxtremely mobile, and ssamed

ta lonikk on sach new structure he met not as an obstruction, but
as a challenge. “hen terporarily away in a domestic setting, he

imnediat=ly mastered sofa, new tables and chairs, the art of climbing

onto window-3ills using their curtazins, and tha scaling of a flight
of tuwelve stairs, From this point on, and with the excesntion of
bipedel welking which may conceivably have basn bsttered, any
increase in tha infant's mobility would seem to comprisa mare the
exberiencing af new nbjzcts and situatinns, and achieving masiery
by combining previously existing behaviour pattevns, than the

develonmant and maturation of new patterns of behaviour.

The infaiit's responses Lo the behavioaur items of the GSessel
Davelopinental Schedulss are given in Table 2.3, Dal

t
human subjoct (Laken from Gessel & Arcmatruda, 1947), for Gorilla,
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{Knoblach and Pasamanick, 1955) and for Chi
Yinder, 1957) are also tabulated, allowing a ceomparative analysis
of the three pongid and thz sinnle hominid specias to be mads,
(N.B. Riesen and Kindar's work is hased on tha rasults from an
garlier version of the fLassal Schadules, (sea Gessel 2nd Thomoson,

1833} and although similar, 2zr2 noi therefare strictlv comnarable}.

The table shows that tha moter devslnpnent o
is much fastar than Ehzt of tha human suvjact in all bubt two aspects,
Theam are hehavioural item #a,25, (hins hig
mavements), and the “walking" items, Mos, 56 & 57, The {aormer action

is snen at 4 waeeks in the houman in



Table 2.3

BEHAVIOUR Human | Gorilla | Chimp | Orang
‘| Supine
11. Asymmetrical tonic neck reflex 4 6-10 (6) (5) |not seen { different
2. :iZSZ;iEi:ZS & symmetrical postures 16 10 11 {7 B
| 3. Hands engage in midline 16 2.5 I 10 A
|1 4. Feet engage in midline - 14 - 14 G
L.S. Legs.lift high in extension 24 12 - 12 G
| 6. Rolls to prone 24 10 11 14 A
(.? Lifts head 28 2.5 4 {7 ?
1 Pull-to-Sitting
{:8.. Complete head lag 4 0 0 0 * G+C
9. .No head lag 20 10 (ﬁ (7 C
.10. . Lifts .head, assist, 24 10 14 9 G
<Sitting
11, Head predominantly sag 4 0 - 0 * G
.12, Head predominantly bobbing 8 0 4 no data -
13, Head set forward, bobs 12 6-10 - " 8 G
|llé. Head steady, set forward 16 10 9 14 A
15, Head steady, erect 20 12 (4 17 A
.16, Trunk erect in suppo?tive chair 24 10 - 15 A
“17. Sits leaning forward on hands. 28 16 24 24 A
18. Sits ereét momentarily 28 - 24 26 A
19, Sits 1 minute erect, unsteady 32 18 25 26 C
.20, Sits 10 minutes, steady — 36 20 28 27 C
21. Leans forward, re-erects 36 20 23 - -
22. Sits indefinitely steady 40 20-22 30 28 M
23, Goes to prone 40 20 20 28 A
24. Pivots in sitting 48 20-24 26 not seen | different

CONTINUED,,...




Table 2.3 - continued

R

_, .

BEHAVIOUR Human | Gorillg thmp Qragg ?Epg:;:g
25. iis:m:iﬁg, legs flexed, crawling 4 j 2.5 - 8 A
26. Lifts head to Zone I momentarily 4 0 0 0 G+C
27. Head drops in ventral suspension 4 0 - not seen * -
28. Head rotates on placement 4 2.5 - {7 ?
29. Head lifts to Zone II, recurrently 8 2.5 (4 3 e
1 30, gizd compensates in ventral 8 2.5 Aﬁ (7 ?
pension
31. Head in midposition on placement 8 A - (7 ?
'32. Hips low, legs flexed 12 4 - (7 ?
'33. On forearms 12 4 (4 (7 ?
134. Lifts head to Zone II sustainedly 12 4 (4 (7 ?
{35. TLifts head to Zone III sustainedly 16 6 (4 (7 ?
36. Legs extended 16 10 - (7 Ch?
37. Arms extended 20 i4 11 _ (7 B
38. Pivots 32 10 12 15 A
39. Crawls, pushing with feet [367 10 14 24 A
40, Creeps 40 20 20 28 A
%1 Creeps upstairs 15m 40 - - -
btanding or Walking
2. gggzzits small fraction of weight 12 10 (4 (7 Ch?
y
3. Lifts one foot momentarily 12 10 (4 (8 Ch? M?
4, Supports large Craction of weigﬂ; 28 14 20 9 B
5. Bounces 28 18 - not seen -
6. Maintains standing with hands held 32 14 22 13 B
7. Holds rail, supports full weight 36 14 20 16 M
B. Pulls to feet at rail 40 14 20 16 M
Pl Lifts and replaces foot at rail 44 18 25 17 G

CONTINUED .....
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Table 2,3 - continued

BEHAVIOUR Human | Gorilla | Chimp { Orang

Standing or Walking -~ cont'd
] 50. Cruises at rail 48 18 24 17 G

51, Cruises, using arms only - 18 - 17 G

.52. Cruises easily, using arms only - 30 - 20 B
1.53. Walks with two hands held 48 28 4267 28 G
}.54. Walks with one hand held 52 36 267 not seen not seen
'} 55. Stands momentarily alone 58 36 39 26 B
1.56. Walks few steps, stops and starts 15m 48 - 91 A
|.57. . Falls by collapse 15m 48 - 91 A
1.58. Walks, .seldom falling 18m 15m - not seen
1.59. Runs stiffly 18m 12m - not seen A(G)

60, Walks upstairs, one hand held 18m 40 - l4m
.igl. Climbs into adult chair 18m 15m - 39 B

.62. Ruuns .well, no falling 24m 18m - not seen

.63, Jumps, lifting both feet 30m 18m - not seen

KEY

% = Data derived from keepers' information.

A = Develops after the date for the same
behaviour in chimp and gorilla.

B = Develops before the date for the same
behaviour in chimp and gorilla.

M = Develops between the date for the same
behaviour in chimp and gorilla.

Ch = Develops at same time as chimp.

G = Develops at same time as gorilla.
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Gorilla - 2,5 weeks) but does not apparently apaear in this Orana-

u

utan subjizsct until the 8th week, t was at first thougnht that, as
only one test session {we=k 7 precaded tha Bth waek test, the
ahaviour may nnt haya showr during the 7tn waak, and, althoulh being

nras~nt from an sarlizr date, may for this raason have s=emad to

B, Hpwrynsr, study of

of this movement durir) spontzneous movaiment observation,
actics as indeed missing from
until nbsecved in the eighth uwesk,
tems 56 & S7 were nobt seen during tha 15 month duration of the
arimant, bubt uere ohsarvad during the recolar monthly visits

s continuazd after this time, On all ciiher pehavioural items

5

Althouph devaloping Tastar than the human subjiesci, the infant's

control af the haad apnears first (e,
arily Fray birth), than tha acas {pulls ta fand at ra

tha trun (sits srect momentarily waelk 26} and Finnlly the legs (walks

-
wr

knobloch and "asamanick (1939) point tn two outstanding differences

a
that their research ravealesd hetusen gorille and human subjizct

Aaxtremities

is achiervad

Orang-utan's devslopm

the aqorilla infant.
large fraction of his

crawling accurred {woek 24), UYomayarn, Far the second of Knnobloch
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similar to tha gorilla and in the secand case raversing this trand,
is also anparent when his timns nf onsebt Far Lne hehaviour itens

ara comnared with toth gorilla and chimranzea, 4YWhila the infant's

-
&

proiress saams bn anarsximats much mars closaly the time-scale

<

)
tha ponaids, as opposed to man, tho Orang-utan's advances szam to

both diffor frow and be simil=ar to sach of the othar paonaid

Eabul:ted denending on whiclh heh=viour itams ars looked at. This

can b shawn if any givan bebaviour item of tha 0Orang is taken to cccur

at tha gwa tima as that of olther pongid spacies when it falls on the

J ot
)

-

iv

0

ot

ot

J

o

ctr

samg wark + ar -~ 1 week, Unfaortunetaly, and owing ko t

obsarvation began in the seventh wnek, the times of ons

e
items ar2 not known with prezcision, (Nos. 2, 7, 9, 28, 30 - 37, 42},

[H]

Howavar, in th2 majority aof these cases it appears that Cody's times

least anproximate those of its rongid relatives, (Mas. 7, 23, 39 - 35),

L] Sand oy

T
th]
o]
t
T
m
-

It is nnt known, howsver, whet irang would occupy "beforel

“middle", or Yafter" chimg and gorilla.

ly be placed as occurring before tha chimpo and gorilla, (fos. 2
whilst the remzining tun {hos, 281 42) can be cansidered eithar as

intermediate hetwean the two other ~onaid snacizs

r

(&

wa3 definitely hefora the data For gorillal or at approximat

p=

o
i}
<
o+
T
1]

same time as the chimp.

With the remaining behaviours, (apert from 12, 21, 41 where ng
a

detailas availahle! morez definite statemants can be mada.

itams which arese in the Crang bsfare baing seen in the gorilla and

chimp suhjircts studied are Nos, -id¢, 46, 52, 55, Gl. Those appesring

at

after mastery by bath other nonzid species numhzr fourtzen (3, 5, 14 -~ 18,

23, 25, 38, 3%, 40, 55 & 57), Aerhaviour items falling on the sarea

week (plus or minus an2 waek) as the chimp are

da

thase carrcespornding t2 thne qorilla time-~-scale are 4, 5, 14, 11, 13,

29, 49, 50, 51 anid 53, Itews ap niven for
1l u

s
chimg and gorills are four in numbar (Mos. 22, 43, 47, 48) whilst only

two (Mas. 8 & 238} hohaviours arz s=22n at ths same tiwms in 21l thres

ponagid soacias.  Cerbain actinns were naver s22n in Lo flrang-utan

{Mns. 1, 27, 45 % B4), Thas~ may indicatn Zzfinita

0]
e

ecies' davelsopm=nt comparad t- fzan. 2enaviaur

w2re alsg nob swan, hub as thov zr- "late asprivals” in all sepaciss it
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is possi

ble that, had the experiment continuad, thay would have bzen
. f.0.60, although saan cannot he teken as time o

i
observad Aghavigur

=3

onsz2t as kha infant had not been 2xposed fo stairs or stair-like

structurss up to the 14 months,

The finding that, overall, Cady's b=shzvinur s ows more poinks of

corrcespondence with tha gorilla (10) thar with the chimpanzes (3

Pl Y
S

’

aresants problass of internretation. Knabloch and Pasamanick (1959)
t

consider~d thz gorilla's motor developmsnt tn be accamplishad in a
shortar pariod of time than the chimpanzee's, and hypnthesised that

this oxbtanded developmaent of th> chimpanzee was in some way corralated

with iLs araster inteiligsnce. How2ver, in the Crana~utan we soem
tc find 2 grezter simil A with tha chimp
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items (14) in which %his Oreng-utan's dev

w
-
2
k®
3
0]
o]
-t
|_
[V ]
0]
<
©
3
3
Q
)]
]
W)
b4
o
0
3
o
©
c

than that of the chimpanze=,

This lack of pattesrn may weil spoak for a different maturational
pattarn for =ach species, ilowever, thers is a second explanotinn for
£

the ahov2 confusion, and cone which sasms mare plausibla.,

notoriously variabls group, both physiecclly {e.g. Schultz, 1930, 1958,

1969 } and bshaviourally (McGrew, 1372 ). 1t

s
est human norms are bassd on an "n'" of 40

subjzcts (Gessel & Armatruda, 1547 and Riese

a
1]
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Yot
ct
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]
rs
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n
study ot 16 subjects, th2 gorille and Orang~utan's r
a sinil=2 suhimch only, Reference fto a second, more gzneral account

of the dnvelspuont

f twa gorilla infants, Alice =2nd Ellen (Kirch-

0O

shofer et al, 198%, serves ta omphasise this point. Mot only did

the tun infanis develop at a different rats one from th2 other (For
exaimio, np on albe:s in the prone positinan was attainzd in the

third wnak with Ellzn, the fifth week wiih nlice; supin2 to prone
was consistently attained in th=2 ssventh wask Ffor £llen, the eighth
far ilice}, but aspocts of thazir davelopmant diffsr to an even

Aronbn
are: ]

ch and Sasawenick's YColo". For
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gxa~pla, kehaviour comparabl “gstal bohaviour itan Mo, 25 was

s2en in lice and £llen during the sixth waek, whiareas Tolo showad

o

a diffarance of 3,5 w2aks,
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Herca, tha lack of inturspacific pati=ra in motor devalapment

may ba vxnlained by tho s5nall nuaber of subjierts studiad, both for

S

orilln and Ponaa. et nnrmative date Far ea:h s-20i=4 are known

{incleding tha chimnnonze22's rasnonsas to ths labtar Gessel tast - see
=hava), a nattern may b Found which accnmrndatss a1l rancid snecies,

Alteonativaly, each s aiaz vard esssci Pl tos oo ohylonganatically-

ronave | D nip-utan) mav nasses its owp antsianetic sequence. At

[}

rilla accoaplishes nost bzhayioue

or

patten, - before the chimpanzen, with th2 Granj-utan's actiang

nccurrcing nyer a lonjer nariod of time than zither, How:var, it
is noaaitle that further waork, 2specially on the oerills and firang-

vten, nav comnlately disrupt this pattern,
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CHAPTER THREE

PIAGETIAN COGNITIVE ODEVELOPMENT




Tl

4.2, OBJECT CONCEPT DEVELOPMENT

4,2,1. COVER EXPERIMENT

Introduction

The human infant in the first few days of 1life is thought
of as existing in a universe which is qualitatively different
from that recognised by an adult; the neonate's world is
comprised of pictures that may be recognisable to the infant,
but which, as yet, have no permanence or spatial organisation.
Piaget attempts to analyse the means by which the awareness of
the object as a separate entity, existing independently of ths

bsholder in both space and time, comes about,

Attainment of Object Notion, at around 18 - 20 months, is
divided into six stages (the sequence, and not the time of
occurence, being the important question) these stages correspond-
ing to those described in the preceding section for general
development, (Piaget 1955, ), . These stages can bs elucidated
by reference to the infant's response when an object which ths
sub ject wishss to possess is hidden behind a screen of some
description (usually a cloth cover). Ouring Stages I & 1I
(0 - 4% mo) the infant either stares at the last sesn.position
of the object or looks away at some other point of inéarest,
whan the abject is thus hidden, or even half-hidden. Searching
for a half-hidden, but not a completely hidden object is -
indicative of Stage II1 (4% - 8 mo), while a successful search
for a completely hidden object is a Stage IV bshaviour pattern.
However, at Stage IV (8 - 12 mo) if, after saeveral trials the
objsct is moved from its Pirst hiding place (designated A) to
a second position (8), all within sight of the subject, the
infant will search at point A, and not think to attempt 8.
Stage V (12 - 18 mo) is characterised by the infant searching
in the last-seen position of the object, but being limited
only to what he sees. The infant is unable to cope with an
invisible displacement, 8.g., if an object hidden in the
exparimenter's hand is then placed beneath a cover, the aobject
being {silently) releassd, and the now-empty closed hand
offered to the subject, the infant will search the hand, but

not under ths cleth cover. Stags V1 is reached when this final

limitation is overcome.
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Much work has baeen done in replicating parts of Piaget's
comprehensive study, Décarie (1965), Uzgiri and Hunt (1966),
and Casati and Lezine (1968), have designed sensorimotor
series to test for Plaget's 'stages', Several investigations
of the relevance of these stagess have been undertaken,.s.g.
Uzgiri and Hunt,1972; Corman and Escalona, 1969; Miller,
Cohen and Hill, 1970. Paraskevspopoulas and Hunt (1971) have
shown the snvironment to piay an important part in rapidity
of attainment of this concept, whilst Mattsay (1975) has found
evidence for a bidlogical foundation to the emergence and
elaboration of sensorimotor capabilities in monozygotic twins,
Bower (1971) examined the evidence for object concept in very
young children, and Bell (1970) the relation of this concept
to infant-mother attachment. Recently, the Stage 1V AB responsa
-ﬁaa been the subject of detailed study in attempts to identify
the true cause of the child's error. (Gratch, Appel, Evans,
Lecompte and Wright, 1974; Landers, 1971; Gratch and Landers,
19713 Evans and Gratch, 19723 Harrie, 1973). In addition,
Woodward has found correlations between object concept attain-
ment and performance of Piagetian tests in mentally subnormal
subjects (Woodward, 1959).

To date there has been very little work done on the
development of the object concept in infra-=human organisms,
Indeed, its existence in animals as closely related to Man as
the non=human primates could until recently only be inferred
from research directed at the elucidation of othe; problems,
Thus, Gorter (1941) reports that Nycticebus spp. will not
remove a cover which it has seen placed over a desired object.
Galaqo seneqalensis is said to succeed in a similar task,

(Lowther, 1939), although it is not stated whether auditory

cues ( in the form of object (insect) movement ) were precluded,
The evidence of Tinklepaugh (1928) and others point to the
conclusion that some adult primate species do possess at least
a Stage 1V object concept capacity, Such data have been
obtained for five primate species , the Squirrel Monkey, Saimiri
sciurea ( Vaughter, Smotherman and Ordy, 1972), the Rhesus

( wise, Wise and Zimmerman, 1974), and the Capuchin, Woolly
"Monkey and Chimpanzee (Mathieu, Bouchard, Granger and Hersco-

vitch, 1976). In all but the Woolly Monkey a Stage VI level
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dcompetence was achieved, However, in all these studies, no

no animal has been followed longitudinally; it is therefore

not possible to state that the path of object concept development
follows that of Man, further removed from Man, the cat is

reported to be capable of a Stage IV discrimination, i.e., it

looked for the desired object persistently after it had bsen

completely hidden (Gruber, Girgus, Banuazizi, 1971). Stags V
could not be tested, and it was found that a Stags VI
discrimination produced no respcnse in the experimental
animal. Etienne (1973) describes her work on the domestic
chick and concludes that "the creature "seams not to go beyond
the association betwesn certain stimuli and certain respanses
to such stimuli, and such situations remain limited to a
standardissd situation. Birds produce certain adaptive responses,
but this is not absorbed into a general cognitive structura".
The only other animal tested, the dragonfly, as befits its
lowly phylogenetic position, apparently shows only stereotyped

responses at the disappearance of its prey, (Etienna, 1972).

These meagre data do seem to indicate a tendesncy for
animals 'higher on the phylogenstic scale' to show a gréatgr
number of the developmental stagss postulated by Piagét.
Further, work on communication with the chimpanzee by!Gardner
and Gardner (1569, 1971), Fouts (1972) and Premack (1971) do
seem to show the ability of our nsarest relatives to manipulate
symbolic sequences, an ability which, according to Piagst,

becomes manifest at the end of the sensorimotor period.

flethod’

Testing with regard to the development of the
Object Concept was Epitiated.on the 15th, November -, 1973
(infant's age: 15 wesks 6 days). All testing was carried out
in the playroom of the infant's quartsers, on a natural woad
test table (36" x 24") which was secured to a sacondltable,
this latter being a permanent fixture of the room. In order
to make the procedure as closely comparable as possible, the
method was essentially the same as that of Piaget in the
detailed study of his thres children (Piagst, 1952). A single

important difference concerns the relative positions of
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experimenter and subject. While, from a reading of Piagset's
work it seems that the majority of trials ware given with

sub ject facing the experimenter, in the trials detailed here
subject sat on the lap of the axperimenter, facing the test
table upon which all experimental manipulations were performed.
Contact seeking is most pronounced in the infant Orang-utan,

as indsed in most young primates, and it was found impossible
to sit the infant opposite the experimenter, across a tablse.
Likewise, restraining straps only served to produce violant

scraeaming and non-attention to the task in hand.

Toys, brightly coloured objects, clothes and other
paraphenalia that might distraczt the attention of the infant
ware removed from the playroom prior to testing. The subject
was carafully observed during placement of the desirsd object
and its subsequent disappearance beneath the cloth cover;
any lapses of attention (turning or climbing away, sucking ths
table edge, etc.) during the final stages of placement or
hiding could easily be detected. When this did occur, that
particular trial was terminated and the covering procedurs
begun again from the "abject uncovered" position, 5o as to
obviate difficulties arising from cover novslty, unlyicovers

of well-known and familiar material were used.

In order to determine the various Piagetian stages, sevsral
variations of cover situation were used. Criterion for all
tests was set arbitrarily at 75% correct responss in any

cover situation,

Cover Situations

1. Half Covered (HC). This was initiated befors criterion uwas
reached with CHF, The desired objsct was half covered as the
sub jsct reached toward it. Whenever possible, the cover edge

was made to follow the lins of symmetry with the object.

2. Covered/Hand Fres (CHF). The object was covered as subject
was in the act of reaching towatrd it. 1In this, and all subsequent
object concept testing, an arbitrary time limit of 1% minutes

from time of covering was sst., If no respanse was forthcoming

during this time the trial was terminated and a new trial begun.
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3. Covered/Hand Held (CHH). On reaching criterian in the
CHF test, the subject's hand was held immebils while the
object was covered, and immediately released as the object

disappeared from view,

4, One Displacement (0D). In line with Piagst's investigat-
ory method, the object was hidden in one place (designated A,
irrespactive of side). When found consecutively two or thres
times in this lacation, the subject, with hand immobilised,
was obliged to watch the object being hidden beneath a second
cover, B, His hand was then released and his choice of sids
recorded. If the incorrect side was chosen, he was allowed to
corrsct his mistake. To prevent the developmsnt of side
preferences 'true' trials were given with 'balance' trials,
i.esy if A - B was from left to right, trials wsre given in

a random order, but with never more than two consecutive trials
at any one side, e.g. AB, BA, AB, AB, BA, etc, In addition,

the side used as A was alternated over sessions,

5. Two Displacements (TD). Having successfully reached
criterion for the 0D test situation, subject's ability to cope
with two successive displacements was investigated, After
initial success in finding the object hidden in one location
(A) two or three times, the infant watched the object hiddan
sequentially in A then B then C (hand held). As in the 0D
test, as the object disappsared bensath the third cover and the
experimenter's hand withdrew, the subject's hand was released
and his behaviour sequence recorded. The order of hiding was
randomised, all three covers being used as the final position
in the hiding sequence. Thus the object might first be hidden
at B, then C, and finally at A, All covers received an
approximataly esqual number of trials as the 'correct' position,

Sub ject was allowed to correct his errors during all trials.

6. Invisible Displacement (ID). With the subject watching,
the desirsd object was placesd in a small blue plastic pan, and
these were togsther placed beneath a cover, Under this screen
the object was tipped out, onto a blanket to obviatses any

response to auditory cues. The (empty) pan was thesn removed



-39~

from the cover endoffered to the infant. At the same time
the subject's hand {previously held) was released and ensuing
behaviour monitored., After reaching criterion in this test,
two covers A and B werse used, the pan plus object basing
hidden randomly, but not more than two times consecutively

on any side, beneath A (ID~A) or beneath B (I0-B).

In all six covar situations a 'hand free, objsct un-
coverad' situation was presented frequently throughout each
session to ensure that the object remained desirable., A
further safequard was added to the ID test. Here the pan
plus object was moved bensath the cover as normaly, but a sham
tipping movement was made, the pan plus object being then
offered to the animal at the sams time as his hand was
released. If the infant had 'decided' that each time the
object and pan went under the cover, the object was to be
found beneath the cover, then he might be esxpected to
ignore the pan plus object when it was presented, and to
pull at the cover. That this occurrsd only once in 41 trials
strongly suggests that in almost all cases ths infant did
first look at the pan and, having seen it empty, ssarchad
bensath tha cover. Incidental observations of eye movements

during the experiment tended to confirm this assumption,

It was found that the infant soon habituated to previously
interesting objects and it became impossible to provids
sufficient novel objects to maintain his attention. A
solution to this problem was found by using a small feeding
bottls filled with a variety of susat-tasting solutions of
which he was particularly fond. In this way interest was
maintained without the infant receiving over-much of the

liquid.

The subject was considered to have succeeded in any
particular cover situation if (a) the infant first removed
that cover which hid the object, and (b) if this cover was
quickly released and the test object secured. The subject

was run for as long as he would coopsrate.

Results

The results for tha various cover situations are tabulated
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in Table 3.2 overpages. All results have besn computed as
percentage correct response of tha total definitive
trials of that session. Figure 3.1 demonstrates more
lucidly the development of the infant's responses over

the period of testing.
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Percentage Correct Response in the 5ix Cover Situations.

Cover Situations

e ; H.C. C.H.F. C.H.H, 0.0. T.D. 1.0. 10-A 10-8
.11.735 - 0 (9)

12,73 0 (3) g (5)

.12.73 - 0 (8)

.12.731 33 (6) 8 (6)

.12.73] 75 (4) o (8)

.12.73] 100 (7) 0 (6)

.1.74 66(12) 0 (7)

.1.74 80 (5) 0 (8)

1,74 | 75 (4) o (5)

.1.74 | 100 (4) o0 (2)

.1.74 83 (6) 0 (4)

2,74 | 100 (5) 0 (5)

.2.74 | 100 (9) 8 (12)

.2,74 | 100 (5) 0 (5)

.2.74 | 100 (5) 0 (10)

.2.74 | 100 (3) 10 (10)

2,74 43 (13)

.3.74 93 (14) 0 (4)

03,74 100 (8) 56 (9)

L3.74 100 (7) 63 (8)

e 3.74 100 (3) 100 (10)

.3.74 100 (1) 100 (14)

.3.74 160 (9)] 86 (7)| o (&)
3.74 100 (3){ 100 (3) -
,3.74 100 (10) - -
4,74 100 (4)| 80 (20) -
b4.74 - - 0 (5)
L4.74 1no0 (8)] 100 (12) -

vtinued overleaf
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Cover Situations

te H.C. C.H.F, C.H.H. 0.0. T.0. I.0. 10-A 10-B
3.4.74 16 (11)] 1w (s) o (5)

7.4.74 e (7)Y 100 (8) © (&)

3.4.74 s (e)| wce (7)Y o (5)

2.5,74 100 (33 160 (3){ 83 (12) ] o (5)

9.5.74 - 0 (9)

5.5.74 100 (10) ] o (10)

0.5.74 88 (%9)| o (10)

4,5.74 - 80 (15)

9.5.74 100 (3) 100 (6) 66 (9)
1.6,74 100 (6) 100 (5)
4.6.74 100 (10) 100 (9)
8.6.74 100 (7) 100 (7)
1.6.74 100 (7) 100 (7)
3.6.74 100 (7) 10 (7)




% correct response

FiG.3l
PERCENTAGE CORRECT RESPONSE TO SIX COVER

SITUATIONS AS A FUNCTION OF TIME.
transition(e) stageI¥ (v) stageX (v)

stage IIT (x) transition(x) stage YL (o)
100 r J.“ ATT9-VY-7--V
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T
|OO - ,x x‘ ,X-X'X'X-X Y‘WE -0000

00-0-0———

Nov Deo Jan Feb Mar Apr May June
TIME(days)

x----x half covered

e——e covered, hand free
v----v covered, hand held
*»——X one displacement
+~—+v two displacements
0----0 invisible displacement
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Discussion

With regard to the temporal order of '"stage" developmsnt
it can be sean from the data presented that this orang-utan
subJect followed an almost identical path to that postulated
for the human infant. Thus, when an object was hidden from
visw, tha animal did not search bsfore it would search, it
searched for a half-hidden object prior to seeking one
completely hidden, and so on throughout the various typss
of cover situation presented. There is therefore a definite
correlation betwsen the stages exhibited for both orang-utan
and human subjects. The only exception to this appears to
be the CHH situation and the 0D situation, In the latter
criterion was reached in the first test session despite the
fact that it was but four days after the infant was consistently
succassful in the CHHltast. There is a possibility that the
subject could pass the two tests simultansously. Howevser, his
relative uncertainty in the first three 0D sessions (86.5, 100
and B0 per cent corrsct response respectively) compared to
his lzter faultless performance is reminiscent of the results
of stages III and VI, and therefore speaks for these initial
0D results documenting the beginning and consolidating of
this particular stage. Nonetheless, it is impossible:at

present to state categorically that this is indeed the case.

While the stage sequence in Pongo and Homo are virtually

identical, their approximate chronological age of occurrence
does seem to differ, this orang-utan subject reaching the
beginning of Stage VI at 10 months 1 week, and the human
infant at around 18 months, Table 3 details the stages and
approximate age of onset in Man (Flavell, 1963), togsther

with that for the single orang-uten subject studied.
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Table 3.3 Piagetian Sensorimotor Stage Dsvelapment in
Man and Orang

Piagetian

S5tage

Respanse to
Various Cover
Situations

Succeeds
Caover

Approx.Age

of Occurrsncs
(months)

Situation

H.sapiens

P.pygmaaus

I& 11

Locks away or
continues to

stare at objects
last-ssen position

0 - 4%

0 - 5%

111

Transition

\/

Searches for
partly hidden
ob ject

Smearchses only if
in act of reaching
to object

Searches under
cover for object.
Gives up if
deeply hiddsn,
failss abject

(A) > (8)

Succeeds:
object (A) > (B)

Fails: object
(r) > (8) » (C)

Searches in place
object last seen
i.e, succeeds:

() 5 (B) = (C)
Fails: invisible
displacement

— pem mwm e cum o

CHH

ab

T0

Within
8th
month

8 - 12

within
7th
month

p @ e aww sem e

Vi

Succeeds:
invisible
displacement

ID

18 - 24

10 - ?
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The great variation in spsed of development within
H, sapiens and indeed all primates precludes any firm
conclusions with regard to individual stage-length data
derived from a single member of the genus Pongo. This is
especially true in the light of Paraskevspopoulas and Hunt's
(1971) results on the influsnce of different rearing
regimes on attainment on the various stages of 0Object
Concept. However, with regard to age of attainment of
the final sensorimotor stage, it does seem reasonable to
conclude that the wide differential that exists between the
two species (18 months for Man as comparsd to just over
10 months for the orang) indicates a telescoping of development
in the non-human primate (or conversely, an extended sensori-
motor period in Man). Cody's raafing did approximate normal
human rearing, a fact which should aid comparability. Whether,
as is suggested by the (admittedly limited) data, the length
of sach successive stage is proportionately smaller in the
orang-utan when the two species as a whole are considered

(e.g. ratios of H.sapiens/P,pyqmasus are 1/1 for stagus

I and 1I, but B/1 with regard to stage V) only future work

will elucidate, :

On viewing figuge 1 it is apparent that in all bui one
cover situation (the HC situation) the animal moved from a less
than 10% correct response achievement - and in most cases this
was 0% -~ to criterion within the space of a very feuw days,
(mean: 11.6, range - 23 days). Once achieved, this level
of accomplishment was maintained for as long as testing was
continued. The single exception to a relatively swift
elucidation of a stage problem occurs during the HC tests,
and this was also the problem whersin, having reached criterion,
performance fell .once below the 75% level. The explanation for
this behaviour would seem to lie in the nature of this specific

problem, in that a consistent portion uf the desired object

was not consistently exposed. Certain portions of any object
seam to allow the infant to more easily construct the whole
from tha part (compare Piaget's report of his offspring's

difficulty in recognising a toy stork when certain parts were
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hidden, 1954, pp.28 ff). It is thought likely that in

such cases where performance, after having reached criterion,
fell below the 75% level, this was due to the inadvertent
presentation of a particularly difficult (i.e. to allow part-
whole reconstructions) portion of the object. That this

was the case is supported by an incidental test carried out
during the HC tésting - here the object was a small plastic
pan, It was found that when only the handle of ths pan was
visible the subject produced a 100% correct response. With
half the body of the pan (and no handle) visible, a 75% correct
response was elicited, and with only a small arc (approximately
1/6 of the circumference) uncovered 0% correct response was

shauwn.

Wwith reference to Stage VI, it was thought worthuwhile to
examine the possibility that an AB phenomenon might exist at
this developmental period. Accordingly, and as described for
the ID test, the object was hidden and the infant allowed to
find the object several times under one of tuwo covers (designated
A). The object was then hidden in a similar way at the second
of the two covers (B). As Figure 1 and Table 2 shouw, there
is a slight indication that the infant searched in thé bosition
it bhad usually been successful during this 10 hiding,:uhereas
it had previously overcome this error during the TD tests., It
may be that this is a very fleeting stage in the development
of object notion, although the small number of trials and the
single subject prevent any firm conclusions on this méttar.

It would, howsver, be in accord with Fiaget's principle of
horizontal deécalaga, and might perhaps repay more detailed

study using a greater number of subjects.

The phylogenetic_scals, which the evidence of the few
species studied seems to give, may in fact be more apparent
than real. It is very likely that certain species in
different genera will develop an object concept, Certainly,
to be without the object notion would be extremsely maladaptive
for any predator. Consider an esagle watching a hare dart

benaath a bush; if it was not aware of the creature's
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caontinued existence the vast majority of meals might easily
be missed. We should perhaps sesk an evolutionary scals
not in the development and lesarning of separate concepts,
but in the number of differant concepts attained (e.g.
spatial and temporal), and the interrelation of thaese into

a complex cognitive matrix,.
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BOTTLE EXPERIMENT

Intraduction

A passage in Piaget's "Construction of Reality in the
Child" (Piaget, 1955, pp.30 - 31, 126 -~ 128) suggested ths
feeding bottle as a means of exploring the infant's 0Object
Concept, and his awareness of spatial relations. Piagst
presented the bottle to his son Laurent in a variety of ways.
When within reech the infant can move the bottle from any
position in such a way that the teat is placed in his mouth.
There is one exception to this ability - when the bottom of
ths bottle is at 90° to the infant's line of vision, that is,
when the teat is obscured by the bass. ODuring Stagse III the
infant will suck the base of the bottle and will act as if the
teat did not exist. It is as if the child acknowledges a
part-whole relationship with regard to ths bottle in the terms
"base of bottle equals objesct bottle", but still persists in
the "idea"™ that its own actions are in control of the object,
i.8., that the act of sucking will crsate the teat de novo.
Later, having achieved Stage 1V, and the ability to find
complately hidden objects, presenting the infant with the
base of the bottle produces a search for the teat, The
following expériment attempted to determine if such béhaviour
is seen in the orang-utan under study, and if so, whether time-
of attainment of this ability corresponded to the time found
for mastery of the stage III & IV tests given during ths cover

tests.,

Method

The act of grasping towards the teat is used to ascertain
whether the teat was construasd by the infant as a permansnt
part aof tha object "baottle". However, before such a test can
be performed, it"i; necessary to determine if the infant
recognises the teat as the functional end of the bottle, i.e.
the end from which his "reward" is obtained. If the infant is
without such a concept, then failure to search for a hidden
teat (or sucking at the base of the bottle) cannot be taken
as svidence as lack of a Stage IV object concept. It is simply
that the infant doas not recognise the teat as the area from

which milk can be obtained.
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Accordingly, the bottle experiment was divided into
two separate test situations,
(i) Functional End Recognition

(ii) Teat-obscured Reaction

(i) Functional End Recognition

All experiments were conducted at feeding time, after cereal
feeding to ensure moderately high motivation, found by Birch
(1945) to be most conducive to problem solving. Following a
preliminary session on 7.11.73 (in which the infant, presented
with the bottls in an upside down position, just sucked close
to the nipple (fortuitously) and then proceeded to move
tactically upward toward the base of the bottle (4 trials), all
trials were conducted in a standardised manner. Here, as in
experiment (ii), the infant was seated on the teacher's
lap, so as to obviate fussing and non-attention during

presentatione.

The feeding bottle was presented to the
infant in one of two manners, horizontal with the teat to
the right, or horizontal with the teat to the laft. On each
trial the movement of the bottle to left or right (frbm the
vertical) was performed out of sight of ths infant, i.s.
the bottle's position was each time presented as a fait
accompli, Each placemant was random, but such that the bottle
was never presented more than two times on any one side. Ths
infant's responses to the bottle were noted, and marked as
gither positive (infant grasping at teat end) or negative

(infant grasping/sucking at base of bottle).

(ii) Teat-Obscured Reaction

At each test session, (except sessions 1 & 2, whers ths
bottle was presentad—;s in fig.2 b, and in a vertical position)
the infant was first presented with the bottle as in fig. 2 &,
The battle was then turned through an angle of 45° tﬁe teat
being moved away from, and the base toward, the infant. Such
a movement placed the bottle as in fig., 2 b, with the bass of
the bottle effectively obscuring the infant's view, Thes

infant's behaviour before, during and immediately after this event
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was noted. On one occasion (26.12.74) the movement of
the bottle was reversed (i.e. b to a, fig.3.2) and
response observed. The two movements were lumped for

purposes of analysis,

fig, 3.2: Presentation method
for Teat-UObscured Test

Rasults

(i) Functional End Recognition.,
The infant's success or failure at reaching for the
correct end of the bottle are tabulated for each session

in table 3.4 and shown graphically, fig. 3.3-

(ii) Teat-Obscured Reaction

The infant's responsesper session are compiled in
table 3.5 and marked according to whether he did (+) or
did not (-) perform the action destailed at the top of

the column, The results are detailed in fig. 3.4,
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Table 3.4
Functinnal &nd Recognition

Left Right Total
Pate [ (4) (=) (#) (=) (%) (=)
15.12.73| o 2 0 2 0o 4
20.12.73) 0o 4 0 4 0 8
24,12.73| 2 3 3 0O 5 3

3 0o 3 0 6 O
25.12.73| 2 o 3 0O 5 0
29.1.74 | 4 0O 4 0 8 0
5.2.74 1 0o 2 © 30
10.2.74 | 2 0 1 © 3 O
20.2.74 3 ¢ 3 0 6 O

Table 3.5

Teat Obscured Rsaction

Date

15.12.73
20.12,73
26.12,73
22, 1,74
29. 1.74
5. 2,74
10. 2.74
20.2.74
1.3.74
6.3.74
23.4.74

Teat in Vieuw Teat in visw Teat out of
(vertical) (45°) view.
searched searched. searched,

+ - + - + -
0 6 0

1] 6 0 6

6 0 o 11

3 0 1] 4

4 0 0 4

6 0 0 6

6 0 o 6

. 6 0 3 3

h 5 0 5 0

6 0 6 0

3 0 3 0
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FIG.3.3
FUNCTIONAL END RECOGNITION TESTS.
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FIG.34
TEAT OBSCURED REACTION TESTS.
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Discussion

Functional recognition of the teat begins December 24th,
a dats confirmed by the "not hidden" portion of the Teat
Obscured test, where the infant's systematic searching for
(i.e. grasping towards) the uncbscured bottle began on
26,12,73, although it was not present during the test
session six days previously. There is a lag of 56 days
between the attainment of this awareness and the ébility
to search for the teat when it is hidden by the bottle's
base (attsinment arbitrarily set at B0% correct response).
In sach case achievement-is rapid, being five days far
functional end recognition, and 20 days with regard tao the
Obscured Teat reaction. This lattaer result may have bseen
substantially reduced had time allowed testing within a few
days of 10.2.74. Nevertheless, times to attainment fall
within and echo those saen for the objsct concept cover test

(0~ 23 days) to which they are related (see page 42).

It is profitable to discuss in more detail tha infant's
behavioural responses at the times of attainment of the two
abilities, and for the tests immediately preceding and

following these times.

In the case of the Functional End experiment, clﬁsa
cbservation revealed what appsared to be an early AB ar
position preference phenomenon. Session 2, on 20,12.73,
resulted in the infant grasping at the centrs of the bottle
(no recaognition of functional end). However, during the
first session of the 24,12.73, after having correctly grasped
the teat end on the right side during Trial 1, the infant,
on Trials 2 & 3 grasped the wrong end when the teat was
presented on the left (i.s. the infant grasped at the
previously correct (}rial 1) side). Trial 4, with the teat
at the right, was responded to appraopriately, but Trial 5,
(teat on the left) once again produced an incorrect response.
At each incorrect response tha infant appeared "stuck",
seamingly unable to release his grip on the incorrect end
(holding it for up to 20 secs.) even though his eyes were
observed to dart to the correct end from one to three times
during each trial. Piaget reports similar behaviour with one

child during cover testing; with the object in sight (in a new
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position), the child iocoked at the object while at the same
time raising the cover under ‘which the objsct had previously
besn found (Piaget, 1955, Obsn.39)

Later, on a second session of that day, the infant
produced 100§ correct response (see fig.3.3) but on each of
the three occasions when the position of the bottle was changed
his hand was observed to make towards the base end of ths
bottle (to the side previously correct, but now — because of
the change in position - incorrect). Houwever, the infant's
arm stopped baefore grasping occurred, moved to the correct end,
and prehended the teat; One day later, 100% correct response
was again forthcoming. No érm movement towards the incorrect
end was seen on the 4 occasions that the bottle's position
was changed, but eye movements did continue this action,
i.s. Cody looked first to the incorrect (prsviously correct)
side, before appropriate arm movement was initiated. Thus,
there seems to be a definite Kb phenomenon (or a position
preferance) in which the infant appears to bselieve that his
own actions are important. An altermative explanation is
that the infant uses the behaviour pattern which, in his
limited repertcirs, is most likely to succeed. Such an
explanation seems plausible when viewed in the light éf other
data, As previously mentioned, before searching for the
hidden teat is seen, the infant sucks at the presented base
of ths bottle. The classic Piagstian explanation is as
described on page 46, the infant attempting to create the
nipple by his own action (sucking), However, during the early
bottle experiment, Cody was presented on more than 10 occasions
with objects of varying types, e.g. a small transistor rédio.
He also sucked at these objects as avidly as he did at the
bottle's basa. Such responses can be explained by tha infant
"knowing" that it-ia_Bottle—time by reference to the many
contextual cues that pracede and accompany feeding. He was
therefore primed to respond to the presentation of any object
with the behaviour that was appropriats on past occasions

(i.e. sucking). A similar explanation can apply to the éucking
of the bottle's base. The tendency seems to be progressively

internalised, i.e. the movement is fixed in session 1, 24.12,73,
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to some2 degree malleable on the second session, and reduced

to eye movements during 25,12,73. It would be most interesting
to determins if such a progression is seen in human infants

at this stage in tha object concept, and, knowing ths pre-
disposition of anthropoids to position preference strategies

in delayed response tests ( Kluver, 1933, ), whether

such eye actions persist in the adult Great Apses.

Cody mastered the Teat-Obscured test within three test
sessions. The responses observed point to the interpretation
that the infant begins to cognize the permanence of specific
parts of an object - that they are not destroyed by their
disappearance., Thus, at 10.2.,74, the infant, for the first
time, moves his head slightly to one side and looks along
the sida of the bottle when it is presented to him basa-first.
Houwsver, the head was not moved sufficiently far, the infant
failed to dascry the teat, and no solution to the problem was
found during this day. On the following session this hsad to
side behaviour was not seen, but on 3 of the 6 trials, grasping
up and past the base of the bottle (for 4 - 5 secs.) was nated.
Once again, the infant failed to make contact with the teat,
and this behaviour ceased. Howsver, during the first. trial
of the 1.3.74 session, the infant revived the reSpons; seen
two sessions earlisr, and, after an extremely brief suck at
the base of the bottle, moved his hsad to the left, saw the
teat, prehended it, and pulled it to his mouth., This
beshaviour is very similar to that observed by Piagst with his
son, Laurent (Piaget, 1953 Obsn. 92, 0:9(21) p.l64). During
the following four trials of this session the infant dispensed
with the head movement, simply raising his hand until manual
contact with the teat was madse, upon which occurrence prehension

ensued. Following sessions repsated this latter behaviour,

One of the most telling points with regard to these results
concerns the correlation of times of attainment of thess two
abilities with those of the mastery of the tests in the
ralated Cover Expariment, Mastery of the Stage II1 cover test
(Object Half Hidden) corresponds exactly (24.12.73) with that
of the Functional End Recognition test, whilst achiesvement of
Stage I11 - IV transition (Object Covered, Hand Free) comes

within one day of success at the Teat-Obscurad Test,



The classification of the Teat-Obscured Test is debatable
without recourse to the Cover Tests. Unlike these latter, it
can be rationally considered as either (i) corresponding to
an "Object Completely Hidden' Cover Test, with the bass of the
bottle obscuring the teat and acting as the cover, or (ii)
comparable to an "Object Half-Hidden" Cover Test, where the
infant must make a part-whole reconstruction by viewing only
fhe base of the bottlas, Given that the correspondences with
regard to the times of mastery are indicative of a correlation
between the degree of difficulty of the tests (i.e. Stage III
Cover Test equals Functional End Recognition, Stage III - IV
transition equals Teat Obscured Test) it sesms that the infant
views the Teat Obscured Test as an Object Completely Covered
Test. Stage 111 Cover Test shows that Cody is able to re-
construct the part from the whole, but he cannot do this with
the bottle as objsct until he seas part of thse nipple, This
shows the limitation of part-whole reconstruction at this stags;
if thse infant cen construct an object when it is half covered
by a cloth, why should he not be able to do the same for the
base of the bottle? The most likely sxplanation is that the
battle-base is not sufficiently familiar or distinctive to
the infant, When the bottle is presented during normal feeding
the infant sees only the sidas and top of the bottle, very
rarely, if ever, is the base sseen, It is therefore extremely
improbable that part-whole reconstruction could occur from so
unfamiliar an aspect. Piaget reports similar findings with his
children: objects were reconstructed more successfully whan
certain areas of the toys were left exposed. It would be
interesting to present a Teat~Obscured vertical bottle to the
infant at this point in time. Reconstruction might be expscted

to conform to a normal Stage 111 timetable.

Although part-whole reconstruction on the basis of the base
of the bottle is not possible, Stage 111 cover attainment is
the time when Cody begins to understand the functional end of
the bottle, i.e. at the same time as he bsgins to be atle
to make part-whole relationships with familiar objects. It
may be that up to this point there is no interest in ths shape

of an object, other than to identify the object (in fact, aobjects
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are simply grasped and placed in the mouth at this time),
What is being suggested is that thsre is, at this stage, no
visual awareness of which aspact/side of the object is the
most intseresting orally, and therefore no knowledge of the
"functional end". The juxtaposition of the bottle and
cover results in this analysis may therefore point to the
Stage 111 object concept marking not only the possession

of some inchoate idea that a part of an object equals the
whole object, but also a burgeoning cognizance of the
correlation which each area of the objectt shape possesses

with regard to its (oral?) function.
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4.3. SENSORIMOTOR PROBLEMS

4.3.1. INTRODUCTIGON
Piaget has noted several problems which the infant is
able to cope with at specific stages of the ssnsorimotor
period. Solving of such tests is said to further correlate
with the stages given by the objsct concept problem
(e.g. the cover test). The problems, and their presumed

stages, are given below (Table 6).

Table 3.6

Sensorimotor Problems

Stage Problem Method

IV Screens Screen placed betwesn object and

child as child makes to grasp object.

v Support Desired object out of reach on a

graspable support (cloth section),

v String Dasired object out of reach with a

graspable string attached.

LARTR Long Taoy | Long toy placed horizontally on

opposite side of vertical bars.

* VI S5tick Desired objesct out of reach nsar
to a stick within rsach and long

enough to touch aobjesct easily.

# Flavell (1963) cites long toy and stick problems as

Stage U achievements.

Very little work has been done on these problems, Woodward's
research (from which the above table was adapted) on the
applicability of Piagetian stagss to the behaviour of idiots
(Woodward, 1959) is outstanding, in that not only wers tests
given, but correspondence bestween sach test Object Concept,
and manipulative ability was also attempted. Marked
correlation was found (with emotionally stable subjects)
between sensorimotor activity level of any one child (problam-
solving or manipulative stage) and the object concept stage

reached, It was suggested that the development of
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pathological mental defectives followed tha same stages
as thoss postulated by Piaget for the normal child, but
that the stages were very mucnh slower to develop, or uwere

effectively arrssted at any one stage.

The five problems above (Table 6) wera given to the
Orang-utan subject under examination over a 30-week psriod.
There were two reasons for this procedure: to determine
whether the infant was capable of solving such problems
during this segment of his developmental span, and secondly,
to ascertain if, as seems to be the case in normal children
(Piaget, 1953, 1955) and mental retardates (Woodward op.cit.)
solution/failure corresponded to the level indicated by the

. ob jact concept experiments.

4.3.2, STAGE IV PROBLEM : SCREEN TEST

Introduction

Woodward's scréen test raquires a simplse solution of
the problem "screen completely obscuring ths abject". This
may be achieved by pulling, pushing or striking the obstruction
(using a fPamiliar schema) soc that it no longer hides the
object and then grasping the objsct. What is important during
this stags is the infant's ability to serialise two familiar
behaviour patterns to achieve some desired goal., The capacity
of the infant Orang-utan under investigation to deal with
such a problem is dsscribed bslow. An investigation of the
applicability of ths screen test in determining times of
attainment of other stages (transition Stags IV - V,eqg) were also

carried out.

Method

The test situation was, with one exception, identical
to that described for the object concept "Cover" expsriment.
Howsver, instead of a caver, or covers, obscuring the object,
a variety of screens were used.
Pre-~stage IV

Prior to Stage IV the infant should, if Piaget's analysis
is correct, be capable at grasping at a half-screaned ob ject,
or one where more than 50% of the object is in view (certain

aspects are, howsver, as previously described, more effective).
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For this period two screen types were utilised: (i) the

experimenter's hand, presented thumb-up, and with fingers

splayed, (fig.3.5(a).

Fig. 3.5

(a) (b)

(ii) Object-screen~subject placed in such a way that
approximately half of the object was visible to the infant,
but was still effectively barred from grasping by the scresan
(fig.3,5(b) above). In practice such an arrangement provad
extremely difficult to achieve, primarily because the extreme
length. of the infant's arms in comparison to his sitting
height made it almost impossible to arrange such a set-up,
This particular test-situation was satisfactorily arranged

on only one occasion during the period of testing. The
remainder of the pre-stage IV tests being performed with ths

"splayed—fingars" screan.

Stage IV
For Stage IV ability, one further screen was used, (iii)
A hardboard rectangle (size 53" x 4") hsld vertically by the

use of two red cubes glued to its bass,

Stage IV -~ V Transition

Two secresns of type (iii) were utilised for this phase of
the dsvelopmental spectrum.

In addition to undertaking identical precautions to those
implementad in the Cover Test Situations (sese page 37), the
infant was, for several days befaore testing, allowed to
manipulate, bite, and in other ways play with the screans to
be used in the test situation. Play-until-satiated was also
encouraged immediately prior to tssting. Thesse precautions

greatly lessened the probability that the infant would grasp
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Table 3.7
St TII St 1V St IV - v St v
DATE . St.11I=-IV T | Transith
splayed O0Obj. % Obj.compl. | One dis- Two dis=~
fingers wvisible hidden placement placement
27.10.73 2 (5)
13,12.73 0 (5)
10.1.74 |80 (15) 100 (5) 0 (3)
29.,1.74 | 78.6(14) -~ 0 (10)
1.2.74 | 1c0 (5) -
8.2.74 | 1loo (5) -
15.2.74 0 (4)
16.,2.74 100 (5)
19.2.74 98,9 (9) 0 (5)
22,2.74 100 (7) 0 (3)
27.2,74 100 (6) 75 (16)
6.3.74 160 (4) 55,55(11)
9.3.74 - 100 (9) 0 (2)
10.3.74 -
12.3.74 oo (3) i
18.3.74 100 (2) '
20.3,74 100 (3)
27.3.74 100 (5) 0 (4)
31.3.74 100 (7)
S5.4.74 1t (6)
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the screens as play objects per se during the period of

experimentation,

Several variations of screen test were initiated and, as
for object concept cover testing, criterion was set arbitrarily

at 75% appropriate respaonse.

Screan Situations

1/ Object Half Visible (OHV) Stags III. For this, the
infant was allowed to initiate grasping movemants towards the
object on the test table, upon which either screen-type (i)
or (ii) was brought between object and subject, partly
obscuring the former. The infant's responses were noted
following imposition of ths screen,

2/ Object Completely Hidden (OCH) Stage IV, As the infant
made to grab at the desired object, the screen (type (iii) was
slid into position so as to completely ohscura the object
from the infant., Response to this occurrence was again noted

i by the expsrimenter.

3/ Scresn One Displacement (SOD) Stage IV - V Transition.
When successful accomplishment of screen situation 2/ was
achigvad, a one displacsment situation, similar in essence to
the one displacement cover method, was attempted. whén ths
infant had found the object consecutively two or thraé times
behind one of the two screens on the test table (designated A) -
the object was then placed (infant's hand held) first behind
screen A and then behind the second screen (B). As the object
disappseared behind B, the infant's hand was released and his _
ensuing behaviour monitored. Precautions to obviate the develop-

ment of side preferences wers as in the cover tast (page 38).

Results
Table 37 gives datails of the infant's abilities over the
12-week period during which the screen test was in operation,

while fig. 36 illustrates the sams results graphically.

Discussion
As is svident, the stage ordering is in agreement with
that postulated by Piagst, and with that found in the object

concept cover exasriment., Thus tha infant is abls to achieve

|
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a succaessful solution to a Stage IIl-classified problam

prior to a Stags IV problem (Screen Situation 2/ is, more
strictly, a Stage III - IV trensition as the infant's hand
was not held during the hiding of the object.) and to respond
appropriately to this latter before he could master the

Stage IV - V Transitiaon situation,

In addition, the (extremely unsystematic) two displacsment
testing (2 sessions only) does seem to indicate mastery of
Stage IV - V Transition before Stage V, With regard to the time of
mastery as caompared to the date of stage-attainment inferrsed
from analysis of the couver experiment rasults, the dates of ths
scraen experiment do not marry with the former, but there doss
seem to be a regular discrepancy between the results.

Tabla 3.8 details the times of attainment of comparable stages.

Test Stage III - Iv T" Stage IV ~ v T
Cover 3.3.74 19.3.74 Table 3.8
Screen 16.2,74 9,3.74

The screen tests thus seem to be in advance of the cover tests
by a value of fram 10 - 14 days. More egquivocal evidence from
the Stage 111 tests also reinforces this statement : the infant
did not achieve Stage III in the cover test problem until
24,12,73, uvhersas the infant was capable of solving the

Stage III screen test by at least 10.1.73 (first time tested),
i.e. 14 days in advance of the cover tests., The reasons for
such a seemingly regular discrepancy are unclear. .It is not
known whether such events are usual in either thse human or

orang infant, and—on the basis of a single subject no firm
conclusions can be made. It does seem, however, that for this
orang subject, the scresn test is in some way easier to solve
than the cover. --Iémmay be that this is related to his mode

of upbringing, in that, in the cage in which he was raised,

most objects were solid, vertical laminates, e.g. walls of cot,
of room, doors} cupboards, boxes, etc. which were grasped.

It is possible that the infant's sarly expserience with such shapes
(as égainst the single blanket which was the only soft, material

object) may have aided mastery of the screen tests in advance

of the cover experiments. For example, on 10,1.77 the infant.



was observed to drop his teddy-bear over ths edgs of ths
carry—cot in which he was playing. The teddy was obscured
from his vision, yet he nevertheless raised himself up and
peered over the side of the cot as if expscting to see the
teddy, which he then prehendsd. This act occurred before

the mastery of a similar problem in the test situation and
points to the difficulties inherent in such rasearch. An

ob ject may possess permanence to tha infant, not only when
hidden, half hidden, etc., but also within a spscific context
with which the infant is familiar. This is very similar ta
wvhat has bsen said above concerning the tardiness of cover

to screen solutionsy just as within the context of his
femiliar carry-cot, the infant seemed to expect permanence
from an object before he expected it in the screen situation,
then (being more experiencsed with screens) he expected

permanence bshind a screen before permanence under a cloth,

Certain bshaviour observed during Stage 111 and Stage
IV - V transition testing are illuminating in the light of
the AB phenomenon referred to above, and also because of

certain other behaviours to be rsferred to later.

During Stage 1II testing, using the splayed finger screen,
the infant's method of removing this screen was to grasp the
vertical thumb (see fig. 5(a)) and to use this to pull the
whole hand to ona side. This behaviour was almost certainly
taken from a similar behaviour pattern in which the infant
would grasp the experimenters thumb in order to suck it-(cg 152).
On several occasions the experimenter lowered the thumb while
keeping the hand in the original position as screen, On each

occasion, the infant made a grasping action at the position

where the thumb had been, pulling his hand back as if removing

the barrier. ThisﬁﬁﬁVement was sometimes repeated twice before
the infant grasped the forsfinger and used this appendage

to remove the barrier. It should be noted also that 10.1.73,
the infant's 'passing' of the "object half visible' Stags 111
test involved only the infant pushing his hand at the half-seen
object, but no pulling away of the screen, as was seen in the
splayed fingers test., Thus the infant might be said to be at

Stage III with regard to his ability to reconstruct an object
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and with his ability to remove a hardboard screen, but as

far as 'serialisation of two familiar schemata' is concerned
he is at transition Stage 111 - IV during splayed fingers
trials. Thus it seems that, once again, past experience is
the prime requirement for attainment of stages. The experi-
menter's hand was alresady associated with a behaviour pattern
(grasp thumb and suck) which could be presssd into service for
the removal of the hand-scresen., Perusal of the diaries shows
ne such well-used schema with regard to the screens (they

had only been introduced three - four days bsfore). Thersfors,
Stage 111 behaviour is sesn with hardboard screens, Stags

II1 = IV transition with hand-scresn. It thus appears that
Piaget's stages, though valid generalisations, can, on a
smaller time séala, be broksn down to the gradual mastery of
specifics, dependent upon the amount of experience which the

infant has had with the object/situation.

The Stags IV - V transition situatien also shows interesting
anaomalies. Here, the object was first placed behind the.scresn A,
then behind B, the infant's hand being relsasad at the same time,
During the first session of this situation, Cody gave every
impression of discovering that the object could be Fognd behind
the second screen. 0On sach of five occasions, after knocking
down the first screen and pausing briefly, the infant then
prehendsd the fallen screen and bagan to bite/suck at it.

After several seconds the first screen was discarded and the
second grasped at and overturned. With the object exposed
the infant gave, by means of his expression and body tone
(forehead skin.tightening, eyes opening, and cessation of
activity) every impression that he was surprised to ses the
object thare. Everything occurred as if, having "lost" ths
object, the infant plays first with ons scresn and then
decides to play with~iha second, only to discover the "lost"

object Portuitously by this second act of prehension.

Again, after this session on incorrect attempts, the infant

would often knock down the incorrect cover, make a grasping

action at the empty space bahind it, and then knock down the

carract cover and grasp the object (e.g. T (Trial)ﬁ, 7, 10, 27.2.74,

Te, 6.3.74). The reason for such behaviaur is not at all clsar.
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it might bs place~holding.

On occasions the infant's eyes were seen to "lock onto"
the first screen as the object disappeared beshind it, and
to ignore ths movement of the objsct to the sascond screen,
Houwever, this does not explain all the inappropriats
responses, for on more than one occasion (e.g. 27.2.74)
Cody did watch the movament of the object to the second screen,
only to move his eyes back to ths first (incorrect) screen
before making an inappropriate response. And further, even on
the former occasions, watching the first screen persistently
cannot explain why, after knocking down the incorrect screen,
he should go through the actions of grasping at a non-
existent object. Even more strangs, though seen fewer times,
was the infant's knocking down of the correct screen, and, with
the object plainly visible (at least to the experimenter),
knocking down the incorrect screen, grasping at a non-existent

object and only than prehending the object in position 8.

Such behaviour can, it appears, be explained in one of two
ways. In a classically Piagstian sense, the infant belisves
that the object is under the control of his actions and can
bs brought to the point where his action is performeds A
second sxplanation, and ons to which the pressnt author
inclines, is that the infant's actions at this stage are very
"concrete", i,e. not at all plastic. The infant produces an
inappropriate response because, in the small sum of his
experience, it was the action which worked on previous occasions, and
he has no better action within his behavioural repertoire. Put
differently, the action ths infant produces had (to him)-the
greatest probability of success as it "uworked" in previous test
situations whereas other actions did not. This is someuwhat
different from giy{ng—an infant (of any species) a "belief" in
anything. The actions are definitely performed as if ths
infaﬁt bslieved that he could control the object, but to the

author, a mors plausible explanation is as follouws,

The infant is presented with a situation which it has not

mat before, B.g. two screens rather than one., All that the
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infant knows concerning screens and objects is (i) the
action of pulling down a screen results in a situation
where a grasping action can secure the dasired object;
(ii) screens are good playthings in themselves and in the

abssnce of anything bstter can be prehended, chswed, etc.

If presented with two screans, A and B, and an object
which is no longsr. visible, and if allowed to find the
object behind A and nowhere else on two or three occasions
immediately prior to further testing (i.e. a Stage V situation)

then the infant will perform the action which, in its

1imited experience, has been found to be the mast rewarding

on former trials in a similar context., That is, it will pull

down and grasp at A.

The observation of page 62 (unere Cody seaems surprised
to find the object behind the second scresn) may go some way
towards revealing how the infant overcomes such stersotypy.
Having performed action (i), and with no more stimulating
object in view, action (ii) is very likely to be performed
on the second screen (B), after the first (A) has been
utilised. This action then leads to the (altogether nouel)
experience of the object behind the second screen. Whan
sufficient exposure to this experisnce has occurred, it is
very probable that the infant will begin toc utilise this

sxperience, which is now more rewarding than the first,

(1.8, there are more occasions when the object is found
behind the second scresn after a certain sensory expsriencae,
(watching the object moved from A to B) than behind the

first. .

It might be postulated that there will come a time
prior to this, when the "returns" from the first and second
experiance-groups.;re equal. At this juncture conflict
should arise. This is, in fact, what does sesm to occur
e.g. when the infant pulls down the correct screen, and thsn,
without prehending the object, pulls down the incorrect
scresn, makes a grasping movement at empty air, and finally

turns his attsntion to the wholly visible objsct, which he
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grasps, (page 63). Thare duss not seem to be a belief

that tha object can be constructed by the action, it

appears to be more thse case that the action seen is the
"best bet" in an unexperienced (or very novel) situation,
The action seams to bz run off somewhat in the manner of

a "fixed action pattern" { £ibel-Eibesfeldt,(1970), ie. an
all or none reaction). Hence, not only "pull down A" but

"pull down A and grasp behind it" is the behaviour seen,

STAGE V PROBLEMS: SUPPORT AND STRING TESTS

Introduction

These problems are, in assencs, a question of the under-
standing of spatial relationships. One object (desired)
is eithar placed upon a second object, one edge of which is
within reach, or it is sttached to a string, the .
end of which is likewise easily graspable by ths infant,.
The solution is to grasp the second object/string and to
pull it in, so drawing the desired object within reach. To
do this raquires an understanding that specific movements
must be directed, not at the desired object but at the sescond

object, be it string or support. |

Most adult primates can solve the simple single-string
prablam easily.(Guilliame & Meyerson, 1931; Harlow and
Settlage, 1934; Warden, Koch and F jeld, 1940; Finch, 1941,
Kluver, 1953 ), though few, if any, primates have been tested

with thes support problem,

Adult anthropoid apes are especially adept at the string
problem (Finch, 1941; Reisen st al, 19533 Birch, 1945)
the problem on these accasions bsing to discover what degrese
of complexity the string web must have:attained before the
subject fails, Kluver (1953) does, however, report difficulty
with the string problem in a ring-tailed lemur (female) who
tried for 2 score of minutes to grasp her out-of-reach goal,
only discovering the solution fortuitously. A subsequent
trial saw grasping attempted for 31 minutes, although on

later trials the subject did eventually learn to pull in the

string to obtain the desired reward,



—66-

With regard to develupmental aspects of primate string-
pulling capacity, Zimmerman and Torrey's,1965) revisw of
Mason & Harlow's work on patterned string problems (Mason &
Harlow, 1961) states that infant rhesus nesad to have attained
a certain age before the correct seolution is forthcoming,
and that solution is not aided by sarly training. In the
gorilla, a single infant male, (estimated age 10 months)
was said to have cagnized the relation betwsen string and
object immediately upon presentation of the test, (Riesen,
Greenbserg, Granston and Fantz, 1953). Variation in solution
of this problem in Man was found during the first year of
life by Richardson (1932). Achievement of this same problem
is said by Lezina, Stambak and Casati,(1969) to occur
in the human infant at around the end of the first year, or,
more specifically, upon the attainment of Stage V of the
object Concept (Piagst, 1955), i.e. at the time the infant
learns to cope with two or more sesn displacements of an
object. UWoodward (1559) found that the correlation betwoasn
solution of string and support problsams and Stage V manipulations
held for 10 of her 14 mentally retarded subjects.

For the pulling-in behaviour to be classifisd as Staga V
in the Piagetian system, the action must show clearly that
the infant understands the relationship '"abject on support”.
This can be achieved by placing two supports, one .undser, and
one next to the object. If the infant pulls the incorrect
support, stops before it is pulled complstely in when object
fails to move, and changes to the corract support, he can
ba said to possess this concept. 0Other means of ascertaining
the same cognizance of spatial relationships are to placs
the object on one side of, or above, the support, and to
note the infant's responses, (Piaget, 1955)., Similar tests

can be mads with regard to string problem capacity.

Method

Many aspects of the suppart and atring expefimental

methods are identical and they can be considered together.



The experimental sityation was as shown in fig.3.7 below,
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The infant was held in a normal human infant’s cot, with
opaque end walls and vertical bars (%" dowsl, 33" wide)
forming the side walls. A tast table (the same as that used
for the cover and screen tests) was placed against one side
of the cot, at the same height as the mattress, It was on
this table that the objects wers presented, ths prasenter

(€ in fig.3.7) occupying a middle pasition, framed by a
uniform pink wall, Extraneous stimuli were greatly reduced
by the assumption of this position, and infant's attention to
the task in hand hopefully improved. The farthermost side

of the cot (from the presenter) was left open and the infant
could choose to observe the outside world from this sids
should he so wish; it was found, however, that during
exparimentation, the infant sat facing £, i.e. with his back
to the open side. Whenever walking about the cot or watching
from the farthermost side was observed to continue for
extensive periods, the session in progress was terminated.
This opan side, therefore, functioned as a quite sensitive

indicator of the infant's decreased motivation.

The supports used consisted of twoc typss; for singls,
double, and object-off-support trials, the support(s) was/were
a long strip of white, blanket—type material (2'0" x 33");
for one-support-on-another trials a ysllow duster (size: 12 inches
square) was sometimes used. String was normal gardsning

twine, 2'6" long and approximately 2mm. diametsr.

Noting Beck's finding (Beck, 1967) that Gibbons may not
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respond appropriately to a pulling-in test solely because
their hand-anatomy makes it difficult for them to grasp

a string which is lying flush with the floor, precautions
were taken to ensure that Cody was able to more easily take
hold of the string(s) offared him during the course of the
trials., This involved fashioning a small ball of string

at the opposite end to which the desired object was attached.
The infant then had a much better means aof prehending the
object, This procedure appears to be preferable to the use
of lead pesllets (Riesen.et al, 1953) as the pellats themselves,
being of a different material to the string, may ba used as
play objects at this early age. That Cady was pulling in

the string for the objsct was in all cases easily detarmined
by the infant's orientation to the objsct (especially visual)
as ha pulled in the string. Neverthelsss, a stricter criterion
was implemented: only if the string was immediately released
and the object grasped after pulling in was the trial marksed

as a '"correct response".

So as to obviate the possibility of the infant gaining clues
which might aid his correct solution from aobservation of place-~
ment of the object on tne support or attachment of strings,
from the initiation of two string/support problems (dates: 18
& 19.2,74) a blanket was placad over the testing side of ths
cot during arrangsmsnt of the apparatus, being removsd only
when the objects were correctly positionad. During the initial
sessions of both problems (4 sessions for string, 4 for support)
the problem was presented with the infant in a position ta
observe the placement of all parts of the test aquipmant. Ffor
the support experiment this simply consisted of positioning of
the single support and the placing of the object upon (or beside)
the support. The procedure differed somewhat with the string
test sessions. Here, the object was shown close to the subjsct
(position A in fig.3.8) and as soon as the infant made to grasp
at the object, it was pulled to B and the string thrown to a

position close to the cot rails.
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On both ring and string and support tests an arbitrary
two minute limit was imposed., If there was no oriented
response to the object or the string at ths end of this
period, that trial was terminatad and another begun. Whenever
it appeared that the infant was satiated with the object-
lure it was immediately replaced by a nsw objesct. This
latter was first placed just out-of-reach of the subject.
If active attempts at prehension ensued, this was taken as
evidence of the suitability of that particular objsct to serve
as a lure. Thse new object was then attached to the string or
positioned on the support and the session recommenced. Objscts
used as bait varied: various toys were used, including an
Ever-Ready battery, squeaky plastic dog, blus mug and pag-sticks.
Food was also used as a lure, in which case the bottle or
spoon was normally plaecsd inside the blue mug, which was then
either attached to tha exparimental string, or placed on the

support,

Test Types Given (see fig., 3.8 Pags 71)

Support - 1/ Su l: Single support. In this test the object
was placed on a single centrally sited support with the infant
watching placement. The correct response was to cease grasping
at the object, to grasp the closer end of the support and by
pulling in, to secure the object.

2/ Su 2: Double support. Esssntially the same as Su 1
with two exceptions: (a) Two supports were used (equidistant

from the centre of the test table) and the object placed on
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one of them (in a random order but such that the object was
naver on the same side for more than two consecutive trials’
(this rule was violated when attempting to break tha infant
of apparent 'position preferences')). (b) Tha placema2nt of
the object was hidden from the infant by means of a screen
across his 'holding cage'. The distance bstwseen the tuwo
supports was 4 - 5 inches on sach trial.

3/ Su 3: Object to one side. Hers the sxperimental
set~-up was as in Su 1 (one support) but the object was
placed, not on the support but to one side of it (to the
infant's left and approximately 8" from the proximal end
of the support). The correct responss was to ignore the
support when the object was in this position.

4/ Su 4: Object above support. Test situation as in Su 3,
but with the object 8" vertically above the further snd of
the support. Correct response as Su 3.

S/ Su 5: Two supports, Here the object was placed on one
support ( just—graspable by the infant) which was itself
placed upon a second support within easy reach of the subject.
The design was so arranged that if the nearer support was
grasped and pulled it slid out from beneath the further
support without moving this latter, or the object. Correct
responss was marked if, on noting this occurrence, the infant
relinquished his grasp on the nearer support and graspad and
pulled in the furthermost. Correct response was alsc mearked
if the infant ignored tha nearer support and immediately

grasped the just-graspable cloth.

String - 6/ St 1: Single String. The object, attachad to a
single string, and presented in a central position on the test
table. The infant was able to observe placement, and a correct
response consisted of pulling in the string and securing the

ob ject.

7/ St 2: Double String (uncrossed). Two strings were used,
one attached to the object, the other free. Except that
strings and not supports were used, all conditions describsd
in test~type Su 2 apply for St 2,

8/ St 3: Oouble String (crossed). The two strings (one



71—

attachad to the object, the other fres) werse crossed in

an X-type arrangement (sae fig.3.9 ) such that the distance

from object to end of free string was 4 - S inches., This

test is not a true part of the Piagetian repertoire and corresponds
to Harlow's test number 4 (Hsrlow and Settlages , 1934). It

was hypothesised that, as the problem is more complex than

any so far mentioned, success would caome some time after

5t 2. accomplishment.,

Fig. 3.9

Test—Type Given (seen from subject's position)

C) C) E”fs O O

=

Sut Su. 5\;3 Suly.
o 0 O
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Sei Se2 Se3.
Dhndu;n
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SuS.



-T2

Rasults

Graphs depicting support test raesults are shown in
figJa.10, string test results, fig.3.11, the same results being
tabulated in tables 3.9 and 3.10 respectively. 1In addition
as position preference is a nct unusual strategy of Primates
in string tests of this type (e.g. Birch, 1945; Finch, 1941)
and as the subject under investigation seemed to revert to a
similar position/habit,it was thought profitable to examinse
the tests Su 2, St 2 and St 3 for signs aof position preference,
The correct responses of the infant for each side were
computed separately as a percentage of the total number of
trials given on that side. Histograms were ‘drawn, (Left and
Rfight columns for each date taested) and these usaed for
comparison (figJ.l12 and table3.11). One criterion was
arbitrarily constructed for analysis of the position preferences
histograms: Position preference was said to be the dominant
strateqy of any date where there was a greater than 75% correct
response on one side, while the sscond side was 656% or less of
the first side's figure. Thus, if Left (L) egualled 50%
Right (R) equslled 25% there was said to be no poisition
preference; if L equalled 80%, R 38% a position prefersnce
was counted; if L equalled 80%, R equalled 60%, no position
preferencs. An analysis of total sidse preference figures for

each side and test-type is given in table 3,12.



Date Single 2 Strings 2 Strings Stops response
String Uncrossed Crossed when incorrect
(st1) (st2) (st3) -
| 24 | it
+ - ¥ = ¥ — F = ¥ - 3 %
) 4 way way
18.,1.74, "0 [100(10) :
21.1.74} 101 90(10)
30.1.741100 0 (5)
6.2.74 1100 0 (7)
18,2.741100| 0 (4)] 710 29(7) ]| 10 90(10) 0 100(11)
26,2,74/100 | 0 (2)| 33 67(3)| 20 80 (5) 83 w17 (6)
3.3.74 [100]| 0 (s)|100 0o(2) hoo 0 (5) , .
8.3.74 [100| © (3) 100 © (%)] 67 33 (3) | 100 0 (1)
11.3.74 22 78(14)100 0 (3) ] ‘ 46 64(11)
17:3.74]. 70 30(10)poo 0 (5) 50 50 (2)
21.3.74 88 12 (8) 78 22 (9) , 67 33 (3)
273,74 100 0 (5)t00 © (5) 0 100°(5) {100 © (4) '
21.3.74 100 0 (2)100 0 (3) | 36 64(14)]| 84 16 (6)
B8.4,74 100 0 (8)100 0(11) ,
14,4,74 91  9(11)Mo0 0 (9)| 84 16 (6)] 15 85 (7)
18,4,74 86 14 (7)ho0 0 (9) | 80 20 (5)[100 o (3)
23,4474 100 0 (2)100 0 (4) 0 100 (4)]| 75 25 (4)
2.5,74 80 20 (s)1o0 o0 (s5) | 25 75 (4)] 0O 100 (4)
9.5.74 100 0 (5) 86 14 (7) 80 20 (5)]| 33 67 (6)
15.,5.74 83 17 (s)100 0 (4)
16.5¢74 43 57 (7)]| 20 80 (5)
22,5.74 75 25 (4)| 75 25 (4) 71 .
25,5,.74 700 30(10)] 38 63 (8) v
28,5.74 57 43 (7)) 75 25 (8) i
S5.64,74 91 9(11)| 29 71 (7) !
12,6.74 71 29 (7)1 89 11 (9) o
19,.6,74 44 56 (9)| 13 87 (8) 3
26,6474 56 44 (7)| 44 56 (9) s
37474 55 45(11)] 22 88 (9) :
10.7.74 67 33 (6)| 11 89(11) -
18.7.74 67 33 (9)| M 29.(7) *
24,7.74 44 56 (7)| 67 33 (9)
7.8.74 88 12 (8)| 67 33 (6)
Date Single 2 Supports (5u2) Object. to 1] 2 Supports Stops response
" Support(Sut)| side/above- (sus) - when incorrect
. C R (su 3&4) , '
+ - + - + o + - + - + -
1,74 | 20 | 80 (5)
30.,1.74] 0 P00 (4) R
642,74 100} 0O (7) 7 0100 (6) o | 100 (8)}.
10.,2474|100} 0 (6) - 1 73) 27 (7) 67 ‘53~23g
19,2.74|100] 0 (3)[100 | © (2)| 33 |67 (6) 50 50 (4)
25,2,741100 | o(10){100. | 0 (5)} 43 |57(14){100| O (3) 50 50 (8)
1,3.74 100 0 (4)|100 | 0 (4)} 93 7 (7) 0100 (4) 50 50 (4) }
7.%3.74 {100 0 (s)] 67 |33 (3)(100 | 0 (2)] 50| 50 (4) . 33 67 (3)
10.3.741100| 0 (4)] 100 © (3){100 | o(9)
15.,3.74|100] 0 (5)] 60 {40 (5)|100 |} 0 (3)] 75} 25 (4)|100 | 0(5) 100 o (2)
21.3.74 : ' 60" 40 (5)
1.4,74 100 | 0 (4)]100 | 0 (4) ‘

Table 3.10

Table 3.9

Prd



—lmm

Su 2 St 2 5t 3 Table 3.11

- Position Prefarence
DATE b.pP.7? UATE P.p.7? DATE P.P.7? flesults for 3 Test

Situations,

19.2,74 L.P.P. 18.2,74 L.P.P.
25.2.74 L.P.P, 26.2,74 No
1,3.74 No 3.3.74 flo 8.3.74 L.P.P,
7.3.74 R.P.P, 11.3.74 R.P.P.
15.3,74 R.P.P, 17.3,74 - No

1.4,74 No 21.5.74 No 27,3.74 R.P.P.
31.3.74 No 31.3.74 R.P.P.
B.4.74 No 8.4,74 -
14.4,74 Mo 14,4,74 L.P.P.
18.4.74 No 1B8.4.74 No
23.4,74 No 23.4,74 R.P.P.
2.5,74 No 2.5.74 No
9.5.74 No 8.5,.74 L.P.P.
15,5,74 No 15.5.74 -

16.5.74 No
22.5.,74 No
25.5.74 No
25,5.,74 Ko
5.6.74 L.P.P,
12.6.74 No
19,6.74 No
26.6.74 No
3.7.74 No
10.7.74 L,P.3,
18.7.74 No
24,7,74 No
7.8.74 No

Table 3.12: Cumulative Position Preferences for Each Tast Type.

Su 2 St 2 st 3 TOTAL
Left Position 2 1 4 7
Prefarred
Right Position 2 1 3 6
Preferread
Total Pasition| 4 2 7 13
Praference
% of total 66.6% | 14.29%| 38.0%| 32.5%
Test Sessions
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FIG.3.11
STRING TESTS.

9-9--9-0-09

DOUBLE STRING UNCROSSED.

June
HALF PULL ONLY.

May

Feb Mar

Jon

-
-~
- -

1001

a
7]
o % 4
(o) ”.
S e
“®
2 .
[ o
B
w ‘®
-
ﬁ @ oo®
“ “ o .lllllllie
v £ 0 ...
o .
: . e
a Rl
% < p
T 5
_--C® = ' 4
oI ___ . X
o 2
w
[
(-4
S
i A L '
(o] O (o] (o} o
o 0 o 0
esuo0dsed }201103

100r

SO

Feb Mor Apr Moy

Jan




—75=

Discussion

A primary point of note concerns the gsequence of
accomplishment of the test-typss. It is found that the singls
support/atring capacity occurs before the double support/string
achievemant. This agrees with Piagetian theory. As predicted,
the double string (crossed) test was not achievad in advance
of the single and double string tests mentioned above -
indeed there is no indication in the results that the infant
mastered this problem before termination of the Stage V
tests. Thus, one of the most important Piagetian tensts,
the sequential unfolding of capacity in any one area, from
simple to more complex, is seen to hold for this Orang-utan
subject and agrees with the findings for human subjects
(Piaget 1953).

Su l7and.5t 1 _
Considering fPirst the simple single tests (Su 1 and St 1),

it is seen that Su 1l solution occurs at February 6th. The

date for the solution-of the comparable St 1 test is January 30th.

The two dates are thus almost coincident, and it should be

noted that the previous test of the support experiment occurred

before January 30th (i.e. before the first time of criterion

achievement for the string test)., Thus, it may be that

accomplishment of the two problems occurred simultaneously, but

that the support situation was not tested for until February 6&th,

Be that as it may, solution of both problems falls within a

seven-day time frame, a quite close degrae of synchrony., As

with the majority of other experiments previously recorded,

time from approximately zero appropriate response to a response

level above criterion is remarkably swift, being from @ - 100%

in seven days, and 10 - 100% in nine days for Su 1l and St 1

tests respectively., Once learnt, both tests show a contin-

vation of 100% correct raesponse to their date of terminstion.

However, to state that the infant can solve a simpls one-
string/support problem does not indicate that he understands
the concept "object-on-support/string”"., It may simply be
that he has discovered the ‘'answer' fortuitously, (indsed,

this seemed to be ths case at onsat of competence — see page79 )
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and simply reproduces this response because it brings
results, Thare are ssveral ways in which this quastion can
be resolved. To determine the date when the infant is
cognizant of which string/support will produce the object,
the two string/support tests can be utilised (St 2 & Su 2).
Another facet of the problem is knowing when an object can ba
obtained by pulling in a support/string, and when it cannot
(Su 3, 4 & 5). In addition, incorrect answsrs in either

of these above test-situations can be analysed to reveal
(a) if the infant pulls in an object blindly, or, when he
notices that his actions are not maoving the objesct,

(b) if he inhibits pulling and attempts to grasp the object
by other means (i.e. how he makes the julling-in action).

The geneses of thess three competencies are examined below .

Su 2 and St 2 Problems

The times of achievement of these problems are remarkebly
consistent across the two tests, wiktb..ddtes of March lst and
March 3rd for the two support and two string tests respectively.
The suddsn decrease to 21,5% after a previous 1005 response in
the string experiment (March llth) is unusual. A strict
reappraisal of the diary notes at around this date indicates
no sudden trauma or illnsss that could account for such a
dacrease. It is thought that the poor showing may reflect
some general aspsct of decrsased motivation or, alternatively,

a sudden forgetting of the means of solution of the problem,

50 3, 4 & S Problems

The object-off-support tests (Su 3, 4 & 5) are much less
satisfactory with regard to number of sessions given, Teleo-
logically, it would probably have been better (it would
cartainly have been less confusing! to have concentrated on
one aspect of the problem, ®.g. object to one side of support
(Su3&4)or Su 5, than to have attempted three different tests
within so limited a time-scale. Ths infant may have achieved
competence in these problems by February 25th (100% appropriate).
Confidence in this result is marred by ths small number of

trials comprising the session (3) and by the poor showing of
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the two subsequent trials, (0% and 50% respectively). It
is considered more accurate to regard the solution of th-se
problems as occurring from March 10th, although tha trial
number is in no way sufficient for firm assassment on this
topic. Test Su 5, while being of small session number (2)
possesses a more raspectable trial total (l4), and revszls
that solution was extant by at least March 10th at a 100%

level of appropriate response.

The final segment of evidence, the number of timas an
incorrect response was inhibited before mo-e than half of
the support/string had bsen pulled in demonstrates a wide
discrepancy between support and string times of achievement
(data taken Prom the Su 2 and St 2 responses only). The
support test reveals that inhibition of pulling in achieved
criterion on March 15th, whereas the string analysis citses
February 26th as the date for criterion achievement. - The
decrease following two critsrion responses corresponds to
the sudden decreass referred to above {or St 2 test, and may
be dus to ona or other of the two suggestions put forward for
this latter test., However, in this case the decrsase continuss
for a greatser period of time, and such speculations bzcoms

even mare tenuous.

The discrepancy in the results of thuse two very similar
problems may be due, in large part, to a difference in the
infant human's and the Orang-utan's manner of tackling ths
pulling-in component of the test. Whereas the human infant
(probably because of his rslative inferiority in manual
coordination at this time (Halverson,1931), pulls in the
string hesitantly and has ample opportunity to visually sample
the results of his dawdling action, the infant Orang-utan's
more highly developed manipulstory abilities and motor control
leads it to grasp and pull in the support/string in ons
sweeping flourishing movement. Following achievement of a
100% response level, an incorrect response was almost invariably
linked to such one-time, pulling in movements. Hence the
analysis of pulling ths support/string totally, or partly, in,

may not be so useful a method of analysis for the Orang-utan

as it is for the infant human subject.
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In sum then, and following solution of the singls string/
support problem at around the 27th. week, (January 31st,
to February 6th.), each test type (Su 2, 3 & 4, St 2 & 3)
indicates that an understanding of the different facets of
ob ject-on-support examined here occurs betwssn the ages
6 months 3 weeks and 7 months 2 weeks (February 26th -
flarch 15th). This spread of times, and slow accretion of
competence is what may be expscted from an infant in the
early stages of constructing his world., Many similar problems
are solved at approximately the same time, but ths soclution

of the problem-complement is not an instantaneocus affair.

Where then, should one decide where object-on-support
understanding begins? Any line of demarcation must to some
extent be arbitrary, but the writer is inclined to suggest
the achievement of tha 2 support/string tests (Su 2 & St 2)
as haralding the onset of such cognizance. This test group
shows a great consistsncy in time of occurence (March lst &
3rd respectively) and is backed by a grester corpus of data
than any of the remaining experiments., In addition, the
remaining experiments do tend to cluster around these dates
and they are, in a looss sense, the “mean of all the experimental

results and analyses obtained on this question.

The problem of correlation of these findings with those
of the rest of the major test-types is given in the overviesuw

at the end of this chapter.

Mode of Solution

Position preferencs seems to have besn used intermittently
by the infant as a solution. It is possible to destermine thse
number of times sach test situation saw position preferencs
used, see table 311 giving soma indication of the use of the
strategy. One area in which overlap (of comparably difficult
problems) does occur is during Su 2 and St 2 expsriments
between the dates 18.2.74 and l1.4.74. Here comparison is
legitimate and it is found that position preference occurs
twice as oftan in the Su 2 test situation as in the St 2 situation.
This fact seams due to the infant's perseverance with pasition
habit over two test-dates during Su 2 testing as against one

test-date for S5t 2.
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Overall, it can be sean from table 3,11 that the infant
did not use position preference as a standard strategy in all
test sessions., Rather, the position praference tactic seems
to have been randomly "thrown in", as it were, in the course
of a series of sessions in which other strategies are also
used. Side preferences ars equally "shared" betwen right
and left (R : L equals 2 : 2, 1 : 1 and 3 : 4 for test-types
Su 2, St 2 and S5t 3 respsctively). 1In toto, this behaviour
would seem to indicate an attempt by the infant to discover
the correct solution, i.e. hs is not rigidly bound to one

particular response ad infinitum, but does chznge strategises

from time to time. The conditions which precipitate the
assumption of a p.p. strategy, or its rejection, cannot

however be elucidated from the present data.

Clues to the infant's mode of solution of the problsm can
likewise not be determined accurately from the data accumul-
ated on body movements, etc. presented here. As mentioned
previgusly, vidso~tape recording seems the most promising
method of solving such questions, allowing as it does an
almost infinite number of re-runs in which many spacific
aspects of behaviour (which in toto present tooc great an
information load for the sensory channels of the cbserver,
but which may all ba important in the elucidation of a particular
behavioural event) can be recorded with precision. However,
tentative conclusions may be drawn from certain observations
(albeit incomplete) of the infant's eye movemsnts and bodily

positioning while attempting the problems,

Referring to the test 5t 1; Cody, at 21,1.74 performed
the appropriate response during one of ten trials. This,
however, appeared to be a completely fortuitous solution,
and having occurred at Trial 3, with seven subsequent trials in
which no positive response was forthcoming, it is thought
unlikely to hzve demonstrated in any fashion, intentional
behaviour of the Stage IV typs. The follewing test session
(30.1.74) sess a sudden 100% response with very little indicet-
ion of trial and srror. What may have occurred is a grasping

of the string as an interesting object in itself, with the
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realisation of its connection with the object after the
string had been gripped and pulled. This certainly seems to
be the case in the first successful trial of this session =
Cody ignored the object and string for 1 minute 13 seconds on
this occasion, then seized ths string and brought it to his

mouth without looking at the object. He then dropped the

string and grasped the object. The following trial evinced
some evidence of the infant's awareness of string-object
functional unity. The string was grasped immediately and

pulled three times, the infant's eyes looking in the direction

of thes object. However, ar:m action was by no means

efficacious for such a pulling-in function - being 2kin to that
of a child playing "trains" - and the object moved but slightly
with each movement. The lips were then used to prenhend the

string, and objsct possession actieved in this way.

The following session (6.2.74) showsd trials which seemed
to indicate strongly that the infant by this time understood
that pulling the string lad to acquisition of the object.
There was alseo evidence that the infant could move away from
the desired object to accomplish this end. The gbject and

string had been placed as in the diagram below (fig.3.13).

fig.3.13

To quote from my protocols

" Using fPelt-tip pen as objsct... Cody spends thres Pus
in direction of object, one time @Pv in direction of
string near object, can't resach. As he withdraws his
hand, hits closer piece of string and moves ob ject;
looks from hand to object but pulls hand inside.

After a ten second pause looks teo end of string,

tries to grasp four times with Right hand,... can't
reach it through the rails (of cot) hs grasping from,
moves down rail (i.e. away from object), reaches and
grasps end of string, pulls in to mouth, his right

hand going down and grasping string closer to object.
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Object now lying at bars, Cody looks to it and head

down and tries to suck. As he does this his right

hand - it seems unintentionally - moves back, pulling the
objact closer. He immediately head up and looks to

his right hand, pulls two times, aobjsct coming

further in each tima. Thengrasp it and to mouth,

These last two sentences describe movemants executed

with great"tension" and speed, showing every indication
of his just "realising" the connection betwsen object,

his hand and the string."

This session also reveals what may be a transitory
AB-type behaviaur. Following a trial with the string at
459 (as in figA.13 above) two trials were given with -the
object and string reversed, i.e. (\\b then g/'). The infant
seemad incapable of responding to this new position, This
was not bscauae of satiety with the object, as on tuwo
subsequent trials immediately following thess refusals,
using ths sams object but with positians as the original
trial, he immediately succeeded. This inability was overcoms

in later trials.

Sighting along the strings with the eye placed close to
the ground to determine the correct string to grasp was used
by ona of Birch's chimpanzee subjects (Birch, 1945) but was
not however used by the present subject. In looking, Cody
seemad to either look directly at the objsct and to grasp
the string vertically bslow it (i.e. the string closest to
a line 90° to the rails and passing through thes object) or
to basgin from the end of the string closest to this point
and direct his gaze up towards the object, seemingly
irrespectivs of the presence of a string or not. This
mathod proved successful with St 1 & 2 and with Su 1l & 25 the
strategy may also go some way to explaining ths infant's
below-criterion responses for most of the St 3 tests: such
a strategy would invariably fail in such a test as the answer
is to grasp the oppositely placs: string. Cody very
infrequently looked from the object along the string to the end
nearest him, at this point in dsvelopmant, a finding which

agrses with that of Finch (1941) with regard to chimp
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capacity in patterned string tests. The infant was also

on one occasion seen to devise his own solution to the crossed-
string problem. On this occasion the crossed-strings were
inadvertently placed closer to the animal than was usual.

Cody immediately began grasping towards the area of string
marked 'S' on the figure below. It sesmad that he was "solving"
the problem by the simple sxpedient of ignoring the crossed- '
string area, so turning this more complex problem into one

that he could solve - one string at 45°,

fig.3.14

With regard to pulling=-in movements and looking at the object,
Cody was observed to watch the objsct and not the string as
pulling-in occurred. As has been seen, failure to inhibit
pulling-in when the objesct did not move can on most trials

be attributed to the infant's one-pull technique, which

served to obviate any feedback when an incorrect responss was
made., However, during early sessions of St 2 testing slow
pulling—in with the object looked at was seen. It seemed

that, at this early stage, the infant was incapable of inhibit-
ing his movements and would pull the incorrect string complately
before changing to or ignoring the correct string. Such
behaviour may also be interprseted by reference to Piagetian
theory, whichh posits the infant's belisf in the dependence

of objects on his own actions is dominant at this time (ses

overview).
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Support - UWith thess tests the infant'as responses are very
much as in the comparable problems of the string test-series.
Up to 6.2.74 the infant during Su 1, showed no interest in the
support as a means of obtaining the desired objact, and simply
grasped repeatedly at the out of reach object during each
trial. And this despite the fact that on 30.1.74 the infant
produced 100% appropriate response far strings, before
support testing in which a 0% correct response was observed.
Thus gensralisation from string to support problem does not
seem to have occurrad within that day.

The 6,2,74 saw a sudden 100% correct response for this
test, identical to the string tsst. In addition, the
infant shouwed evidence of being aware when to stop pulling-in,

when the object was on the support. Thus, he would not always

pull the object and support completely in, but would stop pulling
as soon as the object was within reach, relsase the support
immediately and QraSp the desired object. With the Su 3 taests
(pulling=-in with object to one side of support), the infant
showed very little indication of inhibiting movement when
pulling-in with no object movement, although watching the
object as the action was performed was seen each time, Such
inhibition occurred only partially on one occasion in six Su
trials on 6.2.74, with the infant pulling the support half way
in (watching the aobject), pausing, and (with eyes still intent
on the object) pulling the support completely in. As such,
this response seems to corrasspond to the S5t 2 protocol of
Pailure to inhibit pulling-in as described above. It can

thus be classified as an example of horigcntal decalage

(Piagat 1953) -~ the occurrsnce of similar bshaviours, at
different times, within a stage. A similar horizontal decalage
occurred during object concept development. 1In Piagsetian
terms, the explanation of this behaviour would seem to ance
again centre around the infant's belief in the efficisncy

of his own actions as the prime mover in the permanence and
position of objects. Alternatively, one may ask, what othar
adaptive responss can the infant make? The infant knows only
that the object can be prehended by (a) oral prehension, (b)
manual prehension or (c) pulling-in a string/support. (a) and (b) do

noE"work" when the object is out of reach: the object is
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out of both oral and manual reach in this experimental
situationy {c) has worked previously in this regard, and,
with no other behaviour pattern available, in this context,
"pulling in support/string"may very well be utilised as the
behaviour pattern Ymeost.likely to succeed". Thus, until a
more appropriate response is discoverad (usually by trial

and error at this stage) the infant has good reason to
respond in this sesemingly inappropriate fashion. On later
seasions, having achieved a more adaptive responss, pulling-in
support when the object does not move car be attributed to
the infant's one-time, agressive pulling-~in method, as in the

case of the string praoblems,

With the 2-support tests (Su 2) similar responses ta thase
of St 2 are svident, Looking from a point directly in line
with the object was sesn many times (as described for St 2)
resulting in a correct response. However, on several
occasions the infant, heving grasped ths incarresct support,
was obssrved to look up the incorrect support to its farther-
most end, apparently note the absence of the object on this
support, look across at the cbject on the second support, and
yet to neverthelsss pull in the incorrect support befors
turning his attention to thse remaining support. Such behaviour
once again seems axplainable by reference to the infant's
egocentrism and belief that objects are under the control of
his own actions irrespective of any physically perceivabla
link, or tuo a run-off of a previously correct behaviour
pattern while still comparatively naive with regard to the

2-support experimental situation.
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STAGE VI PROBLEMS

Introduction

The criterion for Stage VI accomplishment is, with
slight variation, usually given as the infant's capacity
to discover new means to solve a problem through mental
combinations (#.g. Piaget, 1953, 1955; £tienne,1973; Flavell,
1963; Woodward, 1959 ), This ability has also been
termed "insight" or "foresight" and such a method of problem
solution is not unknown in the Pongidae (Kohler, 1925 ;
Birch, 1945; Hayes,1952). Despite the variation in nomen-
clature, all such bshaviour refers to the organism's
ability, when presented with a novel problem, to solve its
intricacies without resort to overt activities such as
trial and serror, where chance-made movements which prove
fruitful are, (because of visual and presumably tactile/
kinaesthetic feadback), repsated and gradually refined until

an untroubled and almost faultless performance is achisved.

With most probiems, mental combination or "covert
experimentation" (which presumably involves internal recall
and rearrangement of past experiences) requires mental re-
arrangement of the spatial relationships of objects (Piaget,
1955). Piaget (1953, 1955) and others (Woodward, 19593
Flavell, 19:69) have noted several sxamples of simple problems
which can be solved by such internal manipulations. These
include rolling a long flacid objact into a ball, so as to
ingert it through & small opsning, detour movements around
and under objects (e.g. under furniturse); using a stick to
bring within reach an ocut-of-reach object; turning a long
horizontal object through 90° so as to bring it through

vertical bars.

Two tests wera chosen to serve as indicators of Stage VI
accomplishment, These wers 1/ Long toy pressnted horizontally
outside vertical bars (hersinafter referred to as "Long Toy"
or "LT"), and 2/ Object out of reach, with stick within reach
("Stick Experiment" or "SE"). The choice of these two

problems was dslibsrate; the first problem requires but one
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component movement {turning the toy through 908°) and one
projected outcome (object then able to come through bars).

The stick experiment requirss several "steps" to acquisition
of the dssired object and it was hypothesised that the infant
would accomplish LT prior teo the solution of SE. This is said
to occur for human infants (Woodward 1959). 1t should be
noted that solution of these problems is not restricted to

a Stage VI level of functioning; especially with the first
problsem (LT), trial and error responsss may succeed in
producing a correct response with later refinament of the
movement by visual/kinaesthetic/tactile feedback. Indsed,

of Piaget!s two children who were tested frequently with

the stick problem, ons at least seemed to discover ths solution
by visual fesdback from chance-made movements (Piaget,

1953, Obs 159 - 161).

As was mentioned above, insight-ful problems are not
unknown amongst the great apss (Kohler, 15253 Kellogg &
Kellogg, 1933; Birch, 1945 ), The development of this capacity
from lower forms of functioning, howsver, has besn greatly
neglscted in the Pongidae, and a comparison with its
development in Man would cast much light on the generality
of Piagetian theory. It was therefore of interest to
determine not only if the infant was capable of such problems,
(and if so, at what age, and with what correspondence with
different comparable problems (at least for human infants)
such as Object Concept studies), but also to attempt elucidation

of the manner by which the solution was arrived at.

Method
Test Situatians

1/ Long Toy (LT). During the first nine sessions LT
testing was given to the infant in an identical setting to
that of Stage V testing (support and string problems), and
the reader is referrad to those pages for more details. For
the LT situation, the long toy was placed as shoun in fig. 3,15,

i.e. horizontal, and close to the bars,



It was found nacessary for the experimenter to maintain
contect with one end of the long toy so as to ensure that

the infant grasped the aobject centrally. Failing this, the
infant would oftsn maks to take hold of one end of the long
toy, and simply pull it in this fashion through ths bar
space. The long toy used primarily in this test is shown in
fig.3.15, a 1 ft. 6 in. aluminium tubs of % in. diameter,
having four plastic balls attached, one at either end and
two more placed squidistantly along the rod. The design

is intentional and based upon preliminary testing in which

it was found that the raised spheres on the rod greatly
facilitated the infant's ability to easily grasp the objsct
from the test table. Those preliminary long toys without
-spheres took, on occasion, up to four grasping attempts before
they were secured. The long toy utilised above was ussd in
the majority of trials. DOccasionally, becauss of satiety of
interest in the object per se, both ends were dipped in a
solution of honey and water of which the infant was fond.
Alternatively, a sscond long toy (of wood dowslling, with
identical dimensions to that of the metal rod of the original
long toy, but without balls) was used. Here, presentation was
made in the usual manner, except that the experimenter held
the object approximately 1 inch above the level of the test

table, so as to facilitate grasping by the infant.

Following the first nine sessions, two aspects of the test
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situation became unsatisfactory. Firstly, the infant took

to climbing from the cot in which he was housed during the
course of the experiment and this, when performed each trial,
effectively terminated the session. In addition, a strategy
(evolved 28.1.74) became mors prevalent. This involved the
infant prehending one end of the long toy with his mouth

(after grasping it centrally with one hand) and then, by
drawing back his head, pulling the object into the cot. So

as to obviate both difficulties, the infant was, from the
20,2,74, placed as detailed in fig.3.16. The infant was sat

on theexperimenter's knee at a distance from the bars which
prevented oral prehension of the long toy. Being on the
experimenter's knee, and tharefore possessed of the contact-
comfort which most of the cot~climbing was designsd to achievs,
there was much less likelihood of the expsriment being disrupted
on this account, and it could thus go forward with some
semblance of discipline. Tha long toy was presented on, or
just above the mattress of the cot (which now functioned as a
test table), the experimenter introducing the leng toy through
the rails from the left side of the cot each time, once again

taking care to ensure central grasping by the infant,

The infant's responses to the experimental set-up were notad

and are described below, in both Rssults and Discussion sections.

Fig. 3.16.




2/ Stick Experiment (SE). Owing to the onset of increased
climbing from the cot referred to above, the stick problem
was transferred from its envisaged site at cot and test-table.
The metal meshed door separating the play- and work-rooms
was chosen as the new test position. The door was constructed
of cne-eighth inch diameter mild steel rods in a 2-inch square
meshwork. Four of the horizontal rods, in each of four columns
at the base of the door were removed, resulting in a small series
of centrally placed .vertical bars, 8 inch wide by 10 inch tall,
the object to be obtained was placed on one side of thess
rails, with the infant and experimenter on the other side.
A stick (usually the dowel rod which acted as the replacement
long toy) was placed approximately 6 inches from the bars

as in diagram, fig. 3.17.

Fige 3.17

The object was normally the infant's milk bottle, an aobject

for which he was at least moderately motivated on all trials.
Frequent. demonstrations (on average 3/session) of the method by
which the object might be obtained by use of the stick were given
beginning 19,6.74. The infant's responses on all sessions wers
recorded for as long as it seemed he was at least partially

interested in the problem (4.5 - 15 minutes).

Results
The results of the LT and SE tests are detailed as % appropriate
response in figs.318and 319respectively. In addition, the long

toy results are tabulated in table 3.13.
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Table3.13

LONG Toy TEST % corract response

DATE + - + -
9.1.74 0 100 (5) 6e3.74 100 0 (11)
18.1,74 0 100 (3) 8.3.74 100 o (7)
19,1.74 0 100 (7) 11.3.74 100 0 (7)
21.1.74 1] 100 (4) 16.3.74 100 0 (11)
28,1.74 0 100 (4) 19.3.74 100 0 (13)
5.2.74 33.3 | 66.6 (9) |[21.3.74 100 o (14)
9.2,74 0 100 (4) 9.4.74 160 o0 (10)
10.2.74 26.7 | 73.3 (15) ||22.4.74 100 o (10)
15.2,74 36.4 | 63.6 (11) || 9.5.74 100 0 (10)
20.2.74 21.5 | 78.5 (14) ||21.5.74 100 0 (10)
25.2.74 0 100 (10) }|19.6.74 100 0 (10)

28.2.74

morning { O 100 {6) 25.7.74 160 o (10)
Tafternoor |70 | 30 (10) |22.8.74 100 0 (10)




FIG. 3.18

LONG TOY TEST
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Discussion

Long Toy Test

Solution of the test above criterion (75%) occurs on
March 6th, 1974, The results indicate what sesms to be a
three-phase progression to competence: (i) zero corract
response (9.1.74 - 28,1.,74); (ii) partial success at the
25 - 36% correct response level (5.2.74 - 28.2,74); (iii) rapid

increase to competence (from 28.2.74).

(i) This phase consists of 5 sessions. Reference to the diary
notes indicates that Cody's responses on the first thrsee trials
were simply pulling the long toy, while still horizontal,

against the vertical bars of the cot, and, after one or two

such actions, releasing the object and ignoring it. Only on

two of the 23 trials was even slight turning of the object

seen., During the final twao sessions, the infant revealesd two
new behaviour patterns. Firstly, "solving" the problem by
bringing his head to the bars and, using his highly mobile
prehensile lips, prehending the object orally at one end,
following which the head was pulled in and with it the long toy.
Secondly, an action which was seen briefly during session 1
and which presages the true solution, pulling the object against
the bars while at the same time turning the wrist so that thes
object's long axis was displaced to some extent from the horizon-
tal. This behaviour was seen at almost every trial. The
displacement was not, at this point, more than 35° - 40° from
the horizontal,

(ii) The 5,2.74 hsralds a second phase whare the object was
obtained through the bars by turning it 900 on several occasions.,
However, it seemad that success on one trial did not greatly
help subsequent trials, and was of little help over sessions,
(the session results showing great variation, and not a steady
increase toward competence as might be expected had one session
aided the solution of the naxt session's trials)., The infant
obtained the long toy "correctly™ by what seemsd to be an
expansion of one of the more advanced actions referred to above
from (i). The long toy was pulled repeatedly against ths rails

with wrist turning. Turning was, however, of greater amplitude
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than during phase (i) and when it was sufficient (i.e.

betueen approximately 85° and 950) the long toy came through

the rails amidst much bumping and banging of its end against

ths rails of either side. Ths impression of unplanned “groping"
leading to solution was emphasised by an observation during
5.2.74 where the infant, seemingly fortuitously, turned the
object's long axis 90° to the horizontal immediately. However,
that he expected the usual resistance of toy against rails uwas
evident from the fact that the infant was so unprepared for ths
entrance of the object to the cot that, on pulling in, the
object came through so fast that one end struck him a forceful
blow on the head. On later sessions, visual interaest in the
object's movements bagan to show. This was most clearly visible
during one trial 20.2.74, where the infant turned the long toy
past 90°. He then carefully watched his hand and the objsct

as he compsnsated by turning the long toy in the opposits
direction (although turning it too far to the opposite side)
before finally dropping it. The percentage of correct responsss
before a consistent response above criterion thus seams to be
best explained by chance, By reference to Table 3.13,it is ssen
that, in tests with a trial number of less than 10 trials, zero
correct responses are found each time. With sessions of 10 or
more trials a 25 - 36% correct response may occur. However,

on 25,2,74 there are 10 trials without a single appropriate
response, This seems to speak for chance solutions before
28,2.74, As mentioned, solution before this date doss not

saem to help following sessions, whereas after 28,2.74 chance
success produces reproducibility of the responses (see balow (iii)).
Earlier "solutions" e.g. head down and pulling in of the object

with the mouth, were still seen during this period (ii).

(iii) The 28.2.74 is an excellent example of the rapidity of
solution with the long toy test. 1In the morning session tha
infant evincsd no evidence of understanding the correct solution
to the problem, sach trial ending in failure, The afternoon

sassion is far different with a correct response level of 70%.

In this latter session, solution appears to have been

discovered fortuitously, but then, unlike earlier sessions,
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to have been immediately repeated and refined so as to

enable the achievement of a reproducible correct responss,

The first three trials of the afterncon session were failures

as in the morning session, On trial 4, after pulling the

object against the bars 2 times with minimal wrist-turning,

the infant looked away, and at the same time brought arm and
object upwards, simultanecusly tuwisting his wrist 90° in an
anticlockwise direction. The long toy slipped through the bars,
and the infant, apparently aware kinaesthetically of its
position, returned his gaze to the long toy, smilingly banged

it up and down against the bars three times, and then brought
one end to his mouth to suck. DOuring the next trial, the

infant was observed, after grasping, to look along the lsngth

of the long toy as if to observe its horizontal position before
initiating any movement. The upward and twisting movement was
then repsated, as was the striking of the bars (2 times) after
the object came through the bars. The long toy was then

sucked until removed from the infant, 1In the following trial
the long toy was turned only 75° and, upon "sticking” against
the rails, was immediately turned the ragquired 15 extra degress,
and removed from the cot. The remaining four trials were also
successfully sttempted. Following this, on =ach of the 13 sessions
given over a 6-month period, Cody performed at a 100% level of

competence.

Stick Experiment (SE)

As detailed in fig. 3,19 the stick experiment was not at any
time solved by ths infant during the 6-month period of testing.
That the infant did desire ths object was seen by his frequent
attempts at grasping through the bars towards it, and his
occasional screaming when the object was not fbrthcoming. It
may well be that the infant was, on occasions, too highly
motivated to allow him to coms to a solution, as was the cass
for those chimpanzees in Birch's study who attempted problems
under conditions of prolonged food deprivation, (Birch, 1945).
However, although Cody may have been over- (or under-) motivated
during certain sessions, this cannot be said for the qreater part

of testing. The great majority of sessions were given following
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his eating of cereal, hence his motivation is considered to
have been approximately "middling" during most of the trials,
the condition shown by Birch to be most conducive to efficient

solution of such problems,(Birch, 1945),

Experience with sticks has been mooted as being a
necessary condition for solving the stick problem (Woodward, 1959).
Such may well be the case; howsver, both types of long toy uwere
left around the infant's play-room at least 50% of the infant's
Qaking hours, and he had ample cpportunity to experiance "what
sticks wera", Indeed, Cody was several times noted as manipulating
the sticks for periods of several minutes outside the test
situetion, looking up and down their length and seemingly
observing their movements in space as he varied his hand/arm
positions. Further, during test ssessions Cody would often
grasp at the stick, apparently as "second best", when the object
he desired proved to bs out of reach. There was much striking
of the stick against the rails, and pushing it scrapingly to
and fro through the bars. However, both in free play and during
test sessions, the infant seems to have learnt nothing that aided
hissolution of the problem. One telling omission may explain
this situation: although much time seems to have beern spent
manipulating sticks and similar long toys, on no occasion (as
far as was determined during the more than 2000 hours in which
the experimenter was in the subject's company over his first
15 months of lifs) was Cody seen, even by chance, to use a
stick to striks, and soc to move, another object. This behaviour
pattern may be necessary for successful soclution - in at least
one of Piaget's children it was utilised in framing an answer

for this problem, (Piaget, 1955).

Another important aid to solution in the human infant ssams
to be imitation. Piaget demonstrated ths use of ths stick in
obtaining an out of reach object to one child, who then attempted
similar actions with the final result of problem solution, At
no time during the first 15 months of life was imitation ssen
with this infant Orang-utan subject, except where it was
spacifically trained-for over many sessions using operant

techniques (s.g. hand on head, ses Chapter 5 ).
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Likewise, the delayed imitation expected in Stage VI with the
human sub ject, (Piaget, 1955) and seen in Washoe, the Garcners'
chimpanzee (Gardner & Gardner, 1971) and Viki (Hayes,195;), was

not svident in this subject.

Thus, the two main paths by which the solution of this
problem seem to bes achieved in the human subject seemed to
have besen denied this Orang-utan subject and may explain his
lack of "foresight" in this regard, despite the apparently

optimum motivational condition of the creature.

It may alsa be that, terminating as it did just after the
infant's first birthday, the experiment was not continued for
a sufficient length of time to allow the charting of the
discovery of a solution to this problem. Thus, in this specific
domain, Stag= VI may be accomplished at a later date. This
certainly seems to be the case, for the infant did show "fors-
sight" sometime after termination of the stick experiment,
albeit in a different conhtext, Gtick expsriment was terminated as
Cody then lodged in Sunderland, there being no facilitiss far
such testing at this location., This was a self-imposed problem,
seen (with contextual variations) accasionally during the course
of his rearing but which was not solved "insight-fully" until
September 29th. The infant desirad to open the door of the
bedroom in which he was housed. Ths handle of the door was
set at too great a height to allow sasy grasping and there wers
no nearby ledges on which the infant could climb so as to obtain
his desire. Howsver, unlike previous occasions, the infant was
observed to move away from the door, across a distance of at
least 6 feet, seize hold of a tubular metal A-frame which uas
in the bsdroom, and to pull it close to the door. The infant
then mounted thes A~frame and seized ths door handle sasily,
From then on, this behaviour was repeated whensver this and
similar occasions araose. As such, the response duplicates in
all sssantial features Kohler's '"banana-and-boxes" test which

his chimp subjects also proved themsslves capable of, (Kohler,1925).

Hence, although the initial date of attainment of Stage VI
insight behaviour is not known with certainty, it is established

that, in this Orang-utan subjsct, this level was attained by at
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least one year two month. It is unfortunate that the
development of this response does not appear to have occurred
during obssrvation periods with the infant. Howsver, being

a covert mental process, obsarvation (except by the overt

behaviour as detailed above) is impossible.
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OVERVIEW

Tns results of each tesi type givan illustrate several paints
with reference to Piagetian theory.

With test situations wnich allo>w the monitoring of various
levels within that situation (Cover, Teat-Recognition and Screen
Tests), this Orang-utan infant has bzen shown to pass through
similar stages to that seen in tn2 numan infant (Fiaget, 1953, 1i33;
Uzgiri and Hunt, 19663 Corman and fscalona, 1969 - see introduction ).
It is only at Stage III and Stage IV=V Transition tests in the
screen and cover tests respectively, that inadaquate data pracluce
such a statement, and sven h=r2 it s2sms probable that Piagetian
saquencing will prove true when furtnzsr work is done on the Orang-
utan, Although following the same s:zage sequence within any test,
the times of attaimment of the varicus stages are far in advance
of the normal human infant. This hzs already been referred to in
connaction with the covar experiment. To recap, it appears that dsvelopment
is telescoped in the Orang-utan for the test situations monitorea

in this research.

Two objections may be raised azzinst the methodology of this work.
The first is that in the Cover, Scre2n and Test-recogniticn tests, by
giving the problems of any test-situation sequentially (St.II11, thean
St.Iv, then V, etc.) the infant was forced to solve, say,:the Stage 111
problem presented when he might easily have solved the St;ge VI groblem,
had this been presented at the same2 time. The stage sequence may

thus be more apparent than real.

To obviate this, as soon as critarion was reached with one test
situation, the next most complex was given, While it may well have
been better to give all the tests evsntually presented to the infant
at the same time, this would have przcluded other research with ths
infant (Language, Grasping, etc.). As the work is intended as a
pioneering study of infant Orang-utan development, it was thought

better to carry out the study as described above.

It should be naoted that the res-onse to the manner of presentetion
was differant for each test., There was no consistent reéponse to
the test situations, i.e. the infant did not always sclve a problem
after suitable exposure to it. On some occasions, the infant proved
unable to cope over many test sessicns, e.,g. Stage III - IV Tramsition,

Cover test, (or to ever solve the problem, e.g. Stage VI, stick test).
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0n other tests, the infant resaonded appropriatsly fraom ti=
first triel session, (Stage IV - VI Transition, Cover tsst). Other
cases fell betwesn trness tuwo extremes., Thus, tre amount of practice
vhich thz infant zcnisves does not apcear to be critical to his
success or failure, Tna infant achieves anroblams or fails them
whather tners is practice or not, and he doe: s=erm unable to succeed
at tests of jrezter comolexity than thzt which he has just achieved.
In the case of the Stage III - IV Transition test, the infant had a
total of 123 iriels over a period of 3% months befors achieving
criterion, while it tcok but 21 and 0 trials to master the next two

tests, it snould be notzd that this was not a learning set sequancs
{Harlow, 1949 ;the follcwing two tests took a total of 25 and 34 trials
respectiveiy 5:fore mastsry was attained, Stage IV - V Transition

and Stage V tests are most notewarthy in this respect. 8oth wers
given within ane day of each other. The test classified as less
complex was solved 7Tirst, while the more complex (Staze Y) took a
further five sessions and 44 days before criterion was achieved (ses
also Stage III - IV Trarsition, and Stage III Screan test}. As
mentionsd above, it should alsc be noted that <Stzze YI cesting {Stick

test) was never solved, desgit: 20 sessions over mors than 3 months.,

In addition, it should be emphasised thst Fiagstian tests sre
design=2d to reveal the l2vel of cognitive structuring that ‘has
evolved during, and bsczuse of, normal experience. Thus, the rolling
of a ball beneath a tables affords the infant the opportunity to
exparience an abj=zct concept sitvation, The solving of a multituds
af such aoccurrsnces during normal day-to-day experience leads to the
infant achieving stags aftar stage of object concept, Hsance, the
test situation should tc: looked on as only one of many situations in
which the infant "przctises" his abject concept notions. Seen in this
light, the '"practice efrects” caused by testing become a minor intrusion
into the infant's ongoing "experiment" with the world in which he moves,
and the infant's apparert unaffectedness by the practice afforded by
testing is explained. It is therafore considered tnat the stags
sequence shown for the various tests is a correct tabulation of the
infant's ordered progression in cognitive development,

One final indication that practice did not hzve a marked effect on
time of solving a problem is furnished by study of inter-tést data.
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1t might be expected that, betueen tests, the test given first

would ba solved at an earlisr dztz. That tnis is not so0 is shouwn
by Table 3.14,
ODct. = Nov, Dec. Jan. Feb. i:ar, #PT. May. Jun, Jul.
Teat Ubscured Heaction
[ W Z772777777]
Screen Test ( St III-IV transition)
L V/i// 7 /774
SuEnort Test §Su 1)
String Test (St 1)
Support Test (Su 2)
String Test {5t 2 )
V77777777771
Leng Toy Test .
L V7777777777 7 > Roghiw,
Fig.,3.14 r Stick Tast

= not achieved.

N
N
N
I

achieved,

practice,

"Here we can see that there is a wide discrapancy between when
solved, For example, the Screen Test Stage II! - IV Transition
only 14 days. Similgrly, the two string test was achieved just

than twice the time to practise the latter aroblem. The stick

test was never achieved despite more than 5 wmonths of constant

= Rug vt

any problem is first presented to ths subject and when it is finally

took more than three months to achieve while the 2-string test took

before the long toy test, despite the fact that the infant had more
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While establishing that practice of test situations is not of
areat importance in the attainment of these tests, inter-test data
also reveal a marked discrepancy betw=2=2n human and Orang-utan

davalopmental patterns.

Whereas Piaget and his co-workers claim thst all problems within
any one stage are all achieved at approximately the same time (Piaget, 1953 ;
Woodward , 1959)., The results of the foregoing experiments show that,
for most stagss this is not true far the Ureng-utan. 0On no occasion
do the tests corresponding to a single stage fall within even seven
days of one another., In many cases, the stage-dates of many tests
are found widely spaced (e.g. Stage V, attained during the 32nd week
according to the String and Support tests, and in the 40th week
according to the Cover test). Similarly, Stage III - IV Transition
was attainsd during the 30th, 31lst and 32nd weeks, according to the
screen, teat-obscured, and cover tests respectively, Sometimes stages
are inverted between tests, as whan Stage V appears bafore Stage IV - V
Transition,when comparison is made between the results of Stacge V
String or Support tests (32nd week) and that of Stage IV ~ U Transition
cover and screan tests (33rd and 34th waeks respsctively).

Cne explanation for such seeming anomalies is that a test may
have been placed in the wrong stage category. In these investigations
it would seem that the Long Toy Test has been so misclassi}ied.
Whereas Woodward {1959} cites this test as a Stage VI achievermant,
Flavell (1963) iz of tha opinion that this problem is a Stage V
problem, from the data presented, the Long Toy Test was achieved at
the same time ( within 5 days) as the Stage V prablems of String and
Support., It may be, th:refore, that this problem has been wrongly
classified by Woodward. As the allocation of a problem to a given stage
depends on its complexity, it does seem thot a simple 150° turn and
pull in" (the correct response to the Long Toy Test) corresponds to a
much greater degree with-the other Stage V problems than with the

mental and physical manipulations of the Stage VI Stick Test.

However, such misclassification of tests cannot account for all
discrepancies revealed by the data. It may simply be that the Orang-
utan infant has a different psychological as well as physical dsvelop-—
mental pattern compared to a human infant of the same age (compars

Chap.2 - Gessel Test). Indesd, it would not be surprising considering
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the different habitat and evolutionary history aof the two speacies.
The Object Concept, for example, may be less important to an
Orang-utan than the ability to pull in a branch laden with aut-of-
reach fruit. This may explain why the object concept étages were
reached at a relatovely later date when compared to the String

or Support tests. This postulated later development of less
important behavioural domains may help to explain the lack of

success in the stick test.

Wild adult Orang-utan are known to have this "stick" ability
(Plage, pers. comm, 1977), yet Cody failed to achieve the prablem up
to the age of 55 weeks, If.such an ability is of less importance
than, say, pulling in of attached objects, it might be expected that
competency would mature later in ontogenetic development, In line
with this, and as mentioned on page 45, at the species level
the evolutionary/ecological history of a species is thought to
affect the presence or absence of cognitive structures ( ege

Object Concept ) within that species.

“‘“A!'m‘::}v”ﬁ’i .
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CHAPTER FOUR

THE DEVELOPMENT OF VISUALLY-=DIRECTED

GRASPING
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REVIEW OF RESEARCH

INTRODUCTION

Grasping constitutes an extremely ihportant function in Homo
sapiens (Napier, 1960), Without the act of manual prehension, tool=-
use, food-collection, aggressive and defensive behaviour -~ all would
be impossible (or reduced to a very low level of complexity). Uere
visually directed grasping beyond the wit of Man, his ability to

act  effectively upon the environment would be negated.

Much the same can be said of the remaining Hominoidea, and-of the
Primate order generally. Reflex grasping in virtually all primates'“
functions to maintain the infant in close physical contact with its
mother, though this is lost in later life. Grasping and manipulation
form an integral part of behaviour in chimps (Goodall, 1958; Reynolds
& Reynolds, 1965; Teleki, 1973; Suzuki, 1971), Gorilla (Schaller, 1963;
Fossey, 1972, 1974), Gibbon (Carpenter 1940) and the Orang-utan (Mackinnon,
19743 Davenport, 1967; Harrison, 1961). Primarily, ite use is in
food collection and locomotion, but other acts are also important
(e.qg. defense in chimpanzee (Kortlandt & Kooij, 1963) and Orang-utan
(Mackinnon, 1974; Davenport, 1967)). Much the same can be said for the

Simian and prosimian groups.

At first sight the act of grasping an object sesms a relatively
simple manoeuvre. Closer analysis reveals, howsvser, that many less
complex movements must be coordinated to allow grasping on sight.

It is a superordinate behaviour pattern.

Any major behavioural act can be broken down into smaller components,
8.g9. bshaviour A can bs analysed into suborder behaviours A, B and C,
A can then be analysed into smaller parts, i and ii, B into iii, iv,
and v, and C into vi and vii. (It is also important to realise that
parts i, ii, iii, etc. can be grouped to form different patterns,
thus producing other modes of behaviour, e.g. € -may consist of D-
and E, but D may be i and v combined, and E iii and vi.) Segments
at the lowest level are therefore joined to form larger segqusnces at
the next level, and these in turn group to form yet higher levels,
The organisation is thus hisrarchical, and by describing only one
level of organisation, many features of the behaviour may be omitted,

especially its configurational aspects.,
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Successful grasping requires that the hand be brought to a
point in space occupied by the objsct that has been fixated ’
(this requires immobilising the head and eyes), and that
the hand is opened and closed in the correct sequence around
the object. The.action is therefore made up of at least 5

component actions.

i/ Visual fixation of the object.
1i/ Activation of the hand on visual contact.
iii/ Moving the hand from outside the visual field so as
to bring both hand and object simultaneously in sight,
iv/ Directing the hand towards the object. ‘
v/ Dpening and closing the hand at the appropriate time
in the sequence (i.e. hand open as it approaches the

object, and closing the hand upon tactile contact.)

0f course, this is by no means the lowest level of analysis,
Each of the 5 components noted above can be broken down into
smaller and smaller units until the level of "muscle gQroup
innervated" is reached (Miller, Gallanter and Pilbeam, 1960),
For the present study the 5 components described above uwere
considered the lowest lsvsel of analysis. Descriptions of the

development of thesse motor functions are also included.

Grasping in the human subject has been fairly intensively
"studied. Gessell!s work (Gessel, 1949) was subsumed to his

primary goal of obtaining normative data concerning the general

development of children. He believed that early behavioural
development was almost exclusively due to an "unfolding"-
process of progressive neuromuscular maturation, Very little
account was taken of the part played by sensory input (either
from the environment or from the infant's own actions) in

affecting performance ievels.

Pisget's point of view is, perhaps, more realistic. (Piaget,1953,19553.
-In essance, he believes that development is a result of the
continuaus: process of interaction betuween the infant's physio-
logically determined maturation, and its interaction with the
snvironment. Interaction is accomplished in a variety of ways,
though in the first year of life primarily by the behavioural
schemata the infant erects., The schema is central to Piaget's

theories, especially during infantile development. Piaget’
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himself does not defins a schema, seemingly preferring to

let the reader come to an holistic, intuitive ides of the
concept, but Flavell (1969) has attempted this daunting
prospect, His definition follows: "A schema is a cognitive
structure which has reference to a similar class of action
sequences of necessity being strong, bounded totalities, in
which the constituent beshavioural alameqts are tightly inter-
related", An example may clarify the concept; an early
grasping schema is composed of reaching, opening and closing
the hand, and retracting sequsnces. During searly infancy
such a "schema" will tend to be evoked and repeated whenever
an object is placed close by the infant. This idea of repeat-
ability is close to the idea of schema. A schema is also said
to sesimilate objects to itself (byeqg. grasping at any object
presented), and to accommodate the schema to the object (by
e.g. producing a different finger conformation in the grasping
movement for a large, as opposed to a small, object). In this
system, assimilation takes three forms: repetition schemata
as when the infant repeats the grasping action several times
on one object; gensralising schemata when the infant grasps
at any object (so gensralising from the objects already grasped
to new forms); and recognitory schemata, as when, having
grasped an object, the infant realises it to be not the ons it

desires, and releases it.

From detailed observation, Piaget has postulated thse
existence of "stages" in human development (see 0bject Concept
section for detailed account). More garmane to the problem of
" this section is his cataloguing of the schemata that precede
the different levels of grasping ability. Thase have been
summarised (from various authors) in the chart overpage (fig. 4.1),
together with additional data derived from workers who subscribe °
(at least in pért) to a Piagetian visw of development. The
chart does not claim to bé exhaustive, but it does ogutline most
of the important behavioural sequences (schemata) postulated

as necessary (or at least present) prior to each level.

As is evident from the chart, there are many behavioural

sequences said to operate prior to full "grasping on sight"
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REFLEX RESPONSE

Visual Fixation

Palm contact decreased activity
(ie. infant "attends" to object)

Open and close hand ( increases
with manual contact of object)

Increased hand movement with
manual contact of object

Scratching, then grasping
Grasping, releasing, regrasping
Mutual hand clasp

Tactile exploration of face

GRASP WHEN OBJECT TOUCHED AGAINST
FINGER TIPS ( hand to mouth and suck
at approximately the same time )

Grasp object on oral contact
Object grasped is taken to mouth
Keeps moving hand in view

Alternate sucking/looking at object
held at mouth

Visual contact increased hand/arm
activity

GRASP WHEN 0BJECT AND HAND VERY
CLOSE IN SAME VISUAL FIELD

Bring hand close to object, and
alternates looking between hand and
ob ject

Bring hand from far, to close by
object, then grasp

GRASP WHEN O0BJECT AND HAND
DISTANT IN SAME VISUAL FIELD

Visual contact with object (hand
outside visual field) great increase
in arm activity. When hand and object
in same visual field, grasping and
sucking

No looking in direction of captive hand

GRASP WHEN HAND OUTSIDE VISUAL FIELD
Extensive looking at abject

Looking in-direction of captive hand

TYPES OF GRASPING
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development. Each of them however, can be seen to contribute some
form of sensory input which may be of use in informing the-infant
of the most efficacious manner in which to go about the action of
grasping, Thus visual interest in the hands, in the form of
holding the hand stationary and looking at it, looking while the
hand opens and closes or the fingers are moved, watching the hand
moving across the line of visionj all can be considered coordinations
of kinaesthetic feedback information (from arm, hand and finger
movements) with visual input (images on the retina of the hand
moving. etc.) allowing the infant to gain visual control of hand
movements., Recent work (Field,1977) has shown how important is
visual feedback from the hands in grasping. Infants denied sight
of their hands when reaching showed a marked decrease in their
ability to reach and grasp. Similarly, coordination of tactile

and buccal information is thought to occur when an object

placed in the hand is qrasped, carried to the mouth and sucked.

( Piaget, 1953, Woodward, 1971)., When later this behaviour

- pattern is extended; with the infant sucking, then removing and
looking at the object, coordination of visual, buccal and manual
input may be paostulated. Thus, at first, the infant perceives the
object with each modality in isolation. It is only with thé inter~
coordination of different sensory impressions that it is possible to
produce some form of superordinate cognitive "structure" concerning
the many praperties of an object in toto. Visually directed

grasping formas an integral part in such intercoordinations.*

What is interssting in Piaget's system is that those behaviour
patterns said to develop sarlier are found to be of lower complexity

than those following after. For example, visual following of the

* Bower (1974) has argued that perception in the new-born is supra-
modal, ie,, perception is holistic and undifferentiated. from this
stance, rather than a question of integration, the developmental
problem is one of differentiation., However, recent work has tended
not to confirm this hypothesis (eg. McGurk, Turnure and Creighton
1977; Twitchell, 19703 Field, 1977)
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hand (requiring holding of the object at the fovea by eye and head
movements, plus a holding action of the arm muscles) precedes holding
the hand next to an object (requires all the above plus a directional
component in the arm movement). This latter precedes grasping an
object ( requires the above plus opening and closing of the hand).,
Whether all the movements shown in fig.4.l1l are prerequisites for

grasping has not yet been elucidated. Some may be superfluous.

White, Castle and Held (1964) have given fairly detailed
data on the ontogenesis of the grasping function, studying
infants by means of a standard stimulus presented in a
standard manner to each of thsir supine subjects. They found
two types of visual following preceding adult following:
"peripheral", the infant failing to follow until the object
stimulates the peripheral receptors of the retina, when the
.@yes are then jerked so as to bring the abject onto the fovea
centralis; "“ecentral" pursuit, where the Byes anticipate, rather
than lag behind the motion of the object.

White et al divided their six-month study into two wsek
periods, and upon analysing the results obtained found, swiping
at the object with fisted hand was common at 2 - 2% months; at
2% - 3 months sustained hand regard was present. Response to
the object was immediate fixation and swiping,or the hand was
raised to within 1 inch of the object and the hand and object
looked at alternately; 3 - 3% months saw similar behaviour as
the prior two weeks, plus bilateral hand raising to the
object and alternate looking. Hand clasping was also ssen,
plus raising one hand, while the other hand graspsed the infant's
clothing in mid-line; hand regard began to fall out around
3% ~ 4 months, but hand clasping was much increased, together
with visual monitoring of their approach and subsequent interplay.
Response to the object was as at 3 - 3% months, though some
torso-turning towards the object was observed; 4 - 4% months
saw bilateral responses predominating when the object was
presented, usually with alternate looking between object and
hand. The‘claSpad hands could also be raised towards the object.
Presaging true grasping, during this period a hand was occasion-
ally raised and moved slowly towards the object with alternate
looking between hand and object. When the hand contacted the
object it was fumbled?ggudely grasped. Towards 4% months,
opening the hand in anticipation was seen (Also by Piaget). The
final two week period (4% - S months) showed top-level reaching



(a rapid lifting of one hand from outside the visual fisld to
the object, the hand opening as it approached the object). Hand-
to-midline, and Piaget-type responses were more likely during
this period, but they quickly fell out of ths behavioural

repertoire after 5 months of age.

In the light of Piagst's detailed study and postulations,
White et al's is somewhat lacking in data. Without doubt it is
an important work, and an sxcellent description of thas supine
human infant's development of grasping at a standard stimulus,
yet, for the level of analysis described here, it is deficient
in several respects, There is the size of the sample: for
statistical and other purposes it is best to work with large
groups of subjects. For the analysis of thg ontogenesis of
motor behaviour at the level of coordination of discrete motor
patterns, it is necessary that a large corpus of behaviour is
known for each individual. Given the funding and technological
resources of the present day, large samplas of-behaviour can
only be obtained from a small number of subjects. UWhite et
al's study, working as it does with 34 subjects, with 1 test sessions
per week, and of only 20 minutes' duration (10 minutes pretest,
10 minutes test) with each infant,may give statistically valid
results (undoubtédly necessary to our understanding oé grasping
development), yet it allows only a cursory look at the process
of this development. To re-work an oft-used simile, it is as
if a cine film of a man using a ladder to climb a house were
stopped only at the frames showing him at the bottom of the
ladder, at its top, and at the chimney. The man reaches the
top of the ladder, yss -~ but in what manner? He gets to the
top of the roof from here, but how? The infant moves from
unilateral to bilateral arm actions towards the object - how?
The ongoing process of intsraction which lsads to these advances

is, for the most part, unknouwn.

This lack of detailed knowledge of each subject studied
also leadq to a dearth of information concerning the various
hand-mouth, tactual-oral coordinations which the studies of
Piaget have revealed. In addition, a description of concomitant
behaviour patterns,. such as motor behaviour of the torso and

limbs, affectional behaviour and feeding responses are also lacking.
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The larger the number of subjects the smaller the corpus of
behaviour obtained from each, Thus, from White et al's work -
we do not know if the various stages of visually directed
reaching are pressent before/after, the ability to move from
prone to supine, or vice versaj go up on all foursj; grasp

the foot with the hand; move ths body forward; cry when
"mother" leaves; etc., etc. We are squally ignorant of the
baby's accomplishment with regard to grasping whan the object
is touched against the tips of the fingers, or placed in the
same visual field as the hand; coordination of hand to mouth
and sucking; grasping on oral contact, etc. Nothing is said
of ths ontogsnesis of these and other bshaviour patterns which
are held by some workers (Piaget, 1953; Woodward, 1971) to be
of prime importance in achisving visually-directed grasping.
Which aof these behaviour petterns are present, which absent?
Knouwledge of this sort would do much to inform us whether

such behavioural sequences are imperative to grasping dsvelop-

ment - they ars not found in this study,

Similar work on infra human primates is not as detailed, nor
has it been so consistently pursusd. Ressarch on the forms of
grasping in adult primates has bsen performed by Napier (1961),
but there is a great paucity of true developmental studies., Kellogg &
Kallog§: (1933) give brief details of grasping data derived
during a S5-month presentation of the Gessel test to a young chimpanzes,
and a similar, though longer, report by Knobloch and Pasamanick (1959)
details the results of Gorilla responses to the same test
situations. Early development of grasping is only now being

attempted for the Gorilla (Redshaw, pers. comm. 1974).

As ever, the Orang~utan has been disregarded at this and
most other levels, the performance of the African apes
apparently being assumad to accurately delimit the abilities
of the Asian members of this group. It was the obvious false-
ness of this conception that led to the subject of the section
presented here -~ an in-depth longtitudinal study of the

behavioural ontogenesis of this important skill.,
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CHRONOLOGICAL ACCOUNT OF GRASPING
DEVELOPMENT IN AN INFANT ORANG=UTAN

METHOD - ‘

To give a more complete picture of the infant's grasping
development, descriptions of his earlier asttempts at hand
control are also considered in this section. Manifestly,
grasping per se does not arise of itself, and we must seek
its precursors in these earlier behaviour patterns. They
include: - moving the hend in horizontal, vertical and 45°
to the vertical hooking movements (¢h, ¢v & ¢d respectively)
moving the hand to the mouth (and vica‘versa); moving the
hand to the face, usually with tactile exploration; moving
the hand, arm, fingers (or any combination of these) with or
without looking at the movements, and with or without contacting
either another part of the infant's bady, or any external object.
All such movements can be thought of as producing input
(kinaesthetic, visual, auditory, tactile, or any combination
thereof) that would be of use in "informing" the young animal
a/ where his limbs are at any given point in time, and
b/ how to move his limbs with a greater degree-of surety than
prior to the input. Such information would then allow repetition
of novel or habitual movements which had produced interesting

stimulation in a given situation,

The data show many behavioural sequences to be very, very
gradual accretions of motor ability; to divide such data
into "sections" or "stages", (although extremely convenient
for analysis) is to give the reader altogether too precise, too
pretty a picture of what actually occurs. The strategy used
was therefore to divide the information into week periods. This
arbitrary pr&cedure is, as far as much development is concerned,
also very artificial. However, it possesses the advantage of
being a well-understood temporal interval, and of not suggesting
a well-defined, cut-off stage to the reader. The end of a week
is simply a convenient place at which to draw breath, to view
the schievements of the pfevious seven days, and to attempt to
place these accomplishments in to some sort of perspective

\
vis—-a-vis past and future behaviour,

Within each week period, development was arbitrarily divided

into several sections, Visual fixation and visuai following of
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a desired object (prerequisites for any form of visually

directed grasping) are considered separately, as are hand to °*
mouth procedures and visual regard of the hands. Such categories
are not mutually exclusive, and as development progressed it
became increasingly difficult to cateqorise most of the behaviour
patterns seen., Towards ths end of the third month, the complex-
ity of the infant's movements, his intercoordination of various
motor functions (e.é. look to his hand, loock to the object as

it swings, then ¢ at it, then h to M) made simple classificatory
patterns unworkablas. Behaviours not falling neatly within the
sections described above were placed under the heading "General
grasping”, This section, therefore, comes to constitute the

main part of the work as development proceeds, and the particular
coordinations, expansions and de novo behaviour patterns are
axplaiﬁed in the text as the need arises. Naturalistic observ-
ational data are treated separately from the formal tests that

were performed.

‘These latter consisted of Pour tests; (i) Object in Hand:
where the object was placed by the experimenter on the palmar
surface of the subject's hand; (ii) Object at Finger~tips:
the object was touched against the tips of the subject's fingers
three or four times in succession; (iii) Object Visually
Presented: object held before the subjsct's face at a distancs
of approximately 8 cm; (iv) Object in Mouth: abject placed in
the subject's mouth (only those trials in which the objsct was
held in the mouth for greater than eight seconds wers counted).
In all tests, the infant's responses to the test situation wers

noted. The infant was run for as long as he would cooperate.

Tests (i), (ii) end (iii) were instituted to test the
applicability of Piaget's raports on the course of human infant
grasping development to the Orang-utan, (Piaget, 1953). A more
comprehensive test battery, including e.g. Object visually
presented and held in same visual field as hand, would have
been preferable, but considsrations of time precluded this,
Test (iv) with test (i) wers designed to test the applicability
of Piaget's statemesnt that in the human infant, when a grasped
object is taken to the mouth, the infant is able to grasp an
object placed in the mouth,
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BASELINE DATA (12, - 14.9,73 - infant's age: 6w 5d)

Naturalistic Obsservation

The infant was relatively immobile, having only a few
simple motor movements (see Motor Behaviour). No hooking
movements were observed in the prone position (the supine
position was not seen). When carried - trunk vertical and
supported by experimenter'!s chest - he would occasionally
perform opsn~handed horizontal hooking actions in the plane
of his eyes, as show in fig.4.2. This movament was designated
®n. Later, during the baseline period, a similar vertical
action was seen and designated ¢v « Although hand movements
in most directions were observed, most were of the §y and ¢v
varieties, A ¢y action which clawed down the clothing of
the experimenter was also seen, These bshaviours were not
seen while the infant was prone, although reflex grasping
of the blanket on which hs lay was seen often, with Cody in

normel position, ie, lying flat on the cot floor, arms and

fig.4.2

legs bent at 90 , and usually gripping the blanket on which
he lay (normal position abbreviated to n.p. in the text).

Formal Testing
(1) Object in Hand. (9 trials). Any long cylindrical

object placed across the palm of the hand was enough to induce

reflex grasping of the object in prone or sitting, 0On 8 trials
the infent simply grasped, then dropped, the object within S
seconds. On T7, the infant grasped, then held the object (a

Pen) for 30 seconds before releases. No grasping, partial
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release, and regrasping of the object was seen (compare .
Piaget, 1953, Obs. 52 ). On only one trial was a brisef

glance at the object given, and here fixation was doubtful.
There was no attempt to bring the hand and object to the

mouth,

(ii) oObject at Finger-tips. (6 trials). No response was

given on each trial given,

(iii) Object Visually Presented (8 trials). No response
was observed on sach trial and it was uncertain that the infant

was fixating the object presented.

(iv) oObject in Mouth (4 trials). The object was a small
2-inch diameter plastic disc. It was sucked lethargically
until lost from the mouth. No movement of the hand to either

mouth or object was noted.

Hand to Mouth

Success at the hand to mouth manoeuvre was considered
total when the infant could place part of his hand either on
the lips or in the buccal cavity of an already opened mouth,
from any position. This may be regarded as the complstion of
this action, but in reality it is but a single point on an
ever-flowing continuum of motor expertise. Bselow this point
were many movements which by a number of degrees failed to mest
the criteria set out above. And above it were behaviour
patterns, like grasping an object and taking the hand and the
oﬁject to the mouth, which formed yet higher order coordinations,
Be that as it may, success at hand to mouth activity under the
conditions stated forms a convenient point whither to lead
the discussion of this function. Moving the hand to the mouth
for sucking, without the benefit of a support was, during the
latter 3 days of the seventh week, very difficult for the
infant. Indeed, it is questionable whether he was capabls of

such a precise degree of coordination, except by chance. 1In
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14 observed hand to moUth-regioq movements, only three wers ,
successfully placed at ths mouth. The remainder contacted either
the face or the side of ths head, i.e. hand to hesad coordination
seems to have been present, but the fine contirol necessary for
placement at a particular spot was quite absent, the infant
several times almost losing an sye from his flying fingers,
Once in contact with the head region, the young creature
could bring hand to mouth by way of his face, and it was very
noticeable that this was done without ever once laosing .
contact with his face. For example, the hand would be
raised and hit the nose; from here it moved douwn, the bent
index finger eventually finding the mouth, which opened as
the finger touched the lips. Thus tactile input seems
important in informing the infant of the position of his
hand on his fece in relation to his mouth (though it may simply act as
a support).The conclusion that kinaesthetic input alone was
insufficient, at this point, to allow hand to mouth movements
is greatly strengthened by observations of the infant trying
to suck at his hand which was out of oral contact (13.9.73).
Cody was seen Pixating his hand (in a prone pesition), the
hand being approximately 5 cms. awsy, thumb pointing towards
his mouth, and making pouting and sucking wovements, as if
desirous of sucking the "object" yet ignorant of his ability
(or unable) to move same.

On the other hand, the addition of any form of tactile
feedback, (not nacessarily the reciprocal tactual input
deriving from hand-on-face contact) was sufficient to allow
successful placement of the hand. This was usually by

movement along some form of substrate (e.g., the floor of

the cot while the infant was prone, the clothing of the

"nuree" whilst being carried.). In seven observed hand to

mouth movements along a substrate, all were accomplished



with facility.

Presumably, on such occasions, along with kinaesthetic
information, tactile feedback will play an important
part in the "input" side of the successful movement. It
may be postulated, though it was not obsarved, that the
movement from face to mouth will be made with greater ease
before that of moving the hand an squal distance along a
substratum. 1In the former case, two "bits" of tactile
information are invalved (from facial pressure receptors
and from those located in the dermal layers of the hand),
whereas in the latter movement, only those of the hand will
be responsible for input. An alternative explanation is that
the infant, lacking the neuromuscular wherswithal to perform
the movement in the air, uses any object it can find to act
as a support (i.e. tactile information derived from the hand
on the support is of relatively minor importance in the
exacution of this movement). That visual input is negligibls
at this stage is evident from the fact that in the majority

of cases the eyes werse shut as the movement was performed.

Visual Regerd of the Hands

Except for the looking and sucking protocol described
above, this was not seen during the period of bassline

collection,

Vision

At most times the infant's regard of objects near to him was
very brief, his gaze lingering but shortly on the object. At
other times sye accommodation was marked and he fixated ons
object for long periods of time, e.g., blankets of cot, door,
myself, (12,9.73). It appeared that the infant focussed in one _
plane of vision (i.e. at one distsnce) and took account solely
of objJects in that plans. Etvidence for this falls into two
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categories:
i/ Blink reflex. At times the infant was hypersensitive, ’
startling when e.g. my hand, or his own, passed across his
line of sight, At other times, and within minutes of demon-
strating such hypersensitivity, a plastic object (2times), my fingers,
(3 times ) , and the hand of another person (1 time) brought
swiftly to within two inches of his face elicited no startling,
and no blink reflex. On one occasion, one minute after such
non-response, as my hand passed heedlessly across the cot, Cody
startled. The most probable sxplanation for such behaviour
is that, attending to objects only in his focussed plane, the
infant completely disreqarded other visual impressions. This
conclusion is supported by
ii/ Visual following. No visual following was evinced
on numerous occasions during the first day of obsservation.
Several objects were ignored as they were passsd across his
lins of vision within one to two feet of the infant's facs,
parallel to the ground. They might not have been there. The
following day, having swung a small woollen doll at 45° to his
line of vision and elicited head turning and regard of the
object, the doll was moved (approximately 18" from his face
and parallel to the floor) across his face. The infant followeq
with eye movements only (no head turning) and following was
saccadic, i.e. by a ssries of small jerks. Later, following
was at times unsuccessful, and at times successful., In these
latter instances, the infant had, just prior to the test,
focussed on the object,and each time following was saccadic.
That the infant followed only when the object was definitely
focussed on, speaks strongly for the hypothesis that the
objects ocutside his plane of focus were disregarded (ses
especially Bth week - visual following).
Directional looking at the source of a sound was not present
at this period of development. ,
Whilst in the prons and sitting positions, the infant was
observed té look round him, though fixation of any one object
was very rare, UWhen placed supine, his eyes and head ran
seemingly along the ceilings and walls, then fastened onto one
part (usually without any observable distinctive features) of

the visual scens,
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Summary

Reflex grasping is present in this period for both hand and
foot; ¢nh and Pv hooking movements psrformed only in upright
(carried position); Object in hand reflexly grasped, not
looked at with any degree of concentration; no evidence that
grasped object is carried to mouth and sucked; no evidence
that object sucked in mouth elicits hand to mouth or to the
sucked objsct; no response to visually presented object. Hand
to mouth: is possible on a substrate (clothes of nurse, floor
of cot); hand swings (probably uncoordinated) sometimes hit
face, once on can bring hand to mouth by maintaining tactile
contact with face; probable that the hand he looks at not yet
cognised as the object he sucks, - with this one exception, no
visual regard of the hands; accommodation of eyes to object
very rare, may be he looks at objects which are present at the
plane of focus he has accommodatad to at that time; blink
reflex not consistent; visual following inconsistaﬁt, when
evinced is saccadic., Probable that eyes follow edge of objects

in preference to centre.

EIGHTH WEEK (15.9,73 = 21.9.73)

Naturalistic Observation

Prone

Self-directed Movements: lnitiation of the clawing action

previously seen only when the infant was carried or prone began
in the cot on 16,9,73. The vertical upward and downward hooking
movements (upward ¢v and ¢n ) uwere also seen this day, the
infant continually "practising" these actions. Following these
movements, the same day (16.9.73) sses an expansion of the
horizontal hooking action similar to that seen in the baseline

data. With the infant in the prone position (u o es or in n.p.)

the hand mads ¢h movements along the floor of the cot, fig. 4.3.
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fig. 4.3

On the outward movement the fingers of the hand were open, and
with the inward (pulling in) motion they clasped~tightly in a
grasping movement. This is identical to the finger movements
prasent in the ¢v|novement, and its possible significancs will
be discussed later, (page 172). The 17.9.73 saw the first signs
of hand-clasping., In prone and uces, the hands were brought
together in mid-line and though not fully clasped, inter-
tuwining of the distal phalanges of left and right hands was

observed.

During the remaining days of the eighth wesk very little
in the way of advance on the previous bshaviour patterns was
noted, the infant being seemingly content to practise the

movements he already possessed many many times,

Object-directed movements: At this early stage of development

there were no object-directed movements., An object was simply
fortuitously struck, grasped, etc. 1In no way did the infant

give evidence of directing, or attempting to direct his hand(s)
towards an object he had fixated. The sole example of such
movements were towards the top wall of the cot whilst the infant
was prone. This occurred on .the fifth day when, while performing
¢vs in the air in prone, the hooking hand happened to come to
-rest on the top of the top wall of the cot., It rested there
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lightly and briefly and was then withdrawn. No grasping of

the structure was observed at this date. That the infant was
concernsd primarily with the movement per sa, and not with
grasping seems probable as on three occasions immediately
following this, an object was given into the hand performing

the hooking movements. Each time it was grasped momentarily,
then lost from the hand and the hooking actions began again

(on this date, during observation, no ‘less than 77 hooking
movements were seen in 1 minute 20 seconds.). Oneday later
(20.9.73), ¢v movements were again performed in the direction of
the top of the cot but, as the infant was farther down the cot
on this occasion, the hand simply scraped against the front
wall. Grasping of the top wall of the cot was not seen until
21,9.73 when, as he again performed ¢v movement towards the top
wall of the cot (the hand opening and closing as the action

was performed ss previously described) the hand hit, and grasped
the wall, Grasping was maintained for 4 seconds, the hand
removed and a little later replaced, though this time the hand

was fisted.

—

NS

J"-

Formal Testing

Object in hand: On 20,9.73 an object placed in the hand was
grasped reflexly. Of great interest is the fact that, immediately

preceding placement of the object, hand and arm had been engaged
in vigorous arm movements, With the object reflexly grasped,
however, arm maovement decreased to zero for the duration of the
infant's grasp of the object (4 trials, longest recorded grasp

1 minute 45 seconds), and as socon as the object was dropped (lost)
from the hand, arm movements recommenced at their former level

of activity. Thus, it dces seem that the infant has begunato
"attend to" thae navel:tactile. input from his hands, an important

step in achieving directed grasping (see discussion).

Object at finger-tips: Manual contact with an object (a pan -
S trials) did not produce opening and closing of the hand (15.9.73).
Object in mouth: there was no movement of the hand to the object
on each of 4 trisls., On T5 the hand went to the mouth and was
sucked independentiy.
Object at face: 5 trials, no attempts at grasping were observed

- (16.9.73).
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Hand to Mouth

By the end of the éighth week soms noteworthy advances in
hand to mouth coordination had been achieved, though deficienciss
were still much in evidencs,

Up to the 20.9.73 in the prone position, u o s, the infant
was sesn to bring his hand (free of support from the elbow) up
to the mouth area and to place his hand either in the mouth or
within 1 cm. of it, This action was not well coordinated, and
improvement of accuracy was inconsistent, ranging from one
successful hand to mouth movement in 4 observed attempts (25%
success rate) on 15.9.73,to 100% success rate (3 observed attempts)
on 18.9.73 « These latter were to the side of the mouth and
almost certainly chance successes as, the following day, only
2 out of 5 hand to mouth movements reached their target (success
rate 40%), ‘

At the beginning of the wesk (15.9.73), the mouth did not
open to receive the hand (sven on those occasions that the
hand was brought to the mouth along some substrats), only
opening after the hand had made tactile contact with the face,
and was moving down to the mouth., The 17.9.73 saw the first
observed "anticipatory" mouth-cpening: as the hand was 3 = 4 mm.
from the mouth (along the floor of the cot), the mouth opened in
a8 very tiny pout and the hand moved up to it. No anticipatory
mouth-opening was observed in unsupported hand to mouth

manos uvres,

There seems to have bseen several reasons for ths overall
increass in sfficacy of this particular movement, They fall

conveniently under three headings.

i/ Expansion of Pre-sxisting Behaviour Patterns. Expansion
is very evident in hand to mouth movements of the seventh week,
being manifested in the several types of "practising" these
movements from a "safe distance", UWhile prone in n.p., the inf;nt was
observed to bring his hand to his mouth from a very close
distance, approximately 2 mm. (17.9.73), The hand was then
removed from the mouth to a distance of approximately 2 mm., once
again, and the procedure repeated (along floor of cot). Later,

following an increased visual component (see increased visual
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awareness section below) the infant began pulling his hand
further and further from his mouth (approximately 50 mm. at
18.9.73, and approximately 75 mm. at 19.9.73) and then replacing
it. )

ii/ Increased Visual Awareness. At the same time as the
infant evidenced an increased intersst in motor control of the
arms (in the hand to mouth movement), a concomitant increased
visual interest was noted. Following the 15.9.73 "practice
from a safe distance" described in i/ above, on 16.9.73 Cody
began placing his hands 1 = 2 mm, in front of his eyes, opening
and closing the fingers of this hand, and then bringing the hand
up to, and rubbing it against, his eyes. Following this, the
hand was usually brought down the face to the mouth and sucked
briefly; Three days later, a very similar behaviour pattern was
sasn, but without the oral component, the hand being brought
before the eyes, at a distance of 5 cm. then to the face, which
was tactilely explored, the whole procedure being then repeated.
Two points are of interest: a/ The lack of sucking during these
movements, which suggests an interest in the tactile and
visual sensations in themselves. b/ The increase in distance
between hand and eye (5 cm. as compared to 2 mm., previously).
This demonstrates the increasing ability to control the hand
and bring it to the point desired (while supported). The day
following observation of this behaviour (20.9,73), a very long
visual/oral/tactile sequence was noted. From a hand in mouth
position (infant prone, n.p., head to ths right), the hand was
removed and the infant seemed ‘21 view it at face height. The
hand was then, (with the infant still observing svents) pulled
slowly away to a distance of approximately 8 cm. (hand still at
face height). At this distance the hand was opened and closed,
then brought to the face which it tactilely explored briefly.
The whole sequence was repeated the hand going then to the mouth.
where it was sucked. Following this (sucking lasted 4 seconds)
it was removed and held just touching the lips, then pulled
slouly away to a distance (at face height) of approximately 8 cm,
This hand=to-lips-and-pull-away sequence was repeated two times

more, the hand then being removed from the lips and the infant
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busying himself with some other behaviour., Later, a
further advance in coordination was noted: after opening
and closing the hand at 8 cm. distance from the face, the
hand was then pushed down into the mattress befors being

returned to the mouth.

Here we can see an increass in visual awareness, plus
an extension of the distance the hand may be removed from
the mouth and still returned "safsely". 1In addition, in
the last instance, thers is now the interpolation of a
previously discrete behaviour pattsrn (pushing the hand
into the mattress), Further, the time of the complete
sequsence has slongated (i.s. more repetitions) indicating
a tendency for the infant to "concentrate" or attend to

the action he is performing.

Along with this increase in visual awareness and
interest in the hands, and the greater coordination of
hand to mouth, there came a decrease in the number of
startle reaction given when, in the course of his many ¢v
and §y, his hand came from outside the visual field into it.
On 15.9.73 and 16,9,73, there was much startling, after

which this behaviour decreased,

iii/ Increased Tactile Exploration of the Face, This

has already been alluded to briefly in section ii/. D;
certain occasions it appeared that Cody had no interest

in getting hand to moufh, what was of interest was putting
his hand on, and clawing it down, his face., Such behaviour
was seen several times during the eighth week, e.q. 15.9.73,
when only once in ten hand to face movements Qas the

hand brought to the mouth, and sven then sucking -was

cursory.
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Vision

Visual activity in the eighth week becomes much less
diffuse, objects are looked at much more by the end of this
period, and the infant concentrated more on objects of novelty.
This increased looking around him at objects in the room was
sesn on every day of the wesk from 15.9.73 ( 7 w, 1 d ) the
infant being in the u o es position for a good part of his
walking hours, and looking round him at top wall of the cot,
sides of the cot, into the workroom, at the observer, at the
ceiling, etc., (see also next paragraph). Interest in novel
stimuli manifested itself on numerous occasions, most notably
on 15,9.73, when, carrying the infant into a (for him) new
room, resulted in noticeable quisting, and much looking round,
giving every impression of fascination at the new views opened
up to him. Two days later the infant showed intent regard of
both a novel yellow rectangle and a new blue equilateral
triangle (dimensions 6" x &', and 6", respectively) when they
were placed in his line of vision. The day following (18,9.73)
Cody stared for approximately 30 seconds at each of four novel
objects presented to him. This was the longest time spent on
prolonged observation yet seen, The 19.9.73 saw a decrease in
activity and much looking in response to two novel plastic discs.
Dccasionally, observation of some object seemed to elicit fear
(eyes open widely, skin of forshead tightens across skull,
seysbrows raised, and pulling away) as when, 19.9,73, in hanging
from my hands by his hands, the infant turned his head to the
left as if to suck his hand. Seeing his hand, plus my hand and
a bright red pencil produced the "fear reaction" described above,
and the infant withdrew his head,

Coordination of head movement and vision, body movement and
vision, and head and body movement and vision are much improved
by the end of the eighth week. As in the seventh week, head turning
and fixation to view an object outside the line of vision was
observed, fhough fixation in the eighth week was longer duration,
Thus, there was much looking round from a variety of new positions;
u o es, up on one hand arm straightened and hand fisted, ditto
with hand open, palm down, u o hs. At 7 w 5d (19.9.73) the
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the infant was observed raising himself high u o es, and
looking over the top of the wall of the cot, then lowering
himself down. The movement was repeated four times, 0On
15.9.73, the infant, after feeding, instead of clinging
tightly to the chest of ths attendant, leant slowly backwards
a considerable distance (out and away from the chest) all

the time looking at various aspects of the wall, One déy later
an identical behaviour pattern was seen, but only one part of
the wall was looked at as the movement backwards and forwards
occurred, Alteration of wvisual input, and especially changes
in perspective may be postulated for this bsehaviour. Jerking
of the head was also observed (16,9.73) while watching the
ceiling, The infant's head several times fell slightly and
would then be jerked back up to its original position, Slight
autogenous bodily movements were also seen to be compensated
for during this period. As well as compsnsating for his own
movements, the/infant appsared aware of his position in space
to the extent that he could compensate for exagenous movements,

For example, while carrying the infant, he fixated a uhite

shelf attached to the wall in the warkroom, As I turned 180°

to the left the infant appeared to attempt to compensate for
this movement, so that as the turn was completed, hes was once
efain looking at the shelf.

When fixating an object, observation of eys movements
suggested that the infant looked primarily at the edges of the
object presented, and mainly at thes top and sides (the observer
positioned himself behind the object, which was held approximately
two fest in front of thé infant's face, Alternate looking was
seen but once during this week, Cody fixating my hand (B seconds),

then my face (2 seconds), then. my hand once again (8 seconds).

The infant was becoming more visually aware during the eighth
week as when, in prons, he was observed to look at his hand; for
the first time ths gaze was noted to travel from his hand up his

arm to a8 level just before the elbow.

Vision and Hearing: Throughout the week the production of a noise

elicited ons of two reactions = either quieting and a descreass in
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activity, or a atartle reaction, Looking in the direction of
the sound was not observed (tested 15 - 19,9.73),

Visual Following: Following was tested on all days of this period

axcept the last, and each time it was found to be saccadic, the
infant being capable of following for at least 170°, The response
was identical with a large number of objects passed across his

line of sight (twiddling fingers, books, my hand, etc.). By the
end of the week the infant appeared to actively focus much more
upon objects that moved and there was thus less looking in one
plane of focus and "screening gut" of other visual imporessions,
That focusing in one plane of vision was the case in the soventh
week, as postulated above, is confirmed by an intervention at

7w 1d (15.9.73). The infant was seated on the observer's lap,
vatching his face which was approximately three feset distant

from the infant's eyes., No following of a pencil passed across

his line of vision, approximately one foot from his face, was
recorded, the infant continuing to stare at the observer‘s face,
However, when the pencil was moved accross his line of vision at
thres feet distant, i.e. the levsl at which the infant was focussed,
he followed the movement with his eyes, and following was saccadic.
Later the same day, the infant failed to follow at three fest, when
he was sesmingly focussed on a wall junction nine feet away, yet
when the object was passed at spproximately nins feet, following

occurred and was saccadic,

Visual regard of the hands during hand to mouth procedures has
already been described (see Hand to Mouth section). With regard
to viewing the hands during d’{,’ and ¢h hooking movements, though
this was not seen with any degree of certainty, it is considered
quite a likely occurrence as many were performed directly befors
his face., Howsver, coordination was extremely poor and although
(without suggesting intentionality) the infant no doubt "ordered"
the hand and arm movements, it seems he was not yet able to predict
their approach, or their direction, as he often "startled" as a
hand came into the visual field. This latter also speaks for some
sort of visual recognition of the ¢ movement., Watching the hand

as it moved from the mouth was observed (see Hand to Mouth Section).
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Finally, people seemed to be ohserved for much longer periods

than objects, 8.9. the Head Keepsr as he moved about the room,

Summary

Prone, general: ¢v , On and clawing movements performed when
carried and in cot; practice of movement, not grasping of the
object sesms important: hits and once grasps top of wall of cot,
Object in hand: grasps reflexly (up to 1 min. 45 secs) and great
decrease in arm—activity at the same time.

Object at finger tips: No searching for touched object was

observed in 5 trials (15.9,73 ).

Hand to mouth: not well coordinated when hand free from elbow;
anticipatory mouth opening begins 17.9.73 (only in the fully

supported movement, along floor of cot). Increase in hand to

mouth efficacy probably dus to (i) Expansion of pre-existing

behaviour patterns, notably strateqy of "practice from a safe
distance"; (ii) Increased visual awareness of hands. (iii) Increased
tactile exploration. More interest in tactile exploration than

sucking of hands on occasions.

Supine (placed so by observer) uncoordinated hand movements

end mouth movements, hands never to facs.

Vision. Less diffuse, looks to objects, especially novel abjects
(latter for greater periods), decrease in activity at same time;
occasionally disconcerted by particular objects; coordination of
head movements with vision, body movements with vision, and head

and body movements with vision are much improved; looking round

in u o es posture etc., looking over wall of cot four times; leaning
backward when sitting, looking at wall. Compensation for head drop,
body movements and for exogenous movements,

Fixation: Looks primarily at edges of objects, and mainly

at the top and sides; alternate looking seen but once; looks

from hand he sucking all way up arm to just below elbouw.

Visual Following: Saccadic. By end of week active focus on moving
objects at different distances, i.e. less focusing in one plane

of vision only. ¢v and ¢ﬁ arm movements probably seen, as he
startles with soms. People looked at for longer periods than

ob jects.,
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NINTH WEEK
Prone

Self-Directed Movements: These consisted of many repetitions of

the ¢v' and ¢h actions (before the infant's face) as seen in Week 8,
One expansion of bshaviour was the simultansous parformance of ¢h
actions along the floor of the cot by both hands 22.,9.73.

Object-Directed Movemsnts: As in the eighth week there is no

definite directed behaviour towards discrete objects. 1t was with
solid structures, the side walls and the top wall of the cot, that
most grasping progress was made during the eighth week. Grasping
of the top wall of the cot had been achisved during the eighth
week. Howsver, its frequency of occurrence greatly increased
during the ninth, being seen, for example, six times concurrently
during 23.9.73; here the infant was observed to look at his right
hand three times as it maintained its grasp on the top wall, to
grasp, relax and ragrasp up to eight times during one grasping
‘'avent, and to retain his hold on the wall for up to 43 seconds.
Later the same week (26.9.73) hand grasping the ipsilateral cot
wall (e.g. right hand grasp right side wall of cot) was observed.
On occasion the hand was mersly rested on the top of the wall and
not grasped. Coordination of "hand grasping top wall of cot" with
other behaviour patterns was also seen 26.9.73, with Cody
grasping this area with his right hand, and upon release stroking

his chin before his head was lowsered and the hand sucked,

Sitting/Carrisd Self-Directsd Movements: Apart from the ubiguitous

® movements which were seen whensver this posture was attained,
se)lf=-directed actions are primarily concerned with hand to mouth

actions.

Object-Directed Movemants: During this week the infant was in a

sitting/carried position only when taken from cot to feeding chair,
and ‘consequently had no opportunity to direct any arm movements

towards objects,

Formal Testing

Object in Hand, (22.9.73 - 5 trials)ﬁ As for the baseline data, simple

rafléx grasping and dropping waes observed., On onse trial, reflex grasping

lasted 49 seconds, and on another, relaxation and regrasping with one digit
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was seen, There was no looking at the grasped abject.

Object in Mouth (22,9.73 = B trials): The object was sucked, but

no hand to mouth or hand to object was observed on any trial,

Object at Finger-tips (27.9.73 - 6 trials): There was no attempt at

"'searching" following contact of the object with the finger-tips.

Ob ject Visually Presented (24. & 27.9.73 - 22 trials): 1In supine

(24,9,73 - 8 trials) the presented objscts (three) produced only a
cessation of activity, mouthing movements and intense visual regard.

No arm movements were elicited. In prone (24,9.73 - 6 and B trials
respectively) ¢y movements were seen in the gsneral direction of the
object, following fixation and mouthing movements. Intentional direction
of the hand is not thought to have occurred, merely that the object was
held in a position corresponding to the infant's usual arm movements,

It may be that the sight of the object in some way "provoked" the schema
for making ¢ actions without the infant intending to make contact with
object., Indeed, on 28,9,73 Cody was seen to make a ¢v- action and to
pull in approximately 4 cm, an object on the floor of the cot. Despite
this, he made no attempt to grasp the object., However, later in develop-
ment, when contact is made by such chance movements, it is to be expected
that the infant will attempt to replicate (by reproductory assimilation)

this interesting occurrence.

Hand to Mouth

Movements under this heading can once again be classified into three
sactions. Advances are notably in coordination of the previous week's
behaviour patterns with other motor functions, and especially those
associated with posture, A greater degree of accuracy in hand to mouth
abitity was noted in u o es and in sitting postures. At the bzginning
of this period, on 22,9.73 (Bw 1ld), not one in six attempts while
sitting hit the mouth though all struck within 2 cm, of it. Typiecally,
there was a very short pause, then the hand was moved, always against
the skin, to the mouth, Hand-observation (which continued during this
week, the infant looking at his hands in the u o es pasition) may have
rasuléed, in the latter part of this week, in the infant's ability to
(a) place his hand very near to, and occasionally straight in his
mouth while prone, and (b) within 1 - 2 mm. of his mouth when sitting
supported. The mouth opened to receive the hand to a widsr degree than

the tiny pout seen previously.
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Expansion and Coordination of Pre-existing Behaviour Patterns: The infant
had by this time developed several variations of the postures present
when observation first began. These were now coordinated with the hand

to mouth, tactile and visual patterns previously described for Week 8.

While in a prone u o es position (23,9.73) the infant made ¢v movenents
at the top wall of the cot, immediately following which ths arm and hand
were moved along the floor of the cot directly to the infant's mouth,
Ouring the Pifth day of the ninth week, the infant scratched the right
side of the cot with a downward circular movement of his right hand,
immediately after which his hand went to his mouth. One day later
(26.9,73) the circular movement was performed on the floor of the cot,
then hand to mouth and sucked. That same day the arm was moved so that
his hand extended to the corner of the cot, following which it was pulled

back along floor of cot to his mouth.

In the prone, u o es, position we have fairly detailed data as to ths
probable path to development of hand to mouth ability. At 23.9,73 the
infant was observed to assume an up on one hand posture
the other arm being held bent at the elbow, palm facing face, fingers
extended, directly below the face, fig.4.4. X
The infant regarded the hand with

open syes and sucking movements

of his lips. It was hard to avoid fig.4.4
the conclusion that hand-sucking
was being attempted, but that the
infant did not yet have sufficient -
~ coordinative ability to bring his hand to the mouth in this new posturs,

The hand opened and closed several times, Cody frowned and then brought

his head down to, and sucked, the right hand. The hand to mouth movement

is therefore not possible at this stage, though it is noteworthy that

head to hand coordination is at a higher level of integration (Gessel,1948).
One day later the same posture was assumed, This time the infant brought

" hand to chin and stroked the chin 11 times at varying rates. Though no
hand sucking was observed, the two movements were comparable, requiring
only the lowering of the head to suck the hand. (Whilst this behaviour
pattern can also be classified under tactile stimulation, it should not

be forgotten that these divisions are arbitrary and that in the develop-
ment of the infant all movements, etc. act in concert). Thus, bringing

the hand to the chin to stroke would furnish tactile and kinaesthetic

feedback information to allow learning of tha pathway up to the facs,
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This seems confirmed somewhat by an observation made the following

day. From the same posture the right hand was brought, waveringly,

but very near, to the mouth. Chin stroking followed by hand to mouth
was seen the same day. In certain cases opening and closing of the hand

was sesn while the hand was sucked.

Increased Visual Awareness of the Hands: As with the other sections,
increase in visual interest is bound inextricably with visual intersest

in the hands in a variety of positions, (unlike the sighth week when these

were almost totally confined to a n.p. position). Thus, at 24,9.73

the infant, in an u o es posture, leant to his left and looked at, and
opsned and closed the right hand three times. The next day the hand

was raised to the forehead, then moved out slightly and held, with
slight finger movement, for three seconds while Cody looked at-it, after
which it was sucked. This behaviour is reminiscent of the eighth wask
(p. 121 ), except that it was then performed in n.p. with the hand moving
along the substratum, and here it is performed in the ﬁir (N.B. with the
elbow resting on the ground). Later, the hand was raised in u o es
posture so that it merely touched the mouth. The hand was then removed,
looked at and brought to the mouth, though no sucking occurred. On
26.,9.73 the hand was three times brought to face height in this position

(u o es) and looked at.

Tectile Exploration of the Face: These motor movements are characterisad
by en absence of hand sucking once the hand has found the facs. The
primary interest would appear to be in the tactile stimulation (probably
reciprocal) of the hand on the face. While in the u o es posture, the
movement was typidally an upward §y, hitting the face and then clawing
down over it (seen on 22, 23 and 26.9.73, the hand being sucked very
briefly on 5 of 23 movements). Variations during the ninth wesk includeds:
hand to face and held relatively stationary, the fingers drumming on the
face (ssen 23 and 25.9.73); right hand on upper face, opsning and closing
hand and grasping hair of head occasionally (25.9.73); right hand at face
level, and left there, fingers and thumb moving slightly on face (25.9.73);
sucks open palm, fingers playing on nose and eyes (25.9.73); left hand

to face and scrape face up hand (note order) (26.9.73), Although

tactile input is very probably the main feedback stimulation hers,

visual feedback may also play an important (though subordinate) part.
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Vision

As in the sighth week there is much u o es and looking round.
-Objects seem to be scrutinised more closely, as when (25.9.73) Cody
was seen to follow the vertical beam of a door upwards with head and
eyes, before reversing this action., On 22.9,73, while sitting-supine
on the experimenter's lap, the infant's eyes were observed to "rova"
around the ceiling, eventually "locking on" to one area., After several
seconds, "roving" recommenced. The "roving"/staring cycle was repeated
many times,

Visual regard of the hand (and finger movement) was a favourits
"pastime™ of the infant, being observed sach day. On one occasion
(24,9.73) the infant coordinated finger twiddling with hand sucking,
performing the former immediately after bringing his hand to his mouth,
Holding the hand stationary in the air for visual scrutiny (sometimes
with finger movement) was also seen (25 and 26.9,73). On the last day
of the ninth week, Cody finally achieved visual following of his hand.
While sitting, the infant was seen to position his hand above his face,
fixate it, and to follow its movement as the hand was brought to his
body., The importance of this action in the development of visually

directed grasping has already been alluded to in the introduction.

Brief visual regard of the experimenter's face was noted when in
a sitting position (25.9.73).

Visual Following

This was saccadic during the six days that testing was given,
Occasionally, a "smooth patch™ in the infant's eye movement was observed,
(notably 23.9,73), and on one occasion (24.9.73), following was accomplished
partly by head turning., In addition to horizontal following, vertical

following was also saccadic.

Audition-Vision ]

The infaﬁt observed his hand while audibly scratching his mattress
(24.9.73). uwhether such behaviour aids tha infant in becoming aware
that actions.produce a noise, and that noise emanates from a certain
direction is conjectural. However, observations that day do suggest that
the infant has some nascent idea of looking for a sound, Thus, when a
no;se was made outside, Cody ceased sucking his hand, went u o es, and

looked into the next room., Direction of looking was not appropriate,
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but the behaviour may indicate that the infant "knows" that if he scans
his surroundings after novel auditory input, he may see something of
interest, Appropriate directional looking may have bean achieved 27.9.73
when (4 triels) the infant turned to view the experimenter after he had
produced a noise. Howsevser, the experimenter did not change his position
on these triels, so ths qusstion still remains open to speculation in

this week,

Summary

Prone: §;, and ¢, action in air and on floor of cot; both hands ¢ simultan-
eously on occasion. Grasping of top cot wall increases, maximum hold 43s.
Grasps ipsilateral cot wsll.

Supine: no arm movements,

Sitting/Carried: ¢ actions in air.

Object in hand: gqrasps reflexly; relaxation/regrasping with one digit seen.
Dbject in mouth: sucked, no hand to mouth or object.

Object at fingers: no searching behaviour.

Object visually presented: Supine: cessation of activity, mouthing move-
ments, intent visual regard. Prone: mouthing movements, intent visual
regard and indirected ¢ actions.

Hand*to mouth: hand strikes within 2mm. of mouth in sitting/uces position,
coordination of hand to mouth along floor of cot with other behaviour patterns.
Vision: Increased visual interest in hands in a varisty of position. Much
more looking round at objects and surroundings. Visual following of hand
achisved,

Visual following: horizontal: saccadic, with occasional smooth patch.
Vertical: saccadic.

Audition Vision: Directional looking not achieved, does look in all

directions at sound of loud noise,

TENTH WEEK
Naturalistic Observation

Prone.

Self-~directed Moveﬁenta: ¢N' and¢h actions in the air were common

during the tenth wesk.

Db ject-directed flovements: Hooking movements in prone became better co-

ordinated in this week. Directed grasping of objscts was not seen, but
29.9.73 saw the infant pull in an aobject his hand had fortuitously hooked
over while performing the ® movement (4 times). Hooking was seen in the
sir, @s well as over wall of cot and top wall of cot (with brief grasp) on
29.9;73, 1,10.73, Additionally,¢b down the side of a wall of the cot

(17 times) was observed 30.9.73) and down the hood of the cot (9 times) on

4.10,73., The 29,9,73 observation deserves more detailed study.
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Having grasped the left side of the cot with his left hand, the
infant was observed to move his hand

from A to B (fig.4.5) looking towards

the hand as it appeared in his field

fig.
of vision, and following it as it 4 :
moved, )
Sitting/Carried

Self-directed Movements: Hooking movements wers also obssrved on

30,9,73, 2,10.73 and 4,10,73, while the infant was carried upright or

sitting.

Ob joct-directed Movements: More actions were -directed towards ob jects

(albeit in a very general way) than in previous weeks, Thus, on 2,10.73,
while in a pram, the infant grasped the blanket and pulled it up quickly
and seemingly unintentionally, hitting the blanket against his face,

When carried to a food-box on the wall, Cody made 14 ¢v in its general
direction, sometimes staring at it, sometimes looking away. Identical
behaviour was seen when carried to e wire cage (3.10.73). On this
occasion the infant was carried closer and his hooking hand hit and
rubbed against the wire making audible sound. The infant revealed his
attention to this by a complete cessation of activity and by looking
fixedly at the spot he had struck. "~ Two more ¢v followed quickly, as if
the infant were trying to repsat this interesting spectacle. The 4.10.73

saw similar behaviour,
Supins

The process by which the infant turned from prone to supine is

dascribed in the Motor Development section.

Self-directed Movements: The ubiquitous ¢v and ¢h actions were immediately

forthcoming in this new position, However, a new bshaviour pattern was
quickly apparent, and was performed so repetitiously that it was given

the symbol A, Typically A performance was as follows:
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Initislly the movement corresponded to a simple hooking action (¢h)
over the face region while in supind. The hand was arrested at the
zenith of the motion and looked at for approximately 2 seconds, after
which it was pulled down to ths mouth. This was first seen on
30.,9,73. The infant was interested in performing the movement for
its oun sake as svidenced by (a) my hand in his mouth produced no
cessation of the A behaviour pattern, nor was my hand sucked; (b) same
response when his hand placed in his mouth = it was immediately
retracted and the A movement repeated. Later this same day the
pattern was elaborated, the hend being brought down to the sids of
the face and not to the mouth.

In one 3-minutessction of observation 20 A movements wers
recorded, and immediately following this 10 more were performad
with the left hand.

The following day (1.10,73) the A behaviour pattern had achieved
its characteristic mode of action (fig.4.6). The right hand was
brought up to its fullest extension, the hand hooked (fig.4:6a), and
looked at as it was brought down the fingsrs clenched into a fist
(fig.4.6b), the movement ending with the fisted hand located bstween
the eyes touching the nose (fig.4,.6c) from whence it was brought down
to the mouth.

The 1.,10.73 saw a further new behsviour, possibly related to
the A pattern. After playing at striking a rattle string stretched
across the cot the infent held up his right hand as in fig.4.6a. The
left hand assumed a similar posture and the hands then claéped briefly,
after which they were brought down to the face and thse left hand

"sucked. Similar behaviaur (hand clasping) was also seen on 2,10.,73,

.Object-directed Movements: Rattle String: A string of six spherical ’

rattles of blus, red, and yellow had been positioned across the cot
approximately seight inches from tha top wall of the cot on several
occasions while the infant was prone. No attention had been given to this
object but the new position (supine) virtually impelled the infant to take
note, as the string extended across the cot only three inches above his
chest at approximately the level of his xiphisternum, and was therefore

easily within his visual field. And, indeed, along with the walls of
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the cot, ths rattle string was very quickly assimilated into the
infant's bshavioural repertoire. The performance of simple ¢vs was
sufficient to strike the rattle sfring and he repeated this movement
again and again (25 times in 2 minutes) on 1.10.73. As with the
hooking movements to the top of the cot Cody occasionally grasped
one of the balls of the rattle string. Alternate striking of ths

balls with both hands was also noted. Having hooked a hand over
the rattle string and grasped a ball, the infant (keeping his hand
in virtually the same position all the time) opened and regrasped
the bell six times (compare holding object in hand tests) finally
ending this sequence with an A behaviour pattern. That same day
(1.10.73) the infant moved the rattle~balls by pushing at them with
fisted hand, the rattle string producing a noise as the hand slid

past,

As well as interacting with the rattle string by @v. movemaents,
upward ¢u were also employed, and this led to the first recorded
pulling down of the rattle string in an apparent attempt to suck
the (otherwise out-of-oral-contact) balls. The infant watched the
ball throughout this action, the mouth opening as his hand pulled
down hard on the object. Unfortunately, the hand grasping the ball
slipped and the string sprang beck to its original position, This
same behaviour was seen 3.10.73 and the first successful grasping and
pulling down to the mouth for sucking observed 4,10.73 (this is
consistent with greater degree of arm control (see below). A
less demanding but equally efficient method of attaining the same
end was discovered at this time, and consisted of placing the arm
(following an upuara §y ) over the top of the cot and pulling down
to mouth, _

A bshaviour pattsrn having a probable similar function to that seen
with the object in the hand (page 127 other details) was evident on
the 3.10.73 when the infant, after a } movement, grasped one of the
balls and then releassd the ball and regrasped it, repeating the
manoeuvre three times., Identical behaviour then occurred with the
other hand. The same day Cody grasped at the rattle string with

both hands, while watching his movements intently.

The 4,10,73 saw an advance of great importance. The infant, supine
in the cot, had the rattle string (removed during the night) replaced

in its usual position, Cody fixated the object and moved his arm upwards,
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much more slowly than on prior occasions, and gently touched the
rattle string, following this with ; hand to mouth movement. The
action was repeated, with very intent visual regard. Later the infant
raised his right band and touched the object on three successive

occasions, this time with the back of his hand,

Another variation in hooking at the rattle string was plucking. This
began on 2,10.73, the infant raising his arm vertically, the hand slightly
hooked, so that it was positioned just above the rattle string, it was
then retracted, the finger-tips pulling at one of the rattle-balls as
they passed (and producing a noise). The 4,10.73 saw what may be
termed "true plucking". As might be supposed with the ensuing increase
of fine control, this was a slightly more sophisticated movement,
the rattle-bsll baing lightly grasped and the hand pulled down so that
the object slid through the fingers,

Whilst supine,; the objects that vied most strongly with ths rattle
string for the infant's attention were the cot wall and a suspsended

collar,

Cody spent approximately as much time "practising" his arm movements
on the two side walls of the cot as he did on the rattle string. Supine
arm activity directed towards the cot walls began one day later than that
towards the rattle string (former on 2,10,73). It beban with rubbing the
ipsilateral wall of cot and progressed to a simple hand over the
side of the cot, the movement being very
similar to a §y directed laterally
(see fig.4.7 ). Later, this behaviour was / fig.
combined alternately with arm=waving. 4.7
Later a bshaviour pattern.similar to

"grasping the rattle string and

pulling down" (p. 135 ) was observed,
the infant hooking his hand over the wall of the cot (¢v, not upward
as for rattle string) and pulling strongly enough to cause the wall
of the cot to bend inwards. Two days later (4.10.73) the infant
appearsd to practise grasping by a novel method, “After grasping, he
would continually change the number of digits which he held over the
gids of the cot, holding on first by one digit, then two, then one,
then three, etc.
When rattle string removed, the infant spent three-minutes waving his

hand in air,( Compare Laurent waving his hand in air after the

the matchbox he was holding was lost - Piaget, 1955 ),
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As well as grasping at the side of the cot, during the final day
of this period (4.10,73) the infant stretched his hand above his head
towards the top wall of the cot, as if trying to reach this structure.

The attempt was unsuccessful,

This young Orang-utan's great interest in objects was further
attested to by his behaviour with a large leather dog-collar (diameter 18 cm.,
width 1,5 cm., thickness 0,3 cm.) hung up on 2,10.73 at a height of
8 = 10 cm. from the infant's face at en approximate level of his sternum.
The infant's first reaction to this stimulus was not seen for 1.5 minutes,
the infant spending this time with arm and leg movements, until he
fortuitously hit the collar., The collar was watched as it swung, the
infant making slight mouth movements. The left hand was sucked briéfly,
waved in the air and brought down to the face., The collar was then

hit with a ¢h , then grasped in the same manner, and immediately released

the left hand grasping the side of the cot. From here the left hand

(the infant watching all the time) slowly touched the object tuwice,

then the hand was lowered., Following this thers were 6 ¢v s 4 of which
hit the coliar., Later, 13 ¢v were directed towards the collar sometimes
with eyes open and looking at the object, sometimes not. Ffor the next

16 minutes the greater proportion of his actions were ¢v toward the collar.

This same day, (2.10.73) grasping of the collar was achieved though
this was probably the result of a normal ¢v and therefore fortuitous.
Once grasped, the infant displayed the same differential release of
fingers as seen with the sids of the cot on 4,10,73. The following
day, after several ¢v towards the object, Cody finally grasped the collar
with his right hand.

Formal Testing

Object in Hand (4.10.73 - 7 trials): Reflex grasping occurrsd on

each occasion. No looking to hand or object was observed and on only
one occasion was the hand and object taken to the mouth. The hand, and

not the object was sucked.,

Object in Mouth (4,10.73 ~ 8 trials): The object was sucked, but on

only one trial was a hand to mouth action observed. Even here, the hand

was sucked quite independently of the object,

Object at Finger Tips (4,10.73 - S trials): There were no attempts at

"searching" or "groping" for an object touched against the fingers on
8ll 5 trials, '
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Object Visually Presented (5.10,73 ~ B8 trials): ¢v and §h actions were

performed towards the two objects ptresented. No_touching was seen as

was the case for Naturalistic Observation.

Hand to Mouth

Expansion and Coordination of Pre-existing Behaviour Patterns: Coordination
of the hand to mouth movemsnts with other behaviour patterns continued,
and by the end of the tenth week, in all positions the infant was seén
to assume, hand to mouth efficiency was very close to optimum, i.e. the
hand, if not going directly to the mouth, hit the lips not more than

3 - 4 mm, from it. Thus, on 29.9,73 the infant was seen to place

his hand perfectly both in prone, n.p. (hand along floor of cot) and

in v o es, This latter posture was observed from a very close range
(less than 3 feet). On sach of four occasions the finger~tips struck
Jjust below the mouth, then both head and lower lip moved slightly doun,
the mouth opened wider, and the hand slid into the mouth, One day
later (30.9.73) hand to mouth behaviour whilst sitting was also obsarved
several times and recorded as "if not in, then very close (3 - 4 mm,)",
However, as might be expected, hand to mouth behaviour in the newly
acquired supine position was less efficient during the beginning of the
week.

Visual Interest in the Hands: Visual intersst vas less marked during
this week, being now a component (i.e. coordinated with other movements
of various superordinate behaviours, s.g. the A behaviour pattern

(see general Grasping section and bslow). Visual interest in the nanas
was sean only four times in the six days!observation of this perioa,

on 29.9.73 (looks to hand and twiddles fingers); 30.9.73 (right open
hand held in front of face in supine position); and 4.10,73 (left hand

waved over eyes, and fisted left hand passed across face several times).

The A pattern described in general Grasping section was soon expanded
into A and hand to mouth, though only with difficulty. This movement
was perfected the following day (1.10.73) and became very stereotyped,
(see general Grasping, fig.4.6). The A "schema" was axpanded the same
day with the hand (from its fully extended position) moving first to
the left and then to the right side of the chin, then to the mouth and
briefly sucked, after which it was moved up the face to the eyes (without
another A_) and finally down to the mouth. Another A expansion was
pulling the hand down, not to the face but to the chest, 2.10.73 sau
lots of A and down to the mouth, and thres further axéénsion/coordination

patterns, beginning with a simultaneous A movement with both arms and an
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A movement with both hands and clasping the hands while extended,
the hands being then brought doun and held above the eyes., Following
the beginning of an A movement, a grasping of the side of the cot

pattern was interpolated after which the hand was brought doun to the

mouth.

Tactile Exploration of the Face: As wsll as the visual component

Cody used the A behaviour pattern with a tactile component added (and
oral portion omitted) on 3.10.73 performing the A action and screwing
his hand into nose, eyes and cheek, after the downward retraction of

his arm,

Other tactile procerures were in evidence, with several variations.
Thus,29.9.73, the infant was observed in prone holding his hand against -
his face (eyes closed) the fingers resting on the nose and eyes, and

drumming the finger-tips around this region. Two days later, in supine,

the hand was taken to the top of the head and pulled down over the whole
of the face to the chin or neck (fig.4.8).

‘

The 2.10.73 saw the hand clawed in a similar fashion down to the mouth,

which was open to receive it,

There is much morelooking at the infant's own actions during this
period, both when the action is performed in vacuo and when it is object-

directed.

Self-directed Looking: As well as looking at his moving fingers, on more

than 50% of the ¢v performed in the air, the infant looked at his hand

as it reached the fullest extension of the movement. This was also
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true of the A behaviour patters (see above). Although it was
difficult to observe, the fact that hand-waving was performed near
to, or directly above tha eyes (2. and 4,10.73) makes it very possible

that such hand movement was also visually monitored.

Object-directed Looking: These centred mainly, but not exclusively,

on the rattle string, On the 1.10,73 the infant began to watch his
hand as it contacted the rattle string. Observation was accompanied
by a startle reaction each time the hand hit the rattle string and it
produced a noise. Watching was by no means consistent, 2.,10,73 sauw
similar behaviour., 1In addition, after striking blindly at the rattle
string the infant rested his hand upon it and brought the hand to a
point above his head, where he stared at his limb for several seconds.
The 4,10,73 also saw Cody watching his hand and object as he interacted
with the rattle string by grasping, touching and plucking. On one
'occasion, the infant hit the rattle string two times (¢v) then paused
and watched its movements very intently. Later, after plucking the

rattle string, he watched the balls as they vibrated.

An interest in the object pger se, bsefore hand-action was initiated,
was also noted in the final day of the tenth week. The rattle string
(removed for the night) was replaced across the cot. Cody fixated the
object and looked along its whole length three times in succession -
following which the right hand activated and the rattle string was touched.
Other objects were also acted upon and loocked at simultaneously, as when
Cody, after having grasped a keeper's hand, pulled his hand with the
"object" up towards his face to a distance of approximately 7 cm.,
suddenly checking this movement towards his face and studying the hand
with great concentration. Also looked at was the action of his hand
striking the cot wall (4.10.73), and, of great interest because of its
relation to hand control, observing his hand when, with one finger held
over the top of thé cot, Cody attempted to move more of his fingers
over the top of the cot. So intent was he that I was able to move in
to within three feet of the infant, and could observe that his gaze

was absolutely concentrated on the hand attempting this manoeuvre.

In eddition to watching his own movements and their results, the
young Orang was fascinated by novel visual stimulation and changes in
his visual field. He seemed (as in the prior week) to once more
actively seek such changes in going u o es and looking round at walls,
ceiling, door, me, top of cot, etc. (29.9.73, 30.5.73). 3.10.73 sauw
cases of multiplse looking at various objects. To a greater degree

movements of the trunk and limbs helped these attempts to discover
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novel visual input (u o left arm and leg and looking down left wall
of cot towards bottom of cot, 2J.9.73; falling almost backwards while

sitting in a very intent attempt to follow a door stanchion.

Henging ob jects were also scrutinised, e.g. a rotating rattle-ball
for 7 seconds (1.10,73), collar when first hung up on 2, and 3.10.73.

Cody also often scrutinised the string from which the object was suspended.

A very obvious cessation in movement was present whenever the infant
was carried about, and his eye movement attested to the interest taken in
specific objects seen during this time. Thus, 30.9.73, when carried to
the workroom, the infant serutinised a hanging Parka, a kettle, his bottle
and various other paraphenalia., On 2.10.73 the window, scales on the
floor, wooden laminate, hanging coverall, all were avidly assimilated into
his pattern of looking. The 3,10.73 and 4,10.73 showed similar behaviour,
Cody one time watching an electric light and changing the position of
his head to maintain fixation as he was carried away. Visual interest
was also seen when the infant was moved about in his small pram (30.9.73
and 1.10.73).

Visual interest in the face became very evident during the tenth week.
Beginning 30.9.73 the infant was observed to look at my face three times
while being carried, The day following he stared for long periods at my
face from the pram, and on 2,10.73 while sitting. On this day too, whils
carried, he looked to my face and bobbed his head up and down several
times, No face observation was noted 3.10.73, but the following day,

while being carried the infant was noted to look to my face and smils.

Further evidence that visual cues were now becoming more important
came in his ability to coordinate visual input with motor movement of
the head, in following a pan held closs to his head (after he had
sucked it) and moved to left and right. Each time the infaﬁt brought

his head round in the correct direction and sucked the pan.

Further to this, on the final day of this period (4.10.73) it was
noticed that the infant made very slight mouth movements towards the
bottle as it approached during feeding (four trials). The head was
raised and the eyes fell into and out of focus on the bottle, the mouth
slightly poutéd. This response could be elicited with a variety of

objects (e.g. pan, light meter, battery) of various sizes and shapes,

Visual Following

The mechanics of visual following become much more complicated during
the tenth week. Following was by the "classical" saccadic movement on
29. and 30.9,73. However, on the latter day the infant was invited to

follow the object vertically (i.e. along the long axis of the animal,
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from head to foot and back). Here follﬁwing was smooth, The position

was further complicated the day after when, having obtained saccadic
lateral following of my hand with the infant supine and the distance
betwesn the subject and object of epproximately two feet, it was found
that at a subject;object distance of four feet, following consisted of
part saccadic sye~following and part head turning in the correct direction.
Much head turning, with only occasional eye movements was elicited the
next day (2.10,73) when 1 uUas at a distance of eight

feet from the infant,

Vision - Audition

Three protocols point to the infant's ability at localising sounds
during the tenth week. 0On 3,10.73, upon entering and calling to Cody,
the experimenter found that the infant was looking-directly at him,
However, such an ability might be due to the infant looking to the place
where it was usual for thé-ekperimenter to appear, or movement may have
been the cug to direct the infant's gaze. To test this, the experimenter
waited for the infant to look away, then moved his position before calling
again, making surs that the infant was continuing to look elsewhera. Cody
ance again successfully localised the sound. Similar looking to the |
point of emanation of a sound (with the experimenter behind the infanty

was seen on two occasions on the following day . -

Summary

¢ actions, (though still performed on the air) now increasingly
ob ject-directed, (e.q. cot wall, rattle string, collar). Objects are
more often struck than grasped. Touching and plucking of rattle string,
A behaviouf pattern and hand clasping appear in supine.
Formal Testing: No visual regard Sf grasped object; "hend grasped object
to mouth" and "hand to object sucked™(no contact with object) appear, but
are rarej object‘at finger tips ignored,
Hand to mouth: close to optimum in all positions,
Visioni: Looking at objects, and-attempts to vary visual input increase,
Yatches hand in the air, contacting objects, and hand and finger movement
when an object grasped, Uatches object after striking it; visuel '
interest in face appsars.
Visual following: saccadic at 2 feet distant, part saccadic/part head
turning at 4 feet, almost complete head turning at 8 feet. Localicatien

of a sound is achieved.
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ELEVENTH WEEK

Naturalistic Observation

Coordination of vision and hand ﬁovements once again predominate,
and most arm movements are directed towards objects, less being per~
formed purely for the movement itself, Hand up to/Groping appears
during this period rather than striking/grasping fortuitously seen
almost exclusively up to this point. The former begins in supine
first and then is found in the prone position. Similar to, and probably
serving the same function, (hand, eye and object coordination) were
é/ momentarily arresting the movement of the arm and hand (duringQe or ¢p)
at a point on the arm's trajectory nearest to the object, and
b/ performing slow and exaggerated arm movements, notably ¢vs at the
ob ject,

Prone

Self-directed Movements: These were very few, being restricted to ¢

movements in the air (7. and 8,10,73) and hand grasping thz wrist of
the other hand., One noteworthy point during this latter behaviour
paﬁtern was, after grasping the wrist, the grasping hand's fingers

- were continually changing their position (compare hand over side of cot,
10th week, hand on rattle string 9w 5d, hand on collar 9w 4d).
Visual interest in the hand per se was slight, being observed only two

times in this position (both occasions , 11,10,73).

0b ject=-directed movements: Of great importance was the evidence of the

infant's increasing ability to direct his hands towards an object he was
viewing., Fixation and slowing down of the hand was noted q.10.73, the-
infant making three long, slow and exaggeratedﬂb movements, at the end
of which plucking at the blanket on which he was lying. Following this,
the hand was waved or held-in front of the face the behavidur being
repeated in toto two further times., Such bshaviour suggests very
strongly an attempt by the infant to place his hand movements under
better visual control. Later observation that same day greatly
strengthened this assumption. An object was hung up over the infant,

gasily visible but at the limit of his reach, Cody fixated the object

then raised his left hand. The hand was held stationary and opened and
closed three timss, all fingers flexing inwards at the same time. Then
the hand was lowered, or rather collapsed downwards, any hint of control

being absent, Later the right hand performed a similar behaviour
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pattern, the fingers flexing inwards five times. The infant gave almost
undivided attention to the object, with the distinect impression of
frustrated attempts at grasping. N.B. this is not the first sxampls

of groping, sse supine behaviour, 6.10.73, page 145, Ffollowing this,

the object was lowered to a more sasily graspable height, closs to the
hobd of the cot. The infant responded by making three {y and

grasping the hood of the cot. Three more ¢v in the air followsd, after
which ths hood of the cot was again grasped. The.left hand then

struck the object with ¢v9 after which the fight hand made a similar
movemant ending by once again grasping the hood of the cot. UWatching

his right hand, Cody slowly edged it along the hood of the cot towards
the hanging object; when approximately two inches from it he relinquished
his hold on the hood of the cot, raised his hand, struck the object and
immediately regrasped the hood. Similarly, approximately one minute
later, after grasping the hood with both hands, the infant then grasped
the topmost part of the left side of the cot with his left hand; fixating
the object, he brought his left hand from its position, along the hood

of the cot, towards and very close to the hanging object. Then, as above,
there followed a quick striks at the rattle, and regrasping of the hood.
Thus, although coordination of hand and arm movements are much improved
during this wseek, grasping of a freely suspended object is not achieved

in the prone position.
Sitting/Carried

Self-directed Movements: Occasional (h and §y movemsnts were performed

on the open air, the infant spending only 6 minutes in this position.

Ob ject~directed Movements: Owing to the short time spent in this posture,

only one arm action towards an object was noted. On 10.10;73, the infant
grasped the hand of the attendant six times during feeding (each time
after an upward ¢v') and held onto it for several seconds. On the fifth
of these occasions, the number of digits involved in grasping was changed
until fiﬁally only one finger held the hand in paosition, At no time was

the infant observed to visually monitor his movements,
Supine

Self-directed Movements: Self directed actions are now more sophisti-

cated, more complex in their movements and execution. Simple behaviours
are still to be found in the behavioural corpus, 6.g. moving the left
hand across the face in a ¢h movemant (6 successive occasions, 6.10.73).

Playing with both hands in front of the face took up a great deal of
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time in this position. Typically, there was continual clasping and
unclasping of the hands, when unclasped the hands were rubbed against
each other in midline position, then separated by about one to two inches
from each other and then reclasped. On most occasions the hands were
closely watched, though clasping with the eyes tightly closed was also
observed, Visual monitoring of clésping before tactile exploration

of the face was also observed (see hand to mouth section (tactile

exploration)).

Object-directed Movements: These were many and, as in the previous

waek, centred primarily around the various hanging objects.

Collar: Various behaviour patterns towards this object were seen,
notably raising the fisted hand and touching the collar; grasp, partial
release and regrasp of this object several times; grasping the object
and trying to suck it by raising the head (hand found first and it
sucked). Later, successful grasping of the collar four times was seen,
the infant pulling on the object in an attempt to bring it to the mouth,
and sucking his hand instead. By far the most important behaviour
enacted on this object during the sleventh week is fo ing, i.e., holding
the hand relatively immobile, close to the object and attempting to
grasp it. This behaviour was noted on the first day of the eleventh
week. The infant made a ¢h tﬁwards the object; the object was struck
_and then the infant seemed to try to hold this close position to the
object, the hand opening and closing in the air near to the collar. The
behaviour was terminated with a right hand to mouth movement. The
7.10.73 saw the infant grasp the collar with both hands, after which the
left hand went to the mouth, When unsuccessful in this bilateral grasping
of the collar (same day) the hands were seen to clasp and were then
brought down to the face. Later, this behaviour pattern was extended
when, having missed a bilateral grasp, the infant then grasped the

right side of the cot, then clasped hands, and then brought the hands

to the face.

Rattle String: Behavioural sequences seen during the previous week also
appeared within the eleventh wesk period, (looking to the newly put up
;att&a"string, then grgsping it (6.10,73); "plucking" the rattle string
(610,73 pPlucking and ending with pulling the object down to the mouth
(6.10.73). New behaviour patterns were several. A double handed grasp
of the rattle string was seen .5.10,73, the infant grasping the string
of the object with an upward ¢,and pulling it down strongly, the right

hand coming up at the same time and grasping it. Later the same day,
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after a further bilateral grasp, the right hand relesased its grip and
was waved around the rattle string, sometimes touching it. The infant
watched this procedure intently and the question of visual motor feed-
back again arises, as it did when, later that same day, both hands

were waved in the air, occasionally striking the rattle string,

To judge the response to a perceptually similar, though solid object
strung across the cot a wooden bar was placed in approximately the same
position on 6.10.73. The response sesmed to indicate that this object
elicited all those schemata attached to the rattle string, in that it was
struck with upward and downwarddhr, grasped, and the infant's hand ran
along its length and back several times. Also observed was grasping/
partial release/regrasping of the object. Grasping and pulling down
was attempted, but the bar being firm, this resulted in the infant's body
moving upwards., Later the infant grasped the object with both hands
and, pulling strongly, raised his head sufficiently to strike it against

the centre of the wooden bar,

Rattle: 1In place of the collar, a rattle was suspended above the infant
on 7,10,73. This evoked behaviour patterns previously seen with the
collar, viz:- $hat rattle, miss and grasp side of cot (7.10.73); On at
object and attempting to follow it with the hand while it moves (10.,10.73);
left hand up and touching the object three times (10.10.73); and several
variations of such behaviours, namely clasping the hands and using the
clasped hands to strike the rattle (8.10.73); hitting the object with a
sideways swipe (variation of(v ) (8,10.73); 0, hitting the rattle and
watching it swing (10.10,73); looking at the rattle and hitting it with
the back of the fisted hand (10,10.73).

Formal Testing - 10.10.73 - 3 Trials

Object in Hand (11.10.73 - 7 trials): The infant finally looked at an
object in his hand on the 10,10.73, (outside formal testing). The event

seamed quite traumatic for the infant in that as soon as his gaze fell
upon hand and object (a pen), he gave a very great startle reaction,
dropping the pen and throwing the grasping hand high above his head,

The infant gave every indication of being shocked to see the object in

his hand., A similar, though.less forceful reaction was noted on the
following two trials. Fixation of grasped objects was by no means
invariable, on 4 of the 7 trials of 12,10,73 the object was simply
dropped. 0Object to Mouth on grasping was seen only once in both sessions.

Object in Mouth (11.10.73 - 9 trials): On three trials a hand to mouth

action was seen, and on two of these trials the hand was sucked separately
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to the object, 0Only once did the hand briefly grasp the object in the

mouth,

Object at Finger Tips: This test was not performed during the eleventh

week,
Object Visually Presented (6.10.73 = 4 trials, 10.10,73 - 5 trials): On
6.10.73 a flower held to the left of the infant produced fixation, then

activitation of the left hand and four {v in the general direction of

the object. Cody then leant to the left (still fixating the flower)

and the right hand performed eightdy movements, Each time the hand was
directed quite definitely to the left (not, as normally, in the midline).
Similar directed arm behaviour was seen with a woollen doll located at
the right side (two presentations). A total of 16 {y were made in its
direction. Of great interest is the fact that, on six of these, the

hand was held momentarily when at a point closest to the object. Similar

directed movements (but without the arrested sequence) were seen 10,10.73

for 3 rattle, and a key ring.

Hand to Mouth

The observation of this period showed a complete mastery of hand
to mouth movements in all postures available to the infant., Thus, in
" supine hand to mouth "easily" 6.10.73 (3 times) and 10.10.73 (1 time);
when prone 7.10.73 7 times); and sitting (5 times). This ease of
movement is reflected, as in the previous week, by a much greater
preponderance of hand to mouth movements as_a part of some larger
action directed towards an object. Thus, after supine grasping of collar
with both hands, the left hand was brought to the mouth (6.10.73);
Sitting: right hand @y to the hand of the attendant, scratches it, then
brings his right hand to his mouth, after which the movements are
repeated (8.10.73); Prone: right hand scrapes down the front wall of
cot, then held in front of face after which it brought to the mouth easily
(8.10.73 and 11.10,73); 1left hand grasp hood of cot and thenhand to
mouth, seQeral times (11.10.73); holds fisted hand in front of face and
then to mouth (7.10.73); hands extend forward, clasp and then both to
mouth (8.10,73); double A movement and left hand brought to mouth (11.10,73).
| Hand to mouth movements ére, thué, now possible from a wide variety
of postures in which the infant is observed. The movements are now such
an inteqgrated pért of general behaviour that it was decided to incorporate

this section with general grasping for all the remaining weeks.

Vision

Interest in the visual mode also continued to stimulate the infant,
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he being noted to look at his hands and open and close the fingers
three times (7.10.73) and to visually monitor the prone hand clasping
seen 8,10,73, Cody also watched his hands during the mores complex
hand-play described in general grasping and in the tactile sequences
described below,

Tactile exploration of the face was observed many times in supine
during the course of the eleventh week, the movements ranging from
simple hand to, then worked over various parts of the face with (7.10.73)
and without (8.10,73) hair pulling, through holding the hand above the
face, looking at it and bringing it down onto the eyes, stc., with
(6.10.73) and without (10.10.73) taking it to the mouth, to the relatively
complex movements of clasping and rubbing ths hands before the face and
bringing them down onto the face (three occasions with eyes
tightly closed), The action was performed with intensity (and'decrease

in other movements) which attested to the infant's concentration to the task.

Visual Following

6.10.73 shows important behaviour for visual following. The object ,
a flower held three feet from the infant was passed across his line of
sight, The object was followed with the eyes, but with a movement that
proves difficult to describe; it was not so obviously saccadic as in
previous days (no well defined jerks as the object moves) but it was
not yet true following, The eyes, although following in the appropriate
direction did not keep "spot on" the object, seemingly over and under-
shooting and very very occasionally " jerking" back onto the object. One
day later, (8.10.73) visual following .at three .feet. was smooth, with
no over or undershooting recorded. Also of interest is the infant's
following, by head rather than sye movements, of the experimenter's hand

when this object was at a distance of eight .feet from the subject.

Vision - Audition 7.10.73 - 8 Trials
Using the experimenter's voice or a transistor radio as the sound
source, the infant was successful in localising thse sound on each trial.

It was concluded that this ability was now established in the infant,

Summafﬁ

Hand clasping increases, but most arm actions object directed; touch~
ing and plucking continue; Hand up/Groping appears in prone; arrested
and slow‘b movements appear, and use of cot wall in arm support for
grasping.
Formal Testing: "Shock" at seeing object in hand for first time; grasped

object to mouth once in 10 trials; object in mouth, hand to mouth on
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3 of 9 trials, hand sucked separately on two occasions. Fixation

and arm activation in general direction of visually presented object;
arrested ¢, seen.

Hand to Mouth: now sasily accomplished.

Vision: Great interest in hand-hand, and hand-ob ject interactions,
Visual following: "Overshooting" observed, disappears later in week with
object at 3 feet distant, but at 8 feet following is predominantly

by head turning. Localisation of sound: sasily achieved,

TWELFTH WEEK

Naturalistic Observation

Behaviour with regard to grasping is much the same as
for the sleventh week, with much ﬁolding of the hand near’
to the object and looking between them, and arrested Oy and§, . Bilateral
grasping is also seen, A new achievement is holding the hand betwesen
(and in the line of vision of) head and object. Waving both hands
in the air and grasping at the hanging toys (not merely the rattle
string) also appears during the twelfth week, as does withholding

an object from the mouth in order to look at it prior to sucking.

Despite these advances, the infant is still not capable of efficient
grasping at a hanging object, primarily because he is not yet sufficiently
well coordinated to keep his hand in one position for a long time, and
also because, being suspended, the object moves easily and he is unable
to track it successfully with his hand. Self-directed movements enjoy
an upsurge at the middle of the week, with hand clasping and its
variations predominating. This is thought to be due to & decrease in

the time hanging toys were displayed above the infant.

Prone

Self-directed Movements: Apart from the behaviour seen in ensuing weeks,

and especially eleven (see page 143 ) only one action of note is seen during
the twelfth week, 'On 16.10.73, after holding the hood of the cot with

a one-digit grasp (right hand) the infant released his grip and held

his right hand horizontal and parallel to his face, watching it intently

for five seconds, before taking it to the floor of the cot. The hand

then performed nine ¢h across the infant's line of vision in a slow and
shaky manner, the infant visually monitoring its movement each tims.

There can be little doubt that such behaviour was designed to increass

the efficiency of visually directed arm movements,
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0bject-directed Movements; Structures: grasping the left or right

wall of the cot with the ipsilateral hand was seen 16, and 17.10,73,

On the latter occasion, the infant watched the grasping hand and
continually tightened and relaxed his grasp on the cot side. Grasping
of the hood of the cot with one finger was seen 16,10,73 and later with
both hands, the infant immediately going up on his hands. Seen for

the first time on 16,10.73 in prone, was the hand grasping the contra-
lateral wall of the cot.

Hanging Toys: There was much arm movement directed at these objects,
and of especial note was the great prepondsrance of slow, shaky striking
movements, Thus, 13.10.73, the right hand made a slomdb and grasped a
hanging toy, the whole procedure being visually monitored; similar
behaviour was seen 14,10,73 (four times); nine slowh each time hitting
the object and five times grasping it briefly were seen 15.10,73 and

on 16,10,73¢ after attempting to grasp a hanging toy with a rapid upward by
and failing, the infant then performed a slow identical movement,
pushing the object to his mouth, On 18,10.73, Cody made three slow Oy
down upon the hanging toy and attempted to grasp with a horizontal
movement, On each occasion, hand and arm movements were carefully
scrutinised by the infant during the twelfth wsek, and for each type

of ¢ action, Cody began to substitute for wild, flourishing movements

the slower, yst more accurate and controllable, visually monitored actions.

Another behaviour pattern evolved from the earlier ¢v and ¢h movements
and designed, apparently, to aid a greater degree of contrel in grasping
was that of the arrested Qv or §p . This type of movement was seen
briefly during the eleventh week. On 14.10.73 the infant fixated and
made sucking movements at a hanging toy, and three times making a ¢a
movement, -When, during the action his hand neared the abject, Cody
tried to hold his hand at the hanging toy whilst the fingers opened and
closed as he tried to grasp it, Even as, unable to hold his hand in
one position for more than two seconds, the hand fell away from the
" desired object, the fingers continued to open and close. Similar ¢h
behaviour was ssen on 1%.10,73, and later with a¢v-movement, (three times)
the infant each time watching his hand and stopping it at face level

at a point closest to the object.

Possibly derived from the ¢v and¢h actions also, was "touching" of
the object, seen 13.10.73 and three separate occasions 18.10.73. The

matter has been mentioned in supine development (see p. 155 ) but it
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should be noted in this case that the object touched was one with

which the infant was very familiar. This behaviour is therefore not
"tentative exploration of a new object". If one could phrase the

most likely explanation of the action in words it would be "When I

see my hand in such=and=such a position and my kinaesthetic feedback
reports such-and-such a degree of tension, then my hand is stationary
in the visual field. When 1 move it so as to take on a nesw position in
the visual field (resulting in a certain changé in kinaesthetic input)
I can hit the object before me, By changing back to the prior visual
and kinaesthetic input, tactile feedback from the object ceasss and

the hand is in it former position",

The ability to move his hand to an object he has fixated and to hold
it steady close by the aobject comprise twa prerequisites for cansistent,
successful grasping, and it seems that the infant learns control of
such precise hand movements, in part, by juét such touching movements
as described above. The touching action observed and described above
was repeated several times implying a learning of the movement for future

grasping attempts.,

Another behaviour demonstrating the infant's present lack of true
grasping on sight ability and implying his attempts to improve hand-eye
coordination was seen on 14,10,73. The infant fixated an out-aof-reach
hanging toy, and made a{y movement at it, arresting the action when the
hand came immediatsly between his eye and the object. The hand was held

shakily in this position for

ten seconds, the infant's gaze

fig. 4.9 never leaving the hand=-ob ject

combination, and was then
lowered briefly approximately
three inches, after which the
hand was raised to its former
position, held twelve seconds,
and then brought doun to the
floor of the cot. WNo grasping

movements (i.e. closing of the

fingers) were observed, the hand
remained open throughout the
action, suggesting that the

infant was obtaining information on when an object'was out of reach.

That information on the correct time of hand closure and distancing
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was lacking was seen (14.10;73) that same day when the infant 'several
times made slow ¢h movements towards a hanging rattle, the movement
terminating (and the hand closing) several inches behind the rattle,

Following this the hand was pulled back to the mouth and sucked,

¢v, ¢h and ¢d actions were observed on every day of observation,
although, because of the introduction of the behaviours referred to
above, their frequency of occurrence was lower. Grasping was accom-
plished during these fast ¢ actions, but such seizure was in all
probability fortuitous (hand hooked and closing as it contacted the
object). Whenever an object was grasped (slow or fast ] actions)

it was brought to the mouth and sucked,

One grasping behaviour seen briefly on 18,10.73 was an attempt to
seize a hanging object by a double-handed grasp. The attempt was

unsuccessful and terminated with hand-clasping.

Sitting/carried.
Very little time was spent in this position and there is a paucity

of behavioural data during this period,

Self-directed Movements: Self directed arm mbvaments were virtually

non-existent (due possibly to the infant's increasing attention to objects)

and were confined to occasional v or Qh actions,

Object Directed Movements: Wwhen carried, the infant showed an obvious

interest in his surroundings and arm activation on fixating especially
intefesting objects was common., Visually monitored ¢v movements at
furniture were seen 16,10.73 as was a hand out and scraping up and douwn -
wall movement (compare prone and supine on wall of cot). Similarly, the
infant watched intently when the door of a cupboard was opened and closed.
Upon cessation of the door movement, several {4 actions were directed
towards the door. Similar behaviour was seen two days later,

Another behaviour pattern to develop (and of importance to the sensori-
motor screen problem, see page 61 ) was grasping the experimenter's thumb
and pulling it to ﬁﬁe mouth for sucking. It was observed on 15.10,73
(two occasions) and 18,10,73. 0On this latter occasion, having grasped
the experimenter's hand at a distance of nine inches, the hand was brought
to within 1 cm, of the infant's half-open mouth, The infant was then
observed to stare intently at the "object" he was holding, and all arm
activity ceased at that moment, Still watching, he then moved his hand

so that the experimenter's hand was pushed to and fro three times before

it was brought to his mouth for sucking. This action is the first
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recorded instance of delaying sucking to visually monitor a grasped
object in the sitting position, Observation of the effects
of the infant's hand movements on the shape and perspective of the

object held may also be involved in such actions,

Stending: This posture was attained only with the aid of the experimenter
and was seen but once during week 12 (15.10,73). No self- or object-
directed movements were seen, the infant being unable to release his

hand from the experimenter, However, throughout standing the hands

did continually grasp, relax and regrasp the experimenter's supporting

fingers.,
Supine.

Self-directed Movements: Double A movements were seen several times

during this period, although with quite a range of variation. 13,10,73,
15,10,73 and 17.10,73 saw "typical" double ﬂ.behavidur patterns, the
hands being looked at very intently at the apex of their upward movement.
Variations seen were a double A movement bﬁt with the hands left extended
for intent visual regard (13.10,73) and, observed 16.10,73, the infant

lying on his side to perform the action.

Very similar to this movement, hand clasping was noticeably absent
from the supine behavioural repertoire between 13, and 14,10,73. 1t was,
however, ssen five times during 15,.,10,73, the infant holding his hands
abovs his facs and continually clasping and unclasping the hands. Each
time the hands were then brought to the face and pushed in and around
_ the eyes, nose and mouth regions. A later variation . had the infant
bringing his hand down to the stomach region after clasping, the infant's
eyes being fixed firmly on the ceiling of his playcage. Clasping after
bringing one hand from the mouth was seen six times, 16,10.73, both hands
then being returned to the mouth, Later, both hands wers waved in the
.air, then clasped and sucked.

In addition to clasping, a very similar behaviour of one hand grasping
the other was seen to emerge during this week. Although seen on several
occasions it was not visually monitored until 15,10.73. The grasped hand
was typically fisted, and the other grasping band brought to it (fingers
unflexed). As the hands made contact, the fingers of the grasping hand
closed round and tightened on their target. The infant, when first
performing this visually monitored grasping, brought the right hand to
face level, raissd the left hand vertically, fixated the left hand,
opened and closed it, and still looking, placed it over the right fist
and grasped., This behaviour was seen on two further occasions during

the sams day,
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Appearing a little sarlier during this period (13.10.73) though

not visually monitored, was grasping of the left foot by the ipsilateral
hand. Two days later the right hand was seen to explore first the right
leg and then the right foot (2 occasions). Manual exploration of the
arms was also evident during the twelfth week, with one hand scratching
or pulling at the contralateral hand on 14., 15. and 17,10.73., Simple
hand before face movements should not be thought absent, although their
incidence decreased compared to earlier weeks. Two such esxamples were
seen; 16,10.73 Oy across the face five times (visually monitored) and

18,10,73 hands helf in front of face and looked at,

Independently performed tactile exploration was likewise seen but
rarely: 17.10.173 uwhile sucking fingers they occasinonally wandered over
the face: 13.10,73 fisted right hand held against face.

0b ject Directed Movements: Structures: The infant continued his

attempts at movement by grasping the side of the cot with one hand and

&
T
o

pulling himself up using this anchor (13, and 18,10,73), Grasping
side of the cot formed a starting point for many movements which
included action by the other hand, usually an A behaviour pattern, and
which terminated in tactile exploration., Three variations of. this |
movement were seen during 15,10,73: Right hand grasps right side of
cot (8 times) then left hand up and touch right hand, right hand
immediately releases grip on wall and does an A movement: right hand
grasps right side of cot but when released does an A behaviour pattern,
ending with hand at chest; an identical movement to the above but with
the left hand grasping the right side of the cot immediately prior to
the A movement.

The "left hand grasping right side of cot" movement was first seen
as part of the above behaviour. However, one day following the mavement
appeared independently with the infant watching the left hand intently,
and also visually monitoring the right hand which was raised to touch
the left., Later that day, after arm waving above the head, the left
hand again grasped the right side of the cot., The 16.10.73 saw the first
recorded grasping of both sides of the cot with the hands of the
respective'side. The infant was observed to grasp, relax and retighten
the grip of each hand many times (16 times for the left hand). Visual

monitoring of this action occurred on the great majority of occasions.

Hanging Toys: Much less striking of the objects is observed this wesk
while in the supine position, the infant seeming more concerned with

attempts at grasping at the object while keeping it visually fixated.
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With attempts at grasping, the hand was characteristically brought
towards the object, and the hand opened and closed in an apparent
attempt at grasping, (e.g. 13.10,73). 1In this supine pesture a certain
degree of position-holding was possible as when the left hand was
raised close to the object, the fingers being opened and closed three
times before the hand fell away (13,10.73). On one occasion the infant
touched a diabolo-toy, before then becoming engrossed in a study af his
hand, to the exclusion of the object (16.10,73). Another problem faced
by the infant was a seeming inflexibility of behaviour as manifested

by the "firing off" of a particular behaviour pattern at an inappropriate
time., Thus, during day 1 of his 12th week, Cody several times fixated
a hanging toy, and, raising his left arm in what appeared to be an
attempt at grasping, the right hand moved upwards just in retard of the
left, and, even as the left hand made to grasp the object it seemed
campelled to join with the right hand in a double A behaviour pattern,
On other occasions a grasping movement towards the object (hand opening
and closing) also terminated in a seemingly "compulsory" A behaviour
pattern (see also Piagetian section with regard to inappropriate
behaviours, page62 ). That such stereotypy was not always the case is
seen by observations taken that same day in which, after attempting a
two handed grasp at the hanging toy three times, and failing each time,

the infant held one hand up and fixated the rattle for several seconds.

Further novel grasping behaviour was noted 18,10,73. Cody slowly

and shakily extended his left hand and "gingerly" touched the hanging toy,
then the left hand was retracted and the hanging toy grasped at. Although
the action was performed '"gingerly" it is probable that the infant was
not.afraid of the object byt that he was attempting a visually-directed
reach, with visual monitoring of the hands movemants coordinating with
kinaesthetic information to achisve this action. Such coordination and
control is not yet perfected, and in addition it is probable that the
infant did not know when his hand would reach the object, Hence, the
slow, unsteady, seemingly hesitant reaching and touching of the object.
Such an action.could also conceivably function as a ranging manoeuvre,
informing the infant when his hand would touch the object; hence the

touching action followed immediately by a successful grasp.

Examples of visual interest in an object after sucking were seen 13.10,73.
Having grasped the collar toy with two hands, Cody was .observed ta fixate

it, while the left hand was brought to the mouth and sucked. As sucking
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proceeded ths infant movgd his right hand and with it the collar
laterally in line with the head for several inches, visually following
the collar throughout., Later that day the infant grasped the collar with
his right hand (after several ¢vattempts) and sucked at it for several
seconds. The collar was removed from the mouth and scrutinised briefly
before being returned to his mouth, The procedure was then repeated.
Such behaviour may, in part, serve to coordinate buccal (sucking)
tactile/kinassthetic (holding/moving) and visual input so as to make the
infant aware of his ability to actively alter the sensory stimulation
which he receives (i.e. to act upon the environment and to "know"what

movements will produce what visual, etc., result).

Formal Testing

Object in hand: (14,10,73 - 9 trials): In all trials, the infant grasped

the object and conveyed it to his mouth. The object, and sometimes the

fist, was sucked. This 100% response contrasts sharply with the
results of the sleventh week (10%, see page 146 ).

Object in Mouth: (14.10.73 - 4 trials): Sucking until the object was

lost from the mouth was sean on 8ll trials, but the infant's hand was

never observed to move towards ths object in the mouth.

Object at Finger-tips: (14.10.73 -~ 5 trials): On three trials of

this session, the infant visually fixated the object and then made a ¢v

action, landing on the object and partly grasping, dragging it to his

mouth. No response was forthcoming on ths remaining two trials.

* Object Visually Presented (13.10.73 - 7 trials, 15.10.73 - S trials):

Arrssted ¢h movements were seen on three trials of 13.10.73, Cody "fumbling"

with the object on one occasion, but failing to grasp it successfully,
Arm activation followed by fast ¢ actions, and one double-handed grasping
attempt were ssen on remaining trials. The 15.10.73 saw some improvement
on this performance. Two trials yielded a touch-then-grasp strategy

(as described on p,155 ) both of which were successful. The remaining
trials were arrested{, , one of which resulted in a successful grasp.
Vision '

The infant took much visual interest in hand-object interaction in all
postures, as has been described in the rslevant sections above. In all
cases ta.g. slow and arrested ¢ actions, and touching in prone, double A
movements left extended in supine) the purpose of the behaviours would
geem to be in an increase in efficiency of hand-eye co-ordination.
Visual Fsllowing: This was tested on 5 occasions (lSkib.?S). Very
occasionally the eyes would "jump" in following, but most tracking on

each trial (and on three trials all tracking) was smooth.
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Summary

Hand grasps contralateral cot wall; hands grasp respective walls
of cot; moving body by grasping cot wall and pulling; less striking
of objects, more attempts at directed grasping. Slow ¢ actions
predominate, also seen ars arrested ‘p/grOping, overshooting in
nd and grasp" attempts; slow touching of object may act as ranging
manceuvre; compulsory "firing off of a common behaviour pattern when
attempting to grasp also observed. Delay sucking to look at a grasped
object, and suck-look-suck cycle seen, |
Formal Testing: grasped object taken to mouth (hand or object sucked);
object in mouth sucked, but no hand to mouth; object at finger tips,
fixation and grasping attempts on 3 of 5 trials; increasing use of

arrested ¢ actions, or touch=then-grasp when presented with an ob ject.

Vision. Intent visual regard of hand-object interaction. Visual

following smooth.
THIRTEENTH WEEK

This week marks a rather large increase in the infant's locomotor
ebilities, primarily because of the mors active use of grasping a stable
object, and by pulling on this "anchor" to move his body about the
cot. Such‘a capacity tends to cut across the divisions of "sitting",
"prone” or "carried" used in this analysis, The infant moves from
one position to the next with a rapidity not previously sesn., Thus, at
20.10.73 and on each day following (except 23,10,73) the infant was
seen to grasp the experimenter's proffered finger (usually after sevsral ¢VS
in its direction), and to pull himself unaided to a sitting position.
Although the data are far from complete, it may be that this manoeuvre
(and indeed all early "grasp, pull and move body" actions) derive from
simple "grasp object and take to mouth" movements in which the ob ject
refuses to move, By contracting those muscles required to bring an
object to the mouth, the infant may then find that hs himself moves.

If this spectacle is interesting, attempts will be made to repeat it,
and to expand it (Piaget, 1953, 1955).

On the 21..and 23.10. 73 by pulling with both hands on the
cot wall the infant assumed a half-sitting position from supine
(see fig. 4.1D).



fig. 4.10

Movement from the position shown in fig.d4.l1(a)to that in fig. 4,11(b)
began 25,10.73, Cody in prone, grasped the right cot wall with his right
hand, then pulled his body 90° to the right and grasped the right cot wall
with his left hand. The right hand was then placed briefly on the bottom
cot wall grasping and regrasping this structure several times. That same
.day the position in fig..11(b) was again assumed. By pushing hard against
the side of the cot Cody moved head and upper body forward and back in

the manner shown in fig. 4.11(c).

fig.4,11

(a) (b) | 7 (o)

Another movement aided by grasping was lying on the left side. Here the
infant steadied himself by grasping the right cot wall with his right
hand. The hand was removed (it appeared in a systematic manner) and then

replaced as the infant began to fall to prone.

Supine

Self-directed Movements: The infant seemed to become more aware of his

lower limbs during the thirteenth week., Grasping his left foot with his
left hand, and then sucking his left foot began 21.10,73. Later the left
foot was again grasped but simply looked at, The following days saw

many fepetitions, with the reciprocal Meft foot grasp left hand"appearing
once (22,10.73). Following 23,10.73 foot grasping lapsed to a much

lower level. Hand clasping was also seen during the thirteenth week and,

at a very much reduced frequency, the A behaviour pattern,

Object~directed Movements: As for most positions in this thirteenth week,

Cody showed a definite predisposition to move slowly (albeit shakily) with
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Visual monitoring of his hand movements, when approaching a
graspable object. At least 60% of all hand grasping occasions

were slow and visually monitored.

Slow @, and Pp were not the only strategies employed
to bring the.hand to the object; on several occasions
(22., 23. and 25,10.73) the hand contacted the object briefly one
or two times, after which grasping (usually successful) was attempted,
and the object conveyed to the mouth. Such behaviour gave a distinct
impression of the infant first "finding the range" of the object by
tha touching movement, and then using this information to make a
more efficient grasp. This touch-grasp combination did undoubtedly
increase the incidence of one-time grasping. On one occasion
(22,10,73) when a second grasp did prove nacessary, readjustment of
the hand (instead of simple repetition of the grasping movement) was
observed., The infant was trying to grasp a pen held vsertically,
The object was first touched, and a grasping movement, which missed,
followed., Watching carsfully, and without moving his hand from its
position close to the object, the infant reppened his fingers,
readjusted his hand's position vis-a-vis the object and then grasped

successfully, The object was then conveyed to ths mouth and sucked.

Other object-directed movements seen were using the cot wall as
a support to allow close apposition of hand end object, then strikiﬁg
and regrasping the wallj clasping the hands and striking the
object with clasped handsj; holding the object with one hand, while
sucking, and visually monitoring the second hand's grasp of the
object's supporting string; and simple hitting/striking of the

objects,

Prone

Self-directed Mbvements: Rare ¢V’ and ¢h movements on the air

were seen, virtually all arm and hand movemsnts being now organised

around soms object.
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Ob ject-dirsctad Movements: Actions directed towards the cot and its

pillow are still seen in prone, with arresteddk,down the pillow being

seen (three times) on 25,10.73. In addition, the infant seemed to

practise a ¢v movement and to systematically alter its directionj thus

on 21,10,73 Cody made many "hand over side of col" movements, (essentially
Ov actions displaced to either right or left). Following this there

were ¢v movements against the side of the cot, so that scraping of the

hand on the wall occurred. Such alteration of direction may have aided

the infant in learning which effects might be expected from the displacement

of his arm movement in each direction,

Much later (25,10.73) and following the assumption of a position 90°

to the long axis of the cot, forearm-scraping was seen as shown in
fig.412(a) and (b). )

fiqg.
4,12

Thus, the arm was passed far outside the cot wall, and then retracted,
scraping back across the top of the wall and terminating with the hand

grasping the cot wall,

With regard to discrete objects such as hanging toys, proffered hand,
etc., Cody responded very much as in the supins position. ¢v actions
towards the object were common (20.,, 21,, 22., 25,10,73) with grasping
occurring approximatsly 60% of the time, Raising of the hand and touching
or tapping against a fixated object prior to grasping was seen (21.,

23, (2 occasions) 24,, (many repetitions on second of two occasions) and
25,10,73). Watching and touching was best demonstrated during 21,10.73%
looking to the bulbous end of a hanging rattle, Cody raised his hand and
touched this area two times. His gaze then shifted to the thin stem of
the object and once again the hand was brought to the area looked at.
During 25,10.73 the infant was also observed to look at the object, bring
up his hand and, with his hand very close to the object, open and close
his fingers five times, before tapping gently at the object with his

closed fist. No attempt was made to grasp the object at this time,

During 23.10.73, after unsuccessful attempts at grasping, the infant
repeated the behaviour of raising and holding hand stationary between
the object and his eye., Mors ¢h (usually slow) movements followed and

grasping was finally achieved. Upon grasping, partial release/regrasping




- 161 -

of the objsct occurred 5 times. Immediately after rslease of this
object Cody fixated his hands while opening and closing his fist

several times. Grasping of the rattle was slso achisved (21.10.73 and
22,10,73) by hand clasping with the rattle caught between thse two limbs,
and by using the side of the cot as a support from which to launch a

grasping movement (21, and 22,10.73). Once grasped, the object was sucked.

A behaviour pattern involving both hand and rattle seen on 21,10,73
demonstrated well the Piagetian concept of "secondary circular reaction"
(Piaget, 1953), The infant was at this time sucking his fingers, with the
hanging rattle lying against his digits. Cody was observed to extend digits
4 and 5, so moving the rattle away from his face. The extended digits were
then retracted and the rattle then moved back to its original position
against the "bulk" of the hand. The infant observed this movement with

great concentration, and repeated the action five times., The question of

alteration of the retinal image of the rattle by his own actions arises hera.

During the final day of this week, the infant grasped another object and
in so doing extended his sphere of activity. The object was one leg of a
metal A-frame which was at times positioned above his cot to carry the

hanging toys,

Sitting/Carried:
On the only occasion he was carried, Cody made 17 {h actions towards a
light switch he had been shown, 10 of which hit the switch. The relsvance

of this behaviour would seem to lie in the learning of visuo-motor control.

Formal Testing

Object in Mouth: (23.10,73 = 5 Trials) Piaget believes reciprocal assim-

ilation acts so that when a grasped object is taken to the mouth, a
mouthed ab ject activates hand to mouth (or aebject) behaviour. During
this session, on none of the five trials was hand to maouth (or object)
"movement seen, despite the fact that objesct sucking continued for up

to 12 seconds., Thus, in the Orang-utan it seems that hand-to-mouth-with-

object does not automatically presuppose a hand-abject-in-mouth schema.

Object in Hand: (22,10.73 - 8 Trials): UWhen of interest, the object was
grasped, taken to mouth and sucked (6 Trials). Unwanted objects were

not grasped (2 Trials),

Object at Fingertips: Not tested.

Object Visually Presented (22,10.73 = 7 Trials): Slow.¢h and grasping
movements predominate (5 Trials). On two occasions Téuch-then-Grasp

strategy was employed.
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Vision

Vision is very well integrated with other behaviour by this time
(see above). "It seems as if everything he does at the moment is pre-
ceded, combined, or followed by looking" is a passage from the diary
notes of 23.10.73 and effectively sums up the situation of the
thirtesnth Jaek. Not only did the infant visually monitor grasping,
touching, etc., but the assumption of new body positions
were also accompanied by much looking round at various parts of his
room and at people, ®.g9., a visit by a TV team provoked much watching
ss did the presence of onlookers outside the cage (up to now ignored).
The 22,, 23, and 25.10.73 also saw the resurgence of interest in the
sxperimenter's face, during feeding and in the "quiet period" folloming
mealtimes. The infant (22.10.73) looked to his hand when an object

was placed in it while his gaze was directed slsewhers (7 trials).

Visual Following

Following is now completely smooth when the object (at a distance
of 2 to 3 feat) is passed horizontally across the infant's lins of
vision (23.10.73).
Audition Vision

The infant looked in the appropriate direction whenever a novel

sound was made on either his right, or left side (5 trials-23,10.73).

Summary

"Grasp pull and move" appears in all positions,
Supine: Increased awareness of lowsr limbsj slow, visually monitored
hand movements predominate; "Touch and grasp" strategy (rangefinding?);
readjustment of hand after unsuccessful grasping attempt; close
approach of hand to object before grasping using cot wall as support

(also in prone); striking object with clasped hands.

Prone: Almost all ¢ actions object directed; practise ¢y and
systematically alter its direction; scraping arm over cot wallj;
"touch/tap then grasp" strategy seen; hand held stationary between
object and eye after unsuccessful grasping attempt; grasp abject

outside cot (A-frame).

Sitting/carried: ¢ actions made in general direction of

visually interesting object.
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Formal Testing

Object in mouth: No hand to mouth or object.

Object in hand: If interesting, object grasped, taken to mouth

and sucked, Not grasped if uninterssted.

Object visually presented: Slow -{j, and grasp actions predominate,
with occasional "touch and grasp".

Vision: Ubiquitous, and very well integrated with other behaviour;
increased interest in experimenter's facej looks to object placed
in hand when infant looking elsewhere.

Visual following: Smooth.

Audition-Vision: Complste,

FOURTEENTH WEEK

Successful grasping on sight (more than 75% success at the
first éttempt in all positions) is achieved somswhere between the
fourth and the seventh day of the fourteenth week. Behaviour
seen in the earlier part of the week indicates that learning was
still taking place at this time. Considering first the three days
precedingy competsncy, there are several points concerning the

final stages of mastery of this ability.

Supine

Self-directsd Movements: Such movements aers Féw, being h

movements in the air (27, and 28,10,73) and "ons hand grasping
the other" (27.10.73).

Object-Directed Movemants: Only one grasping movement served to

aid a postural change by the infant in supine. The infant was seen
(27.10.73) to grasp the contralateral cot wall with one foot and,
by pulling, to turn from supine to prone. Apart from this action,
the infant's spontaneous, observed poétures were completsly in

the prone position during the first three days of the fourteenth week,

Formal Testing

In order to determine supine grasping the infant was placed in this
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position and objects presented to him during 27, and 28,10.73 at a

distance of approximately 8 cm, above.the infant's face.

On 27.10.73 when shown a crumpled piece of paper (approx. 4 cm.
in diameter), Cody first made two short, curtailed § actions, his hand
being very close to his chest. He then followed this by two fast bv
movements at the object grasping on the second of these. A yellow pan
immediately elicited a 9 a action (from outside the visual field)
which moved slowly and shakily towards the objsct and touched it. The
hand was then moved back slightly (the infant watching with great
concentration), then forward, and slowly around the object. There was
a great deal of touching as the fingers moved round the object before it
was grasped, as if the infant were feeling and seeing his way throuéh this

action. The grasped object was taken straight toc the mouth,

Grasping immediately, i.e. with no reverses or readjustments, was
seen on the first trial of 29,10,73 (the hand coming from outside the
visual field). The second trial saw the infant make a small curtailed ¢
movement, reminiscent of those seen on 27,10.73, after which the object
was grasped with a ¢habtion. The object in the trial following was
grasped immediately, The experimenter's finger was then offered for two
trials, and upon each occasion the "object" was first touched, the infant's

hand withdrew, (1 - 2 cms.), and the finger was then grasped successfully,

Such results seem to indicate a progressive reduction in the need to
"range up" on an object, i,e. the infant is now more capable of bringing.
his hand to the correct position with respect to the object he wishes to
grasp. Learning effects, (the number of times the infant was required
previously to perform the grasping action in this position) seem to
account for the increase in competency. It is interesting that the
infant is apparently incapable of bringing his hand from outside the
visual field in the prone position (see below) when this capacity is
present in supine. Thus abilities do not seem to be easily generalised
across postures, and exberience for each individual position may'be
necessary. _

of lesser.importance with regard to grasping, but of considerable
Piagetian interest, was the infant's striking of a grasped object against
the wall of the cot, so producing a noise. The object was lost in the
process, but the infant, watching his own actions throughout, proceeded

to strike the wall a further six times with the same (empty) hand,

producing a noise sach time. The action may undoubtedly be classified

as a secondary circular reaction,
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Prone

Self=dirrcted Movements: There was a noticeable lack of such sctions,

¢v movements were occasionally seen on empty air (27. and 28,10.73) as
were handclasping and reclasping (28,10,73), right hand scratching left
arm, and scratching jaw (27.10,73).

Object~directed Movements: Grasping of structures (cot and (since

thirteenth week) the A-frame) and thus increasing mobility continues in
prone with the infant twice grasping the A-frame and pulling on it
(286,10.73). 1n addition, change in position from facing the top, to the
bottom cot wall was seen on the same date., Cody assumed a position as
in fig.4.11b)., He watched his hands on the cot wall while continually
grasping, relaxing and regrasping his hands. Then, by placing his right
hand on the mattress below the bottom cot wall and at the same time
pushing with his left hand, the infant assumed the position shown in fig.4.13.
Following this, the infant's
left hand grasped the bottom

wall of the cot, Cody raised

his head high and scrutinised
his surroundings, Another
postural change was seizing
one cot wall, pulling hard,

and so moving the head and

upper body to the wall for

.sucking.
fig. 4.13 Objects: Evidence for attempts
at increased visuo-motor control
of hand movements is seen on .
each of the three days considered.
¢h and¢v movements during day 1'were both slow and fast, both being
visually monitored. On 27,10.73, hzving grasped one object, the free
hand made a sloudﬁlmovement to a second hanging toy and, upon missing,
grasped the first., The 28,10,73 likewise saw fast and slmu@h,Qémovements
but little grasping. The infant's tolerable grasping performance on
previous occasions, and his fixation of the objscts' oscillations after
he had struck them, made it likely that such actions were designed simply -

to swing the hanging toys.

Two limitations in the infant's grasping ability were seen during
27.,10,73, with the infant in a prone position on the experimenter's knee,

To quote from my notes:
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" Show my pen, looks but no grasping movements, even when

1 place by (next to) his right hand (it already grasping coverall).
Put pen in hand, no grasp. Same response three more times. Try pen
at left hand, he ¢v with left hand, he grasp, looks to it briefly
then to mouth and sucks end of pen 15 secs., then out, looks to it
then back in, sucks 5 secs. and lost. Try with light meter (present
at right side of face (fig.4.4) he tries to
and 1 note that it is the left arm )

suck it without hands

\\,/‘ Fig.4.14

Plan view
Freae,

which activates, Left hand is fres,

right hand is holding the coverall,

ddasped,
The light meter is thus presented

\ia\v& meaXar.
completely out of sight of the left hand, i.e. no chance of peripheral
vision of that limb. His left hand, although activating, only performs
the v movements on his left side, while he looks with obvious desire
(staring and sucking movements) at the light meter. Makes ¢y action
with his left hand ten times, then 1 slowly move light meter to the
left., His head follows and when left hand and light meter are in

same visual field, left hand grasp the object and to mouth, Repeat

the whole sequence on four more occasions with same result."

Thus, the first limitation appears to be an inability to relsase
one object (the coverall) so as to secure another (the light meter) as
is witnessed by the immobility of the infant's right hand even though
the object is strongly desired. The activation of the left arm in
response to the visual stimulus of the object demonstrates the second
limitation: an inability to bring his left hand from outside the visual
field to-a position within it or close to the object. Such a lack of
competence is not general, as is shown by the infant's ability in this
regard while in the supine position. This non~-competence may not even
include the prone position totally, aAd may be due to the extremely un-
familiar prone-on-knee position. As has been suggested in the foregoing
account, the infant seems to require experience and practice
in specific contexts before compestence in a given skill is achieved.
In addition, although in many ¢v actiong in prone, the grasping/striking
hand moves out of the visual field in the course of the movement, it is
nevertheless seen and its position known at the onset of the action. 1In
the protocol given above the infant's hand is not visible at the commence-

ment of the action and it is possible thzt it is this information-gap

-

which prevents hand to object movements being performed successfully,
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Thus, the ability to move the hand from the visual field and back
into sight may be achieved before the ability to move the unseen limb
to a position close to the object. Thse latter manoeuvre is certainly
more complex.

Also seen on 27,10,73 was behaviour which mirrors that mentioned
by Piaget for his son, Laurent (Biaget, 1955 , Dbsn.101, page177).
After grasping an object (light meter) (after 2 ¢ q Mmovements) the
infant was again offered the object but it was placed on the cot floor
as the grasping movement began, immediately in front of, and clearly
visible to, the infant, Cody immediately terminated the ¢ movement and began
looking around the room, as if the object had disappeared., The same
response was elicited on three occasions, and it was noticeable that
the infant reinitiated grasping as soon as the object was once again
approximately 6 cm. above the cot floor. The same response was forthcoming
on the fifth test-offer. However, on this occasion, the object was left
on the floor so as to determine the sffects of extended exposure to the
situation, As before, grasping actions ceased as soon as the ob ject was
placed on the floor, and the infant grasped the left cot wall with his
left hand. After 32 secs. the left hand went once again to the floor aof
the cot, Cody looked at the light meter, and grasped the object with his
left hand. The same response was forthcoming on a further trial, (object

grasped after 42 secs.).

It seems from these results that the infant, at this point, either
does not cognise hanging objects as being identical with "sitting" ones,
or he does not possess an appropriate grasping schema for objects on the
floor., The latter explanation is not tenabls in view aof the infant's
often-observed capacity for grasping objects on the floor. The suggestion
that the limitation was due to the infant's hand being in the same visual
field as the object when grasping was attempted, but outside when grasping

was inhibited, is negated by the fact that at least two grasping actions

were terminated with the hand and object in the same visual field.
However, this does not exclude the unlikely occurrence of "screening
out" of the hand when such an action is mads. An alternative
explanétion to the two mooted above is that the infant finds
difficulty in changing over from one grasping "programme" to

another in so short a time, Hence, later grasping of the
object-on-floor is possible. A point in favour of this explanation

is Cody's "preserveration" when attempting grasping of hanging
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objects (see page 152,12th week) and certain Piagetian tests (see scraah
test, page 62 ). However, on these occasions, the alternative "incorrect"
behaviour was seen (e.g. grasping on "thin" air) whilst in the behaviour
described here Cody simply terminated his actions even though a familiar
behaviour pattern (grasping at hanging object) was available to him,
Hence, it is thought that the most probable explanation for the behaviour
seen is that given in the first explanation above: that the infant at
this age does not equate the.visual image of the object on the ground as
being the same as the image of the same oﬁject when it is suspended,

The grasping of the same object afier an approximate half-minute period
may be due to the infant perceiving the same object as another altogether
different, yet equally interesting object which he is then motivated to

grasp.
Sitting/Carried

Self-directed Movements: These wsre infrequentdh'and ¢h actions in the air.

Object-directed Movements: In this position Cody demonstrated some of

the clearest examples of his skills and limitations in hand-eye coordination.
Limitation seems.to be totally confined to the lack of fine control in
grasping movements. Thus, at 27.10,73, with the infant seated on the
experimenter's knee and an object (small pen) presented at approximately
8 cm, from his face, the infant fixated the object and produced a slou ba
movement which ended just touching the pen but to the front, as shown

in fig. 4.15.

The infant then reversed his hand, fig.

and made a second pass at the object 4.15

( ¢ @ ) bringing his fully opened hand to such a position that his
finger-tips were approximately 3 cms. behind the pen. The fingers were
closed, the pen grasped, and carried to thelmouth. Throughout thess
actions the infant visually-monitored the proceedings intently.~.Grasping

with no reverses or readjustments was accomplished on three of four trials

in which the infant was offered the experimenter's index finger as an

object. The fourth trial required one reverse and one regrasping movement.,

Very similar behaviour was seen on 28,10,73 in the sitting position.
Having been sﬁown a red screuwdriver and fixating the object and smiling,
the infant made a ¢h action at the object, but did not make contact (the
fingers of the grasping hand did not close after this action). The hand
was then withdrawn, but instead of the second¢h¢novement seen with the

pan on 27,10,73 the infant raised his hand directly and touched the
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screwdriver with the tips of his fingers; the hand then reversed
slightly, was brought forward and touched the object, reversed slightly
once more and was again brought forward, the fihgers on this occasion
moving behind the object, after which the hand was closed and the object
grasped. Visual monitoring of the whole action was most intent and

the object when grasped was again taken briefly toc the mouth and sucked.

In sum, grasping behaviour seen during this 3-~day period seems
already to be competent visually-directed reaching, but not yet efficient
visually-directed grasping. As soon as the infant (whose visual monitor-
ing of the movements seems to completely absorb him) sees that the move-
ment is likely to fail, the hand is reversed and its position vis—a-vis
the object altered, primarily by visual,land perhaps by tactile feedback,
until grasping is possible, Thus, what seems to be lacking is the co-
ordination of the finer grasping movements of the hand with the spatial
positioning of the object. This disability is overcome in the majority

of cases during the next four days of week 14,

Also of interest in a Piagetian sense is the observation that,-as in
earlier weeks, there is no movement of the hand to the mouth when an

object placed in the mouth is sucked (3 trials, 27.10.73).

Vision: As has been detailed in the foregoing sections, the infant
utilises sight in almost all cases of hand and object interaction.

Looking invariably precedes hand action (and on at least one occasion

the infant smiled at the sight of a particularly interesting object

(also at the experimenter's face)). 1In addition to grasping, the infant's
interest in objects beyond the limited universe of his cot takes a more
prominent place, with Cody scrutinising walls, ceilings, people, etc.,
with more than passing interest. Looking is also seen during sucking

of an object (27.10.73). Later that day sucking and iooking makss an
appearance for the first time, Alternate looking (5 times, duration of
fixation l.to 14 seconds) was seen in but one context, between a swinging
hanging toy and the pillow of his cot. This observation may be spurious,
it was noted that the infant looked at the hanging toy whenever it swung
closest to him, Further, duration of fixation corresponded to the
object's frequency of oscillation, It is probable therefore that the
hanging toy "imposed itself" upon the infant's consciousness on each

near approach, thus giving merely the outward appearance of alternatg
looking without the comparison of two objects which such looking normally
implies,

Coordination of vision with hearing is complete by this week. On each



- 170 -

of six trials the infant turned his head to the appropriate side on

production of a novel, or loud, sound.

With an object placed in the hand, the infant regarded the hand and

object within 5 seconds of placement on each of 5 trials (27.10.73).

Grasping during the dates 30.10.73 and 2.11.73,
Only three of the four days were observed, the experimenter being
absent on 31,10,73.

Supine

Self-directed Movements: not seen,

Object-directed Movements: On the 30.10.73 the infant simply struck the

objects with @haymi¢v movements, and watched them intently as they swung.
The infant maintained a prone posture throughout 30.10,73 and it was not
until 1,11,73 that the infant was tested with objects in supine. O0Objects
were presented above the infant's face at a distance of approximately

8 cm, On each of 5 trials performance was faultless, the infant grasping
sach time (2 objects given) with no touching, reversing, or readjustment,
Similar competency in an identical situation was also seen during weeks

15 ( 5.11.73 ), 16 ( 11,11.73 ), 17 ( 21.11.73 ) and 18 ( 29.11.73

Prone

Self-directed FMovements: It is notable that on no occasion was a slou ¢v

or § self-directed movement observed in the infant, implying that such
learning actions were by now redundant. On only 1 occasion (30.10.73)

was a fast ¢ movement performed apparently for its own sake, with 2 fast

¢v upward actions obsarved., Other self-directed movements were sucking.,

the hand and fingers (30.10,73, 1.11.73), hand clasping (30.1G.73, 1.11,73)
and holding the head at the centfe of the forshead (30,10.73).

Objecﬁ—directed Movements: Virtually every ¢ movement seems to be

directed towards an object. Grasping in prone was in the main one-

- handed although occasional two-handed grasps and grasping attempts were

seen ( 30.10.,73 & 1.11.73). Grasping success in prone did not reach a
100% successful level during this week, nor for several weeks to come.
However, when the total number of prone successful grasping attempts are
compared with the number of "grasp and fail" actions, the infant's

success rate is seen to be at a greater than 75% level on 30.10.73 (78,9%,

15 out of 19 grasping attempts successful). The level did not fall below

70.5% (1.11,73) on the remaining days of this week, and by the end of

~s
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the following week levels of > 75% on all dates except week 15 day 1,
(3.11.73) were recorded.

The infant's failure to achieve near 100% grasping in the pronae
posture can be explained by the nature and position of the objects he
attempted to grasp. Unlike the toys of the sitting and, (in the majority
of cases) supine positions, which were stable, essentially unmoveable
objects, the objects upon which grasping was attempted in prone were
hanging toys, suspended by twine and extremely mobile. Thus a very great
degree of extremely fine control of Finger-and hand movements was
necessary to prevent the objsct slipping from the infant's grasp, and
it is thought that these conditions were responsible for the less than
perfect showing in prone. It is probable that, had stationary objeéts
been provided for grasping in this posture, then an equal competence
with those of sitting and supine would have been manifest., Because of
the unusual features of this position, and because the prone position
was very soon superseded by standing and sitting in spontanecus move-
ment (see motor behaviour), 75% successful grasping was, perforce, taken
as an arbitrary level at which to terminsts detailed abssrvstion of

the skill in this position,

Sitting/Carried: Of 11 trials given (30.,10,73) using various objects
(bottle, experimenter's hand, stissors) presented approximately B cm,
from the infant's face, the infant grasped each one first time (i.e. no
reverses, touches or readjustments), B8 further trials in the same
conditions ( 1.11.73) showed an identical response, Grasping at the
first attempt with the left hand when thz object at the infant's right
was also observed on three occasions (2.11.73). It was concluded

that the infant had achieved grasping on sight in this position.
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OVERVIEW AND DISCUSSION

It is possible to group all active hand/arm actions directed towards
objects under 1 heading . This has been done in column 1 of Table 1.
1n addition, each behaviour has been ordered chronologically with
regard to the remaining object-directed movements., The weeks given

sre the times of first appearance of the behaviour in question.

With regard to the actions of column 1, the infant's progress
towards visually-directed grasping can be regarded as the parallel
development of two skills - a/ the progressive control of the early,
wild ¢ actions, and b/ the expansion of temporally shorter and more

direct methods of contacting the object,

a/ ® movements on the air were present from the beqinning of observation,
i.e., from the seventh week. These, plus the reflex grasp when an ob
touched thé palm (see column 2) needed only the correct juxtaposition

of ¢ action, and striking the object with the palm of the hand, for
“grasping to be inevitable, This is not the case with the human

infant, Twitchell (1970) found that at 3 months of age the

human infants hand was still fisted in reaching, a condition which
persists until around the fifth month. Grasping in the Orang-utan
however occured during the eighth week, when the ¢v action of the
seventh week resulted, probably fortuitously in a "hand over top

cot wall" and grasping. Grasping the ipsilateral cot wall appeared in
the ninth week, with the infant seaming to expand the gy action from a
median to a lateral position. Visual monitoring of wall grasping and
hand movement along the cot wall was recorded in the tenth week ( see
pg 133). Of great importance to subsequent grasping development is
the infant's initiation of arm movements (vaguely directed) on visual
presentation of an object (ninth week). Such behaviour produces increased
hand-ob ject contact, as "peaking" of hand actions occurs whenever an

interesting object is visible.

This same waek, the first overt sign of attempt at hand control
is seen, with brief regard of the stationary hand, and with slow g
actions, the hand being looked at at the termination of the movement.
This behaviour does not seem to be present in the human infant (uWhite
et al,,1964). The assumption of a supine posture (tenth week), and
with it the awareness of the hanging toys greatly aided the infant's
control of his P actions , with striking and (fortuitous) grasping of
these objects. The supine posture is thought to have aided control by

virtue of the lesser degree of muscular coordination required,
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Active
Object & Self-
Directed Arm

Actions

Passive 0Object
Diracted
Movements

(object in hand)

Hand to
Mouth

Vision

Audition

11

Groping use of
cot to bring
hand claose to
ob ject,

Arrested f to
ob ject

Hand brought

close to objsct
in vision field
and then grasped

Hand clasping

2-handed grasp=-
ing

Looks to a
grasped object

12

Arrested fin to
object, hand in
line with abject
and eye,

Hand held beside

ob ject looking
betwsen them

Touch then
grasp

Slowﬂv
Slow ﬂh_

Overshoot in
grasping and
give up.

and grasp

No looking to
trapped hand

Changing
perspectives
of an object
grasped

Changing what
is seen by
body move-
ments

13

1 hand grasp

~object other

hand grasps

Object in
mouth, no hand
to mouth,

14

Unable to
grasp if hand
completely
out of sight

Not grasping
object on
floor

Grasping on
sight

,0b ject in

hand, no hand
to mouth
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in that the musculature moving the shoulder joint is not required

at such a high level of coordination in this position, being partially
supported by the floor of the cot, in addition, the supine posture

not only allowed and made easier a greater degree of intercourse with
the hanging toys, but also allowsd a heightened awarsness both of

the hanging toys as objects of interest and novelty and of the "benefit"
to be gained by a greater degrse of control by the infant over his
hands, This in turn allowss an increased skill in hand-object inter-
.play, producing additional interesting results further feeding the

desire of the infant to control his hands.,

Attempts at greater hand control with respect to an interesting
object continue during the elsventh week with the infant, in prone,
attempting to halt his ¢v movement at a point closest to the object
(i.e. an.arrested ¢v action). Similar ¢h movements are sesn later,
early in wesek 12, Also seen during the elsventh week, and attestiné
once again to attempts at hand-eye coordination, are the long slow ¢
movements across the infant's line of vision with visual monitoring
of the hand,’

Tﬁe-slow ¢ movement across the field of view is combined in the
twelfth week with the infant's grasping ability. Thus, slou ¢ actions
directed at an object, with attempts (sometimes successful) at grasping
when contact is made are seen. The first combination of § and more
direct .object orientated actions, in the form of touching followsd by

- a ¢ action is occasionally seen this week. Following such attempts,
® movements fade out gradually in favour of more direct methods of
approaching the object., Also of interest is the infant's "ruse" of
utilising the Ov action and grasping the cot wall to bring hand and
object close together in the visual field before attempting contact.
Such behaviour gives further evidence of the infant's limitations in

hand-eye coordination,

b/ Direct Approach to the Object.

More direct actions towards objects are not seen until the tenth
week and the assumption of the supine pbsture. The most probable
explanation for this bsehaviour is that referred to above the
greater ease with which fine movements can be achieved in supiﬁe, as
opposed to prdha or sitting, the latter positions requiring simultaneous
coordination of a higher number of joints and muscles to ‘attain the

same overt action. Direct approaches bs=gin with touching, where the
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hand is raised from its position almost directly below the object,

makes brief contact, (usually with the finger tips) and then returns

to its original or to some similar position. Plucking (grasping,
pulling down and releasing) is a somewhat anomalous behaviour, being
seen only with the rattle string. This object, being extensive and
strung scross the cot in a relatively immobile position, may be
considered as allowing easier manual interplay when compared to the
hanging toys.

11th week: 1In the eleventh week the touching behaviour pattern seems

to be expanded into attempts not simply of making contact with the
object, but of seizing it. The hand is now brought to the object and
attempts at hand closure afound the object seen. Groping may also

be regarded as an expanded ¢ movement, (probably derived from an
arrested ¢ action with the addition of finger closure) as this behaviour
was observed to follow both § and direct approaches to the object. Tuwo
handed grasping, almost certainly derived from hand clasping, was also
noted in the sleventh week, although its incidence was not high.

This finding is quite different from that for the human subject. Both
groping and two-handed grasping occur later in thehuman infant, after
holding thehand close to the object ( White et al., 1964), This
latter behaviour , however, follows groping and two-handed grasping

in this Orang-utan subject. The

fhe Eaelfth week sths evidence of thé-ihfant attempting a more
efficient organisation of the spatial relationships of hand, eye
and object. Raising the hand so that it lies on the eye-object
line speaks for such an endeavour, as does the raisindg of the hand to
a.position close by the object, and then looking between object and
hand.. -This behaviour seems identical to that seen in thahuman-inFant
at 10 = 12 weeks ( White et al,, 1964) though, as mentioned above,
the sequence of occurrence is different, A further stage in the
Orang-utants grasping development appears later in week 12, with
the infant "ranging up" on an object before grasping, by first
touching the object, retracting the hand, then attempting to
seize the object by a direct, or a @ movement. Also of note is

the infant's seeming inability to readjust his hand and arm once
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a grasping attempt has been made. In the tuwelfth
week the grasping action is carried through to a high
degree of completion, and; if unsuccessful, is repeated

a sscond time,

This latter limitation is overcome during the
thirteenth week, when the infant is able, after
mis judging the relative positions of the hand and the
object during a grasping attempt, and over- or under-
shooting, to readjust his hand almost immediately and
so make a successful seizure of the object, However,
mistakes as to the relative position of hand and object

are still common.,

" The fourteenth week shows full compaténcy in
grasping with the exception of the hanging tbys. As
explained previously, being highly mobile objects, the
hanging toys poss the greatest test of grasping for the
infant, Observation of Cody's grasping of hanging
toys was not made to 100% competency, although the
infant's grasping became increasingly precise
over the next few months, In this, Cody mirrors
the behaviour of human infants (McDonnel, 1975) although
his development is in advance of the human sub ject
( white et al (1964) found that the human infant did not
achieve- a level of grasping equivalent to Cody's
competency of week fourteen until between the twentieth

and twenty-second weeks,

Passive Object-directed Movements refers to the
behaviour of the infant when an object was placed
by the experimenter either in the hand or the mouth, As

has been stated previously, reflex grasping of an object
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in the hand was evident from at least the seventh week. "Attending"

to a grasped object, as evidenced a decrease or a cessation

of movement does not occur until the eighth week, However, at this

time neither movement of the hand and grasped object to the mouth, nor
looking at the object in the hand was abserved, the infant being seem=-
ingly incapable of coordinating tactile space with buccal or visual
sensations, The first limitation is overcome in the ninth week when

a grasped object is for the first time carried to the mouth. Ths
reciprocal behaviour (an object in the mouth causing raising of the

hand to the object and grasping) is said by Pisget to occur invariaﬁly
once a grasped object is conveyed to the mouth. Thrfoughout testing,

the most common reaction to an object placed in the mouth was to suck
the object, without a hand to mouth movement, until it was lost from

the mouth. Onlyon very few occasions was a hand to mouth seen (first
noted during the tenth week) and in most cases the hand

was placed in the mouth and object and hand sucked separately. This
condition (grasped object taken to mouth, no grasping of object placed
in mouth) persisted until termination of this particular segment of

the work (the end of the fourteenth week). Thus it appears that, in
this Orang=-utan subject, reciprocity of the two behaviours detailed
above doés not pertain during the early weeks of development, further,
Piagetian theory states that grasping on orsl contact precedes grasping
on sight (Woodward, 1971, p.55 §. As grasping on sight is accomplished-:
in the Orang~utan in the fourteenth week and gfasping on oral contact is
not, it appears that this sequence of svents is not, in this species,

a rigid prerequisite for grasping.

Also seen for the first time during the ninth-week is grasping
of an object, partial release and regrasping. Such behaviour was also
' reported by Piaget for the human infant (Piaget, 1953 , Obsn,52.) and
may form a necessary link in the ability of the infant to grasp at an
object his hand has fortuiteusly touched (Woodward, 1971.).

The tenth week sees the infant increasing arm activity following

an arm movement which produced an apparently interesting result, (a
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Piagetian secondary circular reaction), Hand to mouth when an
ob ject was placed in the mouth was also seen, with the qualifications

mentioned in the preceding paragraphs.

Coordination of tactile and visual spaces occurs in the eleventh
week, with the infant "starting" at the sight of an object in his
hand (pg.146)., This reaction would seem to attest to the novelty
of this situation for the infant, and the observations chart his
rather swift adaptation to this innovation by the thirteenth week.
Thus the coordination of visual, tactile and buccal sensations seam
to have been attained in this Orang-utan subject by the thirteenth

week, sucking and looking at a grasped object having bean achieved.

However, a further limitation is still in operation at this time

and also during the twelfth week. This is the infant's failure to

look towards his trapped hand which does not become part of the infant's
behavioural repertoire until the seventsenth week. Such a failure

to visually seek his trapped hand would seem to speak for the infant's
having a not complete mastery over his handj it appears that, up until
the seventeenth week, the infant is aware that his hand is trapped

but does not know where to look for ié. Such a failure implies an

incomplete control over hand and arm.

Hand to Mouth

Hand to mouth bshaviour is thought to be important in the develop-
ment of grasping and sucking. 1If the infant cannot bring his hand
to his face and mouth then it is not possible (except by chance) for
him to bring a grasped object to the eyes or mouth for visual or
tactils inspection, Comparison of columns 2 and 3 of Table AJ.confirms
this to some degree; the infant achieves the hand to mouth movement
in advance of the action of taking a grasped object to the mouth. The
development of tﬁe hand to mouth ability once again demonstrates the

gradual accretion of ever more complex behaviour to previous behaviour.

The infant possessed one type of hand to mouth skill from at least
the beginning of observation (seventh week)). This consisted of
bringing the hand to the mouth along some substrate, be it floor or
experimenter's coverall, the hand maintaining contact with the substrate
~ throughout the manceuvre., Anticipatory mouth opening to receive the

hand was seen the following week, and, during the ninth week, the
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infant demonstrated an increased competence in hand to mouth ability,
performing the action when in an "up-on-elbows" position, while in
the prone posture., Here, the lower arm (forearm and hand) left

the substrate and consistently rsached the mouth area for the first
time. One week later, hand to mouth without substrate support and in
all postures was observed. Thus, the evidence from this Orang-utan
is in agresment with that of Piaget (1953 ) and with Woodward's
analysis of the action (Woodward,1971.). In addition, it has been
shown that an up-on-elbows prone posture allowed hand to mouth success
at an earlier date than, e.g. sitting with no substrate support.

This finding may be explained in the same way as the direct actions
seen only when the supine position was attained (pagen?2), viz: that
different postures require differing numbers of intercoordinating
muscle groups to attain the same overt ends. Thus, we find hand to
mouth in a position where the whole limb is supported, next where it
is supported only up to the elbow, and finally where there is no
support whatsoever. This finding appears logical, as it is very
likely that it is easier to coordinate the free mavement of forearm
and arm in space (i.e. in the prone, up on elbows posture) than to
coordinate upper arm, forearm and hand (e.g. in sitting unsupported
hand to mouth movements.). Thus it is seen that less complex actions

appear in advance of more complex behaviours.,
Vision

The data presented allow fairly detailed analysis of two aspects
of looking, the development of seanning the environment, and visual
following.

Scanning: Head turning and fixation of an object ocutside the infant's
direct line of vision was seen, infrequently, from the beginning of
© the study, although fixation at six.weeks was very much a hit-and-
miss affair, More definite evidence of the infant's visual awareness
of objects is found in the eighth week, with a decrease in activity
and relatively intent regard of novel objects (of object in hand data,
Bth week, column 2), Of interest slso is the infant's apparent-ability
1 tao focu; in one plane of vision only, and to seemingly screen out
' other visual iﬁput. This was seen in both the seventh and eighth
weeks (see e.g. page 125) and was responsible for the non-elicitation
of the blink reflex and visual following on several occasions.

| The infant's burgeoning awarsness of objects outside the closetted

I
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environment of his cot is attested to by ths increased looking

round him at walls, ceilings, doors, etc. in the eighth wesk. From
this time on, events outside the cot, but inside the room, became
increasingly subject to visual scrutiny. Looking to objects outside

his room appeared during week B also.

A further aspect of visual awareness was seen during the tsnth
week, with Cody showing a quite marked interest in the face of the
experimenter. Smiling also first occurred at this age. This finding
is of interest in view of Ambrose's findings with human infants (Ambross,
1961). Cody's response falls within the range given for the onset of
smiling in home~-raised human infants (6 - 10 weeks) or at the beginning
of the institutionalised human infants (9 - 14 weeks). Whether the
infant Orang-utan's smile serves the same purpose with regard to
infant mother attachment as this response is said to serve in man
could not bé determined from the data collected here. Obsefvations
on smiling and its response in Orang-raised Orang=-utan infants may

help to cast some light on this question,

The tenth week shouws én upsurge in looking at objects and hand/object
interactions, with the infant watching his hand striking, touching and
plucking at diverse objects, It is considered that the assumption of
a supine postura, with its accompanying facility for object/arm inter-
play was a major factor in the initistion of such an advance, 1It is
very probable that a reciprocal visual-motor stimulation occurred
during this time, with the acts of object-striking, etc., providing
novel and interesting visual aliments (thus stimulating looking)
and the act of watching increasing the amount of hand play seen. Also
seen for the first time during this week was delay of sucking a grasped
object so as to scrutinise it., This behaviour is important in ‘the
coordination of visual/buccal input and serves also to demonstrate the
increasing importance of vision. Whereas, previously, the grasped
object was given bver immediately to sucking, it is now, on occasions
and with increasing frequency from the tenth week, visually monitored

before ogal contact is made.

Visual Following

Horizontal following with the eyes was inconsistent during the.
seventh week (probably due to focussing in one plane of vision as
described, or to an inability to accommodate the eye to the object).

When evinced following was saccadic. Saccadic following continued in
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the eighth and ninth week, with ‘the additional finding that

vertical following was also saccadic. The next week saw horizontal
following remain saccadic at short distances, whersas vertical

following was seen to be relatively smooth. As far as is knoun,

this aspect of following has not previously been reported, and if

it is duplicated in other studies (on human as well as Orang-utan
subjects) then the question of why vertical following precedes
horizontal following in the assumption of smooth sys movements must

then be asked. As a tentative explanation, it is suggested here that
such asynchrony in directional following may be related to the incidence
of vertical and horizontal experience. Thus it may be postulated that
the infant has had greater opportunity to follow objects in a vertical
direction and has therefore gained competence in this direction in
advance of other, less-used movements., Evidence for this is not

readily available, although it is true that Qy actions were more common
than §h movements at this time, and that the infant was continually
raising and lowering his head during the course of attempts at bodily
movement, although it could also be charged that (horizontal) head
turning to right or left was by no means uncommon. Indeed, as has

been mentioned previously, it is not known whether such vertical=before-
smooth following is common-place, and further work is obviously required.
However, the finding does seem to demand an increased seffort in this
direction.,

Another finding of the tenth week once again emphasises the complex-
ity of an apparently simple behaviour pattern, with visual following
being given yet another facet. 1t appears that, from the (admittedly
limited) data, this Orang-utan infant adopts varying strategies during
the tenth week, depending on the distance of the object from himself,

At far distances (at lesast B feet) head turning is the primary strategy
adopted, whilst at shorter distances (approximately 2 feet) eye move-
ments take over. If this finding is confirmed, it may'then be possible
to determine at what distance change over from one strategy to anaother
occurs, if the change-over distance varies with age, and if there is

a criticgl distance (at any one age) when the two strategies compete.
The observation on page 142 seems to suggest that the distance of
conflict in head and eye turning is, at the tenth week, with an object

approximately four feet from the infant.

Visual following in the first part of week slevsn is of great
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interest, The eye movements described on page 148 would seem to
indicate that the infant has all but dispensed with saccadic eye
following, and is attempting to follow the object by maintaining it

at all times on the fovea centralis (and not awaiting the input from
psripheral receptors in the retina to initiate eye movement and re-
location of the object on the fovea, as in saccadic eye following),
However, the over and under-shooting described would seem to indicate
a lack of precision in his attempts, The behaviour is seemingly
analogous to the bshaviour of an adult human when asked to track a
moving spot (Gregory, 1967 ). Such inexpertise is, however, short-
lived, (which in itself may explain the fact that it has not previous-
ly been mentioned in other work) and the infant was found to follow
smoothly one day later. This latter finding points to the advantages
of detailed, almost round-the-clock observation of a single animal or
child. The transition from one behaviour to another, which may be

of considerable importance, may be so short as to be missed by all

but the most detailed study. Thus, ten children examined for one hour
each, once a week, may very well miss behaviours with such a short
1ifo-span as that described above. This is not to say that the
contribﬁtion such studies make is not vital; it is past question that
normative data from such a work would be as valuable as that achieved
by directing one's efforts to a single subject., Research method
should be tailored to suit the questions asked, and it is merely being
suggested here, as has been pointed out several times b=fore in the
course of this work, that one should not be tied to a criterion of
Yhigh subject-number squals more resliabls data" when this paosition

so patently omits important aspects of what we term reality.
Audition

The main aspect of audition that can be analysed frdm the data
presented concerns directional looking to the source of a sound. This
ability was not present during the first week of observation, the
infant giving notice of his auditory capacity simply by "starting"
to various (not necessarily unusual) sound. Wertheimer (1961) claimed
directional looking in 10 mihute human neonates, but this finding has
since been questioned (Turkawitz et al, 19663 McGurk st al, 1977).
During the Bth,week decreased activity with any not=too=loud sound )
indicates that the infant “attended" to the sound (cp.Vision and Passive

Ohject-Directed columns). Directional looking was absent during weeks
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8 and 9, During this latter week, an important addition to the
behavioural repertoire seems to have arisen, a non-directional
looking in response to a sound, It is as if the infant is aware
that a noise may mean an interesting spectacle somewhere in his
environment which may be amenable to visual scanning., Hence the
'raised head and looking about at the commencement of an unusual
sound, ( see pg 131 ). This behaviour may be of great importance
in the ontogenesis of directed looking . All that now seems to
be required is the infant's "realisation" that the ear upon
which the sound waves first impinge is the direction in which
the head must be turned 'in order to locate the interesting
spectacle.(ie.,_the-source of the sound) more efficiently.

This additional ability (ie., true directional looking) is first
seen in the following (10th) week, and continues throughout the

developmental span until termination of the experiment,

One of the most important conclusions to be gleaned from the
foregoing results is the great complexity of behavioural development
when viewed in e naturalistic way. It is one thing to place 5C infants
in a standardised position in a standard environment and - to present
them with a standard stimulus for one session each fortnight, it is
quite another to sttempt to unravel how behavioural development actually
proceeds in the infant's "native habitat"; The former'procedure yields
firm; clear results which serve splendidly in constructing a simplified
conceptual framework of the behaviour investigated, but they are
marrowless bones of reality when compared to the wealth of complex
confusing behaviours seen when utilising the naturalistic approach.
With this latter form of analysis, even the smallest skill is seen to
develop by small definite accretions. And yet, such accretions occur
in a seemingly logical fashion, each advance being just slightly more
complex than the behaviour which proceeded it. It is possible to
argus that vision, hand movements, etc., are all interrelated and
that any may be held back by anothsr, e.g. until the hand hits the

object, the open and closing movement mentiocned (see page 118) cannot

be utilised in grasping. Conversely, if the hand is not open when
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stfiking (as is the case for human infants (vhite et al,1964; Tuwitchell
then grasping is again précluded. The present work serves to give

an insight into how some of these accretions and inter-coordinations
come about in the infant drang-utan sub ject, when raised in the
conditions described. The logicality of progress is compelling, and

it is thought that similar work on human infants (and other anthropoids)

would show similar progressive results.

This is not to say that identical behaviours will be seen, only
that advance will be by small additions of skill. Some behaviours
might be species~specific (e.g. the infant Orang seems to be "wired
in" for an open hand outsard swing whers the fingers clasp on the
inward movement, whereas the infant human is not). Other actions may
be chance-made, with conservation of the "useful" -movements. There
may also be a limit on the number of actions that an infant can
possess with respect to any particular behaviour type., The bshaviour
in question may be satisfied by any one of several actions and which-
ever is fortuitously discovered first may then bs utilised to the
exclusion of other, equally suitable, actions which would lead to
the acquisition of the same behaviour. The sort of environment in
which the child develops will also certainly affect the acquisition
of types of behaviour. Examples of retargation and acceleration of
hand coordination in the normal human infant have been shown by
B.L.White (1969 ) whilst Umanéky (1973) has shown how coverage of
one hand can produce restrictions in its use. In the subject here,
“nlucking" seems to have been dependent on the presence of the
rattle string. It is likely that, had this object not been part of
the infant's environment, plucking would not have been seen. Thus,
if infants are followed in great detail, it is to be expzcted that no

rigidly standard and identical corpus of behaviour will be sesn,

Piaget., The slowly increasing complexity of behaviour seen in grasping,
vision and audition corresponds in gensral to the developmental scenario
given by Piaget (1953 , 1955 ). Piaget's observation on his children,
and the work of other researchers was summarised in fig.4.1. of the
introduction. UWhen this chart is duplicated (fig.4.16)togethar with

the dates of the corresponding Orang-utan behaviours a very close
similarity is seen in comparable behaviours, the infant following

an essentially idsntical temporal sequence in his progress towards

grasping. The behaviours included in each level are found, in ths

1970)



Fig.4.16

Behaviour First Seen
(week)
LEVEL 11 REFLEX RESPONSE
] Visual fixation 7 - 8
Palm contact — decrease activity
(ies.infant "atterids" to object) 8
Open and close hand (increases
with manual contact of object) ?
Increased hand movement with
manual contact of object ?
Scratching, then grasping not seen
Grasping, releasing, regrasping 9
Mutual hand clasp 14%
N/ Tactile exploration of facs 8
LEVEL 2: GRASP WHEN OBJECT TOUCHED AGAINST
— FINGER TIPS (hand to mouth and suck 10
at approximately the same time)
G biect 1 not seen
rasp object on oral contact consistently
Ob ject grasped is taken to mouth 10
Keeps moving hand in view 11
Alternate sucking/looking at.object 10
held at mouth )
Visual contact—— increased hand/arm "
\ /7 activity 9
LEVEL 3: GRASP WHEN OBJECT AND HAND VERY 11
— CLOSE IN SAME VISUAL FIELD
Bring hand close to object, and
alternate looking between hand 12
and object
Bring hand from far, to close by
Y\;7 object, then grasp 11
LEVEL 4: GRASP WHEWN OBJECT AND HAND
= DISTANT IN SAME VISUAL FIELD ?
Visual contact with object (hand 14

\/

outside visual field) ~—) great increase
in arm activity, UWhen hand and object
in same visual field, grasping and
sucking

No looking in direction of baptive hand

Yes = see

LEVEL 5:

below
GRASP WHEN HAND OUTSIDE VISUAL FIELD 15
Extensive looking at object
Looking in direction of captive hand 17

TYPES OF GRASPING
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Orang-utan, to occur at the same time. At level 1, the behaviour
occurs during weeks 8 and 9, in advance of the definitive behaviour
for level 2 (hand to mouth and suck in air), this latter being seen

in the tenth week. All behaviours of level 2 are seen during week 10,
i.e. prior to level 3 (1lth wesk, grasp object and hand very close

in visual field), Level 3 actions are found in wesks 1l and 12 befors

the behaviours of level 4, Level 4 behaviours precede level 5.

Mismatches .of the Piagetian pattern are few, but do nevertheless
occur., HMutual hand clasping, said by Piaget to occur at a time corresp-
onding to level 1 behaviour, was not sesn in Cody until week 11.
White et al (1964 ) also place bhis action later in grasping develop~

ment although his work does have hand clasping at level 3 .

Increased hand and arm activity on visual contact with an object
occurs sarlier in this Orang-utan than in Piaget's human sub jects,
being ssen beforse, rather than during level 2. Sﬁch a finding doses
not seem to Se at variance with other data collected in this regard
(see table4.1) as Cody, during the ninth week, was capable of slow ¢
movements, holding the hand still to look at it, and, in the previous
week had shown himself to be capable of attending to an object upon
visual presentation., Thus, all components for an increase in manual
activity upon visual presentation were present at the time that this
behaviour occurred. It may either be that the infant Orang was in
advance of his human contempories becaﬁse of innate, genetic patterns,
or that further study on human infants will show that a rise in hand
actions when an object is presented. is not necessarily possible .only-
after the ability to grasp an object when it is touched against his
finger-tips (cf. Flavell, 1969),

Although not anomalous as far as time-sequencing is concerned two

further behaviours are worthy of note.

Scratching, then grasping was put forward by Piaget as ons of
the initial behaviors in the emancipation of grasping from a purely
reflex action. Although Cody was in an environment which was extremely
favourable for the initiation of such a scratch-grasp-scratch cycle
(1ying on a blanket which he reflexly grasped) this behaviour was in
fact never seen. Nevertheless, the liberation of finger actions from
the reflex grasp did occur, indicating that, between species at least,
the attainment of an identical behaviour does not always presuppose

an identical developmental path to that behaviour.
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A similar comment can be made for the action "grasping an object
on oral contact". Piaget claims such behaviour occurs on a reciprocal
basis with Yobject grasped taken to mouth", This is not the case
with the Orang-utan subject described here. The latter behaviour
did occur, and at the level in which Piagetian theory predicts that
it should come about; however, the former behaviour was almost
completely absent in the infant. This finding was again indicative
that bshaviocurs seen in man do not necsssarily follow in the develop-
ment of an identical behaviour (in this case grasping on sight) in
other species, Considering the small number of human infants invest-

igated, its ubiquity in human infants is not thought to be beyond
question,




“ CHAPTER FIVE

TRAINED VOCALISATIONS AND LANGUAGE

POTENTIAL OF AN INFANT ORANG-UTAN
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VOCAL LANGUARE CARACITY

Within the fnimal Kingdon there are2 & vast number of specialised
systems and structures which subserve communication, From fragile

hormonal balances to intricate behaviourazl renertoires; (e

ul
.
<
Q
3

Frisch, 1954; uhe=ler, 1923; BSasset and Uilscn, 1963; Thor
Darlina, 1937). Many of the most complex ara to be found within
the arzimatr order, and all serve to maintein an sasily understood
flow of informztion From the initiator to tha recipient without

hazarding unselective risks of predation

ates, signals are the sine gua nen of group and pair

=
O
o
r3
[N
3

n ion., Even in so solitary a species as the Orang-utan,
there must be the capability to identify conspecifics, the appropriate
sex and its meting condition, and of breadsasting and responding %o

signals during the sometimes intricate chareography of mating, No

matter what species, or asp=ct is studied, 2ll work in this field

sarves to underline thes vital part that communication plays in the

w
]
Q

maintanance of primate sccial realationshins,

Communicative Exchange in.Primates

The dominant communicative mode differs with differsni primates,
but it is with audition that this section is most concerned. As
several studies have shown, the breaking of branches and other unvoiced
sounds can function in communication., Thus, Gorillas make use of

hand=-chest slapping (Schaller, 1%63; Fossey, 1970), chimpanzees drum

on uwood trunks (Gondall, 1968; Reynolds & Reynolds,1565) and the Orang-utan

es of monkays) possessas a leaf-shaking

™)

{together with many spsc
display (Harrisen, 1961; MacKinnon, 1974). Such behaviour is taken
to an extreme positipn by the Japanese Macacque (Hill, 1972), Marler
(1965) has also commented that the cessation of noise is also an
affectiva signal, indicating, perhaps, the close proximity of a

predator,

tJith voiced singnals, it i

4]

in ganeral found that a facilitation

in vocalisation is s=2en as we movs throuqh the Lemuroidea (Jolly, 1972},
to the Ceboidea, the Cercopithecoidea, and the Anthropoidea. Character—
istically, within any taxonomic grouping, the more social the gpecies

th2 greater the repartoire aof vocalisation,
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Aceording to Andrews (1963); nrimate calls are s2id to have
oeriginatad fron a "startling reflex", Under this raflex Andraws
includas sz2varal 'orntective rasponses', namely, ligs retracted
an<t mouth corners drawn back, head sha%on fram sids tn side, rRyes
closed, eyebrows lowared and qlottis lips closed. It is From this
latter movemznt, plus the violent expiration which ususlly follows

it, that vocalisations are said to have their genesis.

Few primates ars capable of producing pure tones (Marler, 1965 ).

Mfost species oroduce conarse sounds which may be developed into a

cemplicated sound continuum (2.g. Rowell, 1962;, Infra human primates

are said to possess only as many communicative respnnses as othar
infra human vertebrates. HMarler states that a rep=artoire of approx-
imately 10 ~ 15 basic signals occur within the former, much the sama
as othesr vertsbrate groups, =.g. the prasirie dng has 10 sounds, the
chaffinch 12, .

Although carrying a considerable amount of infarmztion tha
cantent of nan-human primates' communication is almost always
emotional, and very rarely environmental, Primate "spsech" is much
mere about self znd conspecifies than about the ext
(Jolley, 1972; Marlsr, 1965, 1969; Plaoog, 1568, 1971; Y~ung, 1970},
howsvier, sce Struhsaker (1967) for 2 primate species whose alearm

calls specify a particular predator,.
Humzan Vocalisations

Man responds to two different types of vacalisation from his

fellows: (i) non-linguistic, and (ii) linguistic sounds.
g

(i) Mon-linguistic. These sounds correspond to the calls of ron-
human primates, and are neitber mors nor less complex than other
calls of members of the Order (Bastion, 1965). Indead, they seem
to have much the same signal function. Such calls have probably
been "wired in" during ths course of evolution; no one teaches an

infant to cry, and, though not 3ll respond aznarnnriatal: its messane
/S 3 H y

is clear to all Homo sapiens. Andrews (19563)Found 2 high dengres

m
]
NT!
ot

~
2

of conparability bzatween a czl

o
and those of the chimpanzee, suggestina to nirsws "= not too remote

-
5]

comron ancestor®, *

f his huwman subjzct {the infant J;}

# It is intaresting to notz that baby chimpenzee are also said to
babble durinn the first few months of litre (Kortland:, 1965)
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(ii) Linmguistic Sounds., Humar languagze (soun?s zraduced by rapid

c variations of differart rejzions 2f tix- veral tract and

suhjsct o th=2 rules of arammar) 4iffers in miny ways fros the vacal
t

2 remzining species of tho (rder primates. Hockett

lanjuages. For exanplas DF 10 is displacement, or the ability t

talk about things re

(Lyinn)

A S

In the absence of any of thesz design features, the communicative
system under investigation is held not to bz a "language"., Thus
the honey be='s dance {von Frisch, 1554) which allows transfer of
information between the forager bea and those remaining in the hive
does nossess displacement, but rot (as far as we know) prevarication,
and cannot therefore be considered homologous with human language.

However, rot all workers are prepzsred to accept each of the design

-

2atures as being n=cessary for "language” as they understand the

cr

erm (e.q. Premack (1951}; Gardner and Gardner (1271}, Lieberman (1974)
does not belisve it advantageous to define language in terms of

Design Featuras as there is, as yet, no complete knowladge of thae
pragarties wnich charactarise human larguage. HMoreover, linguists

are not a little anthrepocentiric in the definition of language as
human language} "A lapguage is 2 communication system that is capable
of transmitting new information." (Lieberman, 1974), This definition
seams to be a useful way of viswing the information-transfer systems
of sarly haominids which presumably paved the way for human vocal
languags. |
Chomsky {1968) and othess ( e.g. McNeill, 1970 ) believe

that human vocal languege is species specific to Homo sapiens.

Languaqe is said tao be innata, and they cits the Fact that the

language of any country or tribe is very easzily learned by its
children. Chomsky comsludes that there appesar to be certain basic
ground rules upan QGich all natural languages are based, and that

these rules ars in some fashinn "oprs-yired” into our brains. The basis

of theses rules are said to liz within th= nesural matrix of the brain.

The Meurobasis for Language and Vocalissation.

Localisation of spacific motor functions has only nartially bean
achieved, both in man and these infra-humar primates, but enough is

known to allnw some generalisations to be made on this subject.
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fvidense from brain lesions (eq.wWernicke,1874; Geschwind,1971) and
2lc

|'\

2ctrical stimulation (Robinson, 19567: Brickner, 1940; Jurgens, l969;
Jurgens, Maurusm, Plaag and inter, 1967} all neint to muich the same
concliusion: that in all Primates tha loeci for non-linquistic vocal-

satinn are to be found in thn limbic systesi of tha 7,i,5,, ths same

bede

o]

rea waragin are found the leci for emotinnzl statas, %Such a system

)

]
Y
o
-
[w]
-
-

e mediation of the divarsz tvpss of vocalisation with

2 various emational states of the animal. There is neo rvidence

th
th

]

at neancortical areas narticipete in the production of origin of

such sounds

Bv contrast, the neocortex apomars to be in almost sole charge

-~

except for emotionzl ejaculatinns which originate, as with other

/
s in the limbic system)} af linguistic vocalisation in man,

|.|.
(|'

rima

e

)]

a

cr

ere thz evolutionarily more recant assocation areas havs senarated

o+ I

-he five earliszr so~called primordial areas (Flachsig, 1901, 1927).
Each primordial area has an association arez closely relzted to it,
ffan hes thus a greater area of cortex than any animzal, and this
advantag=z is accompanied by an absolute increzse in ths pumber of
cortical cells (approximately twics as many as in tha Great fAoes).
Increased dendrogenesis may alsc have cccurred, The highest incr
in both arez and neurone counts in tha neccortex of man are in the
frontal, and temporal lobes, and in the inferior Parietél regions;
thase latter two arz known to be implicated in lanauage production

(zZuarton, guoted in Ploog and ifzlnuchek, 1559}

Man's brain slso shows unique asymmetry among the tlammalia
{howsver, sse Hottehohm {1970) for Aves)., This asymmetry is both
functinnal {language and handedness being the wsual prevince of
the dominant left side) and anatomical {Ceschwind 1970, and Wada
and Rasmussen, 1560, have shown that the area behind the nrimary
auditory cortex in the upper surfacs of the temporal lobe is approx—
imately ona-third larger on the left than right side. The same is

apparently true for neonates (Uada, 1960)).

Gaschuind {197Q) has put farward evidence which to some degree
correlates language function with naural topoqraphy in Yernicke's
and Broca's areas, The same 2uthor has argued thzat language is

ased on kthe angular gyrus of the brain, lore partinent to this
discussion, a forerunner of this rajion is said to exist in the

brain of the macacque.

fraom



Anacomiral Correlates of Vocz:lisation

Althouah all th= Homninoidea show gros: rorphalonical similaritiss

in tha anatomy of the vocal tract, thesr ar: soveral respacts in

-t
H

uhich each snecies differs from othar species of this superfamily.

Considering first the lz2nouage source of sound nraoduction, the
laryny.. Th= gibbon is said to contrast most markedly from the basic
Hominoid nlan, possessing a well-differentiated functional double

vocd

Q

1 cord eystem; which is homologous with the true and false
chords of man, but which, unlike man, are both utilised in phonation,
The vocal folds of the larynx are histologically distinct from all
othar Hominoidea, although, as in man, the aretynoid cartilages
sunjest a capacity for control of vocal chord tension (Nemai &

Keleman, 1933),

Laryngeal merphology in the Crang-utan is marked by quite hesavy
calcification of the cartilaginous structures (Nemai and Keleman, 1926)
more so than is found in either Pan or Hamo. Tha aretynoid cartilages
are r=latively small. Laryngezl musculature was found tn be comparat-
ively weak and undeveloped, and the vecal folds, while lined with
muscla Pibres,; showed a dissimilar orientation when compared to Fan,
Memai and Keleman opine thzt, hecause of such calcification and
undevelopad musculature, the Orang-utan's larynx would be incapasle
of producing delicately modulated or controlled sounds. Similarly,
Keleman ( 1948, 1961 ) has demonstrated that the chimpanzee
larynx is not identical to the human larynx. Houever, Lieberman has
shown that such laryngeal discrspancies in no way preclude the
chimpanzee from producing a potential chimpanzee languane (Lieberman,
1874)., A chimpanzee "voice” would simply be "breathier" and perhaps
not as pleasing as a human voice, but it would, presumably, not be
directed at humans, but at other chimpanzess, However, it appears
that, while the chimpafzee's larvnx in no way bars it from a human-

type languane, other featuras of its anatomy do,

A preoccupation with laryngezal morphology in compafative studies
has led to neglect of a more important feature of human language,
Lieberman (1974) has shown that the supralaryngeal vocal tract (SYT)
may legitimately be renarded as of fer more importance in human
lziinuaze, In Man, this structure {uwhich includes the whole of the

Pharynpgeal, Oral and Masal cavitiass) acts as an acoustic filter,
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“comstic enarsy (qerarated by the larvar) iz -xp2lle” at a cort-~in
fundarental frequency, and its ighar harmanics, (d-panding on the
tension of the vocal cords and/or the pulwonary air pressure). Tro

l-nqth, and crosiesectional arn ~f man'~ SYT can b~ varind to a

great axitent, 7.0 1-ngth and shane of the SVT deterrine the
fre-uencies _for-:nt frequencies, at w-igh: -axiru~ -~rargy will oo
Lrenasferte! fro &9r larvr P~ B ling,  These chirngns in formant

frequency are very important in human lanquaqge (e.3. the vousls

(a) and (i) are determined sol-ly by chanqges in SYT shape and length,
Suchk rapid articulatory manoruvres ara vital to human languaga in

that thry allow speech sncoding and decoding to occur, In a1l cther
primates, SVT anatomy is different. In the Orsng-utan (fig.5.l1, as in

all other Pangids, there are four main points of difference with [Man.

Pige. 5.1
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{i} The tongues is completely at ra2st in the orsl cavit: wher

in Men it forms the anterior wall of the suprapharyngenl cavity.

(ii) Epiglottis and soft palate can be approximated in the Orang-utan,

clagsing off the orzal cavity. This is not rossible in Man.

(iii} The larynx opens out into the tnomost portion of the pharynx in
the Orang-utan, whereas in Man the larynx has descendad down the
pharynx (Du Brul, 1958; lLieberman, 1974), allowing its full resonating
potantial to be utilised, * The level of the vocal cords is also nigher

in ths Orang—utan than in Man.

(iv) The SVYT of the Orang-utan approximates a sinale tube. This is
not the case in fan, where the supralaryngsal pharynx is set at right

angles to the oaral cavity.

This. latter discrepsncy is perhaps the mnst important, Without it,
it dcoes not appear to be possihle to produce the acoustically stable
vowels, (2), (i) and (u). These sounds ara crucial to human vecal
language as they are usaed by a listensr to calibrats the size cf a
speaker's vocal tract (Lieberman, 1974)., The nrocess nof speech dacoding
requires that such informztion be available; or mistakes in sound
classification may arise, The first formant fraquancy and the rasultant

resonant frequencies of 2 sound will vary throughout a ranje from adult

07

men to young children depending on the size of the speaker's SVUT
(Peterson and Sarney, 1952)., For example, the rasonant pattecn of Cg}
for an adult may overlap with that of (d} for a child, .The listansr
must therefors be able to calculate the size of the SYT of any given
speaker before he can oive an acoustic singnal the correct classification.
Computer modelling of ths SYT of a chimparzee has anparently shown that
these acoustically stable vouwels ((2), (15 and (u)) and thus tha

ability to calibrate and decode, a2re not nnossible in this spsacies,

The buccal cavity and lips of both zpes and man alsc differ, The
dental arcade is parabolic in man, whereas it forms a [ \ -shape structure
in ths Pongidae. Lanneberg (1967) claims thst this structure is essentizl

fFor the snirant sounds such as f, v, s, sh and th,

The faciel scles are more distinct aiiang the HHemincideas thar among
any of th2 monkays, with th= sreztest degrez of Ziffereptiation baing
senn in Man. The arra showing thaz highest degres of differentiation is

in the corner of the mouth {the modiolus}. Lightheoller



to the ingzility of any sgociesg {sother than lan; te prodfuse by

atg
tter from the lezrning of simpler "worliing-—

r
hcld tc Lisberman's operation and definitian of lenguzze {page 790)
then vocezl communication systems less conplex than lc e

3 re
saophisticatad than "natural” primate communicetion mzy yat be possible.
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hominids. Consideri

i
presumzbly nsossessed @ varying degrez of linguistic competence bzlow
c

In one rsspuct, the as
in the ongidea has graatly aided research on tha language ceapacily
af these creatures in the form of investigations into a variety of
. 13 N\ 13
symbolic communicatory modes (see gsverpage}. !lowever, such neglect

of vocal languazs potential may b2 a no aortant guersight. Tuc

cr
C
o
'.J-
)
-n O

bodies of fact counsel cauticn on the tapic of ape voczal languzge.

Pongid Lanousge Capacity

utlines the published accounts of individuals home-raisin
(in the locsest sense rin) one species of ape, Sub-table
(i) (no language tuitisn attempts) a

discussicen. The main goint tg bz extracted frem thasz studies is that

in no casz did the ape-subject attemot to initate spoken words, ner
did they devisz sounds {other than species-specific czlls) for
specific objects or referents. UYhether thzy arodeced @ gestural
sign-system (Lack, 1977.) has yet to be investigastad., Fhysical

imitaticn wes however ubigquitous in thasz subjects,



(1)

(ii)

(iii)

Infant Anthropoid Rearing

TABLE 5.1

Nam=
Researcher of Species Sex Age during xpt.
Subject
Kearton Toto Pan ? 2
(1925)

Jacobsen,

Jacobsen & Alpha Pa Female 1 week to | year
Yoshicka p o € y
(1932)

Raven (1932) 0 . N

(1933) ? Pan ? ?

Kellogg &
Kellogg Gua Pan Female | 74 - 16} months
(1932)
Ladygina - . Lo o1
Kohts (1935) Joni Pan Male 13 43 years
Lintz (1942)

Finch (1942) Fin Pan Male 3 days to 3 years
Gardner &

Gardner

(1968, 1969, Washoe Pan Female 8-14 months 6 yrs.
1971a & 1971b)

Premack & \

Schwarz (1966) Sarah Pan Female 23 4 years
Premack (1976, , : 9

1970b, 1971) Sarah Pan Female 5

Garner (1896) ? Pan Male I year — 15 months
Furness (1916) ? Pongo Male 1 = 5} years (language

& training 1] months)
Female

Hayes & Hayes Viki Pan Female | 3 days - 6i years

(1950)
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Sub~table (ii) is concerned with completed studies carried
ocut on the chimpanzee's ability to communicate using modes other
than vocal language. Premack (1970a, 1970b, 1971a, 1971b) has
side-stepped the problem of rapid fading of spoken (and signed)
language by using magnetic word-symbols which are "written",
Chinese-fashion on a metal board, Using a one-fo-one substitution
method, the ape is reported as successfully mastering common and
proper nouns, adjectives, verbs, prepositions, particles and
conjunctions (Ploog and Melnechuk, 1971), Sarah is also said to
answer questions, obey commands, and has shown compatence in the

conditional if/then formulation of sentences.

Teaching a chimpanzee a deaf sign lanquage has been attempted
by R.A. and B.T.Gardner ( Gardner and Gardner, 1969, 1971, 1975)..
The sign system (ASL) has been claimed to be a natural language
on the basis of the work of Stokeoe (1965). The Gardner's first
sub ject, Washoe, learned?21 signs during the first 4 months, Further,
upon mastering 8 signs, Washoe began putting them together in 2-
sign combinations, e.g. "gimme-eat", An interesting parallel with
human infant 2-word combinations arose, in that the sign
combinations were very similar to the "Pivot" and "Ppen” classes of
Brown's subjects (Brown, 1970), Three sign combinations followed,
and 4-, and 5-sign combinations have been reported (Gardngr'and
Gardner, 1971). The signs do seem to be used as symbols, they
are generalised readily, and indeed, Washos has devised her own
signs for various objects, the first (a square shape made on the
upper chest with both hands) being a sign for “napkin" (Gardner and
Gardner, 1969), The Gardners have also shown that Washos can
provide the sentence constituents specified by different Wh questions
with a competency superior to the replies given by human children

of Brown's Stage 11I,-(Gardner and Gardner, 1975; Brown, 1973),

Rumbaugh and his co=-workers have built a computer-controlled
language training situation to study the language capabilities of a
young chimpanzee, Lana ( Rumbaugh, von Glaserfeld, Warner, Pisani,
Gill, Brown and Bell, 1973). Lana lives in a large plastic chamber
from which she controls the events of her day by typing out a
message in "Yerkish", a language whose rules are defined by a

modified version of English correlational grammar ( von Glaserfeld
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and Pisani, 1970). Each lexigram is projected above the chimp as
she writes - all sentences must begin "please", conferm to the
rules of Yerkish, and end by the pressing of a "period" key.

Lana learned 46 lexigrams within the first 6 months of the project,
and continues to add to her vocabulary, She has been shown to read
haer own typing, complete unfinished sentences correctly (Rumbaugh,
Gill and von Glaserfeld, 1973), and to understand the general

concept that objects can have names, (Rumbaugh et al., 1975),

O0f the three workers detailed in sub-table (iii), two are
concerned with Pan's vocal abilities, one with Pongo's. R.L.Garner's
haphazard work is of the least importance (Garner, 1896). The words
chosen for tuition were a polyglot assemblage (the English "mamma",
the French "“feu", the German "wie" and a native word "nkgive"),
Training lasted only three months, after which the ape died. It
may be that the strain of attempting toc be the world's first quadri-
lingual chimpanzee was the cause of the unfortunate ape's untimely
demise. The subject apparently tried to imitate the sounds modelled,

although to what extent he was successful remains speculative.

The Hayes' experiment with their chimpanzee "Viki" (Hayes and
Hayes, 1950; Hayes, 1952, 1970) was marked by a far more scientific
approach, A female, Viki was adopted three days after birth and
spent over six years in speech training, This began at 5 months with
a simple reward schedule., Each meal, food was witheld and only given
when a vocalisation occurred, It was a further 5 months before Viki
achieved the production of a harsh staccatto grunt sach time food was
offered., A so-called "shaping method" followed; Viki's mouth Qas
manipulated during vocalisation, and only successively closer
approximations to the model rewarded, Ffrom this came the word "mamma",
At 3 years of age, (30 months after beginning speech training) Viki
also possessed "papa" and "cup". She subsequently learned "up" and,
at 5 years of age, possessed these three sounds, plus a clicking
of the fmouth and "tsk" sound. The sounds, to judge from cine
recordings, were not well formed, and in at least two of them, Viki
had to occlude her nose manually to prevent escape of air, indicating

an inability to close off the nasal chamber by raising the velum,

Furness'! attempts to teach non-emotional, voluntary sounds to

an Orang-utan are brisefly reported in one paper'(1916). This worthy
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apanrantly achisvaed as many frzinnd sounds in eRlavan montns 33 wWas
achizverd by Viki during six years of exprrimentation, 0y dint of long,
daily neriods in the animal's comrany, modelling of th= recuiied word,
lip and lingusl manipulation, blankane of the nosa, and social a2nproval/
patting as reward, furness {after six months} tzugnt hi
to wnicn Lha ward ”pﬁpa". A Migh" sound was alicited by hlockaaz of
the nos-t and rushing a bone spatula anzinst tha tongua. Later, this
subject learnad to use her own finger for nasal scclusion. '"Kah" was
then prafixed to "pa" and the resulfing ward Y"kap" used as a synonyn

for "ecup"

The subject mastersd a "thuh" sound 2lso, again afitar considerabls

=

mouth maninulation, UnFortunataly, shortly after, the animsl died. of

unspacifiad causes - 5 months after achieving its first sound., It

is intaresting to note that a s=zcond Jrang-utan, and a chimnanzee (botih

[
4]
H
(6]
e\l
w

t
lacking in language at the and of tuition {5 vears faor the chimpanzee)

as when they began it,

Congidering vecal lanjuaje acqguisiting in the two species studied

so far, of two oathtzmris with Pan froglodytes, the woric oaf the Hayes

e
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is, as yst, the most successful, The single Srang-oriented
a

on an '"n'" of ocne are very suspect, it

n igence and mcrphology of the Grzat Apes are
notoriously variakle, and grzazt gentleness/skill/size in one individusl
ne guerantse of similar attributes in the species es a whole, Further
studigs in this field are cleerly n2cessary to give some idea aof the
rang2 of linguistic and Other abilities in th2 Great Apes. - However,
giving cach zpe maximum stimulation and tuition necesserily restricts
the numbzer of subjects, usually to 2 one-tg—onc system, and it may be

befcre cnz can say with zny degree of cartainty just uhat the
t be. Mevertheloss, the more

crmed, the nszarsr we will come toc that position,

i
studied, the most modern tuition tochnicues have also nobt besen asplied,
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Lansuage Tuition

Tha treining poacedura

u
2re Py no means the apz2t of lenju:go tuition techniguns. Rocent zdvances
u

T A N
wQ ZJEMonsiIited . o

probably the eaziest meens af aczhieving language-~type

i
responses, and cosordinating these with the total behaviour of the
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zral researchers have utilisecd ¢hese findings in comprehensive
uction capacity ir disturbed ch
n and Harris, 1968; Hewett, 12255 fisldy, 1966;

o 7
2islay and Wolf, 1957). Of these, tha work of Houwett {1965) was chosen

L]

as most applicables to tha task of producing zppropriztz vocal responses
in the Orang-utan., The rescarch wzs well-planned, successful, and, more

important, it uwas perfermed with zn autistic child in a setting which
would allow replication with materials and rescurcas within the compass
af the present study. It was the impression of the author that, super-
ficially at least, the infant Orzng-utan of the study ressembled an
autistic child, primerily in its s2lf-, rather than other—-directed
actions. Lxperts at Neuwcastle spzech tharapy clinic endorsed this
genaral assessment (Edﬁarﬁa, M, pers. comm,). Ilost interestingly,

work citsd at these meetings shouwed that a shzping method (similar to

2r, in a 2-sectioned t=zlking

t
baatih, the two individuals communicating through a cavity, clasad by

a shutter. DMeter was rowarded throu

w
oy
cr
ey
[0]

hutter {with food, drink,



- 201 -

music, “to.) duriny the courss af training, and punishmant administered

by rancual of light and persanal contact, th» shuttar Szing cloz=d

B
-
L

b

Far this aurposa.

raining was divided into Four sactions: (i) Intrn-duciisng
£11Y 8aciol Toitatisr [of yrrisos Tody movessnts|y {1417) Spoach
2 - . s
Ttairitg ‘vschal imitabini using YSa sucesssive ancroxinztions

o
{of th2 wnrd io tha external enviranment., In all

fode

Frur sections
reward was contingent upon an ampropriata resronse from the subject.
Hewett reports that 150 words wers lesarnt during the l4-month period

21 shouasd Yar ina~tiable
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LANGUAGE TUITION WITH AN INFANT
ORANG-UTAN

RATIONALE

From the outset it was dacided that a functional approach
to vocal communication would result in the most efficisnt use
of time and energy. Thus :

(a) The articulation of .English words was not sought; the

sub ject was required to produce only a distinct, well-formed
and reproducible sound. It seemsd redundant (during tha early
stages) to teach, es.g. "fuh" and "duh" sounds, and then to
combine tham to give an approximation of "food" when "fuh",

in the relatively uncomplicated umwelt of an infant, would
serve squally well as an unambiguous designator of ths object-
class food.

(b) The sounds taught were arbitrary and based on sase of
articulation and tuition. This produced a hias towards unvoiced
sounds,

(¢) The sound produced was to designate a spacific referent or
class of raferents,

(d) Sound object matching was arbitrary, but whersver possible

attempted to follow the first phaoneme of its English equivalent.

Autistic children are apt to vocalise Spontaneous¥y (Hewett,
1965; Lovaas, 1966 ) unlika the infant Orang-utan who is almost
totally silsnt. Untrained vocalisations heard during the
experiment can be divided into three types: (a) a peeping sound
given when mildly disturbed, (b) a high-pitched scream of consider-
able volume, emitted when highly disturbed and (c) a grating
inhalation which sometimes appeared immediately following a
b-type scream, It will be noted that all such vocalisatians
were given when the infant was in some way emotionally upsst.

It was thought useful, therefore, to establish unformed, voluntary
vocalisations in the infant prior to the physical imitation
procedures, At very least, it was plannesd to teach breathing
through the buccal (as opposed to nasal) orifice, so as to aid

production of unvoiced sounds.

Training can be divided into saven stages (Table 5.2 ovaerpage)
beginning with the abortive Stage 1 in the 5th month, Prior
to this the infant's comparative lack of psychological aware-

ness would have made tuition extremely unproductive. Indeed,
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TABLE 5,2

List of Stages

and Phases

Age at
e Completion i
Stages and Phases of Final Dates
Phase
STAGE 1: Shaping Method 3 Jan - 7 April
STAGE 2: Buccal Breathing (FoN) 18 Jan =~ 10 June
Phase (1) Intro & Experimentation 18 Jan — 9 Feb
{(i1) FoN (aided) 14 Feb - 26 Feb
(iii) Transition (fading) 22 Feb - 27 Feb
(iv) FoN (unaided) 27 Feb - 9 Mar
(v) FoN plus "kuh" Im.lw,6d.| 9 Mar - 10 June
STAGE 3: Physical Imitation Training
(h on H) 28 Mar - 17 June
Phase (i) Introduction 28 Mar - 15 Apr
(ii) h on H (aided) 15 Apr - 29 May
(1ii) Transition 30 May - 7 June
(iv) h on H (unaided) 10m.lw.4d. { 7 June - 17 June
STAGE 4: Physical Imitation plus
Vocalisation 5 June - 7 July
Phase (i) his F on N (aided) plus "kuh" 5 June - 21 June
(ii) Transition (fading of physical
prompt) plus "kuh" 21 June - 25 June
(iii) his F on N (unaided) plus "kuh" 25 June ~ 27 June
(iv) Fading of Xlsufl Prompt during achieved concur—
FoN, plus "kuh -
(v) Fading of infant's FoN rently betveen
s - - 2 n =
(vi) Transfer of Sound 10m, 3w.5d, | 26 June 7 July
STAGE 5: Puh Vocalisation 7 July - 30 July
Phase (1) Pout added 7 July = 11 July
(ii) Transition A 11 July.
(ii1) Pout (unaided) 11 July,
(iv) Pout and "puh" 12th July.
(v) FoN plus pout plus "puh" (unaided) 12 July - 18 July
(vi) Transition 18 July - 21 July
(vii) "Puh" (unaided) 21 July - 24 July
(viii) Retraining 24 July - 27 July
(ix) Fading 27 July - 29 July
(x) Unaided "puh" 12m.0w.2d. | 30 July - Termn.
STAGE 6: TFuh Vocalisation 13 Aug — 21 Aug
Phase (i) Mouth Manipulation of lip to teeth 13 Aug - 14 Aug
(ii) Fading of mouth manipulation 15 Aug - 17 Aug
(1ii) Lip to teeth (unaided) 18 Aug.
(iv) Lip to teeth (unaided) FoN & "fuh" 17 Aug - 21 Aug
(v) Fading of FoN 21 Aug.
(vi) "Fuh" (unaided) 12, 3w, 4d. | 21 Aug.
STAGE 7: Thuh Vocalisation 30 Sep — 2 Oct
Phase (i) Mouth manipulation of tongue to :
teeth 30 Sep - 1 Oct
(ii) Fading of mouth manipulation 1 Oct.
(ii1) Unaided "thuh" 13m.0Ow.2d. | 2 Oct.
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according to Object Concept data (Chapter 3) the infant, at
onset of training, was at substage 111, and probably unable to
cope with the symbolic representation required for imitation
Piaget's theory holds that this is impassible before substages

V and VI)., With regard to the natural vocalisztions of the wild flrang

\ kiss squeaks, grumphs, gorkums, lorks, raspberry, ahoor, barks,
chomps, play grunts and varioussScreams =~ MacKinnon, 1974), only
the raspberry noise approximated any of the sounds eventually

"
taught the infant, the “raspberry" being very close to the"Puh sound,

CHRONOLGGICAL DESCRIPTION OF TRAINING

The training is considered chronologically with regard to
the first trial of any one stage., When two stages run con-
currently, training and results of the earlier stage are discussed
first, Duration and overlap cf the various stages and phases are
condensed in Table 5.3; it is suggested that this summary be

referred to often when foilowing the sometimes complex procedures,

STAGE 1., UNFORMED YGCALISATIONS (3.1. = 7.4.74)

Training was'eséentially similar to that of Hayes (1951), the
infant being seated on the teacher's knee during training.  Food
was offered the infant, then abruptly withdrawn, ﬁhe teacher
simultaneously voicing the request "Speak". Frustrated, the infant
usually gave vent to a lgpp cry, at which point the food was quickly
administered, togethég with the phrase "That's itl" By such
means it was hoped Cody would come to associate vocalisation with
the primary reinforcer Food, and the secondary reinforcers of

social approval and contact comfort.

Training was given during feeding periods (approximately
8.30 a.m., 1,00 pem,, 5.00 p.M.). Standardisation was attempted
wherever possible, ti7d same objects being utilised each time

at their usual locations in the room, The teacher and infant

i igss. that ths | /e

sat as in figs.2 so — ‘ tig. 5.2
minimum of external stimulation

. \Q\'sﬂ_ @
impinged upon the infant's senses. N ',W
Ocrasionally, because of illness, L .

. : Cugocard, .

it was necessary to curtail or omit y

7/

certain tuition sessions. A delicate

balance had to be maintained with

regard to feeding procedure as the
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infant was still very susceptible to a variety of potentially
fatal ailments., Further, the infant's weight often decreased
appreciably during the teacher's periods of absence. These
two congsiderations obviated a complete denial of food if no

vocalisations were forthcoming.

Training proper began on January 3rd, 1974 (infant's age:
22 weaks 6 days) and was, as far as possible, continuous until
April 7th. Breaks occurred during my absence from tha experiment
(on average 2 days/ 2 wesks) resulting in tuition on 80 of
the 95 days that Stage 1 tuition was attempted (i.e. 84% of the
time): Throughout this period, with one exception, there was
no sign that the subject was capable of producing voluntary

vocalisations,

The exception refsrred to above occurred during the 12th
waek of Stage 1 tuition. On one trial, instead of his usual
screaming call, the infant uttered a quiet noise rather like a
saoft "uhh"., He was strongly rewarded for this sound, but except
for a single repetition the following day, the sound was nsver

again voiced.

Severe illness (gastroenteritis) during the l4th wesk of
Stage 1 caused cessation of tuition. As the response to Stage 1
training had been nil as far as overt ressponses were concerned,
and as such heartening results were being obtained from the
concurrent "finger on nose" expsriment (S5tage 2), Stags 1 was
terminated, allowing more time to be given to subsequent training

procedures.,

STAGE 2. BUCCAL BREATHING (FINGER on NOSE - FoN) (18.1. - 10.6.74)

As buccal breathing had been of aid to Furness (1916) it
was reasoned that such a voluntary capacity would be of great
help in teaching this subject to producse sounds. Unliksa Furnsess,
what was looked for in the present subject was buccal breathing
without external nasal occlusion. This required the subject to

raise his velum and drive air out through the lips.

Tuition for Furness-typs buccal breathing (fingers on noss)

was divided into 4 phases: (i) Introduction and experimentation;



(ii) FoN (aided); (iii) Transition (fading); (iv) FoN (unaidad);

a fifth phase "FoN plus kuh" was added on 18th february, when

vocalisation during phase (ii) training occurred spontaneously.

Coincident with the beginning of folN training, a teaching

booth was constructed. As a devics similar to that of Hawes!

was both of excessive cost and (because of the violent prolonged

screaming that attended any enforced contact breaking) impract-

ical for the Orang-utan subject, a booth of rather more modest

design was constructed (fig, 5.3).

l~ El%nwn

T~ -
~

dDOP

The apparatus was essentially a large box (6' x 5' x 5'),

1]

timey

constructed of natural wood. As shouwn in fig,535, theltaacher,

seated cross-leqged, instructed the subject, who sat facing him,

on his lap., This method proved very satisfactory for a variety

of reasons (centring interest on the teacher;

of manipulation and control of unwasted movementsj increasing

the efficiency of "timeout"™ procedures;

alteration of the booth for teaching further sounds.)

and allowing easy

ellowing easa

Phase 2(i) Introduction and Expsrimantation (18,1.74 - 9,2,74)

In the absence of any previously devised methods for

initiating buccal bré;thing, all such attempts wsre introduced

slowly and gently, so as to decrease the chances of the

attachment of negative reinforcing properties to the procedurs

and to obviate negativism. Thess two were constant problems

throughout all stages of tuition,

The phass began with experimentation to determine the best

method of producing buccal breathing,

blocking the nose and therefore forcing mouth breathing or

The most obvious method,
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asphyxiation failed when first tried, (18.1.74). From his
violent reaction (wild head shakings, jaws clamped tightly
together and gross bodily movements, hersafter referred to as
"fighting") it was clsar that, for Cody, the obvious human
response of opening the mouth was lacking. This difficulty was
ovarcome by initiating nose-blockage as shown in fig. 5.4 with
the index and second fingers placed ovar tie nose, and the
third finger in the mouth, '
This method allowed complete

freedom of one hand for

manipulations and administration \.'”
of rewards, while the finger-—-in-mout
prevented closure of the oral
cavity. It also appearsd more
acceptable to the infant

himself,

Following the discovery of uwhat seemed tha must efficaciuvus
technique for further teaching, a four-day rest period was

given, and phase 2 (ii) bequn.

Phase 2(ii), FoN (aided) 14.,2,74 - 26.2.74

This phase consisted of applying the previous phase's methodology
and attempting to increase buccal breathing time with the ultimate
target of extended toleration. The target for phase 2(ii) was
arbitrarily set at 15 ssconds mouth breathing, after which

"fading" would be implemented.

Over the 12 days of this phase Cody's maximum tolsration
increased from 6 to 21 seconds. The increase was relatively
steady despite one 2- and two l-day breaks (maximum and minimum
times shown in fig.5.5(2) ). During training the infant did not
respond consistently, howsver, being as likely to "fight" as to

undergo such treatment with composure.

A second event of subsequent importancs occurred during phase
2(ii). On both the third and tenth days spontansous vocal-
isations ware produced unlike any so far encountersd, and
reseambling a gquttural human "gruh" or "kuh", During the tenth
day it was decided to reward this behaviour. This was done by

slipping a small piece of chocolate into the infant's mouth.
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Masal occlusion was, however, maintained during administration
of this "secondary" reward, and the primary reward given upon

termination of occlusion.

Phase 2(iii) Transition (22.2. - 27.2.74)

This is of necessity a less wall defined phase, requiring
pariods where no fading (i.e. slow removal of finger in mouth)
was deemed useful, Fading was attempted twice on Fsebruary 22nd
after four FoN (aided) trials., Each time buccal breathing
continuad for a further three respiratory cycles. Ths infant
then closed his mouth and began to alternately breathe and
asphyxiate., Cody regressed on later days to simple mouth
closure with no mouth opening, even though his face became
suffused with blood. 0On these occasions nasal occlusion was
terminated after 25 seconds, five days after beginning phass
2(iii), sink-or-swim tactics were expesrimented with; mouth
closure for a maximum of 40, as opposed to the previous 25
seconds without breathing, being allowed. 0n implementation,
the infant "fought" madly, and only as the time approached
40 seconds did mouth breathing begin., Even then, only a
single breath was taken and the closed-mouth cycle repeated.
This procedure was repeated a total of four times, aFﬂer which
Cody breathed with relative ease through his mouth on five
subsequent trials, and from this time on unaided mouth breath- '

ing was very much easiser to train.

Phasa 2(iv) FoN (27.2. - 9.3.74)

The advance required of this phase was an increase in

toleration time of buccal breathing with voluntary mouth opening.

The toleration target was of much longer duration than phase 2(ii)
being set at 1 minute, The increase was necaessary because, it

was reasoned, the diverse lip and tongue manipulations envisagsd
for production of the various sounds would be extremely difficult
to enforce within a time-~scale of 15 seconds. 0One minute

seemed a mora reasonable duration,

Toleration times increased markedly during phass 2 (iv),
(Fig.5%5(b). The table is, howsver, a little misleading in
that the maximum toleration time on the first four days uwers

exceptional (achieved only once during 10 - 12 trials). The
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ramaining trials were of 20 -~ 40 seconds esach time, increasing
as session number mounted., At the same time, the infant became
increasingly blase about phase 2(iv) training demands. Fighting

was, nevertheless, still in evidencs.

The infant achieved a 100% l-minute toleration level on
flarch B8th., March 9th showed a similar level of compstency and

phase 2 (v) was initiated.

phase 2(v) FoN plus "kuh" (9.3. = 10.6.74)

Although not mandatory, Cody continued to vocalise with a
spontaneous "gruh/kuh" sound during phases 2 (iii) and 2 (iv).
Secondary reward was probably responsible for the increased
rate of vocalisation as, by March 6th, such utterances uwsrs

far more common than at the beginning of phase 2 (iv).

During phase 2(v) a vocalisation of the "gruh/kuh" type
uwas required during buccal breathing. The nose was closed
gither until the sound was produced or for a maximum of
l-minute 30 ssconds. Upon either event, a food reward, verbal
praiss and petting ware administered. Ouring each trial thse
tsacher modelled a "kuh" sound at 5 - 10 second intervals. The
phrase "That's it!" was used consistently by the teacher
following a correct response. Although not as averse as in
previous phases, nasal occlusion and denial of ventral-ventral
contact were both definitely disliked by the infant. As all
restrictions were lifted when a vocalisation was produced it
was hoped that Cody would, in tims, come to associate early

vocalisation with early release,

It is apparent from fig.,.6 that the infant very scon
understood what was required of him, the % "kuh"/no "kuh" trizsls
attaining 100% within ten days of phase 2 (v) commencement,

After March 22nd, the level remained at 80% or above until May lst,
falling below this level on only one occasion (April 7th).

This latter immediately preceded an attack of gastro-entaeritis,
almost certainly the reason for the infant's poor showing., From
May 10th until termination, figures below 100% were seen but

once (May 30th — 93%).

No less progress was made in other aspects of his vocalisations,
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The time taken for sound production to occur from the
initiation of each trial decreased steadily over ths weaks
of training from a usual figure of 40 - 60 seconds until by
March 16th, the majority of "kuh"-sounds ware produced in
less than 5 seconds (15 trials/session). Fighting alsc
progressively decreased to negligible levels, This latter
response is probably directly related to the former - less
discomfort with increasing flaster "kuh"-sounds reducing the
nesd to fight to reduce the discomfort. It was still n=acessary
to immobilise the infant's hands, however, the more so as
Cody began attempts at wresting the nose-~blocking hand from
his face. To decrease these destructive outbursts to a
manageable level, a "timeout from positive reinforcement"

praocedure was employed.

Rewarding appropriate responses, and placing inappropriats
responses on extinction does usually result in extinction
of the latter, but the process can be a long one, Basr (19562),
Wolf, Risley and Mses (1964) have shown that removing the
subject from the situation where he may have the opportunity
to receive positive reinforcement decelerates incompatible

behaviour.

From April 23rd, the infant was simply ignored, being sst
on the ground and denied eyses and ventral-ventral contact. This
position was maintained, in the first instance, for 15 seconds,
then 30 seconds, stc., i.e. "timeout" duration was cumulative,
Termination was contingent upon passage of time, and not, as
in some studies (e.g. McReynolds, 1569) upon appropriate
vocalisation emission. This procadure did not serve to greatly
decrease undesirable bshaviour, as Cody simply bsgan playing by
himself when ignored (McKinnon, 1974 , alsc mentions tha great
amount of time spent in auto-play in this spscies.). A new and
much harsher "timeout" regime was introduced May 10th, with
"timeout" functioning as a negative reinforcer. Here, Cody uwas
held prone on the flocor, his limbs pinioned by the teacher's
hands. "Timeout" was again cumulative (15, 30, 45 seconds),
termination being contingent upon passage of time. This
procedure was far more effective, and in practice it was found

that one "timeout" period (never more than two) was sufficient
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to restore attentive behaviour,

Lesser aids in training includad the realisation that
food plus ventral-ventral contact was a mors efficiant reward
than food alone. Indeed, at certain times, Cody would by-pass
proffered chocolate to achieve contact comfort. Placing the
food reward in visw while training was in progress also acted
to increase motivation, though this technigue was effective
only after Object Concept Sub-Stage IV was attainad (see
Chapter 3 , page 34 ). Prior to this it seemad that "out of

sight" was apparently also "out of mind".

The quality of "kuh"-sound production also improved during
phase 2(v); gargling "grushs" and "klaahs" being gradually
replaced by "kuh" or "keh" sounds. As confidence grew, Cody
could (from April 10th) be "held" for a second, better "kuh",
during a single trial. These holding trials (a form of
successive approximation technique,bﬂing, 1966 ) undoubtedly

aided better pronunciation.

Fading of FoN (on seven separate occasions) producad
ambiguous results. On April 12th and 13th, with nares 1/3 -
2/3 uncovered, Cody produced a soft and a loud "kuh" respectively,
One day later, identical procedure resulted in failure, although
on April 18th a good sound was recorded. During the next two
fading sessions only a single nostril was closed. Cody produced
3 soft "kuhs", one Failure and 4 normal "kuh"~sounds on thssae -
eight trials. That the infant could not yet produce sounds
without aided nose closure was evident on April 10th, though
from the way in which the mouth was opensd and air sxpired in
a sharp burst, it did seem that a "kuh"-attempt was being made.
It is considered that, with appropriate training, unaided "kuhs"
could very probably have been elicited by careful FoN fading.
However, during phase 2(v),Stage 3 training (Physical Imitation)
had bzen initiated. These later also promised to fulfil the
target of unaided sounds, (and to do it by smaller, though longer,
yet ultimately safer training increments). Phase 2(v) was

therefore dispensed with,

STAGE 3. PHYSICAL IMITATION TRAINING (28.3, - 17.6.74)

Stage 3 training was designed to teach the infant to mimic
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certain physical movements, Hand on head (hoH) was chosen

as the first model as it allowed the teaching of imitation
movements per se, and was also quite similar to a nose-blocking
movement whichy it was hoped, would allow unaided "kuh"-sound

production,

Training was divided into 4 phases: 3(i) Introduction;
3(ii) hoH (aided); 3(iii) Transition (fading); 3(iv) hoH
(unaided)., Session number (and triéls/session) were gradually
increased from 1 session/3 days to 4 sessions/day at termination,
The training situation was as in Stage 2. During Stage 3 the
teacher grasped the infant's left hand, and held out his oun
left bhand until the infant was seen to fixate it, Then, with
the request "Do this", the teacher's hand was moved through
the required movement. Almost simultaneously, the infant's
left hand was taken through a similar movement. The subjact
was thus prompted in three separate sensory modes: visual
(teacher's modelling movement); auditory ("Do this"); physically
(tactile/kinaesthetic impressions), If the infant broke visual
or physical contact during this procedure, that trial was
ignored and a further trial initiated. If such bshaviour
cantinued, a "timeout" period ensured. On completioé of the
required movement, the teachsr cried "That's it!", simultansously
rewarding the subject with food, hugging and praise. During

Stage 3, a short play period was also given between trials.

Phase 3(i) Introduction (28.3. = 15.4,74)

This was much less rigorous than any of the following phases.
Four movements, (hand to nose, ear, head (vertex) and.chin) wers
modaelled and "imitated". The purpose was not to teach the infant
any particular movement, merely to accustom him to the new
experimental situation. Six sessions (46 trials) were given
during the 17 days of phase 3(i). Cody, for the most part,
accepted these trials passively. It was, howsver, svident that
non-attention to the modelling movements would pose the greatest
problem. The teacher, to catch the subject's attention had, on
many occasions, to resort to striking the wall or his head with

his modelling hand, or snapping his fingers,
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Phase 3(ii) hoH (aided) (15.4, - 29.5.74)

For the first eight days these sessions wers restricted
to 5 trials/session, given betwean FoN trials. As predicted,
inattention was a problem, and in addition, resistance to the
guided movements sesmed to increase during this period, being
prevalent up to April 24th, Immediately after this, due to
the teacher's ill-health, six days of tuition were lost, Work
no sooner began again (May lst - 3rd) than anbther four day
break occurred for the same reasan. Training resumed May 8th
with no overt sign that the infant had understood what was
required of him. Indeed, it was not until May l4th (infant's
age: 4lw 4d) that, on the last of twslve trials, Cody seemad
to voluntarily take his asrm through the last few cms, of the
movement., The following two days confirmed that very slight.
aiding was occurring, In addition, whersas previously his
fisted hand had been placed upon his head (obliging the teacher
to open the hand forcibly) Cody now began to psrform such a

movement voluntarily.

Progress was extremely gradual, with the infant helping
on more and more of the total movement. March 29th (14 days
from initiation of 3(ii) ) saw Cody performing the complete
hand to hsad action although still held by the teacher's hand,
Fading of the prompt was attempted from this dats.

Phase 3(iii) Transition (30.5. = 7.6.74)

Fading was by relsasing the hand progressively earlier in
the imitatory movement. Response was rapid and on the evening
session of the first day, Cody helped slightly on 9 of 15 trials.
Aiding on 5 of 8 trials was seen the following day, and Juna 1lst
showed a further improvemsnt, with helping on all but one of
19 trials; on thrase-of these all that was necessary was a
gentle touch on tﬁé slbow - this was termed slight prompting
and can be defined as a push of no more than one inch against
the elbow of the imitatory arm. June lst also saw tha first
full physically unprompted hoH movements, as well as several
"anticipatory”" (before a prompt) imitatory actions. These
latter were seemingly used as a'request" for milk, but were
placed an extinction as it was desired that (at that point)

Cody imitate the specific movements. Although "wrong" a
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"timeout" period was not made contingent upon anticipatory
movements lest it led to negativism in the subject. 1In
addition, it was hoped that, at some prior point in training,
Cody should use his previously-imitated scunds without
imitetion and to severely negate this tendency might have

Jjeopardised such aspirations.

Phase 3(iv) hoH (unaided) (7.6. — 17.6.74)

June 7th saw the reappearance of hand on head imitation
to visual/auditory prompting alone (seen 6 of 22 trials).
Progress was rapid, and a seven-day period of gpeater than
60% physically unprompted responses followed. It is interesting
that on each occasion that the infant did not respond to visual/

auditory prompting alone, a "slight prompt" was sufficient.

In practice, phases 3(iii) and 3(iv) tended to merge
together and the infant naver attained a complste 100% unprompted
session, Whan hoH imitatory ability reached a level of 70%'
correct response, or more, it was evident that 100/ hoH imitatory
ability was possible with further training. As soon as it
became evident that hoH capacity was possible, finger on naose
imitation was initiated, and the former procedure taken up to

an arbitrary level of achievement before being terminated,
STAGE 4. PHYSICAL IMITATION PLUS VOCALISATION (5.6, - 7.7.74)

Training for imitatory "finger on nose" was similar to the
preceding hoH training, being an imitatory arm movement, directed
towards the head, and given in an identical environment for
similar food rewards. It did, however, differ in two respectsy
(i) there was very little introduction, as the infant already
possessed considerable experience of the genseral teaching
situation; (ii) a vacal response ("kuh") was required after
the imitatory moveﬁent. This latter was not so difficult a
matter as might be supposed as Phase 2(v) FoN tuition was still

continuing at this time (see fig.5.2,page 203).

There were six phases in Stage 4 training:
4(i) his FoN (aided) plus "kuh"; 4(ii) Traznsition (fading of
physical prompt) plus "kuh®; 4(iii) his FoN (unaidad) plus "kuh";

4(iv) Fading of visual prompt during 4(iii), i.e. vocal response
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required to an auditory cue only; 4(v) Fading of infant's
finger on nose (FoN) with vocalising; 4(vi) Transfer from

talking booth to external environment,

The relative positions of teachers and subject were as
in fig.5.3, with the exception that their relative positions
(left to right) were reversed to aid discrimination of the
two concomitant imitatory procedures (Stages 3 and 4). As
in Stage 3, the teacher caught the infant's attention and,
ordering "Do this", placed his index finger over the bridgs
of his nose simultaneously uttering a loud "kuh",., The infant's
hand was then moved so that his index finger was placed across
his nostrils and held there until a "kuh"-sound was produced.
His hand was then released and reward given, On days 1 - 5
of phase 4(i) as an introduction, the teaching trials were

preceded by "normal" Stage 2(v) FoN trials (up to five).

Phase 4(i) his FoN (aided) pluskuh" (5.6. = 21.6.74)

Training began with two sessions on June 5th, and surprisingly,
on each trial a quiet "kuh"-sound was forthcoming. However,
nasal self-occlusion was no more acceptable than instructor
occlusion during the first days of phase 2(i). Much Fighting
occurrad in conseqguance, fortunately, this aversivs réaction
decreased with each session and by June 10th had all but
disappeared. The "kuh"-sound, however, remained at a much

quister level than in preceding stagss,

On June 10th also, it appeared that Cody produced a "kuh"
just befors his hand was pushed down across his nose. Two
hypotheses presented themselves: (a) The infant could close off
his nose internally, but the ability was not cpnsistent;
(b) Cody could not do this, and when closure did seem to occur
it was due to an accu;;lation of factors, perhaps partial nose
closure by facial (lip) contraction in the run-up to vocalisation,

the remaining gap being closed by his fingers,

To resolve this question, the nose was purpossly not fully
occludad, up to half the orifice being exposed. 0On five of
nine trials, an acceptable "kuh" was produced with the nostrils

only partially closed. Further, on the remaining trials, despite
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despite performing all the normal facial and respiratory
contractions associated with sound production, the infant
produced only a snuffling sound as air was expelled through the
nose, Thus, it seemed that closure of the nasal chamber to
expired air was possible, but not yet with consistency. This
condition persisted and its authenticity further confirmed
on June 13th when Cody produced a "kuh' with but a slight
(accidental) prompt, despite the fact that the finger on
nose movement terminated across the syes.

An attempt to initiate "fading" (i.e. phase 4(ii)) was
mada June 17th (5 trials) but was unsuccessful. Howevar, tha
following session of the same day saw a great improvement,
Cody mnsistently helping the hand on nose action, and voluntarily
opsning hidg fingers to place them across his nose, though he
still would not leave it in position. Seen the following day
was a single instance of the infant pushing his head down onto
my fist to produce a "kuh"-sound; this did not recur during the
whola of the tuition period (cf. Viki, 1951). By June 20th
(16 days from beginning Stage 4) only a very light hold on ‘the
infant's hand was necessary for Cody to complate the whole
movement, On several occasions only a "slight prompt? was
necessary, although slight holding down of the occluding finger
was still required until a "kuh" was voiced. The "kuhs!" them-
selves were not of the best but it was considered better to
allow a slight degeneration while efforts were made to perfect
the imitatory movements, In lins with this, fading was bsgun

the following day.

Phese 4(ii) Transition (21,6, = 25.6.74)

A second fading attempt by moving the guiding hand from
index finger to wrist, showed limited success (3 of 17 trials).
On these three occasions a well-formed "kuh"-sound was elicited.
The same response was seen 20 times on a 22 trial session of
June 22nd. Despite a two day absence, Cody responded on ell
10 trials of his next session. On the last six trials cf the
following 11 trial session the teacher removed his hand as soon
as the infant showed that he was moving it towards his face.

On the first ten of these trials, Cody occluded the nose
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voluntarily and voiced a well-formed "kuh", However, thae
joint between finger and palm on the radial sids of the
palm was used. Trial 11 saw a similar movement, but no

sound was emitted.

Phase 4(iii) his FoN (unaided) plus "kuh" (25,6, = 27.6.74)

During the next two sessions of June 25th Cody produced
physically unprompted "kuh"-sounds on B80% and 100% of all
trials (30 and 17 trials.respectivaly). The six inappropriate
responses all appear due ﬁo incorrect finger placemant because
of over-motivation for the food reward. However, incorrect
placement of the finger cannot fully account for the non-
production of "kuh", for on the final session (100% appropriate
response) Cody also misplaced his hand relative to his noss,
ovér motivation may not only have disorientated this movemant,

it may also have disrupted laryngeal vocalisation.

One occasion of anticipatory finger on nose plus "kuh" was

seen, immediately upon taking up our positions in the booth,

Appropriate responses continued over June 26th and 27th.
In addition, the infant voiced "kuh'—sounds with his hand brougnt

only to chin level. Phase 4(iv) training was therefore initiated.

Although the remaining thres phases were conceived as
separate entities, in practice the subject achieved phases 4(iv),
(v) and (vi) concurrently, and not wholly through the intricacies

of training,

Phase 4(iv) Fading of Visual Prompt (26.6. — 17.7.74)

From the beginning, an auditory cue only was faund to
produce a correct responss. Spontaneous "kuh"-~sound production
(with or without hand to face) was alsc recordad, the only cue

being the presence of a desirable objecte

Phase 4(v) Fading of hFoN when Yocalising (26.6. - 7.7.74).

As mentioned, Cody began to "fade" the finger on nose

movement himself, although his hand did sesm impelled to move
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som2 or all of the distance towards his face. Hand to nose
gradually declined until by July 7th (12 days from beginning

of Stage 4), 100% "kuh"~sound production without finger across
nose was recorded. This level was maintained until termination

of the "language" experiment.

Phase 4(vi) - Transfer (26.6. = 7.7.74)

Transfer to various objects and situaticns was for the most
part spontaneous (see usaga). uwithin six days of the
infant producing a "kuh"-~sound outside the experimental situation,
2.g. Piagetian testing, using milk as a lure, at least o;e
session each day took place outside the booth, In all cases
Cody performed at his normal level of competency, even when,
8.9. three persons, two rare visitors and one a complete

stranger, were present during a "kuh"-gession.

Cody could now produce a well-formed distinct "kuh" during
feeding and spontansously; formal training was therefore
terminated. Except in the feeding period (and when training
other sounds) no restriction was placed on the infant's use of
"kuh"™ it being considered of interest to determine to what
uses he might bend his "word"”. .

I
STAGE 5. SECOND VOCALISATION ~"PUH" (7.7. - 30.7.74)

It was thought advisable that the second sound to be trained
should differ as much-as possible from the first, within the
limits of ease of training, so as to produce easy discrimination
between the two sounds. That chosen as suitable was the sound

"Huh',

This "puh"-sound differed from the first in several ways;
it was a "stop" sound produced by closing off the lips as air
was expelled, as opposed to being sounded from the throat; it
was unvoiced and tﬁerefore required no involvement of the
larynx, the latter did; the formative stages of "puh" could
be visually modelled, this was not the case for the "kuh"--
sound; pouting was alraady present in the infant's behavioural
repertoire. Thpg, no innovative motor patterns required

training.

As the talking booth had proved most useful in shielding
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the subject from unwanted stimulation it was decided to
utilise this facility, but to alter it so as to make it
"different" yet maintain its desirabls aspects. To tnhis

end the door of the booth was made reversible and one side
painted a bright, golden yellow. During "puh" training this
coloured side faced inwards, and the infant and teacher sat
so that the teacher was framed by a yellow-~hued

backdrop.

The teacher was alsoc made a discrepant stimulus during
"puh"-training. A mountaineer's cagoul, hocded, reaching
three inches past ths knes, and of the approximate colour of
the booth door's painted side, was worn during the first days

of training.

It was hoped that all such precautions would aid the infant
in cognising that the training ta be given was different from
that to which he was accustomed, i.e., it should be obvious
that some response other than "kuh" was necsssary. Training

began July 7th.

The training scheduls envisaged, in general, a replication
of the hoH and FoN procedures. A 6-phase time form was
plannad as follows:

(i) Pout (aided) - Mouth manipulation would be used and the
infant required to replicate the teacher's pout model,

(ii) Transition (a) - Fading of mouth and lip manipulation,

(iii)pPout (unaided) )

(iv) Pout pius "puh" (aided) -~ After pouting (unaided), the
subject's lips would be closed off by the teacher as he
breathed out and a physically-prompted "puh"-sound produced.

(v) Transiﬁion-(b) ~ The physical lip-closing prompt would
be slowly faded resulting in physically unprompted "puh”
production.

(vi) "Puh" (unaided) -~ The infant would be required to producs
this sound during each trial, and later to use it

appropriately in the external environment,



- 220 -

Two events spoilsd an unhindered progress, (a) Cody's
inability/uPwillingness to expsl air through his mouth, and
(b) complications arising from the previously-lsarned "kuh"~
sound. To counter the Pirst problem, a finger on nose (FoN)
phase was interpolated after phase (iv), and the transition
phase (now phase (vi)) was extended to include fading of
both finger on lips and finger on nose. The second problem
was overcome only by retraining the aided "puh"-sound, and

a subsequent fading phase -(phases (viii) and (ix) respectively.)

Phase 5(i) Pout (aided) (7.7. - 11,7.74)

This began with one session per day. Reward,in the first
instance, was novel, - one grape per correct respanse, This
again served to enhance "kuh"/"puh" differentiation, Normal
food was given from 9.7.74 and during the final period of

the experiment (after transfer) no food,

Training consisted of manipulating the infant's lips into
a funnel=shaped pout, the teacher first requesting "do this"
and modelling the mouth position himself. ;

During the first session of Stage.5 the infant produced
many "kuh"-sounds, while manipulation for a pout was in progress.,
Thase were placed on extinction (not rewarded). The infant
was, at best, passive, during this period. ODuring the followirg
18 days required for mastery of this sound, Cody received on
averagse 3.39 training sessions of 16,1 trials per session
(54.9 trials/day).

within the first day (4 sessions) the infant had masterad
the pout response, although during sessions 1 and 2 "kuh"~sound
production was exffemely common, Sessions 3 and 4 evinced no
"Mkuh"-sounds, and the infant began slowly to aid the pouting
movemant, culminating in T.9 and 10 of session 4 with two pouts

when the teacher's fingers barely touched the lips,

Unfortunately, this rapid progress produced complications
in the infant's first sound. The "kuh" session following "puh”-

session 3 was completsely destitute of any "kuh"-sounds.
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Not until the next "kuh"-session did Cody (after saveral
seconds of open-mouthed silence) produce a quist "kuh"~-sound,
and following this his usual, loud "kuh", This pattern was

to be repeated (and more seriously) later in Stage 5.

Phase 5(ii) Transition (a) and 5(iii) Pout (unaided)

These two phasss were achieved within one day. 8y the
sacond of 5 sessions (July llth) the infant was pouting without
physical prompting on 9 of 15 trials (60%) and by the third
session on 76% of 21 trials. Phase 5(ii) was terminated and
phase 5(iii) initiated during the fourth and fifth sassions,

these being 100% physically unprompted (30 trials).

Phasa S5(iv) Pout plus "puh" (12,7.74)

During the first session of this phase it becams apparent
that the infant was in no way synchronising lip closure with
the expulsion of air. Indeed, mouth breathing was not
cbserved at this tims. Without such synchrony, the secund
could never reach the degres of loudness required, Thes Pout and
"puh" phase was therefore terminated, and a FoN phase (phass (v)

inserted, beginning July 12th.

Fhase 5(v) FoN plus end "puh" (aidad) (12,7, - 18,7,74)

Here, after modelling the teacher's right hand was used
as previously to produce a pout, the index finger of the left
hand than occluding the nose. As the infant expired his lips
were brought together briefly with ths right hand, rasulting
in a pressure build up subsequently released as a "puh".
It was interesting that, at this point, Cody seemed to regress
somawhat to his condition pricr to Stage 5, it being necessary
to again mould the pout movement manually, "Kuh"-sounds were
produced during the first two sessions of phase 5(v) (compare
phase 5(i)). However, by the fourth session unprompted pouts
with FoN were recorded during 73.5% of 15 trials. 0On 7 occasions
lip-closure was initiated and, although difficult to judge ths
respiratory cycley. this produced 5 acceptable "puh"-sounds.
A similar level was maintained throughout the following 3 days
and July 16th saw Cody pouting on 97% of 59 trials., At the
same time, the infant occasionally blew out air through his
pouted lips, thereby increasing the quality of Ypuh"-sound
produced, This tendency increassd during the following days, up
to July 18th,
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Phase 5 (vi) Transition (18.7. - 21.7.74)

An accidental misplacement of the tsacher's fingers an
T.19 of the third session of July 18th demonstrated that
Cody could expel air through his lips without nasal occlusionj
a subsequent unoccluded trial confirmed this, and transition
from FoN to unaided mouth-breathing was begun. The "puhs"
produced by unaided buccal breathing, although still produced

by aided lip-closing, were, neverthelsss, loud and clear.

July 20th saw further progress. The infant produced a
"puh"-sound {very like a "Bronx cheer") on the third of the
day's 5 saessions and by the final session, 10 of 29 trials
were "puh"-sounds with unaided mouth-breathing (though aided

lip closure).

Phase 5 (vii) "puh" (Unaided) (21.7. - 24.7.74)

100% unaided "puh"-production was achieved on the final
session of July 21st. Prior to this the infant had shown gradual
improvement, The sounds themseslves were extended vibrations
of the lips, more reminiscent of a derisory "raspberry" than
a conciss "puh". Howsver, it was considered of greater import
to consolidate the sound than to insist prematurely on the

niceties of pronunciation,

An unfortunate concommitant of this progress was the
immediate and complete loss of Cody's ability to voluntarily

vocalise "kuh" (see Usage section below).

S50 as to give the "kuh"-sound a greater possibility of
ra-establishment, the order of "kuh" and "puh" training
sessions (previously "puh" first, "kuh" following approximately
15 minutes later) was reversed from July 24th. The procedure
was successful eith pegard to the "kuh"-sound, but "puh" now
bescame extremely difficult to elicit. It became clear that
re—-establishment of prompting, and its gradual fading held the
graatest possibility of producing consistent, voluntary "puh'"-
sounds, Subsequent sessions showed the finger on nose procedure
to be unnecessary, but lip closure was still necessary on
approximately 80% of 46 trials.

Bacause of the large number of "puh"-trials given during



July 24th, "kuh" production decrsased markedly during "kuh"

tuition, although not to the extent previously experienced,

Phass 5 (viii) (24.7. - 27.7.74)

1 "kuh" + 3 "puh"-sgunds were produced during a morning
play period. With the training situation, however, only
one trial in 14 elicited a voluntary, unaided "puh"-sound

during the best session of the day.

Lip prompting continued, with a slight increase in
unaided "puhs" (30%, session 3, July 26th) until July 27th
when fading of this prompt began,

Phase 5 (ix) Fading (of Finger on Lips) (27.7. - 29.7.74)

It was found passible to elicit an identical’ "puh'-sound
touching one finger to Cody's upper lip. The following day
(July 28th - the infant 1 year old precisely) unaided "puh'"-
sounds were produced on 5 of 15 trials, the remaining trials

being "puh”-sounds with the new "faded” lip-prompt.

Attempts at complete fading on July 29th resulted in
acceptable "puh"-sounds on a percentage varying from 25% on
session 1 to 50% during the final session. The failures were
due entirely to the infant's inability to close off the lips
voluntarily at the required moment. In tha case of an in-
appropriate response, lip-prompting was initiated immediately
afterward, reward being contingent upon "puh"-production,
Thus the subject had to make two efforts at vocalisation to
obtain ane reward when an inappraopriate response was given,
As only one effort was required for an appropriats responss
it was hoped that the infant would be motivated to perform

more efficiently by this means,

Phase 5 (x) (30.7.74 to termination)
100% appropriate response was obtained in all sessions of the
first day (4 in number, total trials: 68). This figure was

maintained throughout the experiment.

Cody was now at the point he had achieved during phase 5(vii)
on July 21st, And, as on that date, "kuh" vocalisations were

very difficult to elicit. However, the problem was by no
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means as serious as the initial "kuh"-loss and had all

but cleared by the following day.

After a further 9 days training and consolidation,
transfer to the external environmsnt was begun. The "puh'"-
sound was now required of the infant before he was picked
up. The sound, it was hoped, would thereby come to signify

a desire for close contact with ths "parent",

STAGE 6, THIRD VOCALISATION - "FUH" (13.8. — 21.8.74)

.use of the "puh"-sound, training began for a third sound.
Considering the relatively rapid learning of the "puh"-sound,
a secaond unvoiced scund was thought most amenable to tuition.
This third sound should neither require ovsrly complex mouth
movements nor be difficult to visually m&hal. Tha sound "fuh"

was chosen as fulfilling both requirements.

Tuition was given in the talking booth and training
" procedures followed a similar pattern to thosa performed
praviously for "puh", No introductory phase was given.
Rawafd during the first threa days of Stage 6 was highly-
desired fudge-toffee, only introduced to ths infant for

Stage 6 trials,

|
|
|
following a further 5-day consclidation pariod for ths
|
Phase structure was as shown belou:

Phase 6 (i) Mouth Manipulation - The bottom lip was manip-
ulated by the teacher so that it was positioned
under the infant's upper dental arcade (;}al)
expiration would then result in a "fuh").

Phase 6(ii) Fading - of teacher's lip manipulation.

Phase 6(iii) Unaided lip to teeth movement.

Phase 6(iv) Unaided lip to teeth movement, FoN and "fuh".

Phase 6 (v) Fading - of FoN.

Phasa 6(vi) Unaided "fuh" vocalisation,




~ 225 =

Phase 6(i) Mauth Manipulation (13.8, - 14.8.74)

Lip manipulation was employed, and reward made contingent
upon a bottom lip under upper teeth position, hereafter

referred to as "lip to teeth".

No help was given during the first session of phase 6(i)
(31 trials). One "kuh" and 4 "puhs" were given during this
session. By Session 2 Cody assumed the correct mouth position
on 46% of 11 trials, and on the third and last session of the
second day (August 1l4th) aiding of the lip to teeth mouth

position was noted and Phase 6(ii) began.

Phase 6(ii) Fading (15.8. - 17.8.74)

Fading was increasingly successful, and resulted (August 17th)
in a quiet "fuh"-sound on 1 trial., FoN trials were then

instituted (see Phase 6(iv)).

Phase 6(iii) Unaided Lip to Teeth Movement (18.8,74)

100% competency in this action was achieved from its first
trial and was maintainad at this level until termipation,

Anticipatory lip to teeth maovements wers placed aon extinction.

Phase 6(iv) Lip to Teeth (unaided), FoN and "fuh" (17,8, — 21.8.74)
This phase was initiated briefly during August 17th, A

rapid improvement was seen, with 100% "fuh"-sound emission
with FoN during August 18th and = B80% appropriate response
following a 2-day break. Inappropriate responses were due to

escape of air from the junction of upper and lower lips.

Phase 6(v) Fading - of FoN (21.8.74)

On the second session of August 21st fading (one nostril
occluded) was attempted. Although notably quiseter, "fuh"-
production was not preventsd. Subsequent sessions demonstrated

the redundancy of fading and Phase 6(vi) began.

Phase 6(vi) Unaided "Fuh" (21.8.74)

On the last session of August 21st, unaided "fuh"-sounds
were emitted on the first 12 of 13 trials, The infant
demonstratsd clear competency in producing a "fuh"-sound from

this time on. However, several minor problems arose, as
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detailed belouw,

"Kuh" production suffered at the time of attainment of
the new sound {see page 244). In addition, in the
first few days following "fuh"-competency, the infant would
sometimes seemingly forget the correct response, and attempt
various strategies to reinstate his reward. The clearest
example of this was given the day following attainment of
Phase 6(vi). During the first four trials of Session 3 (15 Ts)
Cody produced, with no prompting, the following attempts:

T1 lips to correct mouth position without expelling air

T2 1lips tao corract'mouth position and say "kuh",

T 3 lips to incorrect mouth position (teeth clenched,
not over bottom lip), expel air and smit "shoash"
sound, '

T4 blurting

TS5 =15 '"puh"-spund

Transfer of tha '"fuh'-sound to a specific referent began
August 22nd., It was decided that "fuh" should Ea requested
each time solid nourishﬁent was given (porridge, fresh fruit,
slices, stc,), and "kuh" each time milk and liquid sustenance
offered. "Puh" remained obligatory for contact comfogt.

Transfer of the "fuh"-sound to the external envirénment
was completed within two days beginning August 26th. During
Day 1 the teacher's cagoul was placed on ths teacher's lap -
"Puh"—production was upaffected. 0On the following day, the
cagoul was omitted complately with the same results. Ffull
transition was achieved during the test session with 66% correct
resnonge outside his cage, in the Zoo offices. By August 28th

Cody had achieved his usual 90 - 100% levsl of "fuh"-production.

Batwaen termingtion of Stage 6 and the commencement of
Stage 7 an unavoidable 26 day break in tuition occurred (August.
30th - September 24th)., During this tims the Zoo staff kindly
agreed to request the appropriate vocalisation befare contact,
milk or food was allowed, and to record the infant's responses.
Their results indicate that on each day of the feachsr's
absence, Cody produced on average 35 "kuhs", 44 "fuhs" and 28
"puhs", Per session the average of "kuh"™, "fuh" and "puh"

emission was 116, 14.6, and 93 respectively,
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STAGE 7 - FOURTH VOCALISATION, - "THUH" (30.9. - 2.10.74)

With three sounds already learnt, it became increasingly
difficult to conceive of novel classes of objects or demands
upon which a further sound could be transferred. Cody
possessed sounds for Food, drink and contact, and these, it

seemed, comprised his raisan d'8tre. Two alternatives

presented themselves, (a) a class of objects for which a single
sound now served could bs sub-divided, e.g. "puh" as a contact-
.demand sound and the fourth sound as a request for his door

to be opened; (b) other objecté and services could be chosen

for production of the new sound.

Course (b) was chosen, primarily because it was realised
that one further service -~ brushing - remained to be exploited,
The infant revelled in brushing sessions and would remain limp
and uncaring during such a procedure for periods of up to

30 minutes.

The sound chosen was "thuh" (as in "thumb"). 1t possessed
all the advantages of "puh" and "fuh", although the nescessity
for tongue manipulation suggested it might prove somewhat more

difficult to train,

Training began on September 30th, having allowed four
days for the infant to become accustomed to his new quarters
in Sunderland. A new talking booth was constructed for "thuh"
tuition., The infant's cot and ths original talking booth
door formed two sides of the booth, and the walls of the
room (plain white) completed the remainder. The yellow side
of the booth door faced inwards during teaching of a new

sound and the teacher wore the yellow cagoul.

Tuition was divided into 6 Phases,

Phase? (i) Mouth manipulation - the infant's tongue and
Jaws manipulated to assume the positions
shown in fig. 5.5. This termed "tongue to
teeth",

Phase 7 (ii) Fading = of mouth manipulation.



- 228 =~

Phase 7(iii) Unaided tongue to teeth position.

Phase 7 (iv) FoN with tongue to teeth position and "thuh"
production.

Phase 7 (v) Fading of FoN.

Phase 7 (vi) Unaided "thuh",

It became apparent during the early phases of Stage 7
that it was not necessary to pursue FoN procedures. Further,
Phase 7(iii) did not appear as the infant moved immediately
from Phase 7(ii) to unaided "thuh"-sound production. Accordingly,
Phases 7(iii), (iv) and (v) were omitted. Phase 7(vi) in the

above format became Phase 7(iii).

Phase 7(i) Mouth Manipulation (30.9. - 1.10.74)

The infant produced many "fuhs" and "kuhs" during this
initial period. However, within the first session, 10 approx-~
imations to the sound "thuh" were elicited and rewarded., Thus,
the infant was, at this sarly stage, expelling air through his
mouth without nasal occlusion, and as soon as manipulation
achieved the correct mouth-form, a "thuh"-sound was elicited.

Cody seemed to find it much easier to place his tongue
behind his teeth than between them (ses fig.5.5 (3) & (b) below,)
The sound emitted was virtually indistinguishable from a

normally-produced "thuh"=sound. It was termed a "near-thuh"

("n=thuh"jand its production was rewarded.

fig. 5.5

By the second day (lst Session) much less mouth-manipulation
was necessary to produce the correct mouth-form, 0On 3 trials
it was necessary only to touch the infant's lips for this to
occur, and a "thuh"=-sound to be produced. Fading (Phase 7(ii))

was begqun,
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Phase 7(ii) Fading (1.10.74)

Fading was accomplished within three sessions of October lst
(the second day of Stage 7). The only physical prompt given
was touching the infant's bottom lip which proved sufficient
to elicit "thuh" or "n-thuh" production. By the fourth
session the infant was producing a 60% correct response with

auditory and visual prompting alone.

As on the acquisition of other novel sounds "kuh", "puh"

and "thuh" production once again suffered (see Usage)

phase 7(iii) Unaided "thuh" (2.10,74)

From the 60% unprompted level of October 1st, Cody progressed
rapidly to 100% competency during the final 2 (of 3) sessions
of October 2nd.

Followiné these results, attempts were made to transfer

the sound to a request for brushing.

LEARNING COMPETENCY

Table 52 lists the Stages referred to above, their phases,
dates of commencement and termination, and the duration of
each 8tags. fig, 5.10 details graphically the total
fraining time (omitting Stage 1) for each Stage. Because each
Stege is concerned with the achievement of a particular ability
it is difficult to compare Stages. However, it could be
argued that Stages 2 to 4 show increasing difficulty for the
infant, Stage 2 requires the single action of apening the
. mouth, together with buccal breathing and, (latterly), “kuh"
vocalisation. 'Stage 3 requires imitatory movements demanding
a greater degres of physical dexterity. Stage 4 ‘demands all
attributes of the preceding two periods. The remaining Stages
may be rated as offering at least as complex a challengs to
the infant as Stage 4, Hence it is of interest to compare their

times to achievement, (fig. 5.10).

A rapid, consistent and continuing decreass in acquisition

time is at once noticeable in chronologically later Stages.

When charted as a percentage of total trasining time & similar
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trend results, indicative of increasing sase of mastsry as

each succeeding Stage is attainéd.

Valid comparisons can also bs made between certain Phases
of the different Stages described above. These again show a

consistent dscreass in times to mastery of comparable selements.,.

Time taken to achieve hand on head imitation (omitting
the introduction period) is compared with that taken to reach
finger on nose mastery in fig.5.ll. For purposes of analysis
Phase 3(ii), 3(iii) and 3(iv) are considered to correspond with
Phases 4(i), 4(ii) and 4(iii) respectively, and the times
charted, In addition, the percentage of training days during
which tuition was in progress for each Phase has been determined
and the percentage of the total tuition time of that period
(aither_Phﬁsas 3(ii) - (iv), or Pheses 4(i) = (iii) calculated
(fig. Siﬂ'(b))). As is evident (figS5.11(d)) Phases 4(i) - (iii)
ars compibted in approximataoly half the time of Phases 3(ii) = (iv),
the relation holding true for sach comparable Phase in the two
Stages. Less svident is the similar pattern sesn when comparing
the percentage within Stages. Phases3(ii) and 4(i) each
comprise 60 - 70% of the training days of the total section
under analysis in Stage 3 and 4, Similarly, Phases3(iii) and
4(ii), and Phases 3(iv) and 4(iii) lie between 15 and 19%.

With regard to Stages 5, 6 and 7, it is possible to directly
compare large sections of these periods. If time until first
unaided "puh" is taken as time to mastery of the "pth sound,
(omitting the abortive Phase S5(iv) and ignoring the following
complications with the "kuh"-sound - Phase S(viii)=-(x) - see
below, appropriate usage) them comparison between Stage 5(i) to
(vii). and the total Phases of Stages 6 and 7 is possible,

‘This has been done in fig.5.12 As is evident, a steady fall in
"time to completion"™ is seen with Stage increase, i.e. the same

trend as was seen in Stage 3 and Stage 4 comparisons above.

USAGE

Usage can be most usefully analyséed by dividing the sound
emissions into Appraopriate and inappropriate, and Novel emmissions,

i.e, emissions in novel situations,
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Appropriate and Inappropriate Emissions

An sppropriate emission was oné which occurred during an svent
for which the teacher had trained the infant. As an ongoing part
of the experiment, each time the infant mastered a new sound it
was transferred to a definite object- or activity-class., The
infant was then required to match vocalisation with object/activity.
As the sounds were learned in series and not in parallel, it was
necessary that one word should originally "stand for" all desired
objects and activities, and that sub-division of the referents of
this "magic word" should occur as more sounds were learned. The

sounds, and their arbitrary meaning at various stages are shown below.

Table 5.3
Date Sound
up to July 7th Kuh All desired objects/activities.
July 7th to Puh All desired objects/activities when
Aug. 15th cagoul worn,
Kuh All desired objects/activities, without
cagoul,
Aug. 15th to Puh Contact comfort,
22nd - Kuh Contact comfort; all desired objects/
‘sctivities, without cagoul. '
Fuh All desired objects/activities when
cagoul worn.
Aug. 22nd to Puh Contact comfort.
Sept. 30th Kuh All desired objects/activities, without
cagoul.

Fuh All desired objects/activities when

cagoul worn,

Sept,.30th to Puh Contact comfort.
Oct. 2nd Kuh Milk and other beverages in mug.
Fuh All pan and solid food, without cagoul.
Thuh  All food and milk, when cagoul worn.

Oct. 2nd Puh Contact comfort.
Kuh Milk and other beverages in mug.
Fuh All pan and solid food,

Thuh Brushing continuation.
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At sach point in time situations were esnginesred that required
the production of a specific sound, (e.g. feeding periods (sventually)
requirsd a "puh" from Cody for him to be lifted up and carried to
the feeding place, a "fuh" for solid food, and a "kuh"™ when milk
was gffgred.) Inappropriate responses were noted and are shown in
fig.s;ﬁﬁ, 30% inappropriate response (i.e. 70% appropriate response)
was taken as the limit of competency.

As is evident from fig.5.13, inappropriate emissions wers held
below the 30% lsvel on 47 of the 56 training days covered by the graph
(79% for "kuh", if take graph from beginning of "puh" tuition, July 7th.)
on 46 of 53 for the "puh"-sound (96.5 %), on 30 of 33 for "fuh" (91,9%)
and on 10 of 14 (61.5%) for the "thuh"-sound. '

Several peaks of inappropriate response remain above the 30% level,
Those occurring at the initiation of mairdng procedures of any new
sound are ignored for purposes of this analysis as indicative only of
the strangeness of the situation. Remaining points above the 30% 1level
are :
(i) ©6 peaks in "kuh" training (peaks A,B,C,D,E & F)
(ii) 2 peaks in "puh"~sound tuition (G & H)
- (iii) 2 peaks in "fuh" tuition (I & 2J)
(iv) 1 peak in "thuh" training (K)

In addition, the "puh'" section of the graph shows several minor
peeks (a - e) which, while below the 30% level arse thought to be

significant owing to the usual zero rating of this sound,

The six major and five minor peaks of inappropriate emission show
e marked temporal correspondence., It was hypothesised that certain
events occurred during the period of training which produced serious
upsets in appropriate emission. The events may have bseen overt (a
new training regime, happenings outside the training situation (e.g.
injury, shock, etc.) absences of "parent' new food) or covert
(e.g. the realigning of the infant's psychological structure becauss
-of input or developmental factors) or they may be a synthesis of both,
The diaries were consulted for notable occurrences coinciding with

these peaks of inappropriate emission.

No consistent traumatic or anomalous eﬁents outside the training

procedure were found to correspond with peaking. Within the expsrimental
tuition situation changes of food or meal times were not deemed

causaetive agents. Two events did, howsver, provide a good fit with
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the peaking data. These wers :
(a) The achisvement of unaided production of a new sound.

(b) Transfer of a sound to a new or narrower referent.

(a) The achievement of unaided production of a new sound. UWhen the

dates of unaided production of the sounds "puh" (two marked, as the

sound requirsed relearning) "fuh" and "thuh" are marked (vertical broken
lines), 4 of the 6 "kuh" peaks are seen to fall either on (A,B & F)

or within one day (peak D) of their occurrence.

Similarly, unaided "fuh"-sound mastery falls within one day of
an increase to within 2% of the 30% criterion level in "puh" emission
(minor peak c), highly suggestive of a causal link, Mastery of "thuh"
production also demonstrates a major "fuh"-peak (J) and a minor peak
on “puh" (e).

Thus, of ths 11 major and five minor peaks which deviate from
an acceptable level of appropriate response, S major (A,B,D & F in
the "kuh"-line, J in the "fuh"-line), and two minor (c & e in the .
"puh"=line) seem to be accountsd for by some aspect of mastery of a
new sound.

Nor is this all, Just as a néw sound produces repercussions on
the previously-established "vocabulary", the ability to produce thse .
new sound voluntarily also seems to affect its own production immediately
thereafter, Thus, major peaks H, I & K occur within one training day
of mastery of the respective sounds, as does ths minor peak (a) when

relearning the "puh"-sound.

(b) Transfer of a sound to a narrower referent. Table 5.3 details the
redaefinition of sounds already learned from the simpler socund-for-
everything to a situation wherse reward was made contingent upon the
production of a specific sound for a mor; narrouly defined referent,
The four dates corresponding to this training daman& are: August 15th
("puh" for contact comfort, partly transferred as "kuh" also serves);
August 22nd ("puh"™ for contact comfort); September 30th ("fuh" for
solid food, "kuh" for milk); and October 2nd ("thuh" for brushing
continuation)., These dates marry well with peak inappropriate dates,
Thus, August 15th with major peak C and minor peak bj August 22nd
with major peak D, minor peak b; September 30th with major peak F and
October 2nd with major peaks J and K.

The two remaining major péaks (G & E) and the singleton minor peak

(d) are somewhat conjectural. At no time during the‘date in question or
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the previous three days was any great emphasis placed upon the
sounds which formed the bulk of the inappropriate response. Indeed,
on occasion, more weighting was given to the sound against which

errors were made.

Error Sounds

The error-sounds of inappropriate emissions are themselves of
interest, At what percentage did esach sound occur during peak inapprop-
riate responses, and is there any pattern in these figures? Fig. 5.14
demonstrates the percentage occurrence of each sbund type at sach
peak, graphically.

-1t is notable that only sounds previously learned figure as
inappropriate responses in the-table, i.e. there is no attempt to
produce the "emotional" inborn cries of which the infant was capable(pg 203).
When the dates of occurrence of unaided mastery of sach sound are
also tabulated, it can be seen that for the relevant peaks (A,B,C,D,

E,F, a,bycyd,e & J) the infant produces more errors using the
previously-learnt sound than using those sounds learned at an earlier
stage of tuition; .

When only two sounds are known to the infant, the error-sound is
obvious, Hoﬁever, when the third sound ("fuh") is available in the
infant's vocabulary, there is then a choice of error-sounds ("kuh"
or "fuh", '"puh" of "kuh", or "puh" or "fuh"). Considering the "kuh" trials,
(ﬁg.SJAG)&tcan be seen that following the monopolistic position of
"puh" during the early stages, the "fuh"-sound immediately takes on
the role of primary error-sound during peak D (immediatsly following
"fuh"-mastery) and attains complete monopoly at peak E, ‘However,
upon achieving voluntary "thuh"—production "fuh"-errors fall to the
equally low level of the "puh"-sound (2.55% of the total error on

peak F) end "thuh"-errors supercede.

Similarly, with "puh"=trials (Fig.5.14 (i), the first peak following
"fyh"-mastery shows a 50-50 split between the two choices ("kuh" and
"fyh") but "fuh" then takes . over, and the error of pesk d is "fuh",

Following "thuh"=learning "thuh" replaces "fuh" as source of error.

The same is true for "fuh"-trials after "thuh" is mastered; errors
on "fuhY-trials (previously "kuh" and "puh") are usurped and “thuh"-

errors predominate at the 100% levsl.

"Thuh"-sounds cannot be compared on these grounds as no newer

sound was taught; however, it is interesting that errors during
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inappropriate response peak K seem to reflect the order of sound-
tuition, with "kuh" possessing the.lowest percentage occurrence,
"fuh" the highest, and "puh" occupying a mid-position., A similar

trend is not seen, however, at the time of "fuh"-mastery, (peak 1).

Novel Emissions

Novel emissions are defined as those uttered outside the teacher-
engineered situations and normal training demands, i.e., “"kuh" for
milk, "fuh" for food, "puh" for contact comfort and "thuh" for brushing.
Emissions so defined are in excess of 175 sounds during the period
June 28th (when novel usage began) to Octobsr 15th (termination of the
experiment, see Table 5.4, Emissions may be subdivided on the grounds
of coritext into three categéries.

Category 1 - Phenomenological "Requests" - sounds produced by the
infant when a non-training object in a novel situation was denied him,
without the teacher or a second person being involved in the request
(so~-called "magic words"),

Category 2 -~ Spontansocus Emissions = sounds voiced by the infant
for no apparent reason whilst sitting quietly or moving around the cage.

‘ Category 3 -~ Novel "Requests" = sounds produced when a non=training
.object in a novel situation was denied the infant, with the inveolvement
of the teacher or a second person.

Type, number and context of sach novel utterance recorded whilst
with the infant is shown in Table 5.4,The number and occurrence of
Category 1, 2 and 3 sounds are graphed respectively in fig.5.15(b),

(c) and (d). .

{Emissions: The data shown in #ig.5.15 (b), (c) and (d), and reveal
phenomenological requests to be uttered a far greater number of times
- (78) than novel emissions (46) with spontaneous sounds (56) occupying
a middle position, -

Emissions per day. The total time that novel emissions took place can
be divided into four periods, each corresponding to the learning of a
new sound. Thess periods are not equal in length, but by dividing the
number of emissions by the number of days in that period, the number
of emissions per day can be calculated, and the figure for each period

is then directly comparable.

When this is done (fig.5.16 ) - average emissions per day are
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Table 5.4(a)

Phenomenological Sounds

DATE SITUATION
D8th June Support Test: 5 hah + | kuh, on 6 trials, as moving bottle
to support
Brd July Long Toy Test: kuh on 2 tests; Trial 1, as desired-object moved
away from him; Trial 2, as object shown to him.
ith July (i) Gessel Test: 2 kuhs as I move bell away from him.
(ii) Cover Test: 10 kuhs on 9 tests.

Gives kuhs when I hide object and also just after
he s uncovered it as if he has to say kuh before he can grasp
itc."

5th July Support Test: kuh on 6 tests after Cody shown object
7th July String Test: kuh on | test.
20th July Support Test: 10 puhs on 17 tests.
26th July (i) | kuh when Cody tries and fails to grasp at clock on
cupboard.
(ii) Support Test. 13 kuhs in 13 separate tests.
31st July | kuh + 2 puhs after trying to pull down wood tray.
8th August Stick Test: kuh on 4 tests; kuh + immediate puh on 2 tests;

puh on 8 tests.

28th August

Long Toy Test: fuh on 4 tests,

7th October

| puh after pulling vainly at base of door to open it.

10th October

Puh when sitting back after trying to grasp door handle and
failing. Waits for a moment, looking at door. Says puh, waits
then (still looking at door) says ''thuh".
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Table 5.4(b)

Spontaneous Sounds

DATE - -z 7--77z SITUATION
28th June 3 kuhs while playing,
S5th July 2 kuhs when on floor.
6th July ? Euhéiff;} no apparent reason than that he's practising
1? éuhs in 25 mins. '"Not directed at any specific target

or is it a generalised recognition work?"

7th July ] kuh when looking out of window at people.
1 kuh : Cody biting wall, turns to me, says kuh, then
returns to biting wall.

8th July 1 kuh in cot.
21st July 4 puhs 1in cot,
24th July 2 puhs during observation period.
25th July 3 puhs, 5 kuhs when lying on back relaxing in cot.
I puh during observation period. .
28th July 2 puhs, vhile playing by himself. Later 2 kuhé ditto
30th July 2 puhs, &hile playing by himself. Later 4 kuhs ditto.
31st July I puh, during observation period.

3 puhs as crawling about.

6th August 2 puhs, during observation period.

17th August 2 puhs long and slow, while climbing about.
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Novel Request Sounds

DATE SITUATION

28th June ! kuh when trying to rise as nappy is changéd.

4th” July I kuh. After putting out jug, Cody says "kuh" to it.
I kuh. I stop Cody crawling away; he says "kuh".

Sth.July 7 kuhs, when trying to rise as nappy is changed (2 nappy
changings in different locationms).
5 kuhs, when I stop brushing him.

6th July 5 kuhs, when I stop brushing him.

26th July 3 kuhs, then 2 puhs, when trying to rise as nappy is
changed, (in two different ‘locations).

27th July (i) 1 kuh, when wanting to be picked up
(ii) 2 puhs, when trying to rise as nappy is changed

29th July 2 puhs, when wanting to be picked up

l4th August 1 kuh, during timeout period of fuh tuition, as if it

will get him released.

22nd August

2 puhs, when watch taken from him. Later 2 kuhs, ditto.

13th October

(i) 1 fuh, 1 kuh, | puh, 1| fuh, ! fuh, | thuh. Cody sees
my wife Liz eating meat. Crawls over and says fuh. Liz
ignores. Cody says kuh, puh, fuh, gets anmnoyed and bites
at Liz. Stands up and says 1 fuh, | thuh. Liz asks then
for a fuh, Cody obliges and he gets piece of meat.

(ii) 2 thuhs, Cody slapped for biting, I turn away from him.

.Cody says thuh, runs round to face me, climbs on knee, looks

straight in eye and says thuh, as if it will -stop my anger.

15th October

2 kuhs, | puh. Cody refuses last teaspoon of solid food,
says kuh (word for milk) then a puh. I put him down and
he makes straight for his milk cup. Asking for milk?
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seen to fall steadily with each successive psriod in all but one
categﬁry, novel requests. Emigeions in this latter case were

produced at a relatively high level during period 4, in sharp contrast
to the zero rating of perioﬁ 3. This résulf affects‘igggl average
emissions per day, resuiting in the increase seen in period 4. fore
definite is the findiné that a gréater number of novel emissions took place
during the périods 1 & 2 as opposed to periods 3 & 4 (fig.5.6(i)& (ii). This
is true for all categories. When the periods are summed in this fashion
(fig.5.96(ii)) the discrepancy becomes even more obviocus. On no accasion
do periods 3 and 4 comprise'more than 25§ of the total emissions of

any one category (novel emissions) and in the cases of spontaneous

émissions, vocalisation occurred solely in the first two periods.

Occasions. Emissions per day and number of emissions are not necessar-
ily the best measures for all aspects of novel vocalisation., Simple
numerical superiority conveys something of the infant'!'s usse of his
sounds, but the number of contexts in which vocalisations were made
adds another facet. An example may make this clearer, contrasting

number of emissions with number of occasions.:

July 6th "kuh", each time I stoh brushing;'s emissiaons, 1 context

July 7th "kuh" while standing watching people;

5

1

) "kuh" after biting wall; 3 emissions
1

"kuh" during ring and string experiment; 3 contexts’

Thus, the number of separate occasions when the infent produces sbunds
is consider>d more important in this regard than the actual number
of sounds produced.

When analysis is conducted in this fashion, the d;sparity bétueen
the three categoriss decreases, and their relative positions changé,
with spontaneous vocalisations numbering 19, phenomenological, 15,

and_novel requests occurring 18 times (figeS.17).

When the number of occasions per day during each period are computed

(as was done with emissions, p234 ) several points emerge (fig.5.18).

It is clear that, as with emissions, certain periods are character-
ised by far greater numbers of novel emission than are others. The
pattern of the total occasions histogram is similar to that of the
total emissions, but there appears to be a reversal of relative positions
with.regard to periods 'l and 2, Thias pattern corresponds with no single

category of emission occasion,
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On compariné average occasions for each category during the
same period, a marked correspondence between periods 1, 2, 3 and
4 is seen for the phenomenological and novel request categories,
The figures fof each period are .37, .27, .1 and .2 for category 1
( phenomenological requests ) and .37, .21, 0 and .23 for novel
requests, No such similarity exists for category 2 except perhaps

in period 1 ( .33 as opposed to .37 for categories 1 and 3 ).

As with emissions, there is a much larger proportion of
occasions when vocalisations occured during the first two pseriods of
each category. The average for each two-period grouping is shown in
- fig.5.18(ii), The discrepancy beween periods 1 and 2, and 3 and 4
is not so great as in emissions, the latter varying between 0%

and 35% of total occasions in any category, and, in toto, 21.5%.

The first point of interest in these results is that the
number. of novel vocalisations ( both emissions and occasions )
decreased with time, It is not known‘for certain why this should
occur; but. it seems possible that the infant gradually realised
that the sounds he had been taught signified something, and that
there was no advantage in produéing them at random. This
possibility finds support when one considers the rate of decreass
in the separate categories. Spontaneous sounds decrease ths most
rapidly of the three categories ( fig., 5.16(c), fig. 5.18(c) ).
The spontaneous sound category is just the one we would expect to
decrease if the infant were beginning to use his sounds as " verbal
signs ", i.e. to indicate specific objegtf/activitxrclasses.

As Table 5.4 shows, the spontaneous sounds were random, whereas

the remaining categories were emitted by. the infant as a " demand"

or "request" ( albeit magical or novel ) for some object or activity.
In other words, random sounds ( spontaneous sounds ) were dropped,
whereas those novel vocalisations for goods and services were

not entirely eliminated, It is of interest to nodte that,per day, the
number of occasions when Cody voiced novel request and phenom-
enological sourds increased in period 4, as opposed to the number
voiced in period 3 ( fig;5.18(i), (b) and (d) ), as did novel

request emissions per day ( fig.5.16(i)(d) ). This would seem
to indicate that, although Cody did not, after period 2, produce
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sounds for no reason, he would still " try his luck " when presented
with a situation in which he desired some object/activity, but had
not yet the verbal-sign to secure the object of his desires., It

may thus be wrong to call these sounds errors, Cody appears

to have been aware that his vefbal-signs signified something,

and to have responded to new situations with the only verbal

signs at his disposal.
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DISCUSSION

LEARNING

Cody's learning of the different training stages at a faster
rate with each increasing stage (fig..5.10) is very reminiscent of
Learning Set (Harlow, 1949), i.e., as training proceeds the infant
learns to learn what is required of him. This hypothssis is strength-
ened when camparison is made of the phases within various stages;
here sach phase is of shorter duration than the correspondingly earlier
phase., This finding also suggests that had further work been possible
with the subject the sound-gains may have been commensurately greater

for any given time period,

USAGE

The data show that the infant produced a sound corresponding to
that "indicating" the object/activity he required at greater than a
70% level (more often 80%) throughout the period following initial
tuition and training in the sound., It is important to realise that
these vocalisations were NOT produced in a standardised training
environment (i,s, not in the talking box) once mastery had been
achieved, Once tuition was complete, the infant was required to
produce his sounds in a variety of situations, and he achieved this
at a greater than 70% competency level (axcept where otherwise
indicatad, and for the reasons stated). In all, Cody requested food,
milk, and contact-comfort with the appropriate sound in no less than
14 different rooms in 7 locations.

Neither was the infant person-bound; apnropriate sounds werse
elicited by at least three different keepers while the teacher was
out of sight but within auditory range, and by the teacher's wife,
mother and sister in the teacher's absence. Neither was object-
limitation seen, in that the subject would produce the "fuh"-sound -
equally well for fruit (usually apple or pear), for vegetables, biscuits,
meat and toffee; "kuh" for milk or other liquid in a variety of cups
(more than threas), or for his bottle (maxi or mini) and "puh" far
contact~comfort to three keepers and the teacher's mother., It sesms,
therefore, thazt the infant possessed a class-concept (Rosenstein, 1961)
with regard to the thres sounds taught. "Thuh" was not tested for a

sufficiently long period to allaw such a conclusion,
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This ability was not spparently shared by Viki, who was extramely
stimulus and situation bound, (Lenneberg, 1967). Hayes (1970) also

makes telling comments on Viki's capacity.

"At the age of 30 months (she)....... used only 3 words and
these not always appropriately. In fact, some days she sither
refused or was unable to say anything". By virtue of the chosen
experimental set-up, Rumbaugh's subject, Lana (Rumbaugh, 1974) is
likewise stimulus and situation bound, as is Sarah (Premack, 1969).
It is the Gardner's chimpanzes, Washoe, with whom Cody is most
similar in this respect. Washoe is rsported (Gardner and Gardner,
1969) as producing her signs spontaneously, signing with a variety of
persons (and when alone) and possessing the ability to generalise from
specific object-~sign combination taught to the object-class fram which

the teaching object had basen taken.

For himself, Cody very rarely used his sounds to request some
object presently out of sight, nor did he use ons sound so as toc put
himself in a position to emit a second sound. This is considered due,
in part, to the immaturity of the subject, who was 15 months at
termination of the experiment, Exceptions to this state were feuw,
but did, nevertheless, occur, the protocol given below falling'within
the last week of the experiment, and sugqpestive of a developmental,
rather than an absolute limitation on ability (see also Table 5.4).
Thus, during the 15th October, the infant twice refused the last of
his pan-food, voicing "kuh" each time. When placed on ths floor, he
immediately made his way to where the milk bottls was located. Later,
after termination of the experiment, but before Cody had been left
to return to a more nztural state with a sscond infant Orang, the
infant came across to the teacher when he offered pan-food, voicing
two "puhs", The teacher replied "No, fuh" on two separate occasions
(the correct sound for pan-food) but the infant replied each tima
with a "puh", attempting at the same time to climb up the tsaacher.
when allowed to do sa, and settled on the teacher's right hip, he
turned and, without being prompted, uttered a good "fuh"-sound with

his esyes directed towards the foaod.
COMPARISON WITH "LANGUAGE"™ ACQUISITION IN PRIMATES

When rate of sound acquisition is considered, it is found that

Cody mastered sounds at a much faster rate than Viki, the infant

chimpanzee for which ws have most data in regard to sound acquisition.
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The first sound was learned at ten months (5 months aPter initiation

of training) and approximately the time taken to teach Cody his

first sound, (Hayes, 1970). However, Viki's second sound did not
appear until 1434 months of age (Cody: 12 months), the third sound

being achieved at 23 months (Cody: 12 months 3 weeks). Cody's rate

of acquisition is far mors comparable with Furness' Orang-utan subject
which took 11 months to learn 4 sounds. Such a result may reflect a
difference in the relative efficacy of the training methods administered
to the subjects, or a natural propensity in the Orang-utan for voluntary
vocal production. 1 am inclined to favour the former hypothesis.

There are several reasons for this bias.

Phylogenstically the chimpanzee is closer to man than is the
Orang-utan (Young, 1971) and might therefore be thought to possass
more points of similarity than does its Asian cousin, This in itself
is, of course, not a strong argument. Wolves, Por example (Banks,
Pimlott & Gunsburg, 1967) becauss of their similarity in hunting
technique, are far closer to man in many aspects of social behaviour
than are the Lorisidae, although these latter are phylogenstically
much closer. However, the chimpanzee is a social creature (Goodall,
1963, 1965) much more so than the Orang-utan (Harrison, 1961; Mackinnon,
1971; Davenport, 1967), and it is thought likely that a much greater -
selection pressure towards communicatory competence would be seen in
Pan than in Ponges. (This may indeed be the case but the work of
Gardner and Gardner (1971) and Fouts (1974, 1975) has shown that such
communicatory skill may well have been channslled into gestural rather
than vocal communication). However, both chimpanzee larynx and facial
musculature ars more like man than are the Orang-utan's, and the buccal
manipulations of human language might be supposed sasier for the
chimpanzee than for its Asian relative (see Introduction). in addition,
Kortlandt(1965) has drawn attention to the early babbling of the
" chimpanzee infant (confirmed by Hayes, 1952), and speculatss that it
' disappears early after its appearance bscause of the selective dis-
advantage of such self-advertisement to prasdators. No such babbling
was heard in the Orang-utan subject here discussed. Further, Viki-
type M"language" instruction, when used on human subjects, is equally
inefPficient (Lovaas, 1966). The evidence revieswed above does seem,
therefore, to support the argument that the chimpanzee may produce
as good a vacal showing as the Orang-utan should similar oparant

techniques be utilised.



As a gensral rule, the acquisition aof sounds in tiis Orang-utan
subject seems to follow the pattern: a time of passivity or non-
cooparation; wunsureness and partial cocperation in the production
of a sound; success at sound production; unsureness as to the
correct context for sound production; and succasss at sound production
in the appropriate cantext. Once zchisved, the sounds were emitted
(with the exception of periodically "confused periods" - see belouw)
at an acceptable level of correctness until termination of the

experiment,

An exception to this pattern was the "puh" sound, whare, upon
mastery, "kuh" was lost; when “kuh" was retrained, "puh" was lost
completely and immediately, and had to be partially retrained. It
is considered that the most plausible explanation for this anomalous
behaviour is that the acquisition of the second sound occasiocned the
first challenge to the infant's omnipotent "magic spsll" - "kuh",
Until this time "“kuh" had been, as it were, the giver-~of-all-good-
things, UWhatever object or activity the infant required would be
supplied on production of this sound, and the infant had bacome
accustomed to this happy state of affairs. The second sound is thought
to have initiated a conflict within the subject - "kuh" was no longer
the giver-of-all-things and, because of the preponderance of
"puhM:"kuh" trials at the time of "puh" acquisition, “kuﬁ" was
dropped in favour of "puh" as Cody's "panacea". Training was then
initiated to reinstate "kuh", whsreupon "puh" dropped out and had to
be retrained. 1In short, it required a period of several days to
inclucate in the infant the realisation that both "kuh" and "puh™

ware required on specific occasions., Subsequently, following

mastery of a third sound, Cody was not unversed in the ways of
redefinition of sounds for a more specific referent, and the

addition of further sounds did not causs total loss of any sound

for periods greater than one session. DOuring this latter period,
howsver, the "magic word" phenomenon, (using the most.recently learned
sound) was still evident., It would be of great interest to know if
such conflict occurs among human infants, either during the psriod
before the acquisition of approximations to adult words (Halliday,
1973) or at the so-called "holophrastic stage". The same quary may

be advanced with regard to the conclusions of the following two

paragraphs,
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The finding that, when one sound was newly learned it took over
from the precading sounds (albeit briefly) as a "magic word" uas
depicted graphically in fig. 5.14. It appears that the learning
of a na2w sound produces, initially, its use as a "magic" scund, and,
concurrently or very soon thereafter, a reappraisal of all sounds

known to the infant, until a new status quo is achieved.

Redefinition of sounds already learned to a more specific referent,
as accurred on August 15th and 22nd, September 30th and October 2nd,
can also be seen as an event likely to require reappraisal of such
sounds as are presently possessed., It is just this event that seens
to contribute to, or be solsly responsible for, peaking of inappropriate
response on the four dates mentioned (see fig. 5.13) and for confusion

in sound-class matching.

when Cody's linguistic deveslopment is compared with that of a
normal human infant of the same age, a great fall-off in the formsr's
abilities is seen. Halliday (1973), researching language acquisiticn
prior to the mastery of approximations to words in adult usage, found
that he could divide all such utterances into six categoriss: Instrumental,
Rsgulatory, Interactional, Personal, Heuristic, Imaginative., O0f-these the
first Pour appeared during 9% - 10 months of age, and these, plus the fifth
and sixth categories by the 22nd.month. i

Cody, by comparison, seems to have possessed primariiy the
Instrumental mode, i.e. "give me" (with the sound signifying which
object/activity was desired). A speculative regulatory (command) role
might possibly be given to the infant's use of the "thuh" sound ("do
brushing again") but it is thought more likely that the sound was
used simply as a fourth command ("more brush"), Interactional
emissions were heard, but only rarely. To quote from Diary 13
(October, infant's age 15 months) verbatim:

"Cody bites me hard - I slap, then turn my back on him. He says
“"thuh", runs round to.face me, climbs on my knee and, looking straight.
up at me (at my Pace) says "thuh" as if this would appeasa me and

assuage my anger',

During the whols experimental period no sound wes heard produced
in a personal, hsuristic or imaginative context., 1t seems, thereforae,
that Cody's "linguistic ability" during the duration of training

consisted of two, perhaps three, of the four functions seen in a
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human child of appraoximately the same age. 1t is notable that of

the functions observed, only one, (Instrumental emissions) had been
trained, the other(s) being the infant's own creation. This is not
to say that the subject possessed language, which even accepting the
loaosest functional definition would require the capacity to recognise
and usse new words, to understand and generate sentences, and by means
of language to learn more about a language. Howevar, it is unlikely
that Halliday's subject, Michasel, or Lock's "children" would also
fulfil such criteria at a similar age. Ffrom this viewpoint, Cody's
achisvements becomes far more similer to the human condition. And
while such comparability is extremely unliskly to persist, it is also
extremely improbable that Cody had yet reached his limiting point

as far as languags development was concerned,

GLOTTOGENESIS

The svolution of language is a long-standing problem, the main
points of which have been lucidly reviewad by Hewes (1973). Of all
twslve major theoriss, this author chooses a gestural origin for
language, basing his conclusions, in part, on the findings of .

Gardner and Gardner (op.cit) and Premack.

Lock (1977) also seems to incline to this view, combining gesture
with vocal signals., The human child does appear to be placing an
sssentially emotional sound (crying) under voluntary control when he
cries and raises his hand to be picked up. The Orang-utan of this
study also resorted to this ploy, hand raising while crying appearing
at the age of four months, and for tha same reason. Later, the "puh"
sound plus arm-raising was used to "ask for" contact-comfort. It is
interesting to note that the Orang-utan does not appear capable of
making the transition from crying to an arbitrary sound produced
voluntarily. However, training (as was the case for "puh") cen

achieve such an end.

The human infant may voluntarily uss a sound to communicate to
another its needs, but what of the cresatures wherein language might
reasonably be thought to have its baginnings, Dart's "Southern Ape",
the Australopithecinés? Were these hominids whose brain size
approximated that of the present-day Great Apes able to equal or

better the capacities of lLock's children? Althaugh not directly on

the evolutionary line to Man, it has been speculated that language arose

in Australopithecus, and, presumably, in the genus Homo alse, by

"singing" (Livingstone, 1973), Language is said to a mutation, and
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have arisen with the chancs conjunction of babbling in hominis babias
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CONCLUSIONS

Ape "Languages"

It has bean conclusively demonstrated that no ape
will ever perform human vocal language (Lieberman, 1974;
Lisberman, Klatt and Wilson, 1969), Even given the necessary
neural apparatus, and laryngeal musculature, it is simply
impossible for the ape to produce the required articulatory
configurations and manoceuvres of the supralaryngeal vocal tract
necessary for the speech encoding which is esssntial to human vocal
language. 1In addition, thae "calibrating vowels" (i), (u) and (a) are
not present in the (chimpanzee) phonetic repertoire, making speech
decoding difficult, if not impossible. But there is, perhaps, too
great an emphasis on "language" being considered exclusively as Human
vocal languagae. Othar symbolic systems such as sign language (ASL) do
seem to allow the chimpanzes (and, latterly, the Garilla “Koko",
( usher, 1978) ) to attain a high level of information transfer. Whether
this is termed language or not is simply a matter of definition - ASL
is certainly used as the primary method of communication by many
thousands of deaf humans in the U,5.A., whc would na doubt be rather

annoyad to be told that they do not possess a languags.

ASL is a slower method of communicatory exchange than human
‘vacal language, yet for many workers in this field it is a lanquage,
It should equally be possible to devise a fairly complex vocal "“sign"
language for use by apes. Indeed from the protocols and results
described, Cody may be legitimately regarded as being at the initial
training stages of such a system., It should be noted that Cody
did prove capaﬁle of learning vocal responses, of using such
responsas appropriately, and of generalising their usa., But
Cody went beyond this learning task, The infant used his sounds in
novel ways (phenomenclogical and novel requests) as well as
seemingly playing with his sounds during his free time (spont-
aneous sounds), His abilities, especially with regard to
his novel usage of sound, and ’his apparent ability to
work at a high leval of compstency regardless of situation;
person, or change of abject within a particular object-class,

are each highly suggestive of potentially more advanced capacities.
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In the light of the .domonstrated capacity of the infant to

learn new sounds at an increasingly faster rate (and espescially

if training schedules such as thaose recommended above were to be
implemented) it is considered that a "vocabulary" of sounds and
their referents larger than that mastered by the infant would hsve
been possible, given additional time to continue the research. As
it is, further work (perhaps using the more socially-minded
Chimpanzee as well as the DOrang-utan) continuing to the 24 or 36
month lavel, would greatly advance our understanding of the true

limits of this capacity in these speﬁies.



APPENOIX: ANTHROPOMETRIC
MEASUREMENTS.,

Data was collected at two week intervals over the course of

the experiment, Apparatus used was metal anthropomestric
calipers and steel tape. Nineteen measurements were taken
using the standard landmarks ( found by palpation ) as shouwn in

fig A.1. overpage ,. All figlres in the table are in cms.
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DATE

Measurement 12,9,73 26.9.73 10,J0.73 24,10,73 7.,11,73
1. Sitting Height 27.45 31.0 33.6 35.0 35.6
2, Wrist breadth 3.0 3.3 3.4 3.6 3.85
3. Wrist Circumference 9.7 9.9 10,5 10.6 10.8
4, Forearm Circlmference 13.2 14,0 14,7 14,9
5. Upper arm circumference 10.9 11.4 12.0 11,8
6, Chest circumference 31.3 33.4 35.0 35.5 37.0
7. Head length 5.9 10.0 10.65 10.7 10,8
8. Head breadth 8.4 8.5 8.8 9.0 5.05
9, Ear length 2,85 2,9 3.0 3.0 3.15
10. Thigh Circumference 13.3 13,1 14,9 15,1 15,05
11, Calf circumference . 12,2 12.6 12.6
12. Upper arm length <~ 1M 1.4 14,3 14,5 14,4
13, Lower arm length 10.9 11,3 11.3 11.6 11.9
14, Hand length 1.0 1142 11.5 12,0 12,2
15, Upper leg length 8.0 7.5 Bo7 B.8
16. Lower leg length 8.0 8.5 .2 9.0
17, Foot length 12,0 11.9 12.3 13.0 13,2
18. Manus length 4,2 4,35 4,3 L 4,7 4,7
19, Pes lenqgth - 2.8 . 3.7 3.4 4,0 N 3.85

Mesasurzment | . DATE
TT271073 5.12.73 19.12073 5.1.76 16,174 30.1.74 13.2.76 2.2 .74
1. 36,5 36,7 ¢ 37.0 37.3  37.8 37,95 38,1 38,3
2. 3.55 3.6 3.6 3.65  3.65 3.7 3.75  3.85
3, 11.2 11,3 11,45 11,45 11,8  11.9 11.9  11.95
4, 15,2 15,45 15,5 15,6 15,8 15,9 15,9 16.0
5. 12,2 12,45 12,55 12,85 13.05 13,3 13.5 13,7
6. 38,9 39.3 39,55 39,8  41.4 41,9 42.1 42,4
7. 10.9 1142 11,35 11.45 11.4  11.5 11.5  11.6
8. 9,2 9.35 9,45 9.6 9.6 9.6 9.7 9.7
9. 3.2 3.2 3,2 3.4 3.3 3.3 3,35 3.3
10. 15.6 15.8 15,9 16,0  16.1 16,8 17,1 17.5
11. 12,8 1303 13.7  14.1 1441 14,3 14,6  14.6
12, 14.5 14.8 14,85 15,6  16.0 161 1641 16.2
~ 13, 12.2 12,7 13.5  14.3 14,35 14.6 14,8  14.8
14, 12.3 12,6 12,6  13.0  12.9 13.3 15,3 13.4
15, 8.9 9,5 9.9 10,1  10.25 10.4 10.6  10.8
16, 9,1 9.2 9.2 9.3 9.85 10.1 10.1 10.15
-, 13.35  13.5 13,7 13,75 13.75 14,5 14,65 14,75
18. 4.8 4,95 5.0 5.2 5.1 5.1 5.25 5.3
19, 3.9 4,0 - 4.0 4.1 4.1 4,2 4.2 4,3




Measurement | - DATE
14.3.76 27,3.74 10.4.74 24.4.74 8,5.74 22,5,74 5.,6,74
K 38.6 40.0 40,5 40.8 41,15 42,1 42,5
2. 3.85 3,85 3.85 3.8 3.85 3.9 3.9
3. 12.1 12,3 12.25 12,25 12,45 12,4 12.5
4. 16.2 16.6 16.75 16.8 17.0 17,1 17.3
5. 13,75 13,8 13,9 13.95 14.05 14.4 14,45
6. 43,0 46,1 44,6 45,0 45.6 46,0 46,64
7. 11.6 11.65 11,7 11.7 11.8 1.7 11.7
8. 9,7 9,75 9,75 9.8 9.85 9.85 9.95
9. 3.25 3.3 3.3 3.35 3.4 3.4 3.4
1C. 17.9 18.4 18.6 18.6 18,7 -f1a.9 19.2
1M, 14,8 14,9 14,9 15.0 14,95  15.1 15.1
12, 16,45 17.3 17.45 1746 17.8 18.0 18.3
13. | 14,9 15.1 15.1 15.1 15.2 15.4 15.4
14, 13.55 13,8 13,9 13,9 14,0 14,25 14,3
15. 10.9 10.95 11.0 11.15 1.3 1.4 1.4
16. 10.2 10.4 10.5 10,7 11.0 11.4 1.7
17. 15.1 15.3 15,4 15,45 15.45 15,9 16,2
18. 5.3 5.3 5.3 5.4 5.4 5,5 5.6
19, 4.35 4,4 4,4 4,45 4,45 4,45 4,5
18.6.74 3.7.76 17.7.74 31.7.74 14,B.74 28,8.74 2,10.74
1. 42.9 43,1 43.3 43.3 44,5 44,6, 45,1
2. 3.9 3.9 4,0 4.0 4.0 4.0 4.05
3. | 12.5 12.75  12.6 12.6  12.6 12.6 12,7
4, 17.6 / 17.6 17,75 17.9 18,1 18,2 18,2
5. 14.4 14.8 14.7 14,8 15.0 15.0 1541
6. 46.6 46.4 46.6 47.0 47.2 47,2 47.4
7. 11,75 1.7 11,7 1.7 1.7 1.7 1.8
8. 9.9 9.95 9,9 9.9 9,9 9.9 9,9
9, 3.4 3.4 3.4 3.4 3.4 3.4 3.4 .
10. [19.3 20,0 20.0 20.1 20.1 20,2 20.4
1, |15.2 15.4 15.4 15.6 15.9 15,9 16.3
12, |19.0 18.9— 18.9 19.0 19.0 19,1 19.1
113, |15.5 15.8 16.0 15.9 16.0 16.0 16,1
14, |14.4 14.7 14.9 14.9 15.0 15,2 15,5
15. {11.5 11,7 11.8 11.8 11.9- 11.9 12,2
16, [11.8 11.8 1.7 M7 11,7 11.8 12.0
17, 16,7 16.9 16.8 16.9 17.0 17,15  17.4
18. | 5.7 5.65 5.7 57 5.8 5.8 6.1
19, | 4.65 4.65 4,7 4.7 4.7 4,8 5,0
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