© 43515

Lo
vrwl‘ |:’J;, Favontt Ulbary Liblisth2que naticnale
xhti x'i or Comiig (!1,' Canatyg

"

WNAME OO AOTHOR NGY DE G

ALTEL? (L 0447

CANADIBN THFSES
ON MICKCFICHE

G

THESES e m/ ‘NHES .
S BHCROICHS

0

- : ‘ L.
| . \

TOLC OF TSI TR OF (8 ThEsr— {77 ( FAD e /’\;:’vw Y - 7’\// S Buloand g
) P T EANCE NS s A ‘_&l/o e R RS B
[ASET e lieni _ 0f o5 i i s g e
VRV ERSITY U RS ITE L. UW LUCAS (T v 0‘/’\, AL w7 A ‘ P,
DEGRED 107 AN THE e AS PRUSENTED /|

L:/fA/,L /(;(’H /[OU:" nLrve TIHESE FUT PRESENITEE /);ﬁ§/ C/\

VEARTHIS DeGLEE CONTERRED L ANNEE CTOBTENTION 13E CE GLAIIE

NAMy QF SUIR RVISOR /vaM 11 TIRECTELR DE ’HrS‘

Ee_bbfq/:lp

Ph O.

O (& CC

-
Al

Pernussion s hercby granted 1o the NATIONAL LIBRARY OF

CANADA 15 micralitm this thesis and tolend or setl

Copios
of the Vilm,

The cuthor renves oilisi publication rights, and neither the

thesis nor exiunsive extrents from it may be printed or othre -
Wi

reproducod without the anthor's written permission,

CATID/DATE,

v

t
L'autorisation est, par I piésenre, accerdée 3 ia BIBLICTHE-

QUE NATIONALE D1 CANADA de micio fhace ceite dac of

de préter cii de vendre gec exomplaires G fiim.

. ' ! ’
Lauieur so réserve les auires droity de pellicaciony il

ihdseni de lonys extraits de cotie-ci ne daivend ftre imprimés

ou autrement reprodidis suns owicris: vz,<a, derite de auteur,

33K
I22Y .

Pf?\.'.‘.ANEN‘I AOCRCSSARESIDE ‘/ s F"rfoj(

C[/C/‘) IC/"OV\/

2t 0lian B f i

LR T H LoD mEL g

1RO

N6 1 {4 74)

T s et #4 "t ¢ e e} .




\

l* Nat"lonal Library of Canada oo

Cataloguing Branch o
Canadian Theses Division |

@Nawa Canada -
K1A ON4 3

NOTICE

The quality of this microfiche is heavily dependent upon
thé. quality of the original thesis submitted for microfilm-
ing. Every effort has been made to ensure the h|ghest
qualuty of reproduction possible. :

If pages are missing, contact the university which
granted the degree. o

Some pages may have indistinct print especially if ’

the original pages vere. typed with a podr typewriter

ribbon or if the university sent us a poor photocopy.

~ Previously copyrighted fr'\a.teriais (journal articles,
published tests, etc.) are not tilmed.

' 4

Reproduction in full orin part of this f|Im is governed
by the Canadian Copyright Act, R.S.C. 1970, c. C-30.
Please read the authorization forms which accompany
this thesis. '

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

Bibliothéque nationale du Canada

Direction du catalogage
Division-des théses canadiennes

AVIS

La qualité de cette microfiche dépend grandement de la
qualité de la thése soumise au microfilmage. Nous avons
tout fait pour assurer une qualute SL)peneure de repro-
duchon *

" §'it manque des pages, veuillez communiquer avec
I'université qui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été .
dactylographiées al'aided’'unruban usé ou sil'université
nous a fait parvemr une photocopie de mauvaise qualité. '

~Les documents qui font déja I’ objet d'un droit d'au-
teur (articles de revue, examens publiés, etc.) ne sont pas
microfilmés.

La reproductlon méme partielle, de ce microfilm est
soumise a la Loi canadienne sur le droit d'auteur, SRC

. 1970, c. C-30. Veuillez prendre connaissance des for-

mu!es d’'autorisation qui accompagnent cette these.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE



THE UNIVERSITY OF ALBERTA *

-

HAPTIC PROCESSING BY INFANTS DURING SIMULTANEOUS VISUAL AND
- MANUAL INSPECTION CF CBJECTS ' BN
by

”<:::> Wwilliam G. Parker -

P

| A THESIS
SUEMITTED TO THE FACULTY CP GRADUATE STULIES AND RESEARCH

IN PARTIAL FULFILMENT OF THE RECUIREMENTS FOK THE LEGREE

- . OF Master of ATts

Psychology | ) o

~ EDMONTON, ALEERTA

¥ FALL, 1979



"~

' THE UNIVERSTI'Y oF AI_BERTA

FACULTY OF GRADUATE STUD]ES AND RESEARCH

J

N 4

v . . . S .
o . E . K ¥

The un.derSLgned certify that they have read, and recommend

to the Faculty of Graduate Studles and R%earch, for acceptance,

a thesis entltled HAPTIC PROCESSING BY INFANTS DURING SIMULTANEOUS -

VISUAL AND MANUAL INSPEXZTICN F OBJECTS submitted by

Wllllam G. Parker J_n partlal fulfllrrent of the requa_renents for the

degree of Master of Arts.
. . ;

!




To" my w1fe,
encouragement al

»project.

s
R

Lculse, uhose love, support and
s

loued ne to put so much of myself into this



ABSTBACT

The présent ctudy Kas de lgned to 1nvest1gate how 1nfants

ohtaln haptlc krowledge about objects. peCJﬁloally, it was

proposed that teyomd 6 nonthd of age, infants engage in

increasingly coordinated visual:-and manual inspection of
. .

©d

ob jects and that during this coordinated’ins;eation'the

infant processes the haptxc teatures of the onject. Ihe
L.

study was also- deSJgned to 1nve=t1gate the 1nfluence of

<

haptie. famlllarlty wmth objects on dlfferentlal re¢pondlng

'to a 2b and 3D stlnulus. To 1nvestlgate these issues, 60

six, nine ané twelve month olds Were otserved whlle they

v . i

‘looked»at and handled or only looked atlrepeatedly

LN

preeented 20 and, 3D stlmull. Analy51§.bf the looklng and
nandllng records ylelaed the folloulng flndlngs. r N
All 1nfants in. tne study tended to touch.objects they
were already lcoklng at. more than objects they were not
looklng at. Older infants were @more. coordlnated 1n\tﬁi?5§\
regard than younger infants. This f&Ddng impiies that
.manual jnspection tecomes increasingly v1cually guided as
1nrants grow clder. in addltlon, infants terded to look at a
partlcular onject for most of the tlme they hand led 1t.
Infants wWho were allowed to handle the stimuli tended to
remain v1sually lnterested longer than inpfarts uho‘oould
only look at the objects. furthetmore,'infantS”ﬁho had only.

looked at the objects showed renewed visual 1nterest when

they were permltted to handle them for the flISt time. -



- rl
-~ R . : &

Handllng ‘the objects appeared to 1ncreace dlrrerentlal
_ 52
handllng and reachlng for the 3D stlmulus buteheither of ’
NG .
these trendc uas statlstlcally 51gn1f1cant. Houeyer, older

1nfants tenQed to reach for: the 3D\objec ‘at the gnset'ofva

o

trlal, moreso than- younger lnfants, R ot R

.»‘1

These ;ecults 1nd1cate that 1n the second S1X uonths
oi life, 1nfants engage in hlghly coordlnated wi sual andou
manual 1n5pectlcn or objects and that during thls lncpectlonQ
haptlc 1nformatlon is processed. The 1nfluence of thls .

haptic familiarity on subseguent dlfferentlal espondlng is.

* r

not clear. The lmpllcatlons of these results for our

) understandlng of, how 1nfantc 1ntegrate v1sual and ha;tlc

‘1nput are dlscussed and suggestlons for further research are

.‘.'
if 1

offered.” , . ° : ' o ' !

1 B U



o ‘ ) ' s

e lckno-ledgﬁénts

\

L

First and foremost, I wish to thank my supervisor, Edward d.
. » : ' [ ]

Cornell, whc introduced me to the world of infant research

.andltaught me tc s;udylbabies in such an objective,
disciplined way that, with luck, I might'leérn'somethihg
about them. I'iould alsd like to expresslmy appreéiation to
the other members of wy committee, Dr. L. ihyté and Er C. D.

Heth for their sufprort and encouragement.

-

I; addition, I uiéﬂ to say thank;ych to Peter Hcit,
David durchie;.Katny.giersdorff and Eugepe Kcne;ka for the;r
hélpful comnmerts on the manuscript. .

Last Fbut dot least, I would like to acknowagg%§ a great
debt of ggatitude to Linda Bergstrcm whc was my other
observer. and prgvided an invaluable service in ﬁelping ﬁe.

organize the data coll.ction phase of the study.

.



Table of Contenmts
oL
‘Cnabter L - . ERagye-

[+

. Y

* o

I. INIROLUCTION..sessniaeeeaninnennsioseosnonnnsnasnss]

Lcngitudinal Studies of Hand-Eye.Behavicur
in the First Six MONthSesswnsoasosssonssnnsassl

Studies of the Stimulus Determinants of'
“Hand-Eye Cerdination......f.i................S

Multimodal PrOCESSiNgaeseasessssssansosasasnsll

«

‘ ) - . . { ‘.
. .Measures of Visual-Manual Coordination and
Ccncordancelll’l.'l.'.'l...ll.‘lll..ll..l.l'.l.. 13

_Haptic'grqcessing;....;;.........{;.5;.:....;i4
| Summafg.,..;..,.....;;,....,......;...;.;..,.16
oo i ' . o S

II. MEIHOD......}.....-........;..-..............,1....18
v‘SubjeCtSw...;..........................;.....18
'Stimuli.................;.....Q....,....t....1@
APparaius;......i..;.;ﬂ;.......;.....;...,...19
P;ocedgre..;.....;q......,...,...;;l;........ZO

The Measuresf,.,.....,,,.;......,5.{.........23

©III. RESULTS.;...,.;,.;..;..;..........,.;........;.;...zu
| Visﬁal—Manual Concordance....................2u\
Visual-Manual Cob;dinatién..;.....,...;....,.24f

Visual Attention to the stimuii..............zi
‘Eifferential.Lopking.f,..........;.........,.30
Diff;rential Manuai COntacCtssssessssansansasss30
Differential'Reaching.......3.;...,....}...3.32

iv. Discussion;.............;...............-..........38

REFERENCESb.l.l.l....l_ll'llv;.ll.lllll.vl.l....ll‘.....I.lll‘..uﬁ

viii



+

APPENDIX 1. SUMMARLIES OF THE ANALYSES OF VARIANCE. e csaae 49

\ A 3

~ N\
t
* -
/
¥
-
-
c
o
3
N
. .
; . 4/
c
- -
t
- + ’
. -
° 2

e

ix



°

List of Takles
3 .

-

Ta»ble.....:.....-.'..;..-..--....._-.».-.-.‘.q.--...'.“r.--....-page

-

,Vlsual manual C:niiigance Scores of‘Infants'Who ; o
‘Manually Ccntac ed the Stimuli on all- Trlal Blocks....TO.'

Vlsual-manual COOIdlDathD ‘scores of Infants uho

Manually Contacted t he Qtlmull cn All Irlal Blocks.....2

'Secondc of visual Attentlon by Infants with and

tnout Manual Contact on the flrst Two Trlal Blocks..30-
Elfferentlal Looxlng by Infants with and ulthout‘
Manpual Ccntact, on the First Two Trial Elccks..........uo
leferentlal Manual contact ty Infants ¥ho Manually
Contacted the Stlmull on all Trial Elockc..... ..... «se50
pifferertial Manual Contact in Irlal Elccx Ihree Ly

Infants Hlth and wlthout Manual Contact '‘cn the First

TUO Tflal Blocks..lbl..l.llll-lv.V‘lll.l....‘........‘.l60

leferentlal Beachlng by Infants Whc Manually

Contacted the Stlmull on all Trial Blocks.............70

"lefcrcntlal Peachang inp Trlal Block Three by

»Infants with or wlthout Manual Contact on the FlISt

TWO'II:ial Elocks.lllllllll.ll'll(llll..ll.....l...A-l.....BO.‘

3

BN



‘. INTEODUCTION o
For tne human 1nfant, learnlng to assgflate the appearance:

of an onject ‘with" the feel of an object is an 1mportant

. achlevement. Thl° learnlng enaoles the 1nfart to know more

completely ar cbject'c propertles. In a more technlcal

" sense, the learnlng con51sts of an 1ntegratlon of v1sual
_1nformatlon u;th haptlc 1nformat10n (1 e., 1nformatlon
ederlved_trcm hanollngﬁan object),\Recent research_reveals

that intants as joung a= one yearlof>age can»integ:ate R
.separate v;sual and haptlc experlences ( Bryant Jones;

Claxton & Pexkln | 1972 Gottfrled ‘Rose & Erldger, 1977j;

For example, Eryant and hlc assoc1ates allowed one-yeat-olds
to handle a’ nolsemaker toy but prevented then from looxlng

dat the toy . whlle handllng it. On a subseguent reacnlng test,

vthe“lnrants recognlaed the toy they had handled prev1ously.-

‘Thls*fecognltlon 1nd1cates the beglnlnge of cross-modal
1ntegrat10n, in that features that were felt are. 1dent1:1ed
_wnen seen. Ihe development of this type of 1ntegratlon has
not been the subject of systematlc study;‘althonghhitvisvof';
obv1ous 1mportance to sensorimotor intelligence..ln | |
_contrast,'the development of v1sually gulded reachlng and
.grasplng which occurs by slx_months of age,.;s well
descriped in hothhtheoretioal}and empirical.tetns (Hhite;'. ./
n . P a - ,
.Castle & Held“ 196u ?iaget,'1952' Brp ner, 1967); Ihe
furpose of thlS study is to explore how lnfants who are e

_capable of v1sually directed reachlng and gra=p1ng engage in

coordlnated v1cual and manual Lnspectlon of cbjects. Of

-
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partlcular 1nterest lS the age at uhiCh-this eoérdinated - .

~
- -

1ncEect10n results 1n the 51multaneou< proce551ng of v1sudl

‘and hagtlc 1nfcrmat10n. A review, of the llterature on.
S~

| -
hand-eye functigplng points to several 1mportant uayC
infants may,begin~to‘integrate informatlon from v1s1cn and

touch, : . o ' e ' ' | o Hd:

. Ine development or hand‘eye functlonlng 1s desctlbed oy

A rcomtemporary tneorlsts as an 1ncrea51ngly sc;hlstlcated

Iy

-aostcactlon c: 1nlcrmat10n obtalned from Doth the ‘hand aud.
the eye (GleOD, 1969 Plaget, 1952). The 1ntegrdtlon of
-.1nmut from each of the two sense systemc apparentlj develoms
concurrently ulth an lmprovement in proce551ng.w1tn1n each
system. Cne’ fundamental 1ssue ln the analy51s of perceptual

/
,development has teen t be relatlve prlmacy of the two 5 -

/

1nformatlon cources, that 1s, it has not been re<olved

. whether or nct cre | sence system teaches the cther abcut toe

~

‘,env1ronment. Besearcb deallng with adults lndlcates that
.awhen v1sual an ¢ tactlle sensatlors confllct, the v15ual
_informatlcr tendc ta domlnate the 1nd1v.1dual'c perceptlonboi
the onject's sha;e, cJ.ze and posxtlon (Rock & VlCtOE, 1964 ;
Rmek‘&*ﬂarrls, 1967). ThlS 1mpl;e° that the development of
- hand-eye quCthDS consists of learning to ccordlnate haptlc

@

'kingut to 1sual 1nformat10n. Keeplng this progress;on in
#

mind, an examlnatlon of the developmental llterature 1s

revealing.'



gltudlnal studies of Hand-Eye Eehavicg

th

‘Is

several cla551c descr;ptlons of sensgrimotor
development demonstrate the powerful inflience of vision on

manual pehavioul. White, Castle & Held (1964) aescrirke the
eariiest form cf hand-eye coordination/as a visually/e

. . . S~ .
eliclted sSwife. according to-these authors, this Tehaviour

~ !
S

[N

emerges at approximately 2 to 3 monthb and gcnsxctr of tae
: s

pallistic lauLching of the arm toward a v1saally leated

targyet. Visually elicited swxplng is often lDdCCUIdtt, and a

swipe 1s not corrected in mld fllght 1f the 'aim 1s
.ipaccurate. Neither is there any.indication»that the iufant
éXpects to grast thg rixated objéct, as the bhand usually
remainsiclosed even if contact occufs. By 3 to & months, tﬁe
.iniamt often watcunes nis hands grasging one another at

nidl ine. At this age, infants may’aiso reach for an cpject‘
while shiftihg'their glance pack and forth from opject to
hand until the okject is grasped.'Ey 5 to 6 moLths the
infant is able to correct the trajectory df’a E%ach in
midflignt. At this age, the inrant mnay also open his hand to
accommpodate tne size of the fixated object once contact
occurs aund bcth object and hand are in the v1sual field. ln

ot her words, according to White and his assoc1dtes, pmanual-

~—

behaviour becones increasingly ref ined under the direction
of v1sual input.

Tne cogritive= structurallét theories of»develcpment are

A



allso relevant to the study of hand-eye coordinétion. For
exauple, Piaget (1952) considefs handfeje cocrainaticn as a
tundamental example of a sensorimotor schema. In this
analysis) a schena consists or behav1cural elements
organized in a plapful structure and executed\uhder
dppropriate circunstances. sensorimotor development 1s the
construction and elaboration of these schemata and their
integratior uith one another to form £nore Ccnplex_scheﬁata.
In this vein, piaget descriktes the éeveidpment of visually
guided reaching as the'integration of the visual schéma witn
the reachiny ¢chema. The reaching scherna develops
independently cf the visual schema until the infant is
capapble of executing 4&n efficient reaching motion. In the
initial ,stage of schema integraticn, reaching for oktjects is
visualiy‘elicited pbut the grasping of objects is not
controlied visually. srasping is instéad elicited by the
tactile stimulation expe;ienced when the hand contacis t he
object. The grasping schema is said to be incorpordted into
the reaching schema after a developmental staye during wWnlcCh
the\infdnt répeatédly opserves the opening and closing qﬁ
his hand. Ultimately, the infant is able to fixate an object
and pbring his hand from outside of the field cf vision to
the vicinity cf the object, grasp it, and deliver 'the object
to his mouth. True recip;ocity iﬁ this eye-hand scherna,
then, occurs when tnings felt .are pbrought forward to be
/~\\;een, and‘thibds seen are reaéhed for and fe;t.‘According to

)Piaget, this reciprocity of eye~-hand function .is fundamental



e
tn

to cognitive development.

Bruner's (1S73) account of\the development oL eye?hana
coordination is similiar to Piaget's inp its emphnsis on the
cognitive unde1pinnings of sensorimotor adaptions. Bruner
considersveye;hand'coordination a fundamental component oi‘
intentional and planful problem solving. He also suggests
thét tne early cquﬂﬂents of reaching, such as ballistic
reaching and hand cpening,'are innate. Develcpment ccnsists
oL coordinatingfand Seguencing thege "podules" of innate
behaviour into a problem solving skill.  (Fcr Bruner, the
uitimate eye-hand skill may‘even involve the extension of
the hand'wifh toois.) Visual information is crucial fQL this
coordination because it prnvides the infant with both an
initial assessment of the layont’ofvthe immediate space, aund
a moviug, ccntinuous form of'féedback as tc tne position of
the hand.inAreJatiqn to the object. Bruner suggests that as
the_reacning skill is‘enercised, itthecqmes more visualiy
gui&ed, and less kinesthetic feedback;is required. As in tnhe
preyions descriptions, the progression 1is said to be toward -
integration ot semsory information with motor skill, with

visual information described as the most influential form of

perceptual information.

e

. 2
Studies of the Stimulus Determinants of Hand-Eye

Coordination

Piaget's and Eruner's descriptions evolve ILQom an

underiying theoretical orientation wnich assumes that we can



make inferences about early thinking from observatiog-of
eye-hand cehaviour. Ihe work of White et al,. -répresents a
more athneoretical description, although their data do not,
prov1qe a detalled analysis of stlmulus determinants of
eye—-hand COOIdlDathD. Studles conducted more IeCeDtlj
at;empt to analyse the 1nfant's use of v1sual cues when
reaching ror orjects. This research examines how 1inrants
decide tnat objects are in fact solid ard located somewhere
in space..Ige recent studies are aimgd at determining it
infants detect wien visual ahd-hagtic perceptions are_in
“conrlict, and how .they use visual cues as to the radial
locu& and distaoce of ohjects;

power, Ercughton, & Moore (1970) were the first to
lnvestlgate the Jniant's reactlon to. a conflict tetween
visual and haptic lnpat’ They presented virtual images of
obJects to infarts ranging in age from 7 days to b mcnths.
(Virtual images are comparable to 3D movie 1mdges, in that
they have many of the visual properties of sclio, graspatle
objects but aretih fact only patterns in prcjected lightq
Bower's rationale was that if £nfants judded such visual
lmdges to te solid, they should react when fheir grasps
failed to prcduce appropriate feedback. Eower et al.
reported that all infants‘reached for the irage and
anticipated the size of the projected cbject by opeﬁingl
;ﬁheir nand appropriately. They also reported that the. babies
became upset when they attémpted to grasp the virtual image;‘

Tnese results-are interesting for two reasons. First, they



suggebt -that irnpfants can v1sually adjust thelr grasplng at a

much younger age than previously reported. Secondxy, t hese

t

results suyggest that v1sual 1nformat10n doumipates hafptic

- information frcm the earliest poiut-invdevelcpmeut. In other
v " .

words, Bower and his associates suggest that the infant's

distress was the result of a failure to .ccrfirm an
i ,

expecﬂgucy based c¢n visual information.

v

71

A series of subsequeut'studies have questioned‘bofh
Bouer's-interpretauiou of his rasults and the"reliability of
fhe;reéults theuselves.'with regard tu reliauility, several
atteméus‘toireplicate the observations of‘neuto;u reachiny
ana graspiug'have failed (Field,'1977; Ruff & Haltdn; 3978:
'Dodwell, Muir & Difranco,'1976) In fact, mcst researchers
'report the first 51gn< of con51stent reachlng at about 4 to
“5 montnslof age. Hith'reference to the 1u£ant s reactlon to
the intanginiliﬁy of the,object,'Gordon &.Yanas (1976)
offered an alternative explanation“ihichninvolves a conflict
between visdal cues: Dinocuiar convergence and motion-
paraliax. Théy suggest that the virtual imagés p:oduceu
abnormal mcfion parallax which upset the infart as hé or she
uoved forward tc reacu; qudon & Yonas (197€) alsc
investigated thelage a%,which infauts would limit their
reaches to on]ects w1th1n arm s length. Cpec1f1cally, tQSZ//’“~"
measured 1nfants'h eachlug to vlrtual 1mages whicn were
projected within rea;h or out of»reach. They report that
oulylfive—and-a-haiﬁ manth;oiﬂé showed reggéés, and that

v " .
. these infants reached\one—aud—one-ha;f/€;mes as often to
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1rtual 1mages that were within arms reach than,to the more

distant 1mages. fleld (1977) conducted a 51m111ar ctud) and

fohnd that 7-honth old 1nfants inhikited Leachlng to dlstant
rtual images and 3 and 5-month old 1nfant= showed very

little reaching for erther stimulus. ID an earlier studj, ‘vjﬁﬁ

Field (1976) had ieported'thatkS—month—old 1rrants adjucted

to stlmuluQ dletance wh eachlng fcr solid objects. Taken

=

togetner, fleld'c fﬂndlngs may 1nd1cate tnat, Defore 6 T:&
vmonths of age, "irfants need more depth 1nfor%at1cn tc

' control tnelr reachlng than is prov1ded Ly a v1rtual iragee. .
w . ‘
Researchers have also studled the influence of other

types of ae;th lnformatlon on 1nfants' Teaching behaviour.

Yonas, Cleaves & Pettersen (1978) 1nvestlgatea lnrants'
»
seusrtrv;ty to plCtOIlal depth'cues. They found tnat 2€ to
P .

f3o ueex cld infants dlrected thelr reachirg tc the "closer
3 -

sxde ot a ‘window which was rhotographed as- slantlng into
,space. Infants from 20 “to 22'weeks of age did.not reach_to'
the nearer side of the photographed window, but did direct
their reaches ap;roprlately to the frame of a real window
rotated in space. These flndngS suggest that, by
approximately 26 weeks, nfants can use plctorlal depth

‘ 1nrormatlon in determlnlng the dlstance cf cnject This 1s
'
ev1dence of a developmental lpcrease in the use ci v1ﬁual
] \? .
. cues ‘when -reaching.

by approxrmately 6 months of age, v1sually gulded
reachlng -and grasplng becomes so skllled that the infant

reaches tor onjects on a selectlve basis. Wlth thlS'



competence, infants'not only restrict t heir reaching to
. those onjects which are within arm's length, put are.

influenced in their reaching by\t e visual attractiveness of ~

-ob jects.  The cccrdination of reac ing wlth visual ‘selective
attentlon is ar 1mkortant step 1m perceptual motor
aevelopment (Shaffer & Parry, 1970 Schaffer & Parry, 1969).

:

The'earry research focused on 1nrants' Iesronse to gumiliar L{
and novel opjects. It iséiell‘knownithat at 6 nonths of age
“infants;prefer to look at novel nisuai.patterns (fghtz,

;Qbu). Ifrinfants are~coordinating their visual andvmannal
\1nspect;cn ct objects, they should tend tc reach more to
onjects w1tn a novel appearance. Schaffer suggests that. tnrs
is not tnhe case until:approximately 8 months or age,
vsChafferv& Parry (1970) conducted a study in which they
demonstrated tnat 6—month-olds shoned increased visual
attention to.novei objects but did not show:increaSed. :
latenédes tc reachffor novel'objects, while 9 and ' //////f/
.12¥mon€%—oids did shon increased latencies tc'reach'for/ .
novel onjegtsr SChaifer internrets a delay in reaching faor
unfamiliar otjects as f“ index, of ccncordant visual and

motor Denav1our.'Tne‘rationale ror this 1nter;retatlon is

that a-hesitaticn to‘touch an object until it has been;

studied is a ?qgcfional exanple of q}sion and touch working
together.'Scnaifer and Earty (i970) also fonnd that
6-montn—clds-tended'to lookcat a novel object norevthan a
familiar object but tney handled novel and famlllar oD jects

- for the sane length»or_tlme; Ihese two flndlrgs led Schaffer
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to conclude that 6—montn—olds<cannot‘coordinaté manuad
behaviour with visuail selectinity. : ,1v '. (\

Scnaffer's ccnclu=1on was cnallenged by Rubensteln'
.(1974) , who cr1t1c1aed Schaffer!'zs use of latency to‘reach 55-'
a mea sure of v1sual-motor_concordance. She presented‘data |
:lndlcatlng that an infant's v1sual and ‘manual res;on<e to
 novel Oobjects is COHCOIGaDtOlf -one compares the length of
time 1nrantc look at and toucﬁ’novel ooject< with the lengtn
"ot tlmc tney look at and handle famlllar cb jects. This

' q o

compafison revealed that children ténd gé lock at and
manipulate a nogzi object more than a‘familiar okject. as
her reasure cf concordance was essemtially the same as
Schaffer & Parry'C, Rubensteln s conclu51ons appea;ed to ’,
'a;rectly contradlct thelr rlndings. In a folloy—up study,
Ruﬁm (1976) also found that 6-month—old 1nfants toth\toucn(
“and look’ at "novel objects more tnan fagiliar onec when poth
are avallanle. Ruf: alsc pOlnted out the need for clear
‘definitions of visual and manual ccocordance and-Ofie;ed‘
some‘suggeéticns to fhis{énd. These suggesticns will ope
discussed pelcw. |

A recent study has apparently.reconciied t he
‘ discnepanciés kétween Schaffer's findingé and those of‘
Rubenstein arnd Ruff. Sfeele and Pedersor })977) Fointed out
that while Scharffer varied’nOVelty in terms c¢f cclour,
Rubenstein and Ruff poth varied rovelty in terms oI colour,

. ,texture, and form. These researckers suggest that for young

infants, new texture, or shape cues, Or both, are needed

»
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pefore bapies will handlsvnovel objects more thaﬁ famiiiar
ones. Steele snd Pederson replicated Schaffer's results when
noveli objects differed from familiar omes in colour alone.
Infanﬁs in “this con@ition lo?ked at the npovel objecﬁ more,
bul showed nc prefefence td handle it. Hhén the novel snd
familiar thecfs differéd in tex tufe or shape, the infarts’
demonStratsd bo@h'visuﬁl?and manual preference for the‘novel
onject.;Ihis_resuit rspliségad Rubenstein's énd Ruff's .
findings. The Steele & Pedsrsen studj did more than
determine the effects of methodological differences. Th€ir
results also indicate that as early as 6 months of age
infants' manipulation of okjects is influenced by fprevious
visual and manual contact sithlxhe st;mslus._Thigfsuggests
bthat not only canié-month-oidsidiréét manual contéct in
accord Hlth visual preference, but they nay be-proceCSlng

haptic informaticr pertalnlng to tﬁe texture and fcrm of

objects while visually fixating the okjects.

ultimodal PIocessing

A recent study by Gctff:ied, Rose and Bradger (1578)
also indicates that 6-month-olds may,bevprocessing-haptic
information., Gettrried and his associates ccnducted a. study
"in which one group of 6-month-olds was permltted to touch
and look at an object while a second group of 1nfants was
only alloued to look at the ob]ect. Both groups were then
shown the abject paired with an object of a different shape.

Infants who had cnly looked at the original cpject preferred



12.

“to look at the novel otject, uhlle suojects who had totn
looked at and handled the.original ob]ect showed no visual
preference ICIr eitaer object. Gottfrled concludea,tnat
manual contact 1nterfered with the infarnt's anlllty to
process visual 1ntormatlon and thus the 1nfart never Decame
familiar witb the test object. While this may De'true, their
result; ma§ te interpreted in other ways. For instahce, the
inrant may fpierer to look at a familiér chject simbly
because he or she enjoys haandling it. This preference méy
 neutra¢1ze the usuail tendency to look at-an alternatlve
ob]ect because it is visualkly novel. Ecth om’these
;nterpretaticns img;y the processing of haptlc Lnrormqtipn-
whether.this processing leads to é'memory_for the handied

. onect or 1nterfere; w1th ongoing visual proce551ng;

- Collectlvely, the research prov1deC a good descrlptlon

of the stinulus-determinants of hand-eye functlonlrg<durlng

tne Llrst six months of life. The infant first reaches witnv '

little regard for spatlal 1nformatlcn such as deptn Eues.
However,,the 1nfant soon learns to use spatial cues more
apprépfiately..ﬁy about 6 months Qf age, the visual
attracti&eness of ébjects elicits reaching. Ho?ever, visuad

information is not the SOle'determinant ct differenti&l-
reaching. Inete is eV1dence that by 6 mcrths of age tne
infant begins to augment v1sual knowledge by enccdiny the
naptlc propertles of onjects while handllng then. Thebe

tlndlngs lmply that 6-month olds may be proéessﬁgg visual

and baptic irformatiqQn simultaneously.
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vIne ;reSeht study s de51gned to dencrstrate that,
arter 6 months cf age, infants increasingly coordlnate thelr
reaching and toucning with tneir lccking and that during

-

thls coordwnated rnspectlon the infant 1s‘;rcceSC1ng haptic
information. A carerul monltorlng of looking and tspcnlng
will contrlnute to oux undersfandlng of “Show infants col€ to

kiicW objects in terms of V1sua1 1nrormatlon, iL terms of

haptic informatlon; or in terms of Doth 51nultaneOUCly,

-

A P e A

JA close temporal assocration betweer visual and manua;
attentron may be 1m,or§§nt to- mﬁtch/lnput frceo the tuo
sensory channels. lu %V% past, researchers have measured tne/>
coordlnation of'manual and visual attentichn primarily to
i yestigate the infant's LesSpoOnSE to_novel obiscts (Schatffer -
& arry,‘1970;d3ubenstein, 1974, Ruff, 1976' Steeie 8 |
Qﬁ aersonx 1977) The measgres vary, apd ip scoe’ cases tnece
/!lS conru51on ir termlnology (Ruff, 1976). Ruff took a ctep
toaard clarlfylng the reasures when she dlstlngulshed
between visual4manual COOIdlDathD and v1cual-manual
concordance. She aeflned visual-manual COCIdlDathD as the
percentage of all manual contacts with a stlnulus wnlcn uere.
preceded py “and overlapped u1th visual flxatlon of the
stlmulus. Vlsual-manudl concordance occurred if the in fant
both‘fixated.and contacted,the novel stigulus more than 5034

of the time it was preeented or flxated and contacted the

‘hovel stimulus less than 50% of the tlme. She determlned
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whether or nct her subjects nere concordant cn rne basis or
a. sign test.‘Ruff reported that the reaches of 6 month—olds
Iuere yreceded hy v1sual flxatlon 78% of the tlme, and that
their v1cual and manual behav1our was.51gn1f1cantly
concordant.

In-the presenr srudy visualQmanual»ch;dination is'
ldefined as the percentage of ail.contacrs inp whicn the \
infant flxated the ooject durlng the .5 sec. perlcd prdor to
the contact-and cc -inued tc fixate the ObjGCt for ar least
.5 sec during the contact._Ihls.neasure is cimilar fo-that
used by Ruff, nut more precrse. : |

Visual- nanual concordance is deflned as the percent or,.
the nanual contact tlme in which: vrsual flxatJon 15 also
occurrlng. (Iheduse of percentage; allows fcr comparlsons
between srudies involving”difrerent srinuld cr presentation

‘procedures) -

Several of the studles rev1ewed above suggest that
1n1ants as ycung ac 6 months. of .age may be proce551ng manual
'1nput whlle looklng at and handllng objects. The present
‘study was de51gned to conrlrm the ablllty of 6—month olds to
process haptlc ipformation and tc monitor the development of

tnis anlllty over the second six months of life. The ability

.. of 6, 9, and 14~month olds to process haptic lnformatlon was

»lnvestlgated in tne present experlment by analy51ng the.

looxlng and touchlng dlrected to a repeatedly presented palir

3
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ot stlmull. a three dlmen51onal (3D) object and and a tuo
‘dlmen51onal (2D) cclour representatlon of the onject. one

halr of- the 1nfants at each age uere allowed to handle and

loon at the stlmull for a serles of trlals (v1sual/hapt1c

-_iamlllarlhatlcn) while the other half of the 1nfants were.

only permlttea to look at the‘stlmull (v1sual

]
~

famlllarlzatlon) Arter thlS famlllarlzatlon ph ase . all .

i

' suDJects were glven addltlonal presentatlcrQ of the ctJ.mulJ.
‘ln whlch tOUCblBy ‘and looklng were permltted. ) )
| ‘Evidence of haptlc proce551ng nas sought by~ comparlng
‘v1sual interest in tie stlmull when handllng uas.permltted
wlth visual interést in the stlmull when it was not
permitted. If haptlc 1nformatlon is belng processed wh;le
1ufants handIe otJects, handllng the objects' should
luence cverall v1snal interest im the st1nu;1.'
T A second way cf testlng for ev1dence of haptlc
proce551ng ls .to monitor the preference to look at,: leach'
jfor,'or handle the' 3D ob]ect ouer trlals. We might expect
tnat,'over a series cf’ trials, 1nrants who can procecs
vhaptlc 1nrormat10n should ‘come to LOOk at, reach for, and
»nandle the ‘BOTrE haptlcally conplex 3D cbject more than a
 flat representatlon. douever, it is p0551ble tnat thlS
‘prererentlal respdndlng pay result exclu51vely from v1sual
tlnformatlon. That is, a 3D stinulus appearQ more complex and
varlanle thar a 2D representatlon. To determlne the " role of

v1sual ramlllarlty in the development of any preferences,

‘the preferentlal lookimg, reachaing, and handllng of those

F



I&fanté in the:visuai'familiarization cohditidn were
comgared with the prererences Lor the 3D okject shown Dy tne
“infants ln the v1sual/hapt1c famlllarlzatlon COndlthD on d
‘the last, trla1= Ynen both groups could handle the object

1f ;n:ﬁnts demonstrated a stronger-tendency to look at,

. reach for, or handig the 3D'dbjectrafter visual/danual‘.
famillariiatiohxthén aftef visual famiiiarization dlone;
tnen the dlfference mu¢t be based on 1nfornatlon procecsed

wnlle nanollng the oojecto,

In the'ﬁresent studi,'d pair of stimuii'wgs repéatedly
présented to 1hfénts and their lccking and héndiiﬂ; |
oehav1ours were xecorded FiVe béhafiodrél,iariables weré'of
:spec1f1c interest: udf erentiai looking, indicaped by’
duration of head;éye orientation to a 2D and‘3D~§timulus;
differentiai manddi contaqt,with the'stimhli; d;ffe:éntial
reachiné as ipdicated/@y tne'finst stimulus toucﬁed}
v1sual—manual COOIdJDathD‘ and vicual—manual ;onéo;dénce.
Analyces of tnese measures were dlrected tovard three

-~

general gquesticns. .

1. Do infarnts shou 1mproved v1sual manual ccncordamce or ®
‘1mprq§ed v;sual—manual coordlnatlon,_gr Loth, as a-
fuhctionibf age? |

2. Is visual attentidn'influédcéd;by‘£heJcp;crfunity'tq‘~

| manuaily eiplore the sfidqli?

3. Do infants show differential manual contact,

i
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differential reacning, or differential visual attention
as a result oi haptic experience with paired zD and 3D

stimuli?



411. BETYHGD

§991§§L§

subjects were 60 healthy, full-term infapts with no
phy51Cdl or v;suai 1mpalrment Specifically,_the salple
incluued O female and 16 male infarnts betueen 22 and 6
wee ks 6f age (M = 25 ueeks 2 days); 10 males and 10 females
between 34 and 38 weeks ofaage (M = 36 weéks, 1 day) . and 10
males and 10 females petween 50 and 54 weeks (M = 52 weeks,
b days) . Sutjgcts at each age level were ;éndomly assigned
to the visual/haptic or‘visual familiarizaticn groups Kltﬂv
the restricticr that egual numkters df males and Iemales De
included in each condition. Subjects were reéruited frcom a
file or parents who had indicated willingness to participa{//'
An 1nfant researcn.'An additional 12 inpfants were not
lncludéd in tne ex;ériment because they failed to reach ror
the stimuli at least three times in the visual/haptic
fagpiliarization condition or at least once after visual
tamiliar ization. Tue data from three €-month-o0ld rales and
two 6-month-old females in the visual/haptic familiarizat;on"
CODdlthD, one - 6—montn-old male and orne. 6~month old iemale
in the v1sudl faml*larlzatlon CODdlthR twc 9- montn-old
males'dnd.one montn old Lemale in the v1=ual/hapt1c
faﬁiliaiization condition and one 9—month-old male and opé
g-porth—-cld female in the visual faniiiarization-éohdition,

were excluded for failing to meet the akove requiremernts



Stimuldll

A commercially availaple ruﬁber doil tace was'mounted
to the centre of a 10 cm square of black painted aluminum.
The doll face frojected approx;mately 4 cm from the aluyminum
base. This was the 3D stimulusf A life*sized colcur

photograph of the goll face, rrontal posé, was centred in a

ok

black pbackgrcund and glued onto a similiar ;ldghe. The
photdgrgph was of tne same hriggtnéss as the actual race,

when viewed under normal rcom light. This was tne 2D

“s

stimulus. Pieces of solid aluminum .12 cm by .12 ca, were

attached tc the back of each plaque.‘The male comfponents of
< : '

two electrical banana clips were threaded into these pieces
oi aluminum and protruded downward, beyond the bottom of'the
,piaque. These clips permitted easy detachrert and

alternat ion c¢f the stimuli fetween presehtaticns.

v N

The clifs were plugged into holes drilled into 57 >

plywood tray waich measured 50 cm x 34 cm. The plagques yere -

posxtloned such that when -mounted., the stimuli were centred

 8 cm apart and flusn with one edge cf the 50 cm side o1 tne

trdy. Tne tray rected on the floor of a plywccd pox,. 34 cm"

~high, 54 cm wide across the -frgn and 35 cm deep. Across the
" tog of the front side of|the box was a piece of plywood .5
ci thick and 13 cm high. The front of the bcx below thls

piece of plywccd was open during presentatlons of the o

stimuli but curtalned-between presentations of*the stimuli.
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Curtaining Letween presentations wa achievedfby attacning a
d;aw—string to.the pack of the Ay S0 thet when the tray
was pushed fcrward a white fidnnel curcain was raised and
when tpe tray was withdrawn the curtain was lowered T he
back of the Lox was open. A plece ctf plywood .5 cm thick x
‘34 cm wide x 54 cm long was attached at rlght anglec to the
tack edge of the tray so that when the tray was pushed
rorward this giece of plywood codovered the tack of the box. &
peepnole, .6 CI 1in diameter, was centred 10 con from the
pottom of this piecé of plywood. The peephole allowed an
experimenter'to monitor head-eye crientatiods rrom ddrectly
pebhind the ocx. Tne fromt 24 cm of the tCp cf the Dog ués
covered with plywocd. Grooves were cut in the front of the
box to dccommodate a plece of clear qcryllc Flastic, 32 ca X
53 cm and 3 cm thick. When 1in place, this clear plactlc
comp;etely ccvered the Iront of the box. The occurrence aha
duration of head eje orlentatlonc-and the occurrence and

! duratlon or manual contacts were recorded on a Iour—tlack,
'Ruotrac evernt xecorder hy means of electrlc cwdtches..A

‘lert rlgnt, normally off, toggle sultch was used ny one
ooserver, waoo recorded head eye orlentatlon and a palr of
on—off handheld puchtuttons was used by a seccnd observer,

who recorded manual contacts.

Ine- experlment was conducted in the 1rfants"homes.

Infants sat c©n- their mother s or father's lap facing the
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presentdticn box centred on a table before them.“ihéibox‘was
positioneéesc that, when presented, the stimuli would be. |
centred iuvfrogt"of the‘infant; slightly belcow eye-level,
and within arms reach. Inﬂa’few_éases, infarts: sat on
cushions to achiéve this positioning;

lu‘the experimental condition, the paired stimuli were
presented to each infant -a total cf 12 tihes‘:EachAtrial
lasted 10 seccornds aud intertrial intervais weré standardized
at 5 seébnds, The relative fpositions of the stimuli
alternéted intermittently according to a‘i;hedple which was
Aunifofm ior ail babies. Each stimulus appeared to the rigiht
and to the left cf each infant on an egqual number of trials;
Theﬁoégurfédcefahd duration ofvhéad-eye orieﬁtatibn$ to the

. . . Ny

stimuli were-;ecordéd duringleach trial, by an observer
lobking th;;dgb the_peephole at thevbaék of the présentation
box. Thne occurréhceband'duration of_manual contacts to the
Ls;imu;i were-recorded'by avsécond cbserver who stood behina
“and slightly té oné,sidé‘of the infant. 1hé'exact posit;on
éf'thié obsérver varied Slightly‘due‘to variaticns in roon
layduts.
| ihfants in the visuai fémiiiérization condition
réceivéd the sane 12vtrials as the experimentéi infants witn
the majdr.excé;tionAthat, for the first eight-#riais, a
plece of clear plastic was positionéd in front of the box
and tnis prevented manual contact with the stimuli. The
ciear plastic was removed at the end,éf the eighfh'ttlal and

the subjects were permitted both visual and manual contact
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}ﬂmith the srimuii fcr the last four trials. Erior.ro all
sessxons,‘pdreuts uere told not tc interfere with their

H 1nrant's reacnlng and to hold thelr ‘baby ir such a way that
€asy access to the StlmUll was poss1ble. The two.
experlmenters alternated dutles so that edch recorded the
looking and touching of half‘tne sub]ects. The,experlmenters
'werelrrained.tc record‘heed—eye orientations end manual
contacts in the followingomanner.,Prior to the,main
exmerlment, a pilot study was conducted in wnlch 12 1nxants
touched and lconed at a palr of objects fcr 40 seconds. Each.
exp er imenter reccrded'the head‘eye'orientations of six
infants dnd the manual contacts of six infants Subsequent
.analyses revealed no SLgnlflcant dlfference between elther
the looking or:manual contacts oiithe separate groups, as
'recorded'by fne’two experimenters £ < 1.

. ;nterrater reliabpility . for the manual ccntdct meacures
. .was then establlshed Dy hav1ng both experlmenters
's1multaneously record an infant's manual contact wlth a pair
or stlmull over 12 trialss Thls resulted in two records ot
the same ;nfant's manual contact w1th the ;alred stimuli.
. _ - _

.The two records were compared in the following way: Dumper

oL contacts to the 2D stimulus per triai; numter of conrdcrs
with the 3L stimulius pervtrial, duration of contact with the
éD:stlmulus Fer trial;.duration of contacr»wirh the 3D
stimurus per triél.'Pearson product moment correlation
coefficients calculatad Letween the two reccids eXgéédFQ;gé

for all four measures.



"The Measures

In the main experleent the recordc of each in:ant'
;-;lOOKng and touchlng over the 12 trlals were colldpsed lUtO
_tnree blocks ct four trlals._wlthln each trlal blcck tne

“follow1ng 51x dependent"@eecures were exam‘ned..,

1. Vlsual—manual concordanee, deflned ac‘tne percentage
derived by d1v1d1ng tlme spent 51murtanecusly toucnlng
and lOOKng at a stimulus Dy the total tlme opent in.
manual contact w;th elther stlmulu

2. Vlsual manual coordlnat*on, deflned ‘as- tne peicentage

'derlved by d1v1a1ng the number of times . an 1D1ant lookede
;at a stimulus for the .5_seconds prior to and .5 seconds'
’duriana méhual comtact by'the total numkter of manual

- _cqﬁfacts exceeding .5 Seconds,

3. ATime.inféeconés,SPent v;sually'fiXatiﬁg the stimuliv

4. ﬁifferenfial looking,,defined as the fercentage derived
Dy leldng -the tlme spent looklng at the 3D ctlmulus Dy
the total tlme cpent looking at: elther stlmulu

.5; Differential manual conta¢t defined as the percentage
derived'by‘dividing the zlme spent-lnAmanual contact -
with the 3L Stimulﬁs by the totai time spent in manual

. contact'with:elther stimulus |

6. ,lefereqtial,reaching, defined as the perc:ntage aerived

by dividing theldumher of timeé the 3D‘ebject was

toucned flISt 1n a- trlal hy the pumber of trlals ;n a

_'trlal hlocx in uhlch,reachlng ccCured.




III. BRESULES

e A= —m——

As can ke seen frow Taole 1, 1nfants at every age
‘visually monitored over 60% of their manual contact Wlth a
ﬂstlmulas._(lnrantc in ‘the v1sual famlllarlzatlon condltlon
‘1also snowed this high level of concordance on the third-

trlal olock, g1¥770%);'A.3(Age) x?3(Tria1 Blocks) analysis
of varlanceyaltnvLeoeafed measures uas'performed on these
data. LnlS aralysis rovealed no 51gn1f1cant rain effect or
1n¥eract10n. (seéﬂﬁppendlx 1A)

Iaole 1 also 1nc1udes the total amouht ofatime 1n”eacn¥

QO becoud trlal blcck that 1n;ants spent handllng the

st;mdlus.ldl:

Visual-Manual Coordination
Infants in tnis study tended to restrict their reaches

to the okbject they were looking at. In fact, even ror toe
younge;t grcup, over 60% of their manual ccntactc.were to
objects they were adready looking at.s (Agair, on the tolird
trial plock, infants in the visual fam111ar14atlon CODdlthD
showed highly coordinated reachlng, M = 77%) . Table z gives
the mean COOEdlDdthD meacures by trial blocx for 1nfantb at
each age. A -(Age) X 3(Tr1al Block) analysis of varlance

. with repeated measures revealed a significact increase in
lcoordlnatlon over age,‘F(2, 57) 3 5 Q"(-.OS.-The main
ﬂoerfect fcr tnlal blocx and the Age x 1r1al Elock lnteractlon

were not 51gnltlcant (see Appendlx 18).'All 51gn111cant

X O

d"ﬁéuﬁfrwff¥ffvfﬁﬂ?5'ﬂ R
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Table 1

Visual-Manual Concordance Scores? of Infants Who Manually

Contacted the Stimuli on A1l Trial Blocks’

Tr1a1 Block

v 72 (16.6)

Age | I SR B X

6 Moiths 58 (23.7) }25 (16.9) 62 (16.5) 65 (19.0)
9 Months - 64 (21.6) 64 (16.7) 65 (22.3) - 64 (20.2)
12 Months  79:(19.2)° 77 @6.2) 71 (22.0) 76 (19.1)
X 67 (21.5) 66 (20.3) 70 (19.8)

qefined as the percentage derived by dividing the time spent s1mu1taneous
touching and looking at a stimulus by the total time spent in manua’l
contact with either stimulus.

bNumbers in brackets are the mean number of seconds spent hand11ng the
stimuli. R : ,
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- " Table 2 .
Visual-Manyal Coordination Scdresa.of»lnfahté who Manugl]y :
' Contacted the Stimuli on All Trial Blocks®
Trial Bloek.
| , — -

6 Months ~ 59 (11.2) © 79 (9.3) 60 (10.0) 66 (10.2)
gMonths . 79 (12.3) 81 (9.1) - 77 (6.9) 79 (9.4) .
12 Months - 74 (5.6) . 83 (7.2) - 86 (7.5) . 81 (6.8).
L g0 ey e(ss) 74 (81) - 75 (8.7)

qpefined as the percentage derived by‘dividing the number bf times the
infant looked at a stimulus for the .5 seconds prior to and .5 seconds
during a manual contact by the total number of touches exceeding 15
seconds in duration. . b '

_ ?Number‘in brackets. are’ the mean number of contacts with either stimulus.
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eirectb for thlS dependant measure and those. that follow
were. lnvestlgated using an a Rg;g;; multlple comparlson
metnoa and a per comparison error rate. This Eroceaure is
admittedly liberalaznd iasVohly utiliZed torclarify“
.significant maln eftects and 1nteract10n Sunsequent 7.. ’
:analy51s lndlcated that the SLgnlflcant age etiect CODClStS

‘essentlally of a 81gn1flcant difference’ tetween the

coordlnatlon scores of the 6 month old group (M % 66%) and

tnose’of the S-mchth—olds ( M = 79%) and 1z-month-olds (
.‘BJ%X(JE(]1;27X:# 1.4,¢§‘<";05{ ThlS analys1s 1mplles that,
Detween € monthé ahd 9 montﬁs, the reachlng tecomes more
visually contrelleq, hut-after;9emonthsmthete +5 1o further -
'increase.: | | | |
Tabie évalea includes the meanrnumber‘of timee in each.

trial block that -intants at each age tbgched eit her

stimulus.

 Visual Atternticn to the Stimuli o ' -

8 .
Vlsual attentlon to the stimuli appeared.to‘vary as-a-

ﬂfunctlon of” wnether ‘or not hables were pernltted manual
‘contact with them. ThlC is lndlcated in the data . pre nted.
in Table 3. A 3 (Age) X 3(Tr1al Block) x_21Cond1tlon),‘fku“
analysis of variance with repeated mea sures was perfo:med'on
the”looking_data (see Appendix 1C). There was a~-significant
age eftect, E (2, su) = 3.4, p < .05. Also thebtrial block
main effeet was signiticaht,v§(2, 54) = 10.1, p < .05. The
moetrintetestiggifinding waS‘a'significaﬁt:Trials X

P



Table 3

[

Seconds of Visua] Attent1on by Infants W1th and W1thout Manua]

Contact on the F1rst Two Tr1a] B]ocks : RN

" Trial Block

Age 1 2 3 X

 f]:fWitn”Ménua1 Cbntéétf

6 Months 0 33.4 328 3. - 32.4
9 Months 30.5 27.6 . 21.5 - 28.5
12 Months | 30.4 27.1 26.6 28.0

% B W 291 e84 207

W1th6ut‘ManuaT1€ontact o

56’MontnS‘ . 32.7~ glﬁv,f-529;3fﬂwfﬂf?~7§g.gﬂ7rf*:“_f 31:5 -
9 Monthst:ﬁ:: 3.4 2rsT 3 30,2
12 Months ©30.1 238 333 29.1

Koo a6 36 L - 3003
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. Condition interactionm F(2, 18) :'8;8'.E.<_.05. The tests for
- other effects and interactions indicated néthing_of
signiiicance;.~' _ e |
. SupseghentAanaiyses‘of tpe signifiéahtvmain éffecﬁé‘and
the significaut intéraction were perﬁo:med..fhe'age éffect
'éonsisted essenfially of "a linea::decféasé in'visual
attention over the three ages, £(1,,5U)';.11;6;>2 < QCS.'lhe
trial block main éfféct consisted 6f dn.overali ;eduction ot
wviéﬁal intérest:from_trial bloék one (M = 31.4 Eec) to trial
bidékrfﬁo (M =:28.0 sec), FE(1, 108f = 19.1, g < .OS,»andva
sub$eguent resu:éence of visual attention between -trial éff
block two and trialjblock three (M = 30.5 sec) E(1, 108 =
10.4, p < .05. '
Tne Triél Blockixchndition inte:action'was initially
eXaminéd Dy cqmparing the mean loéking times di;ingéngs};n
iﬁhé§twé édhdifibmS"inneﬁcﬁuéfj{heAiﬂréé-££iél'blocks. In toe

first trial-blcck,.visual interest in the stimuli was no§<

_SlgniiiC7t;lediff€I€ﬂt whether ¢r not infants were

“permiteda\ anual contact with the stiruli, F(1, 108) < 1. on

. the second ‘trial plock, visual interest in the 'stimuli is

) :

’;6uei fprlncth.groups?but infants whé{we;éjndt permitted
@a#uél ccnfact»uitb’tﬁe stimuli show sighificéﬁtly 1éss
interest ' (M = 26.8 sec) than infants who were perhitted
magual'goﬁtact with thae stimuli (8= 29.1 sec) E(1, 165) =
4.2, p < .05. On the final trial bl&ck; when infants in both

conditions were allowed manual contact with the stimuii,

infants who had never touched the stimili shew significantly
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more visual 1ntereet in them (M = 32.6 cec)_t‘nan hables who''
’.nad DOth locked at and manually contacted thelstimdlii(g =
28.4 sec) E(1, 108) = 14.3, D < .cs;' Two additional within
grodp comparisons were conducted, reveallng that the drcp in
visual attentlon Detween trial chck two and trial blocx
three rorcwhe 1nrantc in the v1sual/hapt1c famllla[lZdthD
‘group iae'not significant, E(1, 108) < 1, but that the
vincrease in visuail atéention betweeh the secogd,and tonird
trial picck fcr tne infants in t he visaal'faulliarization;

group was significant, E(1, 108) = 26.0, p < .05

u1frerent1 al Looking o “ : . e
' _ D
Tne percent O locking at elther stlmulus in a trial
plock tndt has directed at the 3D onject is preéented in

'

Tablie 4 as a functlon of ‘age and condltlcr.-AC'indicated in

4

',TaDle 3, there 1s anp overall preference to lcck at "the 3D
stlmulusCfA J(Age) x 3(Trial Bgdck) X 2(Cond1t10n) dDalYSlb
- or varlance ultn repeated meabures uac-perrormed on.tge
‘dlfterentlal lcoklng =cores. The Age x‘Trial Elock X
Condltlon lnteractlon was 51gn1f1cant E(u 18) = 2.70; o} (
,05. ALl otner tests for main effects ard‘lnteractions Qere
not gagnlflcant {see Appendlx 1D) . ‘The significantvthreefway

interaction was unlnterpretable and not 1nvest1gated

further.

Differential ¥ Hanyal Contact

— i i e o e

Differential manual contact sccres Here analyzed in two

AY

¥ . o IS

VR
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Table 4

Differential Looking® by Infants With and Without Manual

)
Contact on the First Two Trial Blocks

Trial Block

,//
: r - T T )
Age o1 -2 3 X
) .
ﬂ/’ With Manual Contact
6 Momths'~ ;. 62 52 51 55
9 Months . 56 . 51 .62 56
12 Months 57 59 58 58
X | 58 54 Y 56
Without Manual Contact

6 Months 50 54 q 60 55
"9 Months 60 58 - 60 59
12 Months 63 50 ‘ 58 e 57
X 58 54 60 g

s

dpefined as the percentage derived by dividing the time spent looking at
the 3D stimuli by the time spent looking at either stimulus.



ways. The differential manual contact scores ror infants uug
were permitted to contact the dbjeéts or'all trial blocks
are presented in Table 5. These means indiéate a.n dvérall
‘ihcrease in the progortion of time épent,in manual éontact
with the 3L otject. Howeée;, A 3(Age) «x 3(Tfial Block)
analysis of vaiiandé ui£h répeated mea sures indicated no
significant main effects oOr interactions (see Appendix 1E)

Tne differential manual contact sccres of all subjects
on the last tlock are summarized inJTable 6. Ihe difference
tetween these means is in the direction cf a preference to
manually contact thel3D‘object after visual/manual

familiarization (M = 63.7 sec) but not after visual

familiarizatien (M 57.4 sec) Nonetheless, a 3(Age) x
2(Condition) analysis of variance did nct reveal any

significant main errect or interaction (see Appehdix 1F) &

Differential reaching scores consisted c¢f the ratio or
trials in whicn the 3D object was touched first, divided by
tué humber of trials in a trial block in which any manué;
contact coccurred. As there are only four trials in any triail
biock, there are cnly fcur opportunities to manually contact
the 3D okrject first. The limited number of trials means that
the dirfeTrential reaching scores ccpsist of a ratner limited

. . ¥y
nunnervox [ercentage scores. This Cbuld result ih )

heterogeneity ci variance among the cells. Fcr this Ieason

each infant's scores were transformed into arcsines.
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Table 5
Differential Manual Contact® by Infants Who Manually

Contacted the Stimuli on A1l Trial Blocks

Trial Blocks

Age , ] 2 3 - X

6 Months 51 52 : 53
9 Months 60 53 69 60
12 Months 61 B 66 66

X | 57 58 64 60

%pefined as the percentage derijved by dividing the time spent manually
contacting the 3D object by the time spent manually contacting either
stimulus.
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Table 6 .
Differential Manual Contact® in Trial Block Three by Infants 4ith

and Without Manual Contact on the First Two Trial Blocks

Age With Manual Contact Without Manual Contact X
6 : 56 o | 58 57
9 69 s 55 ' 62

12 66 60 63
X 64 58 . 61

qDefined as the percentage derived by dividing the time spent mdnua]]y
contacting the 3D object by the time spent manually contacting either
stimulus. - _
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'Diiiérential redchiﬁgpwas Qhen analyzéa ty the sdme two uajs
the dlrreLentlal manual contact scores were anaLysed. Thé
nontrénsxcrmea dlfrerentlal reach;ng sccres ot 1n1ants who
could uandle the stimuli on all/trlal blocks are. Eresentea-~-'
in Tarcle 7.€A,3{Age) X 3(T:lal Block) anqusls_ordvap1QDQ¢Zif\jfé
with repeated neasures was performed cn ihe arcsines of
these scores. This analysis revealed a 51gr1F1cant main
eifect fo: gge, F(2, 27) = 3.9, P < .05. The trlai plock
main effect and the Prial Block x Age interaction wé;e not
51gnirlcént (see Appendix 1G). Subsequernt aralysis.ihdicated"
tnat the arcsine transformed diff@rent;al reaching,scofes ot
theﬂ9 and 42—montn—olds wepe~51gnificantly larger -than the .
scores otf. the 6—month*olds F(1 27) = 7.9, £ < .05. Ihere
was no 51gn1f1cant dlfference tetween the scdreslcf the 9
ionth—olds and thb§e of_the 12 month-olds_§(1, 27) < 1.

Differences in différential reaching Dy infanlé 1n.£ne
two familiaxizﬁtién conditions were also analyzed. Thé
nontréyéformed'differential reaching.scores ot all infants-
on tKé last trial tlock are presented in Takble 8. & 3(Age) x
~2(€onditicn) analy<1s of varlance was pechrmed cn the ..

//’alCSlDeS of these scores. No s;gnlflcant mainvefrfect or

interaction was revealed (see appendix 1TH).
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| Table 7 . -
‘Differential Reaéhinga by Infants Who Manually Contacted-

‘the Stimuli on A1l Trial Blocks .

Trial Blocks
Age 1 | 2.3 X
6 Months a2 I
9 Months 64 48 68 - &0
12 Honths 63 . 59 64 o B2,
X © 56 50 s7 0 saT 7

aDefined as the percentage derived by dividing the number of times the
3D object was touched first in a trial by the number of trials in a
trial block in which reaching occured.

£ i



T e
S Tab]e 8 .
"Differenfié] Reach%ng in Tr1a1 Block Three by Infants H1th or o

W1thout Manua] Contact on the F1rst Two Tr1a1 B]ocks

.\?'

1fw]A9é ith‘ = With Haptﬁc_COntact "~ Without Haptic Contact R
6 Months 3 SO0 s U e
9 Months 60 o 51 55
12 Months - 64 60 62
X - s s s

qefined éé the percentage der1véd ﬂy dividing the number of  times the
3D object was: touched first in a trial by the number of trials in.a
trial block in which reach1ng occured.

AN

Y



| Tnégtesu;ts;cf.this.ejpe;imentrpoigt'tc‘an'inc:ease in
' coordinated bapd-eye functioning uith,aée;jﬁandling»
vprOlonged the visual inﬁerestvof infants at all ages and ail
infants who had only looked at the cbjects showed a
resurgenpe CI visual lnterest when permltted to handle them
for tbe flISt tlme..Nelther type of famlllarlzatlon led to*
7§1§nlrlcéntly 1ncreased dlrrerentlal Looklng, dirferentiai
reaching,; or dlfrerentlal nandllng, but the older infants 1in
the visual-haptic familiarization conditiol tended_to regcn
 fdr‘the”3D‘objects first métettﬁan”theiyounger infants
These results are relevant to the genefai iééues'df bhow
loékingvandbtouchihg are related invthe seccrd six months of
life and tae degree to vhlch_infants in this age range can
process haptic inioﬁmation. Also these results permit sone
speculation as to now coordinated visual and manuai
_inspéctlcn cchtriuute to cross-modal kncwledge of orjects.
1t is clear fron the'results that, at € months cf agg
dufants engage in relatively coordlnated visual and mdnual
inspection cf cbjects (1.e.,.even at 6 months, oO% of manual
contacts were coordinated) and that this bimodal inspection
becomgs even more coordinated. Specifically, the a priori
tests indicated that visual-manual coordinatioh scores
increased signiricantly between 6 months and 9 months. It 1s
thus reasonahie“to tonclude thaﬁ either infants are
beglnnlng to reachn: more for okjects they are. looking at or

that they are inbipiting random arch. motions wuich were



-cau51ng many contdctc to nonxlxated onjects. Tne Iact that
~-the numver oL dlscrete contacts made by 9- montn olds is only-
slight}y less tnan ‘the numkber of contacts nade Dy
6-month-oids suggests ‘that infants are truly coming to -
coordinnte'touching with looking. While visual-manual
concordance scores did increase somenhat over age,
-
statistically significant. It 1is interesting, houever, thdat
whiie concordance did -not- 1ncreace =1gn1f1cantly petween 9
ana 12 months, 12 month—-olds made fewer contacts kut
contacts c¢f lcnger duration. Tne finding suggests that tne
nature.ot_manual,inspection mag change retween 9 and 12
months. Specifically, older ipfants méj spend longer periods
touching a ;artlculiér otject because they are more
interested in explcring the physical features of the object
and less concerned witn establishing the solidity aﬁd_
Iocation of the orject. In any casey, there is some evidence -
'thdt infants becone more coordinated in their locking and
tonching arter © mcntnf of age. It is also evident that the
analysis of simultaneons looking and touching records is a
promisingtmethod of investigating the devolopment’bf
hand-eje furctioning.

Tne rosults of this experiment are also re levant to tne
1ssuésvof when infants are able to haptically process
1nformation and how knouledge‘gained in this modality

1nrluences supseguent reaching. When the pattern of results

is con51dered, the fact that handling the stimuli ;Ic¢ongea
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':even tne 6 montnw§¢d'a VLSuél 1nterest 1n the OD]eCtC,lS
ev1dence trat these 1nfants were pr009551ng “haptic
informdthn. An- alternatlve explanatlon is that manual
contact interferned with visual processing arnd thus ce;ayed
familiar izatico w;fh the handled objéét; Hoﬁever; this ;
explanation is less attractive in light of the findihg fhat
inrants in the looking inf conditicn showed a .signi ficant
renewal cf visual iuterest in £ he objects when permitted to
nandle ther for the first time. Infantsvwho ﬁad handled the
objects prev;ouslj did not =show a renewal of v1sual interest
duriﬁg the thirad trial‘block. in fact, tneseilnfants showed
a rqriner icss of visgal interest. I suggest that haptic
iﬁiormdtlon fust be processed by these infants given that
both v1$ual -and haptic faﬁiliarlty with the orjects 1is
necessary.for atteﬁuation—oﬁ interest 'in the stiquli to
océur. The reader 1s once again reminded that liberal
comparisoun néﬁhcds vere uséd to investigate tne adee
interactioan. o

| - In the case ot the infants in the visual
familiarization cdndition, two aiternative ex;lanafions
exist Lor the recovery Of their visual interest on the third
trial oiock. Cne poSsibility is that the recovery of visual
interest 1s si?ply_due to dishanituation of visual
responding. LishanLtuation is the recovery o¢f a habituated
respohse due tc a change in the stumulus or the intrcduction
of anotner (usually strorng) stimulus (Thompsén & Spemncer,

1966) . In this instance, the removal of the clear plastic at
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the end af_tﬁé sécond,tfial block mighf haVe.constithted
botn aichange iﬂ‘the visudl arfay (i;e., a reductlgn'in'
glaré), and the introduction of anvadditiopé}\§timulqs.kthe
experimentqafs hapd,_tbe.plastie raftling). This.altérnative
explanation 1is not compelling, however, as iﬁ seéhs;unlikély
that the remov&l»of:tne clear plastic wculd precipitate
dishabituaticn. The changg in the visual array Qould pe
slight under conditions of diffuse room lighting. In fact,
durinyg tne v1$ual famil iarization Ccndition, many infants
'oiten dttempted to reach through the plastic Darrler, as 1L
they could not see it was there. Also, the removal of the
plastic was a relatively inconspicucus event, since tetueen
all 14 tgldlc the curtaln was lowered dnd ralzed and
petWeen most cf tne trials the sounds of the stlmuli.being
switched could bée heard.

" The disnah;guation explanaticn alsc fails to accohnt'
o}or_the inrant's cu_csequent hlghly conccrdant and
coordinated manuail contact with the stlmull. This integratead
pehaviour suggests _a seccnd alternative explanatioﬁ for the
recovery ot visuai.interest during the third trial block. It
is possible that tne introauction of the hands in{o tae
-visual array caused the resurgence of visual interest. In
cther words, the héﬁds may bave béen visually'interesting
even if the irpfart was not processing baptic inf crma tion.
This egplauation muét also.be disputed, however, for the
siméle reason that during the fi;st fwo trial blocks the

infants in the visual familiarization condition had ample



opportunlty to uatch (helr hands near tne ¢tlmull; yet
durlng this tlme v1sual lnterebt in the stimuli dropred )
dramatLCdlly. it was not until:the infants were aple to
' handle the actual obﬁecté that visual interest 1n the bands
and the stimuli increased. The most plausible account for
the incteése iﬁvvisualvattention to the stiruli is the |
additional haptic feedhaCkIavailablé to the infant osn £ﬁe
| third trial tlock. Therefore, it is concluded that the
‘visua; atterntion data, taken overall, Sufppcrts the. notion
that infants as ycung as 6 monthns actively seek the
opportunity to haptically encode the physical properties of
oD jects. | | B

Tne éfzcct oi nandllng on dJscrlmlnatlve responding to
éD énd 3D stimuli is less clear. The failure of infants to
develop a preterence to ;oé#»at or handle a 3D object during
e1£he£ visualy/haptic or visual familiarization can be ‘ |
explainedvlnicevefal ways. It is possible t hat infants do
not use hdptlc 1nformatlon as the ba51s for differential

'touchlng or looking. This belng the case, infants could .
learh the alfferehce cetween 2D and 3D cbjects D;ihandling
tnem, but mnot éh%wva rreference to look at or touch either
oo ject. |

it 1is ai;o posgible that aspects of the exéerimeutal
methoq did noct pérmlt'anj preférence to emerge cleariy. For
instance, the amount of_reaching for and handlihg of olkjects
varied Conside;ahly from in fant to infart, and, even thougn

a minimum of reaching was required for inclusion ot a baby's

o
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data 10 thée study, many of the babl?ﬁ uhc wvere lncluded
demonbtrated re¢at1vely llttle reaching. or handllng. ‘This
medger experlence with the stlmull may have teen
_1nsufrlc1ent fcr the baty to develop a preference ‘for eltner
,object. In this Jace zeepondlng would have been randcm, ‘and
given that the preference€2cores were percentdges, it is
possiple for these infants to show a.fortuitously nigh or
lowfpreference tor the 3D ohject. Hhile these extreme scores
should not influence cell means in a rciased way, they will
tend to increase variance witnin cells. The possipility that
high error va;iaﬁce mey beﬁan artifact of the scorigg sjstem
is inferesﬁing ip light ef the fact that icfants who had
-ndnaled tne 2D and 3D objects demonstrated greater
differential touching of the 3D object in the tnird trlal

- block’ than in the first. Also the 9 and 12 month-olds in
this CODdlthD showed more dlrrerentlal tcuching of the. 3D
ODJGCt in the third trlal block than did the 9 and 12
month-olds HhO nad only looxed at the Ctlmull to that point.
Nonsignifieant trends such as the abovedare always difficult
to defend but the possibility of inflated error variance is
_wertny of note in this dinstance. '

Anothei possihle explanetion of the infants®' failure to
1hcr§dse their dlfierentlal looking, touchirg, or reaching,*
is that Doth etlmull were mounted on solid plagues sc that
even the 2D photograph had some of the propertleb ‘0of a solid

object. With hoth stimuli, infants could graep the plagues,

rattle them at thelr bases, .and explore thelr edges. Thus

P



" the 2D stimulus was only. relatlvely les c'complex orm
panipulabie tonan the 3D onject. It is pOSslble that a mgze
~distinct physrcal dlfrerence betueen the doll face and tne
photograph would aave led to a more pronounced prererence to
handle the 3L onjéct.'Mounting,noth ‘the phctcyragh and,dotl
on the sape flat wall is suggested for future studies.
"'_Differential reaching‘did significantly increase wrth
age for infants in the:visual/haptic fauiliarization
condition; Given‘that infants did not sbow‘increased‘
dirrerentiai reaching to the 3D object over -trials, it can
only be concluded that older infants uere nore_visually
attracted to thew3il object at the onset cf a trlar.
S
Collectlvely, the results of this study partlally-i
support the DOthD that, in the seccnd £ix months of iife,
'1nfants engage in 1ncreasrngly coordlnated v1sua1 and manual
lDSPGCthD of cnject .The results also suggest that, durlng
this ainspection, some aspects of the or]ects ar e Delng
encoded haptically. Tnlc means that, uhlle lcoklng at and
‘handilngfan ob ject, the infant is receiving ooth&v1sual and
haptic informaticn apbout the otject and can ocmpare these
b

two 1nputs with one another, Prolonged expquence of this

 kind may lead to a 51mple assoc1atlon be en, atures of
‘@

the ooject as they are percelved in the tﬁ&pﬂ&dalltles. in
4’1

hrJ

this uay the 1rFant, through coordinated looklhq and

a >
nandllng, may CORE€ to possess a rudlmentary cross-mooal

knowledge of objects of the kind demanstrated by 12

month-olas (Eryant et al., 1972; Gottfried et al., 1S77).

- LI
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More research is necessary to substantiate this poséiblii£y.
For instance, future researéh must investigate poié
carefullyvthemjpfluence of haptic knowledge or »
discrlminafive}respondi&%. In this_way we can determine tae
specitic dimersions of okjects (i.e., shape, size, or
texture) encoded haptically..Also, furttker in;estigations
must more directly demcnstrate a relationéhip tetween
coordinated visual and manual inspectiorn and c:ossigodai
knowliedge ot cojgctsi While the present study nas left many
qﬁestions unanswered, the fésults have suggested useful
direction§ future research should take and ofrfered several

original methodologies which might be enployed ip thnese

pursuits’.
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Appendix 1A
Summary of the Analysis of Variance on Concordance Scores of.

Infants With Manual Contact on All Trial.Blocks

Source Degrees of Freedom Mean Square » F.
Age —— 2 1205.01 1.6
Trials 2 282.81 .90
Error | 27 750.34

Age x Trials o 4 © o 308.60 .98

Error . 54 . 315.07
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Appendix 1B
Summa;) of the Analysis of Variance on Coordination Scores of

Infants With Manual Contact on A1l Trial Blocks

Source - Degrees of Freedom Mean Square F
Age 2 1985.70 3.75%
Trials o 2 _ 938. 10 2.13
Error . . 27 531.24

Age x Trials 4 444.33 1.01

Error | 54 X ' 439.60
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Appendix 1C )
Summary of the Analysis of Variance for the Visual Fixation Seores of

Infants With and Without Manual Contact on the First Two Trial Blocks

\ .
Source \‘ Degrees of Freedom Mean Squares’ F
Age . ‘ | 2 T 192.07 3.40%
Conditions 1 - 16.74 .30
Trials 2 189.49 10.12%
Age x Conditions | 2 : 27.79 .49
Age x Trials - 4 . 19.38 . 1.03
Ccnditions x Trials . 2 - 164.75. 8.80*
Lrror : 54 © 56.53

Age x.Conditions x Trials 4 13.31 71
Error | 108 18.73
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Appendix 1D -

summary of the Analysis of Variance for the D1 ferential Looking Scores

3y
<.

of Infants With and Without Manual Contact on'the First Two- Trial Blocks

T Y,.,;t‘”

Source ... 3'.TV Degrees of Freedom ’ Meanj?éﬁéré;;;é? F

Age o o é- "124.37 i .37
Condition 1 < 16.8] o0
Trials  © . 311.93 1.84

Age x Condition : 2 66.17 .20

Age x Trials ® 4 38.97 .23
Condi@ion x.Trials i 2 ) - 45.83 .27
Crror ‘ 54 334.35 |

Age x Condition X Trials 4 ’J457.56 2.70*
Error » 108 169.56

*p<. 05
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Appendix 1E
Summary of the Analysis of Variance for the Differential Manual Contact

Scores of Infants With Manual Contact on A1l Trial Blocks

Source Degrees -of Freedom ‘ Mean Square F

Age S 2 125770 1.65
Triais . . 357.50 63
Error ° ) 27 762.35

Age X Trials 4 322.00 56

Error 54 571.95
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Appendix F
Summary of the Analysis of Variance for the Differential Manual Contact

Scores of A1l Infants on the Last Trial Block 7,

Source Degrees of Freedom Mean'Square

F
Age' @ . 2 - 221.32 . .34
Condition 1 576. 60 .89
Age x Condition 2 293.55 .46

Error C © 644.89
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Appendix 1G

Summary of the Ana]ys1s of Variance for the Arcsine Transformed,

Differential Reaching Scores of Infants w1th Manual

Contact on A1l Trial Blocks

|

F

Source Degrees of Freedom Mean Square . :Y.E
Age ;2( ;3.75 3.90%
Trials “ 52 .36
Error B 27 - .96 )

Age x Tria]s} 4 i .24 .40
Error 54 % .59
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Appendix TH _

Summary of the Ané]ysi@ of Variance for the Arcsine'Transformed,

Differential Reaching Scores of A1l Infants on the Last Trial Block

Source Degrees of Freedom Mean Square . F

- 4 »
Age : 2 - .79 ’ 1.42
Condition 1 _ .36 .15

Age'x Condition 2 1.32 , 2.38

Error ' 56 . .56




