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" CHAPTER ‘I

INTRODUCTION

”'blefpurpose in allowing clinlcians to study the

The Problem, 1ts Nature and Slgniflcance - S o o

The study of the development of motor behaviours has been
."a signiflcant area of research throughout therlast century.

' Whether the concern has been w1th ba51c human motor behav1oursh

such as locomotion or prehen81on or w1th culturally—normative ;A\

'-5motor skllls such as catchlng or throwlng, the questlons of ,‘
how and when motor development occurs have evoked a 1arge body

gof research. The large magorlty of early studles focussed on .

e

jthe developmental schedule or sequences for the acquisltlon of.
v =

:hmotor behav1ours. In addition they often prov1ded détalled

'descrlptlons of the 1mmature forms of those behav1ours as they,‘

il;jprogressed toward some mature form of: f‘unct].o\qing (Gesell and

17Amatruda. 1947. Shirley, 1931) The results of this research u

rsfare the well known developmental scales wherein the development -

.of- any number of motor patterns are described 1n terms of sta-fh,';

N

'ges, each stage being achieved withan some typical age range by'-

}the non-handicapped chlld- Whlle such scales perform an admira—'

development of

'_‘any’particular chlld 1n relation to the norm, they prov1de lit- ~:'“

S

' tlellnformatlon as: to the poss1ble existence of more subtle p”

v,but_51gn1f1cant developmental trends within the achlevement of

anmature motor functionlng. This the51s will concern itself Wlthf

L"tthe ex18tence of such developmental trends.-,Children aged 3,~

’A and 5 and an adult group will be tested on a grasping task

vfwhich will facllitate the precise measurement of grasping forc-,phd -

T A S
UL EEL = D0 MR st o 5 b Mg RO T T T
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‘es, thus enabling the study- and ‘comparison of one aspect of .
prehensive performance._ ‘The study is cross-sectional iésdev‘
. . ;] - . . ) . . SO

- s%gn—and—derelcneertai#in nature.

.? »

The Qesearch Problem and Ouestlons

thtle data is avallable concernlng 1nprovenents 1n tne

quality of performance w1th1n the development and productlon of

.Denotjplc motor sxllls sucn as prehen51on. ihlS dlfflpwltv ua_@;":

-perhaps best stated by thrley (1963) who recognlzed that

"there is a oreat dlfference between abllltv to do and eXcel-l

llng 1n the d01na of motor acts. Lhe motor sequence ta«es 1ntoJ

_account only the former . 1t is not concerned W1th the ﬁ%ofl-lb
&R

d ciency with- whlch they perforned eacn act " ,U51n9 tne develop- RPN

"ment of prehen51on to 1llustrate, 1t has been thoucht tha% by
the age of 12 months chlldren are capable of v1rtuallJ adult
level prehen51ve skill as they have now‘achleved the adul€ form

of prehens10n, the "plncer grasp".(Tw1tchell 1965) halverson

Ty

(1932 p. 61) perhaps the nost prollflc of the earlJ reSearchers -

fdeallng w1th prehen51on stéted that "1n accuracy of reachlng and

in, preclslon of orasplng, 1nfants of 60 weeks ran& almost on'ﬁp' “

<
. .
P

:equal terms w1th adults zn prehen51on of obJects of regular

. form and of average 51ze."‘ Whether or not thls 1s 1ndeed\thekk;iif'#‘~

ase is open to questlon as- ﬂalverson had no obJectlve means

w1th wh1ch to measurefthe “pre0151on of grasplng of the 1nfantsnf
he studied,~_The flrst questlon w1th whlch thls>study Wlll afl, V,

ldﬁ.tempt to deal then comes 1nto v1ew. vIs there or\ls there not anx,.i

£}

fachlevement of adult 1evel pre0131on o( grasplng 1n young thl-'f‘

-

. .dren?a'Preclsgon,of,grasp;ngfw111 be measured 1n terms of the



° = . o

force of grasp. displayed in nor;alAr“e“e”s‘ n.. The jquslity

ot
€3

grasplng will be “eesured by_the pp priateness of the force

group. o .

applied,fwith thé stan dard of “ualluy‘establiShed by the adul

P

‘A second perspective from.which to view this rroblexm-is
that of deVelopmental motor learniaz.  The-concern here 'is with
¥ . 'S : .

the actual process of motor'develcpgent and.if this process can
be better understood by examining & basic otor skill such as. .

i

prehenslon; wuesulons oP this- natule have tv:ically dealti

with the'acquisition ozﬂcultu“allv norhatlve motor sk 1lls, and
as a“result,;little iﬁformation.is aJailable asbto the develop- .
ment of skllls sucn as DrehenSlon aoart from t e previously;';k‘

"mentloned deve opwental scales.. As,uonnoll (1072) dotes,

1 :

"Out51de tne context of develosmental dla q051s bJ the estab-

llshmentuol-developmentaljnorms, llttle work has been done on

‘the ontogeny of'hand'USaée in man," ulhis 1s not'Surpr1s1nv‘aS>

;observatlonal scales of motor development only prov1de 1nfor-

.matlon on the age- approprla eness of a partlcular chlld's oe-

'ahaviour.. Slmply observ1ng otor behav1our does 1ot prov1de:prw

sufficient information to trace tae development of. qualltles'

“w1th1n~that behav1our. Pernaps more 1mportantly tne great

-the processes of S&lll &COUlSltlon and motor development Only__

>
developmental studles preceded . the recentnsur e of 1nterest in

wlthln the last two decades have~researchers becun attempts to-

7v1ew motor development in. the llsht of the xnowledge acqu1red

.efforts 1n this dlrectlon.

-regardlng the acqulsltlon of motor sgllls. '“he works of Bower:e

(1977), Connolly (1979) and Vade. (1975) are examples of recent

JR R
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A" further p01nt of confllct in comblnlng ‘these two. asoects

' ,of study is: that the earller research deallng with develop-

mental oatterns was dec1dedly maturatlonal in perspective ,

while more recent research concerned wlth Sklll acqulsltlon is

.4ba51cally enV1ronmentallst in Lature. The former was dedlcated
hto chronlcllng the genetlc unfoldlng of predetermlned sequences,

the latter concerned w1th the effects of- practlse. attentlon._‘

N '

memory and psychosoc1al varlables. Recently, Lerner (1976) has
prov1ded an 1nteract10nlst perspectlve that 1ntegrates these

two pos1t10ns. Thls compromlse Dosltlon allows both bodles of

'_knowledge to be con51dered in the context of developmental

;studles.. We' are then led to - the second questlon con51dered by

'thls study Are there varlatlons in the pr801seness of graSp-

‘y»thls study w1ll be that of grasplng force.w‘

1ng that mlght 1ndlcate developmental dlfferences between Chll—'

'5dren and adults ‘apart from- the achlevement of form° That 1s,

» 1s the quallty of grasplng between chlldren and adults suffi-

c1ently dlfferent to 1ndlcate developmental dlfferences 1n the

'quallty of motor control° The 1ndlce of quallty examlned in

The two questlons may ‘then be posed 81de by side. -Arei‘

there dlfferences in the quallty of grasplng between chlldren B

at dlfferent age groups and adults, and if such dlfferences do
1ndeed ex1st can. they be~v1ewed as 1nd1cators of developmental

‘trends 1n the productlon and control of motor sk1lls9~i J

These questlons cannot be adequately addressed outs1de of

'some theoretlcal framework.i Unfortunately at thls tlme,'no

satlsfactory theorles of human motor development are establlshed :[‘



to provide that frameuork;. For that reason the persnectlve
;from which ‘this the51s 1s wrltten w1th1n w1ll be outllned This

should not be construed as an attempt to create a universally
‘ N

‘_acceptable theory of motor development.v Rather it is an attempt
- to prov1de a context sufl1c1ent for the needs oP this 1nqu1ry.

'"heoretlcal Perspectlve - Developmental Human notor Perfornance

Questlons concernlng beglnnlngs are anonsvtne most dllfl-
J:cult with- whlch sclentlflc endeavors must contend. '1he stuay'
of human motor development is.no dlfferent. Although exhaus-
tlvely documented accounts of the sequence cf motor develooment
- exist (Dewey, 1935) relatlvely scant attentﬂon has been oald tof
‘the processes whlch drlve and 1n1t1ate that development (Lade,
".1974) ' The result has been a 51tuatlon whereln a large body of.
"observatlonal data floats w1th1n ‘a’ theoretical v01d In order
- to rectlfy thls c1rcumstance, 1t is. ev1dent that attentlon must’
be dlrected toward galnlng an understandlng of the determlnants
cof motor-development (Scarr-Salapetek 1976) Tradltlonally
| ‘questlons of this nature have been approached from elther of two
,flrmly entrenched perspectlves,_maturatlonal or env1ronmental
'(Spaldlng,.1875) As prev1ously noted more recent theoretlcal |
ip031t10ns allow development to be v1ewed .as. the product of a
'fldynamlc 1nteract10n between an 1nd1v1dua1's env1ronment and
‘genetlc therltance. Wlthln\thls theoretrcal context a more
?satlsfactory model of human motor development can be constructed; -
'Pand 1t 1s w1th1n thls context that this. the51s is wrltten.. |
The human 1nfant is: born possess1ng two 31gn1f1cant endow-
' ments, both of whlch are dependent upon a sultable env1ronment‘

-~

f for thelr fulflllmeng the achlevement of’ volltlonal movemeﬁt

l‘_



,These‘endowments, reflex moVements‘and the drive to reduce
. ] H . .

uncertalnty w1ll be discussed in turn

On one hand the Chlld 1s born wlth a set of reflex notor’

behaviours-uhich’could be v1ewed as'precursors of movements
'essential to-survlval‘(Bruner, 1973. McGraw, 1932"Twitchell
‘1975a) The human infant "domes into the world w1th a comolex'
Set of reflexlve unlts in v1rtually every area of hlS phys1olo-
gical constltutlon" (Zelazo, 1976a) ’ Referred to as the "ne-"
redltary equloment" of the chlld by Plaget (1963) these behav-’
iours are meanlngless outs;de of an approprlate env1ronmental
'situation and of no cdnseduence without subsequenttusﬁagef B
Connolly (1972). for examole. has noted that the development of
s}orehen51on "1s based uoon the_rgflex substrates whlch develoo y
‘and change durlng the first months of llfe.“ Twltchell (1975b)ux
‘observed that "each stage in the evolutlon of the automatlc ' ’t'.', i
4grasp1ng reactlons is assoc1ated with an 1ncrea51ngly complex__ |
| form of volltlonal grasplng.“ McDonnel (1979) however has ob-

'served ‘that 1t 1s an over51mpllf1catlon to state that voluntary".

'0

”sbehav1ours, partlcularly reachlng and grasplng, are 51mple ma-if:
'ture, cortlcally controlled exprés51ons of prlmltlve reflexes.t.,y
’lxIt should be made ;ulte clear that the 1mportance of reflex ; “'[gﬂff
.movements is’ that they prov1de an 1n1t1al ba31s for the develop-‘ .
yment of movement skllls whlch are. both genotyplc and culturally
.requlslte. The actual reflex’.should not be v1ewed as a move-
-_»ment requlrlng only 1ntent10n to become an establlshed voluntary
1mbehav1our. Indeed ‘the evolutlonary orlglns of the grasplng | .

reflex for example, perhaps more. properly referred to as the

»ygrasplng hanglng reflex. bear llttle resemblance to the motor



behav1ours to whlch they are now adapted (uangworthy. ?932)
1le possibly once necessary for the contlnulrg phy51cal sur-

vv1val of the newborn (as the reflex allowed the mother to be

"vrasped for transport. feedin» and protectlon) the same. reflex

s

.posslbly now prov1des the . 1n1t1al movement ex“eriences whlch

asslst in the development of voluntary prehen31ve behav1ours

.whlch typlfy the nornallv functlonln:. nature nunan.» .o create'

an analogy, reflexes should’ not be viewed as complete sets of_

'clothing'waiting‘only to be;worn but rather as bolts'of'cloth_v‘

 from which, a“propriatefvarments can-bé fashioned. Uhile per-

[ n

'haps overextendlng the analosy it is ev1dent that a creat deal .

fof tlme and practlce Wlll be necessary”before perfectly flttlng.

: apparel can be produced.w 3 3»f‘ff~ "z"'_f. .5." "ﬁﬁ

On the otner hand 1te

fivhuman 1nfant is born posse531ng both the drlve and the capa01ty

appears that the nornally functlonlng- ‘

mnto solve problems, or, worded dlfferently, to reduce uncertaln-_"' o

7ty or confllct within hlS env1ronment (L1p51tt, 1969) Thls
'7then 1s the cnlld's second endowment. L An 1n1t1al drlve to solve
?problems is - ev1dent in Papousek's 11969) work where he observed

“Lthe apparent pleasure and ‘s tlsfactlon derlved from problem-s~?'

‘:bﬂsolv1ng among 1nfants. he ndtes that "1t appeared as. 1f some

'vmotlvatlon other than. huncer was 1nvolved- some demand to res-';;;7"

13

?jpond correctly or to solve a problem. A a1th (1973) argues as
well that "cognltlve achlevement 1s pleasurable" for the 1n-.;
xfant.blPunt (1969) suggests that there 1s_"a system of motlva-

x”tlon 1nherent in 1nformat10n proce581ng and actlon." Flavell

L (1977) refers to thls drlve as a "'natural bent'vi:. to make

.;-use of the cognltlve 1nstruments that the specles evolutlon and

Lo , ‘ ,
et - . o
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» individual's/ﬂevelopment havepprovided}""ZUnhally (1972) sug- 4
geSts7that ﬂhformation conflict. or . simply a"prohlem‘"triggers “:; o

- a troplsm. the ‘goal Jhlch is. the resolutlon of the informatlon'

———————Lonfliet—bv—ene—metue es W ll;f Qerl~re—44966}—s"~~esvs—v at-

"conflicting elements or requ1rements often characterize thee
;f'"dt. problems' that start ‘us- off 1nqu1rin~'or.ex"erlmentlng or |
l.thrnhrng,ﬁ‘ lor_example, Kagan (1970)\c0mments.tnat "the_lnfant
lS‘predisposed-to‘attend to eveats that‘possess‘g-hich rate of
-chadge in thelrlphySical characterlstlcs.‘ ctmull that pos-_:d
sess llght darx contrast are moet llkely to attract and hold a
dj newbora s attention. ' Perhaps pertlnent as well are . theorles
L of play whlch descrlbe play as the exploratlon, 1nvest10atlon
‘»_jand manluulatlon of the env1ronment, whlch 1n turn produceS‘
i arou51nv 1nteractloas at a pleasurable level (Ellls, 1971) ' 3p: : :'.»;
From Ellls' perspectlve play 1s basrcallv a form throu zh whlch ifnh'pj“ﬁ
‘to produce uncertalnty w1th1n the env1ronment. tne resolutlon f"' -
of whlch 1s pleasurable.; As P.r. Judson (1980) has stated, "at
the beclnnlng is cur1051ty ...'the Joy OL f1~ur1nc 1t out..._{vy
“The blrthrlcht of every chlld."u" PR
‘ These then are two maJor endownehts.glven to the Chlld
and upon examlnatlon they appear to be 51gn1flcant factors in

the chlld's autoapprentlceshlp 1n motor development, albe1t

”b‘dependent largelj on the supportlve 11m1ts of the chlld's en—f'- . "“;
"’.v1ronmentu It would seem reasonable to assume that env1ron-'~f“ o
*Lv:z mental 51tuat10ns whlch allow the exerclse of these capa01t1es‘._ A;_7'§_

w1ll facllltate the development of 1nstrumental motor behav1ours. ;

A e b

h Recent research by Zelazo (1972) would seem to support thls as-
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‘sumptign. Zelazo repdrts that ‘the act}ve exercising of” plac1ng

h'

and primary walxing reflexes among 1nfants-led to- botn a greater

quantity and quality of walkinO-llke responses and most signi-;

4——4%ffieantly—to—a—subsvantiallj—acceleraved—onset—eﬁ—ralking.' In

(Y . 4§

&
essence. practice of a reflex precursor to vol{tional behaviour

~ £

’led to the earlier onset of voluntary control of that behav1our.”
: Zelazo notes that "walklng movements produce soatialq v1sual |
dand kinaesthetic changes 1n the 1nfant S| world" and that "tnese-
'accompan\in sensory changes may serve as tne 1nherent reward |

gthat reinforces walkinc L The 1ncreased quality of the movement

[y

tlonal control to a prev1ously reflex1ve response, even though

phy51ca11y unable to engage in the actual mO"ement una331sted

'ldhe notes that a lack of lower limb reflexes and’ generally poor

) nuscle tone anong VavaJo 11fants corresponded w1tn a delayed
k 3;onset of walning as comnared w1th Cauca51an chlldren Of 1n—

;terest as. well is a study by White (1963) in which he reports

':ithat a deprived env1ronmental s1tuat10n (1n terms of. restricted

‘ durlng exercise is ev1dence of the child s appllcation of voli-,b-'

:A p0331b1y relevant fincing is reported by rreedman (1975) whereb‘v

‘,motor act1v1ty) led to a rarked delay in the onset of Voluntarv e

- reachlng and grasplng. Whiie the ev1dence 1s not conclu31ve 1t

:?would appear that some decreelof actlve exerc1s1ng of reflex

, percursors to spe01es typlcal uotor benav1our is essentlal for

'”\the normal development of voluntary moﬁor control.'

RN

Jhat is being expressed behaviourally throuch elther the

"accelerat1on or delay of development in relatlon to the env1ron-»h

fmental 31tuation is the concept of the norm or range of reaction.
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Lerner (1976 p. 65) describes this. concept as: follow3°;f

-”our ‘genetic 1nheritance represents a raqge
- of potential outcomes, and the developmental
~outcome that eventually manifests itself will
"occur due to  the interaction of thne environ-

. went wrtnin—thfs—ran re—of—gen etrn:—p otemn t ia l—" —

“In other words while we have genetlcally aetermined upper and
7lower limlts, the actual behavioural outcome of development de-
pends upon the ;nteractlon of the genot/pe and tne~env1ronment
within’uhich?development occurs}' This would appear to be a sa-.

tlsfactory framework from whlch to v1ew t“e findln s of Freed-,

- man, ”hlte and Zelazo. The genetlc xJotentlal expressed both in

the productlon of reflex movement and as tne drive to reauce

: uncertalnty. lnteract w1tn more or less favorable env1ronments

“to produce the more or: less optlmal development of voluntary
.ﬂmotor behav1our. ‘ . | s R

The deVelopment of volitional"behaviour within this theo-

retlcal frameworx results largely as a consequence of the dyna- R

~mlc and 1nterdependent 1nteractions of two genetlc endowments
r:which galn expres31on through an approprlate env1ronment.-,The
.frelatlve strengtns of these endowments and the real llfe state

(.

‘;of the env1ronment wlll’serve to,canalizevtne,development of

“‘motor behaviour'(Waddington;;1957)’”dRefleximovements'provide‘a-‘

‘w1de gamut of potentlal 1nformat10n 1nput to the Chlld Some of B

"f.the consequences of those movements w1ll be pleasant (or un-'
!

”.pleasant) and the Chlld is then faced w1th the problem of rep11-1;‘

catlng (or avoldlng) that sensory state throunh a reproductlon

'of the reflex movement. An alternate but hot opp051ng expres-
”s1on of thls sequence 1s that the reflex movements result in a -

“great deal of potentlal 1nformatlon or uncertalnty (GleOn, 1967%.]

o el 3
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- and'that the child is spurredbto-reduce that uncertainty,>through.'
vthe voluntary replication and' control of that movement. In ei-

'.ther case a gradual progression toward. volitional control would

'>be exoected due to practice motivated by. the drive to reduce or-v

"resolve uncertainty. - . |
Once volitional control of the motor behaviour has been

established the provression would then follow some se"uential

"path to the achievement of the adult level of that behaviour as

| ’.dictated by the culture of tne indiVidual . In terms of grasp-f

.'ina this development would be from the undifferentiated res-du
. ponse of’ the grasp reflex to the precise. predictive.vrasp of
tthetadult,,-This progreSSion would not only be one of the a-

hpchievement of*adult form but of the attainment of adult quality. '

' jUhile these two aSpects have been linxed*in~the'past, there.is

"little data to support this notion at present Uithin this
.theoretical framework such a progreSSion in terms of quality of
skill as well as form of saill would be expected.~.ihe xey pOint-
-gis that it is the attainment of some level of skill Witnin any

given form of tnat movement wnich will allow the progreSSion to_i‘"

:~Qsome more advanced skill form, for example from oalmar grasp to

pincer grasp._ Keogh (1977) makes a similar suggestion when he"~t.

.dstates that ‘some critical level of movement conSistency (reli-.L

-table and appropriate movement skills) probably must be acnieved_ijf-“

“before movement constancy (flexible movement resnonses to novel B

‘demands) can develop. .
As the infant learns to\move intentionally tne solution of3

t',those relatively simple problems Within the enVironment that
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_ initially stimulated learnung will be more. readily achieved.,"

However. it should be apparent that this achievement will allow",; ;f

an entirely new series of more difficult problems to be recog-‘f'

'nized. problems with which the child's” present state of motor

}control is not capable of adequately dealing.' The entire pro-‘

cess would then begin again, but at a higher level of difficul-

..ty. reqUiring the development of a higher form of the movement,g:

or of more skilled level of some already achieved form.. The}H
expectation then would be a sequential development of volun-.
”tary motor control, each segment of the series being progres-

sively more capable of responding to the. higher cognitive de-pr

’mands of the child._ Such sequential development has been re-ilgﬁg

_kported in the achiévement of volitional prehenSion for example,~
;f‘by Castner (1933), Halverson (1931) and White, Castle and Held
| '-.(1964) R | | I

: o — . S
This notion of sequentially more advanced motor development e

. . HEEEE B I
“in response to the need to reduce uncertainty has strong Simi-

v‘.larities with the Piagetian concept of intrinSically motivated

"7g;circular reactions during the sensorimotor period (Brainerd,.

<4

Ufj1978) Circular reactions are defined as any movement sequence .

i 'N"that tends to be repeated because the actions produce ﬁorms of" =
:.bggstimulation that lead to the repetition of the actions" (Bra1n~?hll
‘”erd, 1978, p. 50). Circular reactions are thought to. occur when';f
vthe child is presented with a moderately familiar stimulus, yet ;l

’ f;not as familiar as: to be uninteresting or so. unfamiliar as to be;‘

viincomprehensible. o
. : 3 . S g S S
This progression then is.‘to a large extent dependent on

-1




- step in. the motor sequence. Bruner (1973) suggests that such

'.the 1ncreased quallty or sklllful appllcation of each proceedlng 7‘_-'

\“well tlmed. sequenced and modulated behav1our mlght free "avall—fA

able lnluxmutaon—process1ng—capac1ty~for~further use—ln uasn' -

f:analy31s. Consequently, addltlonal 1nformat10n w1ll be avall-,
- able to the Chlld concernlng hlS env1ronmental state, as he e
vI»Wlll be ‘more able to attend to the obJect or result of 1nterest -
'1‘(Kopp, 1974A) ’ Thus, ‘as the 1nd1v1dual becomes more eApert
iw1th1n some stage of motorlc development the chlld w1ll be able g
dfto process addltlonal 1nformatlon about both the movements and R
'.f“thelr consequences rather than 51mply attendlng to the produc- N
ftlon of the actual des1red mOVement ThlS addltlonal 1nforma-<b
S”'t1on proce331ng capaclty could concelvably be applled toward
‘lhboth thz‘recognltlon and the attempted motorlc solutlons of
*lproblems beyond the chlld's present behav1oural repert01re t?ffvj;ff?“
‘(Hogan. 1975) In such a manner development would proceed.itf;‘ | |
‘.tW1thin thls 11m1ted capaclty model of 1nformat10n proce881ng 1t

.‘elS ev1dent that the more attentlon a Chlld 1s able to focus on ‘

S e A AR s e e T

'ithe consequences of the actlon rather than to the actual produc-:gfifi:;
llftlon of that action,.the more potential 1nformat10n w1ll be
'fT;avallable to that child for learnlng.-s' i |

e

Whlle there are obv1ous benef1c1al splnoffs in terms of

o i it s o £ g

q‘pi_cognltive development from sklllful motpr manlpulatlons,‘ige:x,,:w.,v |
.;m:should be stressed that for the 1nfant the maJor beneflt lérih;tx.fkfjf;ig
.lsskllled performance of one movement form facllltates the deuéigé;l g
_4Tfment of performance of a more advanced form. The amount or’t?}"iplf-ifréf

'Vfchannel capacity or attentlon requlred to perform those motor LEREE

oo




' -acts basic to normal functlonlng - postural, prehen31ve. loco-a

I

>mot1Ve - at a- sk111 level demanded of by soc1ety, w1ll eventual-‘

B ly be effectlvely minlmlzed. In the adult. these behav1ours o

Y.

biprobably become automated to the p01nt where they requlre llttle

or no consc1ous attentlon 1n normal use, thereby freelng atten—-'

"tlon for use. in, meetlng oth?r demands (Sage, 1977) These;"

'»:"automatlc" behav1ours are probably 1nd1cat1ve of the estab-~f

v

3llshment “of. cognltlve rules whlch govern thelr usage (Bower,f

T'1974); rules whlch have been developed from 1nfancy by the

'recognltlon and reductlon of uncertalnty._ Only when the senso-“

lfry consequences of those movements confllct w1th the expected

»outcomes antlclpated from past experlence w1ll consc1ous atten-'Vf;a

:thlon to the movement be requlred.‘ ThlS conclu31on is congruent :l'“

{

"iW1th expectatlons derlved from Schmldt's (1975) schema theory

R

aylof motor learnlng..gff°'

Schmldt (1975, 1978) suggests that movements w1ll become

ta,flncrea31ngly pre01se as the number and varlety of prev1ously

attempted s1m11ar movements 1s 1ncreased.. Thls 1ncrease 1n

ﬂjprecls1on w1ll be due to the greater development of two separate.*h

l':schemas, recall and recognltlon.- The recall schema allows the"-

lffperformer to determlne or ant1c1pate an. appropr1ate response

e based o 1nformatlon stored from past s1mllar experlences.,lThe[”tfﬁtlifa

w

- ‘recognltlon schema alloWS greater preclslon and error correctlon[qqf’f7

'-'Qas 1t generates an antlclpated set of sensory consequences based o

;_on prlor experlence._ The more developed each schema the more

:ﬁaccurate will be the 1n1t1al response and the more pre01se w1ll-n7

|

| ibe subsequent correctlons._ In other words, varled practlse at ;dﬂT.ﬂ?{V

R R e e

Nr e
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2

'L‘rsome Sklll for example prenen51on, w1ll fac1lltate skllled

f‘motor benavlour when performlns novel movements which incor-
.eporate that Sklll Bower (1974) makes a 51mllar sugcestlon

7'when dlscu531ng ‘the development of tne dif ferentlatlon of motor

””:fof the plncer grasp Thls developnent w1ll be studlea spe0111-zfyb;

behav1our, partlcularlJ in regard to grasnln
| Schmldt's concept of g motor scnema tnen can be used to.
“ujobserve the development of skll}ed movement w1th1n some . develop-:
'cmental form of the Sklll 1tself. In essence 1t creates a: very |
}conaruent conpletlon of a developmental splral that concludes
:1w1th the adult level of skllled oenav1our of some spec1es nor-
"fﬁmatlve motor benav1our. S | -
‘tSummarvk | -
| Thls the31s then w1ll attenpt to explore the p0531b111ty
laiof contlnued development w1th1n_preqer51on'"ast tqe acnlevenent S
A o
chally 1n terms\of tne force of grasp wnlch wlll be con31dered

*fva prlme meaiure of the oualltj of prenen51on. The pos51ble de--fi{“;_fhf,.

T pin v e

.yvelopment of more pre01se crasplng w1ll be dlscussed 1n terms

Aimna

'Hof developmeﬁtal human 1nformatlon proce531nc theory as outllned'

| o / -

.“ifln the theoretlcal perspectlve of thls thESlS._T‘ RN

e ey hmsats

v SNy B T ol v e

'1Tvaotheses ;%i"d' | | | o
. j,ijpotheses for thls thes1s are as follovs.;li
"*Ti;?fthat the temporal organlzatlon or tlmlng of
li:rthe prasp response 1n terms of force appllca-a;
rr;ftlon w1ll be s1m11ar for all aoe groups teSted'lr{”i:rf“3f;t":f§i;
pfig;ﬁ”that more skllled Derformance, measured by [T
'ffreduced grasping forces w1ll be ev1dent amona fﬁt-'”
7'} the older tes ?vroups._ﬂ_:ﬁf;}jiskjf _“,'Vufi




3; that the older subJects w1ll-exh1b1t greater
| accuracy in pred1ct1n~ the requlred grasping

forces follow1ng the 1n1t1al trlal.

Assumptlons

'1, It is assumed that the results of the samples
ltested reflect the populatlons whlch they
were»chosen to representf
fa2;l-lt:is'assumed.that-no hidden’neurolocical
problens wer'e present in tne subgects whlch
i-maj have 1nfluenced thelr motor behav1our.
;th"It lsvassumedgthat.the test 51tuat1on mea-f,.‘. g{ﬁ' Lo L ®
sured as normal a.behaviour'in'as normal aﬁi S
'hS1tuat10n as p0331ble and tnat the results
’daccuratelv reflect each. subJect's normal
'level of functlonlng. :
A8 'It-ls.assumed that‘successful\completionh
.lof the‘taskhreflectedlan‘accurate»under-.
e s'tandi'rig”o\f the task .dem'an'ds. R
;d5;’hIt is assumed that bj the age ofAQO:yearsj »
: hthatladult-quallty prehens1on has{been fullyir';
achleved.;':-jf' | o
'u'ég.th 1s assumed that 1ncre;slno age w1ll _t]:

correlate'w1tn'aa-1ncreased amount and,ef

'hvarletv of grasplng experlencest

'Dellmltatlonsr"l

Due to the avallablllty and selectlon of subJects, the use

::of volunteer subgects ‘and the cross sectlonal des1gn employed

’“the followlng dellmltatlons must be applled to th1s study.p'.

\ . Soe TN
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CHAPTER II
REVIEW OF LITERATURE

‘Grasping behav1ours have long ‘been a maJor area- of 1nterest
po>developmentalfpsychologists;' It is perhaps due to the’

unioueneSS‘of the hand as a behav1oural expre551on of the in-

\

telllgence of the kuman spec1es tha+ such a strong concern has.

i

been malntalned !.rom 1833 when Bell relerred to the nand as

"theeready instrument cf the_mindﬂ the hand?sfcapécity-to

ll)

functionally denmoni trate_u“e 1nre1115ence that’ conuro'“‘it has -

fascinated science. Not ShrprlSlnEly a ~reat deal of attentlon
. it

" has been paid to the developrment of ghe movementi: characteris-
' | o | o | h..;. o |
tics of the Rand almost from concerticon to matur 1t « The con- .

ra :
‘tinuing‘interecpions'oetween tneudeveIOping intellectvend”pne
’increasingicomplexity_of hendgfuncpion naveuﬁét beeﬁ{as'exgags%
'tively‘stuw ed. even zA¢anlthe nend'Sfuse,es.e‘ménipulatiue and
ﬁexoloratlvc‘tool makes the 1mportance o*‘such interactions'aﬁo:
uleast lntult*ver aDo rent.‘,Insthis re:erdr relativelv iiitlev
iresearcn has been carrled out to dlscover +he deveLopment of
the,anticipatory and predlcpiveiaspecps_of~prehension qualities
l:whichvsubply&demonstrate changes'in the"ac¢gracy»Of'thé,cnildfs
perception of ‘the. uorid.'vTuo Sucthuelipies{of crenension;ereu
'readlly apparent tnat of 51ze of. grasp and that oT rorce of
grasp.} Of these two the least studled and ‘the focus of thls
\Whe51s is the development of antlclpatory grasplng behav1ours.5
The. gross developmental sequence of thls quallty is ev1dent.
from the forceful, undlfferentlated response of the newborn toh
the precise grip of'the»adult.ﬂ However,isurprlslngly llttle
LS ’

"
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data 1is avallable on the actual progre851on and- development of
thls sklll: surprlslng in that a great deal of 1nformatlon ‘would

appear to be contained w1th1n this development, 1nformatlon

deallng w1th the chlld‘s development of the obJect concept
~conservation of welght the use and accuracy of klnesthetlc"
”feedback the 1ntegratlon of visual and klnesthetlc sensory‘
modalltles as well as 1mages of achlevement in an 1nformatlon‘
lproce351ng sense (Bower, 19763 Connolly, 1979) " “For by 51mply

. contrastlng the two extremes of adult ‘and 1nfant behav1our in
vy

lterms of ant1c1patory grasp pressures, it .is ev1dent that the
pre01s1on of the adult is due to an accurate image of achleve-t
lment formed from prec1se v1sual Judgements coupled w1th an es-e‘
‘tabllshed klnesthetlc memory, all w1th1n a conceptual frame?‘
'work that allows de0151ons based on’'a knowledge of the phy31cal

laws of the env1ronment. As Bernsteln (1967 p. 119) has ob-

-served, ' o o ‘ f] ‘

. M"Over the course of ontogenesis each encoun- ’
~ter of a particular individual with the

“surroundlng environment. with conditions )
requlrlng the solution of a.motor problem .

- results -in a- development (sometimes - a very
valuable one) 'in its nervous system of
‘increasingly reliable and accurate ob-

- Jective representation of the external o

- world, both in terms of the perception and - -

b‘comprehen51on involved in meeting ‘the situa-
~tion, and in terms of projecting and con- _
trolling -the reallsatlon of the movements ade-
quate to the situation. 'Each meanlngful motor .
directive -demands- not an- arbltrarlly coded,

"but -an objective, quantitative and quali--

. tatively reliable representatlon of the -

- surrounding env1ronment in the brain." -~ -

Thls rev1ew of llterature w1ll be concerned w1th several

cr1t1cal aspects governlng the development of hlghly skllled

N
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prehensivebehav'iours._~ The historical origins oflthe'study.of
grasping will‘firstpbebeXamined. From'this.point;the.progres-

vsion fromireflexivelto volitional grasping behaviours will be

highlighted. Those areas -of human motor functioning vital to

'this'development channel capac1ty, attentlonal demands and

'f;antlclpatlon,'as well as the schema or. schemata w1ll then be

outllned;_”Flnally research related to thls.study will be re-
ported;"

Hlstorlcal Overv1ew

Durlng the latter part of the 19th century a tremendous
fas01natlon with human development was. spawned Research of an
observatlonal nature was the accepted procedure and by far “the

most popular subJects to study were the chlldren of the research-

”.er.' Whlle numerous studles were carrled out two in partlcular,.

one by Wllhelm Preyer (1881),‘t@e other by Bernard;Perez,(1885),_p
are of partlcular 1nterest o e e L

" Preyer began h1s descrlptlon of the development of.grasp;e
: lng, (or selzlng as he referred to 1t), W1th the Statement that‘;

"Of all movements of the 1nfant in the flrst half year, no one’

-vi is of greater s1gn1flcance for 1ts mental development than are |

the se1z1ng movements." (1881 p. 241) ThlS concept has been

"echoed w1th varylng degrees of empha51s by numerous psycholo— 3

'glsts ever 51nce.r Preyer. also noted the dlstlnctlon between the

hgrasp reflex and purpos1ve grasplng observ1ng that "the flrst

lgrasplng at ob3ects,'w1th manlfest de51re to have them" was
'flrst made by hlS son at seventeen weeks._ (1881 p. 243)

”_descrlbed the gradUal decllne in- predomlnance of the reflex in



ﬁconJunctlon with the rise of 1ntentlonal behavlour, in particu-
1ar eye-hand coordlnatlons.- He strongly a35001ated developing.

.1ntent10nal behav1ours w1th prev1ously reflex1ve movements,i

Tstre531ng the gradual, non stage l1ke development of grasplngh
- Preyer then made the follow1ng attempt to explain the process ‘
7lby whlch thls motor development occurred.. ‘

"Of the many thousand nerve- flbers and
- muscle-fibers that must come into harmo-
nious activity in order that such.a move-

- ment may take place, the child knows

. nothing, but he . directs already the whole

"~ neuromuscular mechanism with his will, which
was- generated by des1re. ‘Before he is capa-
ble of this, the sensuous stimulus that starts
the seizing movements must have been re- = '
‘peated many hundreds of times, so that as
‘one and the same -sensation often returned

. an. agreeable feeling arose; a perceptlon at
first indistinct, then gradually more and
more distinct, and finally an idea of the .
iobJectiv1ty of the thing seizable could be l

"~ formed. Secondly, the movement of ‘the arm,
-also, which,. before as well as- after birth,
is directed to the mouth or the' face, must

- 'have been very often repeated before it came

‘' to consciousness i.e., before an idea of it .
could be formed, because in the beginning’ .

. it was not perceived at all by the child.

. When, however, the desired object is repre-:
sented in idea, and the movement of the arm is
represented the rapid succession of both-
‘representations favours. thelr unlon,lwhlch o~
calls into llfe the w111 -°'°°°-'°-°,

’-But in order to execute a. 51mple voluntary N
- movement, ‘such as reachlng after objects,
~similar movements must have been- ‘executed .

~ involuntarily, because only through these

- 'can muscular sensations or sensations o;p

.. innervations be developed.; These are, how-: -~
ever, necessary pioneers for-the voluntar
Qmotor 1mpulses......_ (1881, pp. 253 255

The sequence suggested by Preyer tWen was that repetltlon

i of the grasplng reflex allowed the gradual development of volun-

tary grasplng. Thls occurred as movement experlences prov1ded o



_the‘child‘hoth with information as to how to,move as.well as
with. information about'thOSe objects within'his'environment.

iPreyer also hlnted at @ motivatlng force for this development

when he observed that "a new sort of pleasurable feellng, in
" which an’ 1ntellectual element already mlngles, appears when

the Chlld beglns to produce some change,{especlally of form,f

threugh hls own activity" PR wholly new scenes of engoyment‘

-are entered upon w1th the first successful attempts at grasplng

' obJects." (1881 pp. 142 143) Here then is the suggestlon of

'_‘an 1ntellectua}3pleasure derived from the manlpulatlon of the

» env1ronment through movement, a pleasure whlch could .serve as a
¥mot1vatlon for contlnued development

Many . of Preyer s thoughts have been echoed 1n the decades

",wfollow1ng hlS publlcatlon. In partlcular ‘his notlon of the

gradual subsumptlon of the grasplng reflex 1nto voluntary move-.

f_ments has been oft repeated : Of 1mportance to note as well

rconcept of the need for a mental representatlon of the movement,
partlcularly novel movements and ‘his strong assoclatlon of cog-
nltlve pleasure derlved through volltlonal. exploratory\act1v1--

Atles.

'”[ however,'ls h1s stress on the 1mportance of 1ntentlona11ty, the

A second 19th century psychologlst whose work is well wor— '

thy of mentlon withln this context was Bernard Perez (1885) e

| too noted the gradual change from reflex to voluntary grasplng '

'.“but placed a greater empha81s on what he felt was a: strong evo-‘n

lutlonary assoclatlon between the two states. - He remarked that
" eeWe may.also»reasonably'regard‘them (reflexes)_as the effect,

~
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of latent tendenéies-eager to manifest_themselves by speCialized’
movements:. and moreover the result is facilitatedaby‘these

T-(reflex)'movements,'though they may:have'no definlte aim."

——41885, P 14%—“Perez—also stressed—the—importanee—of—intentrou
in voluntary movement but placed a greater empha31s .on the cog-
nltlve pleasure.galned from intentional movement-aspa motivating-

fnforoef_-He'states that'"lhamjevenfinclined'todbelieye that some-

.thing‘akfn tO‘pride - to‘the ekultant feeling tha:difficnltyt
conquered - has been awakened in him." (1885, p.,14) Perez‘
also observed that maturatlon of both the. nervons and musculo-

” skeletal systems play a llmltlng role in the development of |
grasplng, notlng as well the dlfflcultles posed by the . rapld
growth of the chlld in terms of relatlonshlps with phy51cal |

‘ env1ronment. As indicated ‘in the follow1ng statement he felt
that the development of. grasping progressed 1n mlnute stages.

‘ tlll by ‘the age of 15 months a- remarkable level of eff1c1ency

I" and. proflclency has been attalned.
“"As for ‘the hand the human organ par excel-;
. lence, the stages of. its progress of: neces~ "
sity -escape the. analy31s of an observer at-
_tempting to record them; for the movements
. 'which it executes, nearly all of them compli-
: .cated, and most delicately combined, are the
e results of efforts and. acquirements, and de-
...grees of -perfection which have gone on- from
- 'hour to: hour during long months. At fif-
.teen months the hand can already touch w1th -
‘more or less certaln dlscrlmlnatlon and - R -
appreciatlon. it can sometimes measure the = L ’)
effort required by the nature of the diffi-"
- -culty, either. known or 1nferred..." (Perez,”
, 1885. P. 22) : »

Agaln, many of Perez s thoughts have been repeated by theo-*
.rists_ln 1ater years.{.Of_partloular 1nterest to thls_study how-

b
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r'fever is his contention-that by 15 months a. child is capable of

making fairly pre01se anticipatory movements regarding the force!

requirements of grasping a particular obgect. In-effect he

1pobserved that at well under two years of age a child is capablef
nof very hlgh quality grasplng behaViours, at least in terms of
appropriate force applications."

The observations and comments of both these early develop-
fmental psychologists are worthy of attention in spite of what
_would appear -in a more modern light to’ be sadly lacking research'

v:-procedures. Albeit simplistic, their notations have been reit—
'erated by many psychologists through the years and ‘the fact .

- alone should predlcate against their light dismissal.  Their .
quest to dlscover the origins and: progres51ons of skilled pre-ﬁ
hen81on and 1ts relationship w1th the total development of the :

\

"child 1s stlll a motivatlng force for research today..

]

-Reflex1ve to Voluntary Behav1our

: The human 1nfant is born posse551ng a large number of re-
. flex1ve mOVements, prominent amongst whlch is the grasping re—b;;f‘
“fflex (Beintein, 1968) The grasp reflex is. present at birth (1n'"
y?varloﬁs strengths), at times allow1ng the child to be suspended
.acompletely by the grasped obJect (Bryan, 19303 Chaney & McGraw, f
v,-1932) The reflex grasp occurs when a stimulus touches Lhe
.;"child's palm, the fingers 01031ng flrmly and w1thout thumb op-
.p031t10n over the stimulatlng obgect (Dewey, 1935) The three
ulnar digits close more forcefully than the 1ndex finger (Kay,:
‘“3i1969)“' The reflex grasp 18 per31stent and demonstrates little‘
.Amodulation in force (Adie, 1927) Valentine (1927) found thatyu

‘bf situations which 1ncreased the arousal level of the infant tended

R
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© to inorease thg-forceuofbthe}grasp.' Conversely Gesell (1928)
‘repOrtedithat the reflex could not bg elicited while the sub-

ject was asleep.

In—normal development—the—grasp—reflex—slowly—dlm%nrshes,
the 150th day post-partum often belng mentloned as an approx1-

1 mate temporal landmark for. 1ts dlsappearanceﬂ(leler, 1921)
Watson (1921) however. noted 1ts dlsappearance as early as the
i 80th day., Evidence of the grasp reflex is apparent in utero at
about 121 weeks, of life, (Humphrey, 19643 Hutt, 1969) and an.
1nfant born at full term after a normal gestatlon perlod w1ll
_ have had a large number of stlmulatlons of that reflex (leler,.
| It has long been malntalned that the grasp reflex 1s 1n'."

~ some way a forerunner of adult prehens1ve behav1ours (Espen-
schade, 1967) ‘As prevlously,mentaoned both‘Preyer and Perezg

" had ‘nade thls.connectionpthrough‘thelr'observatlons‘inytheflateA:ir
19th eentury.viHalverSOn‘(1933), in his majorJStudies of the

-

development of grasplng, notes the progre531on from reflexlve
to. voluntary prehens1on but does not state any causal relatlon-
' Shlp between the two. He notes that the form of grasplng enhl;';
' blted by the grasp reflex dlffered largely from voluntary pre—el
hen81on 1n that ‘the thumb was not 1nvolved and the 1ndex flnger.
‘ was not domlnant. In thls context the dlsappearance or fadlng
.'of the reflex takes on large 1mportance as 1t allows more mature fp
grasplng to develop. However, Halverson (1931), stated that
”'T"Prehension in infants progresses in a manner ~'
- which indicates the presence of developmental

behaviour patterns. These patterns which in
early. infancy appear as very crude forms of ‘



reachlng, grasplng and manlpulatlon develop
gradually and .observably into highly refined
- and 1ntegrated systems of sequentlal acts."

'In a later paper deallng w1th the acqu1s1t10n of . skllled grasp-

»

1ng—Halverson—(T937)ﬂ—noted—that—this—mprocess'then ls_l'”large
| part a modlflcatlon and fus1on of a set of reflex and acéhired
,fact1v1t1es, related and unrelated functlonally, 1nto a fluent
lmovement, cortlcally controlled "‘Kh L
Castner (1932), in a comprehen31ve rev1eu of llterature ’
deallng with the development of grasplng concluded that the
:'grasplng reflex "should probably be con31dered as a foundatlon T
ifor the developmental sequence whlch culmlnates in grasplng on'
slght .. o | - . |

| More recently, Tw1tchell (1965), has made exten51ve obser-'

*“tvatlons on the relatlonshlp between reflex1ve and voluntary

E grasplng.. H1s account dlffers from earller reports in that heif
.vdlfferentlates between reflex responses, g1v1ng them a develop-
j‘{mental sequence.l For example he states that the true grasp

lfreflex "an automatlc grasplng'response" is. not present at blrth

‘but develops by the 3rd or Ath month. Whlle he delves con51der-'f'

»_:ably deeper 1nto the progre351on of the grasp reflex ‘he’ concludes:t -

o(as well) that ' "each stage in, the evolutlon of the automatlc

’grasplng reactlons is a33001ated w1th an 1ncrea31ngly complex j*fhjﬁ*‘

fornm of volltlonal grasplng." (1965)
o Connolly (1972, pp. 341 342) malntalns that

"reflex mechanlsms play some role in the
“development of voluntary behaviour -in the. : :
human infant; prehension therefore is based -~ s
"~ on the reflex substrates which develop and g '
..change during the first months after birth ... '
‘More effective prehen31on 1nvolving v1sually

4.\3\:-,.



‘directed reachings for the first time occurs .
' after about four months in normal develop- =~ -~
ﬂnt and-is preceded by the maturatlon of - -
e .grasp. reflex "'.v' . . -

W1th1n thls dlscu581on however, 1t is 1mportant to bear 1nn

“'.pmlnd McDonnell' (1979) admonltlon that 1tv1s an. over- 51mpllca-

°

tlon to attrlbute mature prehen51ve movements’slmplyvto.1ner‘l
,creased cortlcal control of the é@asp reflex.' As previonsly

gnoted Halverson demonstrated the rather large}differenoes in;

form between reflex1ve responses and even the'mone rudimentary-s~‘;'f

'_voluntary grasplng behav1our.. The problem 1s7clearly stated byl”

‘Castle, Held and Whlte (1964) who made the follow1ng observa-.

tlon: I

-"The detalled analys1s of the development
of 'a sensorimotor functlon such as‘'pre- = - .
\hen31on inevitably raises. a classic theo- . L
retical problem. The human infant is born - . .. .7
with a ‘diversified reflex repertoire, and .
. neuromuscular growth is rapid and complex. .~
“In addition,-however, he begins: 1mmed1atelx s
. . . 1o interact .with his postnatal environment..
gmiﬁj.:flehus we face the.complex task of distin-
: - . guishing, to the extent that is possible,’ .
between those contributions made to:this
. .. development by maturation or autogenous .’
‘neurological growth and those. ‘which are . -~
f'crltlcally dependent upon experienceée or
- 'some kind.of. 1nformat1ve contact w1th the
env1ronment "v e S ,

| fl Plaget (1963. p. 83) stated the problem from a sllghtly |
ll dlfferent perspect1ve,’v1ew1ng reflexes (or reactlons as he ‘
referred to them) as precursors not only of motor development
but also essentlal to the cognltlve development of the Chlld.

"In thls respect the problem whlch arlses
in connection with.reactions in the first
‘weeks is this: How do the gensorimotor,
_ postural, and other ‘reactidhs, inherent in
. “reactions, inherent in the heredltary equlp-,-
,”ment of the newborn chlld prepare him to



:::28:--

"'jadapt h1mse1 hls external env1ronment
-and to acquife:- subsequent behav1our distin- o
'~,guished by t e progre551ve use of exper1ence’"¢""
Whlle Plaget d1d ot fully answer hls own questlon he left )

w'llttle doubt as to the 1mportance of those 1n1t1al movement

. feXperlences 1n the overall development of the Chlld.

e

At thls Juncture 1t can only be’ stated that the grasp

".reflex plays an undeflned but undenlably 1mportant role in the-

1normal development of voluntary prehen51on.l Perhaps the most

»”nsallent feature of 1ts 1mportance 1s its- prlmacy,.ln*that the
freflex allows 1n1t1al,_rud1mentary movements of a manlpulatlve f.fw

‘and exploratlve nature. In effect 1t prov1des the 1n1t1aI 1n-ff;*.

Jyformatlon to the 1nfant concernlng botn the movement 1tself and

'hflthe obJect belng manlpulated As prev1ously stated 1n the theo-._;'“

“:retlc ratlonale for thls paper the uncertalnty created thereby

"‘\;lmay be a powerful motlvatlng force for development. Twltchell'

hf(1965) observatlons of sequentlal development w1th1n the reflex

‘rff?1tself underscores the fact that a falrly large number of dlf-f :flt

"fferent grasplng experlences w1ll be avallable to the 1nfant
““gfor exposure, experlences whlch may form the bulldlng blocks"
';ffor later voluntary grasplng.'r"i - o e
| ‘ Noted earller 1n thls dlscu331on‘was the fact that onesofft
:h?the most dlstlngulshlng features of the adult grasp 1s 1ts ap?i__

%pre01at10n of welght and 1ts ant1c1pat10n of an approprlate

rlevel of forcefulness.‘ Thls 1s 1n sharp contrast to the early*'ll

.;I"grasp1ng behav1ours of 1nfants. The grasp reflex 1tself 1s

==

ﬁfgenerally descrlbed as belng forceful and undlfferentlated

| (Dewey, 1935) although an early study by Valentlne (1927) dld';'J"

~note. that. 1ncrea31ng the excltement of the chlld 1ncreased thelﬂfi*’"”

R



~i;fob3ect (p. 51) In summary Halverson states that

inf;hav1ours such as from palmar grasplng to p1ncer grasp

"o

vstrength of the reflex grasp. Halverson (1932) notes that

'&gllnfants younger than 24 weeks "glve not the sllghtest ev1denceﬁ

”'fof appreclatlon of form, 51ze or welght of obJects" but- ratherﬂ“‘

'5hold—objects—ﬂln—a—pers1stent—v1ce-l1ke gr1p—whlchwrelaxes—onlynff;f;——;

fhthrough sudden shock or change of act1v1ty" and that they "do‘

‘ﬂnot adapt the force of thelr grlp 1n accordance w1th the welght f'i”

'”'jof the obgect" (p, 51) : Halverson (1932), contrasted thls be-i

h]hav1our w1th that of. 1nfants from 60 weeks of age whose grasplnglfr

:he referred to as. belng "dellcate and prec1se" economlcal 1n.‘“"

PR

7ng1pplng pressure and as adaptlng pressure “to the mass of the

fV"early grasplng is 1mmed1ate,‘unadgustable;ﬂ-- -
: ,forceful and ‘tenacious. ‘At one year grasp-‘ﬂu]
©ing is: dellberate. adaptable with respect
to size, . for, or weight.of. the object and.

'_::T,Vgh;fﬁVﬁponly as strong or tenac1ous as the occa31ony'fﬁﬂ

'“requlres" (p..60)

ulh Halverson concluded that "1n accuracy of reachlng and 1n:f7ékxh.:f

"fffpreclslon of grasplng, 1nfants of 60 weeks rank almost on equal.‘.5

'h}terms w1th adults 1n prehen51on of ob1ects of regular form and ﬁ}_ﬁfg],.

dfzflof averaze 31ze."_ (P. 61) Connolly (1972) however,iln a much .

‘ later and more comprehen51ve 1nvest1gatlon of hand functlon

.'gfnotes "that whlle the 60—week old 1nfant may be able to grasp
"1,han ob]ect 1n an- essentlally adult manner. the development of
lh:hand functlon 1s by no- means complete even by the fourth year.?"-jf'
Much of the 1ncreased quallty 1n sklll 1s attrlbuted by ;?li;

ljf'Halverson to the Bevelopment of hlgher forms of grasplng be-;l?pgt;[

g, aS

l'-well as to an enhanced awareness of the phys1cal qual&tles of
' \

'“the obJect being manlpulated The 1ncreased antlclpat?ry abll- 5g7

’:ihii;i?;‘ltﬁ;};;-v“;:‘A;;p{‘f]:“'h"’l ]
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1y unexplalned. They are perhaps best explalned u31ng certaln
elements of human 1nformatlon proces51ng theory, partlcularly

ﬂ_f_ww—as_they_pertaln_iolmotor_functlon and cnntrol-.

: 1t1es 1n terms of welght dlscrlmlnatlon are, however, left ' larger

Channel Capa01tyJ Attentlonal Demands and Antlclpatlon

J"A capac1ty theory assumes that .there is a 7~*
~ general limit on man's capacity to perform
‘mental work. It also assumes that this _
‘limited capacity can be allocated with con-
siderable freedom among concurrent act1v1--
‘ties" : :

(Kahneman, 1973, p.»7) The concept of man as an 1nformatlon ‘
processor of llmlted capac1ty 1s a maJor component of most
present day human performance models., Whlle not a. un1versally

'7 accepted construct (Nelsser, 1976 p. 98) there is a substan--

tlal body of work in 1ts support (Glencross, 1978) Capac1ty o

models are: generally thought to be of two dlfferent types.” o

One model suggests that capaclty 1s structurally llmlted and

that "bottlenecks" are. created at some polnt 1n the process1ng V;ﬂ."

system whlch effectlvely llmlt 1nformatlon capaclty. (Glencross, o -

1979) The 51ng1e channel hypothe31s of Welford (1952) and the .
fllter mechanlsm concepts of Broadbent (1958) are examples of 7
thls model The second model proposes that a general capaclty

'~1’ex1sts but that 1nput and output processes compete for that

capaclty. (Moray, 1967) Ev1dence for both models 1s well docu4

'."mented (Glencross, 1979) It 1s beyond the scope of th's paper. f

to document the ev1dence for these varlous models of_chéhnel

capac1ty.’ The 1ntent is 31mply to outllne the notlon that \%e _u_i

\- _
con31deratlon of llmlted capac1ty 1nformatlon proce851ng 1s

central to theorles of human performance. The key element here:'
_ e _ 'j

i
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is that from this perspective, the production and;control.of

movement will require some degree of the available channel

—1974)—The-more-welltearned—the—skill

involvedbthe less attentionai demands.wili be redufred‘and

therefore the less channel capacity will be‘requiredr (Singer,
1979) Martenluk (1979, < 47) suggests that a novel motor task
will:be hlgh in uncertalnty (or potentlal 1nformatlon) and that
a”great deal of channel capac1ty or: attentlon w1ll be . requlred

to produce an’ approprlate response. Nartenluk (1979) also sug-

‘ gests that practlce or. experlence at some partlcular sklll serves

@gﬁh

o reduce uncertalnty wh1ch leads to a decrease in the channel

capa01ty requlred to effectlvely perform that response. ths no-

‘tlon is congruent w1th Fltts (1964) concept of Sklll learnlng

eventually achlev1ng an autonomous or v1rtually attentlon free.

~

stage.“Keogh (1977) notes that the development of. movement

skill 1s#§epengent upon the learner s ability to- efflclently
5
process 1nformatlon§ thus freelng channel capaclty for atten—

tlon to othergevents.“ Kopp (1979) suggests such a trend 1n the-

(“La u
development of grasplng, commentlng on the total lessenlng of

‘those demands as Sklll 1mproves."

The reduced channel capac1ty requlred to perform movementsi

in a skllled manner 1s often attrlbuted to some extent to the

1ncreased ant1c1patory abllltles of the performer. -(Connolly,_

11977) All volltlonal movements assume some ant1c1patory aspect '

but sklllful performance 1s recognlzed by mlnlmal dlscrepanc1es

"?between the actual performance of the movement and the relatlonf

1c1pated‘demands of the.response. (Wade, 1975) More”

e S



© 32

(4

4

accurate ant1c1patlon will” requlre less channel capa01ty for
subsequent error recognltlon and correctlon (Whltlng, 1974)

Bower (1976) has speculated that the development of antlclpatorv

pablllty is llnked to varieties of . experlence, or practlse.
-Bower (1976) also makes the crltlcal p01nt that accurate antl-h
01patlons reflect the accuracy of the cognltlve rules governing .
behav1our. He also notes ‘that W1th 1ncrea51ng age behav1our
appears.to change less and less, whlle the complex1ty-of 1ts
control processes appears to become greater and greater.

In summary, it would‘appear that the human 1nformatlon
proce381ng svstem is structurally llmlted in some way. .Thef
.degree to whlch that capa01ty is used 1n movement responses is
‘:dependent upon the skill level of the performer.; The. more ac—nl

_curate the performer's ant1c1patlon of the task s demands the
'hgreater is the likelihood of .a skllled response and 1ts corres-
pondlnglyilow demands on channel capac1ty., Skllled performance.'
appears to'be-dependent‘On adsufficient amountdof varied move- |
'ment experiences or'practice at'similar'tasks.' This'eXperiencet
1n turn leads to the development of complex coénltlve rules - |

dwhlch govern motor b‘hav1our in an~1ncrea51ngly efflclent'manner,:

;resultlng in the m&gjmization.of.channel capacityddemands; One.
"h:theoretlcal construct deallng ‘with the. development of these |
cognltlve rules is the schema.‘ B o f}‘ R s

"The Schema' f ‘ 'lf ‘ ‘.'\ ' f:" 'ft",' | :l
The concept of "schema" or "schemata" was 11rst espoused
'Hby Head (1926) .and later reworked by Bartlett (1932) in an. at-

'tempt to explaln the recognltlon aspects of perceptlon.-partlcu-;
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larly in relation to novel events; Definitions of schema abound
and the word has become unfortunately a55001ated with. a wide

_____numben_oﬁ_meanlngs. LNelsser,_J916l__Ihe_follow;ng_deﬁlnitlon.:

a comp051te of several proposed will be‘employed in this the-
sis. The schema is a set of related cognltlve rules whlch gov-
ern the productlon of movements whlch ‘are 51mllar 1n‘morphology.v
The schema‘is modifiable by. experlence as’a result of uncertaln—n
.ty reduction between past and present movement responses and
results. V(Evans, 1967; Nelsser, 1976;‘Pew,‘1974. Schm;dt, 1975),‘
.Wlthln the context o? this,thesis then a.schema:would-ekist |
that controlled graspdng behaviours, one of‘the associated cog--'
nltive'rules being‘that which gowerned the‘neceSSarylamount.of
force requlred to perform the task at hand : | |
| Schmldt (1975, 1979) has postulated that a more robust

schema wlll result 1n more eff1c1ent productlon of known" respon—
ses as well as more accurate productlon of novel but s1mllart'w
responses.:_Pe suggests. as does Nelsser (1976), that the
_strength'of the schema will be a functlon of the number and
‘variability-of prevlous experlences' These experlences w1ll

» allow the gradual reductlon of errors between de51red outcome S

" and actual outcome of the reSponse as the schema is strengthened;f'

(Schmldt 1979) Somewhat cautlous support for thls pos1t10n has]l
~been: reported from the research of Kelso and’ horman (1978),_1L .
Moxleyv(1979) and Wllllams (1978) =.Bower (1976) suggests that

- for the young chlld ‘that such varled experlence allows the chlld
to alter those cogn;tlve rules governlng 1ts behav1our a; -they .

create confl;cts, the resolutlon of whlch demands new rules. A

-

@
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slmllar suggestlon has been made by Glencross (1979) 1n refer-,
ence to the achievement of skllled motor behav1ours., Slnger’

(1979, P._ 223) speculates that more accurate cognltlve rules‘

(or schemata) would lead to a reduced demand for attentional
. capaclty. As strong’schema allow for eff1c1ent handllng of
1nformatlon. hlgher quallty responses would be expected. In :
contrast a weak schema would 1neff1c1ently cope w1th 1nformatlon,f‘
produce a less 1deal response and be forced to use. avallable _‘.
capacltytto detect and correct~errors as well as modlfy‘the
'scﬁema_itself.; o

~-In summary, schemas are modlflable cognltlve rules whlch
govern spec1fhc classes of motor behav1our.j These rules are
modlfled and strengthened through experlence whlch allows the.
matchlng of desired and actual outcomes.. Confllcts between
* these expectanc1es are detected as errors and lead to. the modl-g

.flcatlon and strengthenlng of the governlng schema. As sche-f‘
',mas become more - robustﬂthey more accurately and efflclently

handle 1nformatlon and create more approprlate responses to‘a
varlous task demands. This results in the use. of mlnlmal a- :
",mounts of channel capac1ty for the skilled Performer w1th a sub-bA
‘.sequent 1ncrease in the amount of attention avallable for other,

} non task demands.

Controﬂ and Quallty of Prehen51ve Forces

Precise productlon of force 1s an. 1mportant aspect 1n the
development of movement control (Keogh 1977) However, as -’
Connolly (1979) ‘has’ stated "To my knowledge we. have almost no‘-:‘
1nformat10n on the development of the ablllty to control and |
vary forces.." Kopp (1979).noted.partlcularly»the lack of,ref o

«



search governing the motor functions of older children. The

investigations into the quallty‘of\prehensiye skills have dealtp

more with the hand's relationship to tool usage:than to. the more

.’ . 35.

" elemental aspects of graSping‘qualities such as graspinghforce.

‘The works of Connolly (1972), Ros;enbl,oom (1'971-) and Saida (1979)

-are prime examples of this type of research. Other researchers,

"partlcularly Kopp (1974 A; 1974 B) have 1nvest1gated the atten-“d

tlonal demdhds assoclated\wlth varlous skill levels of grasp-

f_lng among young 1nfants.A Prehenspve Sklll was examlned in’ terms

‘of dexterlty and not of pre0131on of force.

Perhaps the only study that concerned 1tself w1th the pre01-' )

.'551on of force appllcatlon was that of Bower and Monoud. (1974)

‘While ‘not belng dlrectly 1nterested in thls development they Ql
’employed its measurement in an attempt to guage behav1ourally |
7the acqulsltlon of the concept of conservatlon of weight amongf
iyoung 1nfants. They d1d so in part by measurlng the force ap-'
'fpplled to.a serles of obJects and analy21ng the amount of forceV.
applled and the pattern of force appllcatlon. Thelr resultsn
1nd1cated that by 9 months of age an 1nfant was capable of

' ach1ev1ng a hlgh standard of antlclpatory force prec131on after

'..ha sequentlal presentatlon of 3 trlals w1th some obJect.. They.pQ.

'also noted a gradual reductlon in the peak 1n1t1al force ap-;:ﬁ
jplled in the 1n1t1al trlal w1th each obJect as the age of the
subJects 1ncreased to 21 months. Monoud and Bower do not Te-
'onrt the type of grasp employed at varlous ages, the standard
?‘employed as thelr ‘measure of mlnlmum grasp force not ‘the respec-

,tlve amounts of varlablllty w1th1n each age group.‘ Bower (1976)

| 1n a- later publicatlon suggests that by 9 months a ch11d can and .

©.
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‘will adjust his‘gfip to some minimal_(efficdent) force. Upon

‘subSequent trials thebchild'will.anticipate the‘correct amount

"-rr".‘

of fnroe neoessary to_that_mlnlmal_force_w1thout_enror+m_ln, e %
deed he clalms (1976 p. 173) that shortly after 12 months of’ ‘
. age that the Chlld w111 automatlcally make these correctlons'
‘rafter only one trlal ‘with some obJect Bower.suggests that’

this behav1our reflects’ the cognltlve _‘pe that'"the same ob- K

iy : :
Ject welghs the same every “time they are plcked up". -Bower<also

'.suggests that by the age- of 18 months that ch*ldren will \be able.

' pto predlct the welght of unfamiliar obgects and grasp- them w1th-

. out error in force appllcatlon (1976 p. 176) "By thls age" -

then Bower 1mp11es that ‘the chlld's grasp, 1n terms of force‘”

' appllcatlon, is as- predlctlve, an¢1c1patory and pre01se as that 7-; N
‘Bof an adult in terms of grasplng force. | |

ThlS work by Monoud ‘and Bower is 1mportant in that it be- - 'p o
, ;glns to study the: relatlvely untouched area of the development’- L
of skllled prehen31on. The 1mag1nat1ve research de31gn em-‘

'ployed certalnly has been the blueprlnt for thls the31s. How-df‘

ever, the study is poorly reported, partlcularly 1n the aspects

-of data collectlon and analysis._ ThlS results 1n a non- repllca-
ible experlment that appears to leave as many questlons unan-

swered or ralsed as 1t adequately contends w1th.. Bower s sug-h”'

. ., - - . .
PSRRI S TRV NUNPIE LS9 SRR RO 0t N Yo TR

: gestlons as to the attalnment of adult quallty prehen51ve skllls

S

-by 18 months would 1nd1cate the establlshment of a highly de-_" 'N‘
cveloped psycho motor apparatus. Yet chlldren more than twice' B
_that age appear 1ncapable oﬁ/precisely manlpulatlng ObJects in. . _’jy :

even relatlvely 31mple patterns (Salda, 1974) | There would apf L
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pearlto be‘incongruencies between Bower's reported prehensive
1

.bskills and the real life achievements of older children employ-

1ng those -same skllls.*

As no corrobative or disclaiming studies of Monoud and.
Bower s work ex1st their work can be neither accepted nor re- o
.. jected at this Juncture. The need for further study 1s however,

;evident. Equally evident is” the fact that w1thout thls pio--
neering work ‘the further 1nvest1gatlon of the quality of pre- -
. hens1ve skills would ‘be sorely limited.» This study in parti-
cular owes’ a great debt to. their work. S
Summarx : | |
l From thls review a number of 1mportant pointS\may be drawn.A lq\i o

JIt is apparent that while developmental scales dealing with the '
:iattainment of mature prehen31ve forms are; well establlshed there’

appears to be a corresponding lack of understanding as to the.*;

e e A e

‘development of skllled qualitles (such~as grasping foroes)

..WIthln those forms. As well, whlle the orlgins of grasplng

ik

. are assumed to lie in reflexive behaviours, llttle is known of h le"b_g
;the re31dual effect those precursive behav1ours mlght have on-7 | :
“the mature forms of the Sklll.. Whlle the phys1cal movements
‘5themselves hoﬂd large 81milar1t1es, 1little 1s known of the pos-:g- tf'f'é‘

“sible effects of the reflex organization on the skilled produc-v'

v"_tlon of those movements. The . temporal organization of force inn . ' ;;
the grasp reflex 1s undlfferentiated and safety conscious.ﬁ Thek |
’ temporal organization of the mature grasp is assumed to Pevpre?.l
; dictive and fdrce efficient.v Finally, little data is available.lb S
as to the attentional demands of a skill that has not - fully de-l' ' 1
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veloped to the mature or automated state. The attentional oosts.-
'to an individual developing a motor schema to control a cultural-

ly requisite set of movements are not known.v The significance =

to. the overall development of an 1nd1v1dua1 of this aspect of
motor development is not understood but would 1ntu1t1vely at
least_appear tovbe'of some‘import. The relatlonship between

the demands of developing'mature motor:skills and the démands of

oognitive~devglopmentvrequime’a gfeet;deal of f'urthez"vstudy'.‘T
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CHAPTER IIq

METHODS AND PROCEDURES

Subjects in this study were classifisd by age 1nto four

groups offten each.' The age groups were referred to as 3 year

‘-olds (mean CA - 2-11, range 2 7 to 3- 5); A ‘year olds’ (mean CA"

b= 2, range 3 9 to 4 5), 5 year olds (mean CA 5- 3. range 4 11

to 5- 6) and adults (mean CA 21 years, range 20-23 years)

SubJects from the 3, 4 and 5 year old groups were - all par-'

b."t1c1pants 1n an Educatlonal Gymnastlcs program held Saturday

"morn1ngs in the Educatlon Gymna31um at the Un1ver51ty of Alberta

Each Chlld was volunteered by their parent(s) follow1ng a verbal

'presentatlon and request for volunteers by the researcher. Any

'chlld who was for: any reason unw1111ng to partlcipate in. the

”‘\test se831on was 1mmediately excused. Thls was a relatlvely

"rare occurance (2 occa331ons) as}most ch1ldren seemed to flnd

. the experlence enjoyable. All chlldren tested were cauca51an ‘

——

' 'males from urban‘mlddle class SOClO economlc backgrounds.' No

sensory or phy31cal 1mpairments ‘were apparent

The adult group was comprlsed of unlver31ty students who

i :volunteered to partlcipate in the study. All students were en-

' 1‘rolled in elther thelr flrst or second year at the Unlver31ty

N

"of Alberta in- the Faculty of Educatlon., Agaln all subgects in

“thls group were caucasian males from middle class backgrounds ;

;and had no apparent phy31cal or sensory handlcaps.:“'

Ly

Males only were ﬂested during the experiment as sex dif-

a:ferences were not the prime focus of the study.- Ihe;testlng of -

LT — .39]




———————might—be—more—noticeable among—males. As males are 165 “often

B VS

‘did indeed exist in the quality of-grasplng that these effects

'»-pear that thelr performance was superlor to that of pre school f‘ ;f;/;

| Model 7722 polygraph utillz1ng a Sanborn 350 A preampllfler.

into an electrical trace u31ng a model P23AA Stathan gauge or
‘rgpressure transducer. The two’ manlpulated obJects were construc--
'.ted from 1 1n.0 D and 3/4 1n.I D. latex tublng which was lathed'
| down to form a wall thlckness of 3/32 1n.. These dlmen31ons were

;found through pllot testlng to be a wall thlckness which- maxi-_

.retaln the circular cross- section of the tube following use. a . i

characterlstlc whlch was essentlal as a fallure to maintaln -

40

males only greatly simpllfled the . acqulsltion of subJects.
Furthermore it was felt that if developmental dlfferences

socialized into flne motor play act1v1tles. env1ronmental 1nflu-
ences on thelr prehen51ve development would be lessened, at

least 1n the pre school years. As well once schoollng had com--‘
: {

'menced the coin01dental 1ncrease in flne motor act1v1t1es (SClS—

sor use, palnting, puzzlersolv1ng) mlght result in an,exaggerated

. J

- effect on Sklll quallty among male subJects. This effect, if

ev1dent, would prov1de some ev1dence as to the 1nfluence of the~

_env1ronment on the development of prehen31on. partlcularly in
llght of Schmldt's (1976) schema theory.v From a very llmlted

' .
- amount of pllot testlng u81ng'¥oung female subJects it did ap-

age males at least on the measure of grasplng force.
Pressure measurements were recorded u51ng a. Hewlett Packard

The mechanlcal reactlon of the manlpulated obJects was translated

P O G S

mlzed sen81t1V1ty to pressure and yet remalned strong enough to
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"jshape”would have‘resulted‘in'distorted readings._ Each cyllnder

| was weighted by fllling 1/4 1n.copper tublng w1th’lead whlch

was then 1nserted into the center of the cyllnder.7 The tube wasi‘

held if- place, and - one end ot the" cyllnder blocxed, by 1nsert1ng"

T'a #2 rubber stopper to which the tube was bolted by a" 3/4 1n.’
Ascrew. The remarglng end of the tube was blocked by a #2 rub-d

'*~ber stopper drllled through the centre to accept a, length of

’1/4 1n.latex tublng.j The result was a welghted sealed cylln-

'r'der which could be connected v1a the latex tube to the Stathan

gauge . w1thout dlfflculty. The very-small dlameter latex con-ffig7

'nectlng tube was chosen both for its ease of connectlon and -

‘ because its own movement when ‘the cyllnder was: llfted created

’negllglble pressure changes.;

Each cyllnder was palnted red (naphthol crlmson) w1th non-f,'

toxic acryllc palnt.. The result of the lathing and - palntlng wasﬂﬁ

I

ban outer surface on the tube that was eas1ly seen and grasped

g - .

IR ¥
v~as the outer surface was not extremely smooth. The two resul-

tlng cyllnders were 5 cm and 10 cm in length and welghed 64

':and 128 gms respect1vel§ : A third cyllnder, used in. the pract1cej7t

trlals ‘was 7.5 cm long and welghed 26 gms -a length anh welght'
3_unrelated to the test obJects. In other aspects however, such :
as colour and texture 1t was s1mllar to the test obJects...

N

In order to e11c1t the de51red behav1our from the chlldren.‘

o a test situatlon was de51gned utlllzlng the follow1ng equlpment;ﬁpf

: Children were seated 1n front of a small table L2 1m x 21 1n.on*

\

approprlately 31zed chalrs. Uprlght from the table faclng the

‘,subJect was a. plcture of a (brightly coloured) clown S. face» -
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(11'§h.-x710 ln‘) mounted Onfa white background “The clown's R

face was, constructed 1n such a manner that lts nose was actually

'. a red llght bulb (standard 31ze,,10 watt low heat) 6 1/2 1n."w

o~

—“————from—the—tablels—surface—which—was—wmred—to~wand—controlled~by,
a- 31lent swltch The " swltch was mounted beneath the table in -

;;a locatlon ea51ly acce351ble to thﬁ/}esearcher who was seated

| to the rlght of the chlld (also 1n a down s1zed chalr) .Thejijw

"\pvf surface of the table was. covered 1n a blue velvet clgﬁh markedvff“'

| for the con51stent placement of ‘the test obJects.f The Stathan;ﬁhx
gauge was clamped to a. retort stand behlnd the clown s™ face andf;

"out of the chlld's s1ght,‘wh11e remalnlng wlthln easy reach of o SRR

’ the researcher. The wires from the transducer to the polygraph'_'

—

ran beneath the table and along the floor as d1d the power wlres‘
~ to.the llghted nose, agaln out - of s:Lght of the chlld. . The" poly-ﬁ-vﬁ'.-
graph 1t3€1f was Sltuated to the left of the Chlld in- the corner"
,_-,of the room._ The table was placed agalnst a blank llght yellow;hhﬁ_ft.

wall so that no v1sual dlstractlons were avallable as the Chlld f<b7‘

0 . .
I.‘

faced forward.

All SUbJGCt5, regardless of age, were tested in’ exactly the;fif

same 31tuat10n us1ng exactly the same apparatus. Whlle thls. A

' seatlng arrangement was somewhat uncomfortable for the adult R

subJects it should not have, 1n any way, affected thelr perfor-ﬁ_:d”w

: mance on the task.'5”

The Grasplng Task

forward. Slmply put the subJect was required to, 1n response

The grasplng task glven'to all subJects was very stralght-:fs'“

to a stlmulus prov1ded by the 1lght1ng of . the clown s nose, hfhkf

R R



lllft the test obJect to the level of the clown s nose., When the e
h llghted nose went off the obJect was to be placed down.: Thls:e.

'ijwas repeated flve (5) tlmes 1n a row for each test obJeCt° ZThe._'.“

e

s»ﬁtlmlng sequence~was such that the obJect was plcked up and held
l;for 3 seconds and then placed back down 5 seconds after the obj;_l
:Ject was replaced the second trlal would begln.‘ Follow1ng eachf~
:”trial the obJect was replaced in the "start"'p031t10n by the‘
:ltester.. When mov1ng from one obJect to the next an 1nterval of

5‘"about 20 seconds elapsed as the new tes+ cb;ect had to be hooked'

”ﬂ-fup to- ﬁHg Stathan gauge by hand._ Thls tlmlng sequence was ad-

“’fihered to as strlctly as poss1ble but w1th the younger chlldren‘ |

v nplementary 1nstruct10ns were glven to 1nd1v1dual subJects as

;nh“:requlred-f The 1nstructlons and thelr sequence are as follows..'

'fwln partlcular the task was 1mposs1ble whlle retalnlng as re-j_fh

:ilaxed an atmosphere as’ p0s31ble.?s-h;“

}flnstructlons ].,*' | A
| Identlcal 1nstruct10ns were glven to.each subJect Sup:h{ébr‘éuﬁhd
e
.AThe obJect used 1n the se551ons Was the practlce tube.'ﬁ*‘: o
“’;’firi "When the clown 8 nose llghts up I want you tov ERY
| Plck up the tube and hold it in’ front of the noseiﬂ~P'L'
'krfp- llke thls - (followed by a. v1sual demonstra-flf‘ﬂﬁ
ff?tlono: When the clown S nose goes off that |
-:fmeans put the tube back down'-zllke thls'-'l.
‘afgf(followed by a VLSual demonstratlon)
it ;“é;jiThe subJect was then asked,'"Do you under-ss}ﬁ
::*;stand that’""If "no" 1nstructfons were re-hifff":id

© peated. ‘Tf "yes", sbep 3 was then initisted. . . .
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_::“.by the.phrase;f‘"That's rlght"‘c Incorrect performance was fol--;

. 1 ".f |
b 4 | ! . A/T
3. ’ practlce trlal was allowed at thls p01nt. o
| "Now you try it - remember to walt for the nose ’
k 'it°“ylght qu"r If the thld_was SucceSSfulT .l:f-,{ ‘ ,lﬂ~F~ :
.,;tep_A;Was_iniiiaiedilif_not_ihe;error_waﬁ;corff Lo
o | rected before mov1ng on. | :". ‘ 'f
,.fAf;‘"When you plck up the tube I want you to hold_ ; ‘ .
o ,‘lt in t-he mlddle - lJ_ke. ’,Chls, ,(.f01-lowed by.‘ a" ; :
| A v1sual demonstratlon) | ‘: . R %p
v“,f_i;d»A second practlce trlal wa s then asked for. ‘ ét\
‘p_"Let's try 1t agaln and remember to hold 1t.1n Eff ;e
- ﬂthe mlddle.“f If the task was successfully ‘ gh ; . "
- 'performed bhe behav1our was verbally reln—: E "T
31;for0ed W1th the phrase "That's very gOod ",’.._5;, )
f'fIf unsuccessful the 1ns£ructlons were repeated,?_ '3
..-:'}COHOG successful task 6 was 1n1t1ated.¢. f-ﬁl‘;¥; ;
.ehé-ﬁm"The last thlng to remember is that I don't 'lﬁ;ii' s
."~want you to squeeze the tube when you p1ck ‘”hl | j
.‘lfa*lt uP - 0kay°"= If no- problems were encoun-r | ; ' : S 4?
,fdp_tered _step 7 was: commenced._ 'f'l7filfi . | il | o ;g
.‘i7gba"Now let's see. 1f we can do all that w1th thls é‘ 1?
| tube."' Th1s phrase was spoken as the flrst %‘ lé
RS “teSt obJect was 1ntroduced. The test obJect : é
;\ was then placed on the table before the subJect”:' i r?i
?,Whlle the experlmenter sa1d "Remember to wa1t1; ‘f
;r“frmfor the clown s nose to llght up".f At th1S' fﬁ?fb’ d %':_b&..é

":p01nt testlng commenced.u

Durlng the test trlals correct task performance was followed

T
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lowed.by a'reminder'of what should7have‘beéﬁ'done,rfor eﬁample 3

- "Remember to hold 1t 1n the n1ddle" » SR . ﬁ

M__J

»

g

rhthe test ses31on. Secondly, it allowedvthem to”“settle down"

Detween*test—ooj ts—’wnire—the—new—tuoe—was-oeing“con-,
neoted to the Stathan gauge" the follonang‘lnstructlons would
take place.. | -
1.. "That's very good you're finished all the
lf‘f,"tlmes glth;that one, Iet;s see_if yonjcan“dc :é
T tne same Qith.this\? one". ‘4t this point the

;‘second test;ohject:was“placed‘in'positiOn.-
";Q,E;Wﬁememger to wait for thezliéht: ﬁiék it up
in.the m*ddle:add‘doh'*‘scueeZe it;' Jka;,
let's try 1t wlth thls ore"i ~ollow1ng tqls

\last 1nstructlon the test trlals recommenced. L

In rgsoonse to the—vnev1table nuestlons ansiers .were Elven

& ;
<A, T o
TRl

that were reﬁlreCUed toward the correci perro;mance o; the task

. o .

In most cases the promlse of snow ng the chlld "how uhe cloun s

-

-nose works when we'lve fﬁnlshed" was sufficlent to-dlrect»atten—

~

tlon to the successful compWeclon of the, task. e e

A

v
5

Procedures - j"'7.t_}" ;: fﬁ_ ,f

Chlldren weTe- tested: followlng their’ partlclpatlon 1n a one

'

hour educatlonal gymnastlcs se581on.7.mhe de51gn of these sesQ

”51ons<uas such-that for the last-15um1nutesrthe chlldren were

nob activé but wereﬁtalking.with.their instructOrs and having a

snack : Whlle thelr 1nv0¢vement in- these se551ons was not part

'of the experlmental de51gn 1t was benef1c1a1 in a nUmber of ways.

fFlrst 1t gave the chlldren an outlet for thelr energy before

B

‘.

'before testlng began. s well as the test 51te was adJacent "

gjﬁ S T
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to the gymnasium it was in a familiar environment\and'didn't

. P v ‘ \ o R -
require their tpyansport to a less convenient area. Subjects were
ra ,

"'domly tested, 1noependent o< ‘g
The subJect and one oarent were taker 1nto tBe testlng room.
An attempt was rade to famlllarlée the tester wltn.the subJecu .

"‘\

ng askang for-names, birthdates, etc.’ During this.tine_the

"parent was shown where to stand next to the polycrarh and
pa : rna c YE 1

asked if they would start the machine when asked. This erEe-

A

: ) M N ‘ ‘ ' B e t .
dUre was. found‘to lessen any aoxie+”3caused'by the na chlne's

star%%ap as the parent was assoc1ated wlth the machlne S control,‘f

At thls tlme tne parent was asked what tnelr chlld's domlnant

¥~or oreferred hand was. Thls 1nformatlon was’ compared to the

- nand used in the practlse trlals.a In-no case was' a confllct

iand the experlmenter then seated thehSelves at the table holdlng

B

.‘observed “The parent was then asked to please remain s1lent

durlng the teé% sess1on, an 1nstructlon ‘which for the greater

-

part was'observed Parents spoke only to dlrect thelr chlld'

attentlon either to the task or to the 1nstructlons.‘ The Chlld

¥

the test apparatus and the 1nstructlon ses51on commenced Dur-.

-

1ng the test sess1on any pertlnent detalls, e. g. 1f obJect
dropped - were noted by the experlmenter. As well the type of

a

‘

s grasp em-1dy=3 by the subJect was noted at thls tlme.-

;“Followinghthe tes' . sions chlldren were shown the sw1tch

'toﬁthe'c10wnts,nose and e glvén:an opportun;ty»to,watch,the'f

' polygraph's needle be deflec ad. - Any'further Questions:from

elther the subJect or paren: were answered thanks were glven¢~

'and the se351on was ended Each session lasted for approx1-*”

‘vmately 10 mlnutesi ‘”e'aotualvtestingfaocounting for.about.S

R
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~minutes.

-

Test procedures for the adult sroup varled slightly from‘

~——+L;w=cse of the-children!' s—srﬂups;——whﬁle the— appara*us an d—InstruCQfm—;———

tions remalned identical the oolygraph was started before the
f‘test session oegan as the adult subJects d1d not have -a parent
present | Apart from thls departure the procedures remained
essentlallyftne'same for all’groups.i

It -should be’ noted that the test sess1ons\took place in a
,temperature controlled room. - Slnce the test obJects were air
“Tllled and the pressure transducer was respondlng to dlffer— =
‘ences 1n air pressure thls constant temperature was 1mportant
Fluctuatlons in room temperature would have led to fluctuatlons
-1n pressure readlngs.. The room temperature was held constamt
yat 68°F for each of the test sess1ons. The polygraph was run - .

- for 30 mlnutes prlor to- each test perlod to allOWyltS tempera-'

,Tture to staballze as well ER ?"‘L*. 4'f; 8 o fi;“_'.u S

Measurements-’c ' "_ : ;p:,? - ;‘} R .; .

Each subJect's test trlal wa s removed from the polygragh e

“'iand 1mmed1ately marked -as to the order of trlals "and the order
~of therobJects used. Each trlal was then cut from the poly—

A

”lgraph output ‘and placed in temporal order by trlal in. a booklet‘;ﬁyﬁ”:

'__contalnlng the subgect's 1n1t1als, blrthdate and any other per-'

'rgtlnent 1nformatlon.i Any other 1nformat10n or remarks made by

fthe experlmenter (durlng the test perlod) as to type of ' grasp,
'dlfflcultles experlenced etc.‘was then wrltten into the booklet'
opp051te the approprlate trlal. The results of each trlal were

then analyzed and the ‘results recorded by subJect for each

~u [P

ik SO
. AR . - .- : "-‘ - . . . ..vlg .

group.~ The extractlon of data -was done bllndly, that 1s w1th no% i :2

[ R (YN
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knowledge of the age of the subJect or the order of presentatlon
prior to the. recordlng of’ the data. | |

The'followlng<protocol in measurement‘was followed. . A baSe-.‘

llne measure was establlshed from the con51stent ‘pen p031t10n

' vbefore grasplng commenced. Grasplng was Judged to have com-i
menced when the pen p031t10n rose consecutlvely for 4, mm (or'

.16 seconds) - Peak pressure was Judged reached when the pen po-‘u
51t10n began to decline or remained constant for 4 mm (or .16
”tseconds) The . dlfference in pen helght ‘from- start pos1t10n to'

. peak pressure pos1t10n was then computed to the nearest mm’ and
.referred to\as peak pressure. Thls is @’ measurement of the 1n1-'
t1a1 predlcted force applled by the subJect.p The.dlstance the"

pen ran from the start p051t10n to the peak pressure pos1t10n é

was computed to the nearest -mm and reﬂerred to as the tlme to

' hpeak ThlS is: s1mply the t1me taken to attaln the 1n1t1al pre-{

.'dlcted force. The. ratlo of peak pressure over the t1me to peakiﬂf

.awas then computed to one dec1mal p01nthand referred(jo as slope
to peak. ThlS measurement prov1des an 1nd1cat10n of thc ve1001ty
" of 1n1t1al force appllcatlon.b From the p01nt of peak, pressure»,d
:sreadlngs to the nearest mm were taken every A mm (or 16 sec-
'sonds) and the pressure at each p01nt computed as for peak pres-i@.
. :

~'sure. This- was done for 6 readlngs past peak pressure.p These

LN

‘~1-read1ngs are referred to as- peak +. 2 peak t. A, peak +, 6 S to.‘:'

'":-peak +1 2 Peak pressure then becomes the common p01nt, or,rlfjgﬁf;"-

I
zero tlme, from whlch all subsequent readlngs can be analyzed
: and compared.. These measurements prov1de 1nformatlon as to cor=

;rected force appllcatlons once the 1n1t1al predlcted force had

&
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been applled
| This, protocol was. developed from extensive pllot testlng

'.and-whlle conservatlve tends to mlnimlze errors made when.chll-f

~dren fumbled or dropped the obJect durlng a trial. Some error
is unav01dable in roundlhg to the nearest millimetre but it was .
not felt s1gn1flcant 1n terms of overall proportlons. In very.
few s1tuatlons was the measurement protocol the dec131ve factor

in determlnlng a measurement as in the vast magorlty of cases

o the measurement p01nts were qu1te obv1ous.,

- Development of Test Procedures uﬂd Apparatus

volved in the development of the apparatus, procedures and 1n- f
structlons 1nvolved in thls experlment Over 60 chlldren ranglng
in age from 6 months to 7 years. and over 50 adults;were tested

prlor tg}the experlment reported here. vsach test se551on al- f

lowed the reflnement of eoulpment. 1nstructlons and procedures,.-‘

W

whlle attemptlng to 1ncrease the valldlty of the experlment

The maln functlons of these pllot studles were to flnd the band-“"

widths in whlch the approprlate behav1our could be trapped

Wlth the 1nstructlons thls meant finding what a 3 year old could

f meanlngfully understand wlthout 1nfluenc1ng hlS behav1our, whlle'

not maklng them so 51mpllstlc as to dlslnterest a 5. year old 1n

the task | The maln dlfflculty here was to: llmlt the exploratory

behav1our of ‘the younger chlld = manlfested by squeez1ng the test

’_obJect -_w1thout 1nfluenc1ng them t0wgrasp the obJect in- a ‘non-

normal fashlon. The 1nstructlon "not to squeeze" appeared to-

fulflll thls purpose.l The llghtlng nose - also w1thdrew 1nterest

R A R A e T T



from‘the.test'object to the clovn'srfacenthus allowing.a‘more'
natural grasplng response;‘ y |

'The development of the ‘test obJects was chlefly marked by

.a struggle to flnd awvall_th;ckness whlch would‘retarnllts'cross-
sectional rigidity while‘remaining'sensitive enough to allow
‘measurement of the very light grasp of the adult subJect yet
”remalnlng strong enough not: to collapse under the stronger ;
':Wgrasp of the young chlld.- Latex lathed to 3/32 in. was found o
to best achleve thls purpose.. ’{ i o A: ':; ."
| The cal1brat1ng of the polygraph presented yet another d1f—
flculty. W*th -a 11m1ted amount of pen deflectlon avallable
sen31t1v1ty levels had to be found which . could handle the peak
pressure of a chlld's grasp w1thout "g01ng .over the top" whlle
i /?/remalnlng sen31t1ve enough to measure the very llght grasp of
the adult w1thout "bottomlng out" "Thls remalned an. elus1ve
pgoal and the flnal settlng was somewhat of a, compromlse whlch
Tv1rtually guaranteed that all peak pressures would be captured
_rbut whlch 1ncreased the chances of a celllng effect follow1ng l,;

the peak
The de31gn of the test apparatus presented another prob-

. lem; The 1nterest of the young chlld had to be malntained over S

."a number of repetltlve trlals w1thout affectlng the behav1our
dfbelng measured : The task then had to be 1nterest1ng enough to

fmalntalf‘attentlon w1thout belng so stlmulatlng that it affected

:Qi_how the Chlld grasped the obJect The clown 's-‘nose llghtlng up'.:
seemed to solve thls problem. The younger chlldren were fas01-}5‘

nated by the effect 1tself, the older chlldren 1nterested in howl,“bi o

. -

. ié:{; S }"",'._ : S "
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. i
" .

it worked Jn no instance, follow1ng the two practlce trials,
ldid any of the children appear overly eXCited or. stlmulated by
the>light. The llghting of the nose however, did remain of suf-

"ficlent interest throughg_t the trials to remain the focus of

, most questlons follow1ng the test session. ) o

‘ - Test anxlety was also found to be a contrlbutlng factor to
hperformance. 1ncrea31ngly S0 w1th younger chlldren in the pllot

d-studies.‘ Much of thls anx1ety seemed to be related to the sound
of test machlnery and the separatlon from famlllar envaronments ;

tandrpersons. Holdlng ‘the test se531ons near the gymna31um, hav-.
T

>'1_1ng a. parent present hav1ng aﬁ%rief famlllarlty session and

s ,Qanother dlfflcult de31gn dec131on. The younger the chlldren

,maklng the test contlngent on the chlld's w1111ngness to partlcl-.h y

;pate appeared to allev1ate thls problem greatly. The reassurance'

hﬂjof a parent belng present even though 511ent, was the largest |
7contr1but1ng factor 1n thls regard.,; | |

T The selectlon of whlch age ,8Toups to actually test was

'that could be tested the greater the llkellhOQd of flndlng de?td
uvelopmentalltrends. The cutoff p01nt had to be where the chlld
’could sufflclently understand the demands of ‘the task, whllef e
.’fkeeplng the 1ntegr1ty of the task 1ntact Thls requlred a need ﬁv_‘v

to understand s1mple verbal 1nstruct10ns, and have an attention

‘-f span long enough to complete the task 1tself.f Over and over.

"agaln 1n pllot testlng thls cutoff p01nt appeared to be at about»l

"d32 years 6 months. This. then was made the lowest age‘tested and =

lpbwas included 1n the group referred to as the 3 year old group.

TThe youngest ch11d tested was 2 years 7 mon&hs. .Another,child,
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of-2‘yéars 6-montﬁs.was tested as well but since he obviouély
could not understand.the taskﬂinstructibns the test éession Qas

-'abandOned;

}'Thé:apparatuék.proceduresvand inStructioné involved.in‘thé'”

study were'the résﬁlt'of exhauétiVe pilot'tesﬁihg.- While by no

" means perfect they do however reflect the best compromlse pos-

 '$1ble in. the given 31tuat10n and under the temporal and flnan--

01a1 restralnts of the experlment



_CHAPTER IV

i 'RESULTS AND DISCUSSION

a

“Dependent_Varlables ?f

’

Four dependent varlables were analyzed u81ng two and three
)

- way analyses ofuvarlance w1th the Tukey test employed for post

hoc analy31s.' Fdllowing 1s a brlef summary of those Varlables
and thelr POSSlble 81gn1f1cance. L

0

'g_ The first varlable'examlned was referred tO‘as slope. It

is a measurement of force- applled (measured in mm of pen d1s-p

’placement) over tlme (measured in seconds) ' ThlS is.a measure-\“

ment of average ve1001ty and as ‘such prov1des an 1nd1catlon of _
‘Lv'the temporal organlzatlon of the muscular response. ThlS varllg
7iable was examlned ‘both between trlals and between groups.'
The second varlable exam%ned is referred to as tlme to peak
"u'Thls 1s a measurement (1n seconds)‘of the time taken from the
'p01nt of secure plckup tlll the p01nt of max1mally applled
' force. Thls varlable allows the dlscussmon of varletles 1n'

o style of rasplng.. That 1s, was th grasp force cautlous (or
-8 P

isafety consclous as 1n the.grasp reflex (Twltchell 1965)) or

'Lconfldeht (as expected in a precise, predlctlve response (Hal-f

uverson, 1931))? Agaln thls varlable was examlned between trlals
s(and between groups..f“"' o v |
.»- ‘The thlrd varlable analyzed is- referred to as peak pres-
”'sure. Thgip s a measurement (1n mm of pen deflectlon) of the

’maxlmum 1n1t1al force applled. (The word pressure 1s used as’

‘uthe transducer actually measured changes 1n the 1nternal pres-lf'"'

fsure Of‘the obJect That pressure change however was the re-'ﬂ h

ot
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-sult of force applied byﬁthe subject to the'object. The two
terms,‘for the purposes pf'thisiinvestigationt can be used syn;.

onomously.) This variable provides an indication of the predic-

tive quality of_thefmotor behaviour._,Peak‘pressure was anal%zed
between trlals andvbetween groups.

The'fourth dependent warlable iS‘referred'to as'the post

“7peak 1nterval(s) Thls varlable was measured 1n terms of the.

»degree of pen deflection at spe01flc t1me perlods ( 2, .4, .o

'.83,1 O 1 2 seconds) follow1ng the attalnment of peak pressure." |
‘vfhe post peak 1nterval(s) allow the actual quallty of the grasp'
T;to be examlned (relatlve to the efflclency of force applled) B l p
ggonce 1n1t1al predlctlve responses have-been made.; Th1s varlable |
}was examlned (w1th repeated measures) between trlals and betweent‘~
groups. _ | | |

These four varlables w1ll be dlscussed in turn and the re-:“t

“,sults of thelr respectlve analyses prov1ded. The llmltatlons .‘:;4
'.placed upon thls study by the dlfflcultles reallzed in the or-" .f C ok

pder of presentatlon w1ll be resolved prlor to the dlscuss1on of | |

N

‘the remalnlng dependent varlables.

I L e S i A1 e

Slope :

The slope,.or the ratlo between pressure over tlme was

i

--‘su-.‘.~i-'-u;Jn:,~,-..~an'.vr»mv Pt e i

5exam1ned us1ng a’ two way ANOVA. (See table 1) No 51gn1flcant
ﬂdlfferences were found elther between trlals or between groups. -
fNo trends were readlly apparent (See flgure 1) | '

-:Between Groups (slope)

¢

The lack of 31gn1flcant dlfferences between groups is of -
"some 1nterest It suggests that each age group employed 51m1-5s;4

lar strategles in the appllcatlon of force, no matter how much =

. v o
P
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- Source of. Variation - -

A

“ss’ bR

P

.Between'Subjeéts: “.
'A' Main Effects . -

' ‘Subjecfa Within GrouPS‘J

Within Subjects: .. .
'B"Main~Effécf§ 

FA*ngInteféétion. f ;i, |
.779.991 108

'B' X Subj. Within Groups

'f ;tf1bé;82o f'39,'-
16,319 3
90.502° 36

© 92,160 120

3.654 3
8.515 9

54440

2.574

*1;218,
0.946
0,741

©2.164 NS

1.644 NS
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\

r Tlme to Peak ~7;hf?ﬂ7'f p 27

force was actually applled ' or how much tlme was taken to apply

‘that force."The veloc1ty of force applltatuon was relatlvely

; 31m11ar for all groups.» Any dlfferences in the amount of force

'of force productlon. It does lend 1tself to the suggestlon that.

'any dlfferences in Deak force appllcatlon mlght be due to slower.

L57 L

‘error correctlons, slower braklng responses or dlfferent levels.h"‘

of antlclpated or acceptable grasplng forces. As the tlme to

peak pressures for all groups ‘was’ very brlef,_around 300 msec on;

KT

though the lnfluence of the prlor two suggestlons cannot be dls-y‘“

counted entlrely. . R,
A

, T Y o
A two “way: analy51s of varlance was employed to dlscover '

'w-.average, the latter explanatlon 1s llkely the most probable al-:#(t*"

any 31gn1flcant dlfferences between groups or trlals on the mea-ihl,};:

sure tlme to peak (See table 2) The analysls revealed 51gn1-5“

e

flcant dlfferences between groups (F 3 629 df = 3, p < 02)

y_and between trlals (F\—'12 12, df ? 3, P —'"OO) Post hoc analatf

y51s §E1ng the Tukey test revealed 51gn1f1cant dlfferences at

the .05 level of 51gn1f1cance between the 5 year old group and

!

the 3 and 4 year old\groups._ There were no other 51gn1flcant

group dlfferences.v U51ng the same post hoc testlng procedure?'g

-

51gn1f1cant dlfferences at the .05 level of confldence were L

found between trlal 1vand all subsequent trlals,v2 3 and A.‘]g?”

rrn S e s
Between Gro s (tlme to ak) -ju_x,i_l_ lﬁ»tff' Qi

B As noted there were 51gn1f1cant dlfferences between the‘
-,t’

5 year old and 3 and 4 year old groups, the 5 year old gnpup

taklng,31gn1f1cantly longer to reach peak pressure.» (See flg-.v

ot g R I A

S
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-

" Table 2

ANOVA for Groups Vs

TIME TO PEAK

Tfialé

| "SS’ |

~DF

us

'.wlthln Subjects

IBI

Maln Effe&ts“a;;ﬁf.” 

80159

1.894
6 264~7f

16 880  

C3.917
C1s327

'${;11;636_

39

: ofé31
Coas

12306
0,147
':0.108;'~

3,629

112 120

1 369

0.02 .

o ooooo,

&
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tlve of the temooral organiaatlonal style which +"r:l“ie the:

graSp reflex. lhls suggestlon is _ade as the undlf erentiated‘u~

- respons » of tde'reflex is ver" duch Welghtea in ter*s of force

9

1n ‘a "better- oo much than too 1i%t le" sit ua on. forceabeing

S

~appli ed qulcx ¥ adf stv "‘,In'no‘instance was'too little.

fOrcevapp ed and tne very corservatlve tlme to oeax on tne

3

initial’ trzalisay‘lndlnate t "sa?é**.mlrst" 1nfluence oP +ne

k3

grasp reflex, an 1n?luence wn‘ch oov1ouslb loaos the resoonse e

L for-succﬁ?s., This_ otlon gairs adoed stren@ since tne[velocifif'

r
FA [N L

ty of 1“orce appl atlon (slooe) re"alueo

. R
e A
q

frelatlwegy constant.
‘Deak Dressu“a*uif |

Lo

A
A two way analysds of“varlanoe was“eguluyed to»dﬂscover

| the ex1stance ofiany 51gn1f1cant dlfferences oetween groups on
:c;?. ltrlals in terms of the peak pressure measu;er3>(See table 3) Sl
S “%he anaigsds revealed a 51gn1flcant dmfference between groups o o

(F A 733. df 3, P ‘<, 006) ' Post hoc analy51s u51ng the 'jl?fh~“r
Tukey test revealed 51gn1flcant dlfferences at the 01 level
between the adult group and the 3 and % year old groups and

between the#S year olds and the 3 and % year old groups. 2The§‘

i

dlfferences between the. adults and 5 year olds 1s barely non—:fffzfﬁtf,u”

sxgnlflcant at the 05 level' (F - s508, = 3, p 4 67) ‘fdf,ffa;h,

Between Trlals }j}‘ﬂm:‘ﬁ #/‘;_: ;{\>1.11” A‘¥ T.a:A f . ﬁ.._ﬂ.

“a

”
’
caP v 1d e e

No s1gn1f1cant dlfferences were found between trlals.ft

(See flgufeaAB, 4, 5 and 6) Thls SR a somewhat surpr1s1ng flnd-f

‘. ' -.?

1ng as 1t suggests that, in terms of the amount of force ap- jlff_fffﬁféf

plled that no s1gn1f1cant changes in efflclency occurred ulnr‘4”

llght of the flndIngs of tlme to peak 1t would appear that re-"l

latlvely the same amount of force was applled from trlal to _

.
ST ano
L Ak et dimv e T
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SRR AN ;--~u‘ﬂ; lable 3
L L :;.13‘f‘ ﬁNOVA for Groucs vs.‘T'iélsl
' : e HAK PR SSURd '

L= - - -

' 5beur¢e.¢f,Varidt%6n',‘  “'SS,‘f .‘;DFr,:1MS"

5 " T

‘:*‘Batween SubJects f;f}lﬁ,.2882;902? 39ff

-
N T
" o - .

r¢'W1thln SubJectsv_v»’,7'11J2267;ooo' 120 (

y@f -1 Main Effects 1::,;'  i  29'443. “3]f  §;81A.ﬂ .
'A*B' Interactlon o .'f' 150 430 ”Q‘ f16.714'
'B' X SubJ Wlthln Groups__2087 f68“108_-31?.326f

A

. \A' Malm'Effects. . 8151431 "3 271, 810"'4.7}33

'ASubJects WIthln Groups - 2067.457 36 57. 429v-=

0.006

A g‘\ B .
B S .
\ . - R -
- : DEPS N L
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.~trial._only the timeé taken to apply that force différed in any

'significant:way.' When lookingyat the cell means_for‘eaoh group,'

lno'trends-are'apparent except in the case ofithe_adult_group

. . ¢iwhere the results for the 3rd and'Ath trials. are markedly im-

oroved'over*the‘first two'trials. '(aee flgure 6) his sug-
gests tnat for the - adult group some 1earnmg is occurring axter‘
tuo trlals and that the amount of pressure oelug_appl;ed.ls be-
comlng lncrea31ngly nrec1se.-‘1hls trend-must oe:disouseed~wi*h
.some cautlon however due to the llm*ted number of Arlals report-r

ke,

"edri It cannot be stated that tnls +rend woald not‘aooea, for

«the other age groups after a greater Aumber. of trlals. The

trend does at least suggest however, that tqe adult group dls-

‘1played more efflclent error correctlon._oerhaps due to ‘a more

”hlghly developed schema.;_Thls in . turn suggests a fast achleme-'ﬂ

",51zed however that thls 1s only an 1nterpretatlon of apparent

gtrends, not of statistlcally 51gn1flcant dlfferences uncovered w@
] 'yw

ffby the analy51s of varlance.ll‘f, -dd‘j'H; fle‘fd ;eﬁi‘;u s

| Between Groups j_! :-T.TTQ'T-E;QV"'

Post hoc analy51s revealed sagnlflcant dlfferences between

}the 3 and 4 year old groups compared to the 5 year old and adult

Vl

'Vgroups} The younger chlldren recorded 51gn1f1cant1y hlgher peak

{af;ly llttle dlfference between the two younger groups w1th theﬂ-

'A;adults genera}ly performlng better than the 5 year old groupsg3f5

e

Hbetween the ages of 4 and 5 w1th a smaller non 31gn1f1cant 1m4:'i

provement between age 5 and adulthood . The 1ntr1gu1ng flndlngf:“

, mediiof mlnlmal capaclty demands at the task. It must be empha-="

"fffpressures over all trlals. The trend apparent was for relatlve-fhgff

ig(See flgure 7) There appears to be a large developmental Jump 3L5f}}1“

2P iR AL LR 34T e o
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1s the large 1ncrease 1n performance between the ages of A and';;~

5. It has been postulated previously that 1ncreases in the

amount and varlablllty of grasplng experlences mlght lead to

-

lmproved motor oerformance suosequent to tbe reflnement of the

schema controlllng those movements.v (Schmidt, 1976) .In-llght»‘

.of thls. the lact that the 5 year olds wereuald enrolled 1n

oA

. 3

'noted 1n thls expernment. Tnese d*fPerenoes could not be attrl-"

—~ a3
r

"1n the amount and\varlablllty o;

Fy

wallC scnool k’ndergar,en whlle none oL.the a.year*olds were,

galns added 51gn1l1cance. As many of the aCulVloles assoc1ated

v

wlth x:n@gfcarten are fine, motor nrehen51ve ‘in t/pe (sc1ssor

cuttlng; crayonln B palnt ng, etc ). lt could be suggested tnat
S o 8
it is thls 1ncrease 1n the anount and varlazl_lt* A£~grasy?

experlences that 1 tne cause of the dlzlerences-ln oerforé{w”

buted to dlfferent types or forms of grips employedﬁas all sub-; |

2y
AN

Jects. regardless of gge, madaxuse of the olncer tyoe grl :ﬁlt

o

-ua. L .n

i is however an unproven assumntlon that thé%e ls a- large 1ncrease

vy

'grasplng eXperlehces for these

subJects upon enterlno klndergarten._an assumntlon that pre—;-‘

i

cludes proof of ancausal relatlonshlp., It is howeven a loglcain““

assumptlon and therefore lends some credence to the suggestlohv“ 1.”

=y

of cause.;' e ‘

If the 1n1t1ally applled peak pressure is taken as a measure

of the ant1c1pat10n of the requnred force, it is apparent that ‘hmij ‘fﬁj

the 5 year old group 1s deflnltely superlor to the younger chll-j

1

dren in the quallty of thelr antlclpatlon. (See flgure 7)

g

Whether thls 1ncreased quallxy 1s due to;a more preclse know—

or some comblnatlon ofvthe twd'ls not eas1ly dlscerned.v-ln allu_“

m e R



;llkelihOOd‘it*is SOméTCOmbination'of the two factors. (Bower, o
1976 P 178) The knowledge that thls 1n1t1a1 pressure ‘is not e

modlfled after a number of trlals does suvgest that ‘the dlffer-»d

4

'ﬁ%_f%f*encev1s—dd%“to dIfferentﬁperceptions*of—wnat is—an—approprrate
amount of force requlred to hold the obJect.d It would-appear:

that for each of" the non—adult groups that the 1n1t1al antici-

patlon of force is. sufflclently accurate out that w1th 1ncreas-3

A lng age ‘a more eff1c1ent understandlng of what force is a’nduate

for grasolngldeveloos. The' adul ant1c1patlon then zatch
‘thelr eXpectatdons but the quallty of thelr e r:“.atlons stréii
::hxlned to allow greater grasplng eff c1enCJ.i It is cruCial'to¥5
,understand +hat thls measurement was not an. lldlcatlon of tne
ntlal quallty of the cnlld‘s 5rasp but ratner o: tne normal‘;-d
S functlonlng qualltj of the chlld ; As such lt sug~ests that ’
jounger chlldren have a larger bandw1dtn of error 1n terms Qf
grasolng Porce., They do not expect obJects *o wglvn more thandfT
Th, +hey actually do but rather expect that tney need more -orce to_'
succéssfully manlpulate tne obJect than tney actua’l/ requlre.‘.
 This does not- change over trlals. The dlfference then is llkely.'hu'

?Wln the quallty of the grasp 1tself 1n terms of 1ts efflclency.,,'g

The § yqar old 1s 51mply more eff1c1ent at grasplng than the 4

g “““”'--

v year old, ‘an. efflclency that 1mp11es both a better knowledge of,fl
the enV1ronment and an’ ablllty to manlpula e 1t. Increased ef;fdﬁ

7777777777 f1c1ency should equate well wlth less error and.therefore less >
need for error correctlon and therefore a reduced demand for ;5
;; channel capa01ty durlng normal functlohlng._ If 1ncreased ef-.ffm[;l:fﬁf}

nf'-' ftglency results from the agcumulated correctlons of errors

| lead1ng to the reflnement of ‘a hlghly accurate schema, and 1f L

LA g Ve |
. el

.



the correction of -error requ1res the use of channel capa01ty ‘as

the Chlld strlves to reduce that env1ronmental uncertalnty. then

'.the attalnmen* of more eff1c1ent behav1our should reflect lower . =

e¥f—~——channel_ﬂa-a "y—demands——evenwdurlng—normal—9u“ctlgnrng at the

autonomous level of sklll acqulsltlon.l The. adul+ then, operaAﬂ‘;

‘tlng wlth a hlghly developed schema, also demonstrates the most

tn,‘

deff1c1ent grasplng and therefore has effectlvely mlnlmlzed the-

.

".chapa01tyudemands requrred of grasplng 1n the normal - functlonlng -

”vPost Peak Interval

yﬂ

_uses;: Thls eff1c1ency should not only be reflected 1n the an-‘

D P2
' yfhe*accuracy of the grasp follow1ng the 1n1t1al grasp

‘f;{spect w1ll be analyzed by studylng post peak 1nterval

i"tF'.

A tnree way ANOVA wlth repeated measures was employed to

'pdlscover any dlfferences 1n force appllcatlon between groups and
dover trlals at peak pressure and sux subsequent ( 2 second) post

'peak 1ntervals. (See table 4) Slgnlflcant dlfferences were
pat the .01 1eve1 of confldence between the 3 and 4 year old

uysls of the post peak 1ntervals 1ndlcated 31gn1flcant*dlfferenc-ﬁv
‘es (at the 01 level of confldence) between the peak pressure

‘fand all subsequent 1ntervals, between the' 2 second 1nterupl and

.8, 1 O and 1 2 second 1ntervals and between the £ é%condjlnter- &

'v~.“{h‘3\r .

51tuatlon. thus freelng a max1mal amountuofgtapa01ty for other fb pee

‘;tac1matory asnects of the grasp - t1me to peak and peak pressure’p

>b_'found betWeen groups and between post peak 1ntervals.- Post hoc p'”

'f,’analy31s employlng ‘the. Tukey test found 51gn1f1cant dlfferenceS't”F"

-groups and the 5 year old and adult groups, w1th nelther palrlng‘ o

'351gn1f1cantly dlfferent from each other.' The same post hoe anal-u~.t'

Auii‘all subsequent 1ntervals, between the} 4. second 1nterval and the._ﬁ

A e e
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- Table 4

ANOVA for Groups vSs. Trlals Vs’.Ihtérvals

POST PEAK INTERVAL - ... -

Source .0 S8 w_DF "ffmslgx- NS

LS
N

a

© Bet Subj | 10857.730 39
A Y 6090.7031- ';;3,,2030‘2344 15 33

~‘.’Jsubjfw;afoupdg=A767.0273=,.'26x\132 K’742

e & . . : .~ o
© . Within Subj !
© BT 0960156250 1 3 32 052078 Lo, 60"“

Y

o iaé17;%§§]g%g$o,] R ;s

“y .

AB 213, 00000 "9 23, 666656 0,45

" B X Sebj WG 5740.6563 108 53.154221°

'__v°C?X‘SﬁijWkG;’j1629 7227)‘;216 f.."

‘o :

'usc“x-Subj;wgcﬂ;312§;5898,‘néﬁs'fA 8249836

]
‘4

ooy
AT 91566406 . 8 s,

ESR

CABC L 161.23438 54;'2 9858217 0. 62

3679’39845:;’ 6-1613.23291 ”31.28

mu, E

'o @ﬂo o

. SRy
R |



the teﬂporal

fél . &&re,. {See
Ci;ﬁ: peak pressure and,
o nl}lcané
- and_.2.ségon
: the B W and
;' pear at A
levelled off e
: B : : L
i ._gmbsequent 1ntervals @p ear‘ “f
for a’coutlnuedVVeF" *radu“ ’ ﬁ,;
vldes an 1nd1caplon of the'dih E;f.
A'the levelﬂof force‘w1uh Qﬁf ; : 'em,lall;'iefd. ’:”_%fg
; fin.;.@Tﬁeaba51c ford of grasp fg; éll{g;ﬁﬁ?fl*af§§5'aﬁﬁ;z.fc§e *:l * |
B eﬁceSS amount of ferce and then qulckﬁy reduce txat ’orcelio{a.gg‘fr
.‘: f.more acceptable level ,The older the group,»as we | nave see“, .
f'ﬂ"the lower é&lh the 1n1t1al gerCe and the.subsequent oorreptlons.;f:g§ﬁ
"};T It would suggest that for grasplng inf normal fu&ctlonlng that*a n;H .;?
;”certaln amount of error 1s bullt‘ln the grasp 1tself 1n terms of". Z\
'“»:tﬁé iﬁlﬁral applled pressure., ThlS system lowers the p0851b1—77ﬁ‘\'1w
1yjl‘i11ty of falled,grasplng due t; too lltt e éoﬁCe belng applled | T
ﬁ;ﬂvfﬂAgaln the 'safety flrst' 1hfluence of th; grasp reflex can beljﬁ;ff ,5
~j:; iseen here.~ As prehen51ueu£e%aubour‘becoues‘more dlfferentlatedv,v |
}Sﬂﬂ_‘lt appears to bear the 1mpr;nt stll of 1¢s progenltor. Iu pl-j’y"j
o ﬁwlot studles %pth adult subgects wHen asked to plck up the obJecfs bg@'e
Sy . - B

leth great care tth form of grasplng dlsappeared almostﬂcom-"”

- P P . . RN .
."A v . . . R . "l' o
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: ‘. 4 g
pletely,” Mrtlc‘ula‘rly@fter the f:Lrst tnlal. Ih 1t‘s stead a- very
‘rpade w:ﬁth mlnlmal eyroor. Tflls effort .
: er‘traTl nm‘aroﬁ;fs s—pot“ t*rfl—ca'l“m v *
3 Vo ; ‘ ol )“;\Sv_‘»‘", ‘»;‘ - ) . . e -J\ Lo .~" . ‘.\' f
%"Q riormal ¢ rs",,“{‘&nsiv.e; benavigurs. -be normal “or'n o .g&raspln" ca- ‘
A » . '~': "" oz 1( < o . N RN ’ AR

e modifi

(373)@2or18 ontr olds.i- ‘Ije_.reooryteo e{c’*sf tl y noé@‘*?orv’ol-
sy P

-o“'v;in‘g ‘on;_e trlal 'dl't"l‘ an OOJeCt 'to.ver does not spec:Lfy what s

.“

. , : 4 ﬁ‘ K AA. . . - .\ . ; » ..V o -
level of f,‘or.ce Was: acceptab’le to be referred to as erro& free
s el ¢ . : Bt D f R ' '.’l ;
mentlonlng only ‘bhat "a mlnlmu,m pressure \necessary !o hold,"each
P S e T T e b
', ObJ ect was: determlned emplrlcally"' (p 357.— , If ‘;'haﬁ re ding; had
- . . . 'y “ ,/v 4

beén set too hlgh hls results may have been due 'to‘“a lac

ﬂ, B -

- ’ sens1t1v1ty rather than the quality of grasplng Qf.jhe, ‘

Ind’e ed

- K

« ment was that of tf'he mean peak pressure of the 3 year old group

l

the resultant analy31s would uave a@eed entlrely w1th t*he ear-

‘, e

l:Ler flndlngs of Monou? and Bowe»r.._ Th:Ls was not the case how—

Coe r . i A ¥
e . . > S 3
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e G, -5 o ‘ SO
in” strong,dlsagreement wf%h B0wer and ‘Monoud's findings.
’ . . ’ [T o . ‘o,
T Betwé%n Groups ' .“-“;}‘: ".;,.,p-‘... SRR e S
' ; - ‘ yo T “ir. Yo e :

U

i R The szgnlflcant dllference oetween ‘th e A ana 5 yean oﬁ@
groups conflrmed that tne ozf?erence*noted in the A’OVA for eax

o : .a R | . . .
S (7p: u;e contlnued across tne Sk "hd oe&3 intervalg. .(See £i gures

‘. 9.‘ ML

3 »
. . -g
"sug estlon“ﬁnm%

£ - . . s . S
Urehen51?§£@fa11ty dfhl(ﬁe ulrexmore L&D&Cltj t wrerform 3
5'-" s§§c1f1c act 1s Telnforced§%ere.»~.’, .'jlif ”4; ?_‘;

o
Vs - 3 R

nemands oﬁ’bapac1ty ar"

: f.'f‘ .\‘-r_ b"a , L \ i
o remain qulte cd:ﬂ. OVE;\Eil the age groups tested fThere 15;.f
N R e o~ Y
4 hqwever a’ 51gn1flcantv1ncrease 1n quallty of the graap as mea: o

e »_ -

\

g :'sured 1n terms of applled force over‘the.entlre response.- Wlth-w
o . : Q.

}g in the perspectlve of thls thes1s thls 1ncrease in. quallty 1s an_t’
L 1ndlcatlon of a more exact motor schema.. That 1s,/éhe set of

I g s
\o.' e, . Kod 4 N

:9gn1t1ve rules governlng the force productlon aSpects of pre-hﬂf_‘

v

A B - 7. a -

3hen31on has been‘modlfled through exten51Ve and varle@‘experl—y””

» bl

‘g}%fhﬁence to allow ﬁhe gradual reflnement of a. more pre01se and effl-

-~ . G

;01ent response. The process of developlng that motor schema re-’
;g;h qulres the use of some proce581ng capac;ty, the actual amount

.decreas1ng as the behav1our reaches a’ mature state. The per
ﬁ;jﬁchentage of capaclty 1nvolved 1n the development of flne prehen§ '1-
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slve quallty is, not presumed to be large. For the normally o
:functlonlng child. thls small loss of process1ng capa01ty tQ o

prehens1ve development is 11kely of no eat 31gnif1cance to. ;l

deveiopment as a’ whdle. The loss of ck pacity would be . of grea-_‘

v oo » -
"ter 1mport howeVer to an 1nd1v1dualgwhose total process1ng ca-
‘.,'jv'npac1¢y was~11m1ted L R u%
oY S : e ‘ . . ','."',‘l T‘A{'. 8 o .
;Trlals and Group Interactlon r?‘jff ‘fil;f ,"h ;f‘j”"‘i'id‘

i ffd'il No 51gn1flolnt dlfferences were found between trlals and p;f e

SR S
3Part from the adult group ‘no trends were ev1dent. A deflnlte j'

..-”.» XS ol i
e fiend to reduced 1n1t1al pressuﬁ%s followlng two trlals was no-
P

47% & ted aﬂong the adult group but no~tr1al by group 1nteract1%n was

RO
uncgvered 1n the ANOVA. There 1s d strong posslbﬁalty that ar

J

!Etype ll error ex1sts here._ The power of the ana§§51s was gneatﬁrf;"

K 1:2 e
younger gub ects.‘ Whlle both expected and unav01dable, the:',

D ('a’

. ’ At
,ﬂ varlablllty is. exten51ve enough to mask any poss1ble dlffer-;',
: ences.iﬁ-;‘ 7~f,f-j};,g;~w5»"5 -1ﬁ
- & L : = .
s l]fwﬁtiv AT -
< ] | ‘{ 3 . ’, : - e -‘ ’//’
. -y § P \ ' P ‘a. X - : . \}
e Cel e ;
T e 1 B S
S It Y

S ‘
0

educed by the varlaballty 1n performanca demonstrated by the”f'“.
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Wlthln the constralnts and llmltatlons of thls thes1s the
e R P

follow1ng conclu31ons can be drawn 1n referénce to the preV1ous-~:4; )

PR

,.f, : ly stated hypotheses.

e‘ N b '3 . . L &
T The ba51c form of the grasp response in terms,of R R oo

'f j]':‘fﬁ the temporal organlzatlon of force appllcatlon'

R - -

-v:was essentlally the same for all age groups.‘::["'j S
Q a0

Normal prehens1ve"functlon1ng appears to 1nvolve‘

ICEE _f¢,.’a dellberate error/correctlon sequence. glhe ,»,;~.“sﬁ_~ L

"‘ - B 7 L8 w

.-.

. tlme over whlch the f ce 1s in;

\l,.

-.and the veloc1ty (slo ?gg.fprc, C plicatéohﬁ.“'bgz*ff R
o, - ! EED el ’ ’ .'l;:‘;ll e v.', A‘ ! B 7’— .'"'. ._ . N EE
{flerent between age '_7hf3f”:f-,-; S

D are not 51gn1f1cantl

1..A.‘~la“ \ . ,.'- :

'“’;fgroups.’ The actual form suggests the 1nflu-V

'Gience of the grasp reflex as; the behav1our s, ﬁfgﬁf;iffii;c*

'_; orlgln, as dlfferentatlon follows a. cons1s-zl

A ““ftently overly forceful 1n1t1al grasp. ThlS 1s'§»'-;f3jn?g&:,$p

3 e .
A . 1‘\ .

T 'V,t
»“‘“;V;s;mllar to the organlzatlon of the grggp re-‘g
‘flex in- that safety ox\succgss is empH381zed L f#ﬂ‘fh_fté@if*?

?,l_*‘p:ut ﬂf:throﬁgh undlfferentlated forcé appllcatlon.?.l~.ﬂjg{fﬁfitf"

\-l

fj'fntdtﬂ‘EQ.iﬁOlder age groups demonstnated more sklllful Il:f?*& fj~l;¢ﬂ,}
ST behav1our as %&e 1n1t1al amount of foroe ap- ﬂ-“?,! T e
KT ;plled decreased w1th age. ThlS developmental 73._.1' S B
Joon f:‘*‘;:_,trend was 81gn1f;cant between the ages of A and fl%vffw‘"““'

va5 suggestlng the pos31b111ty of some enV1ron— -

PR 3

Qgﬁmental 1nfluence.; The w1de varlety of prehen-{;ﬂ-uff{"'f

o

'181ve experlences assoclated_w1th the beglnnlng EAEEA




: ey e e
e 5 e ‘ ' -
. © " S v : ‘;‘5‘ 'n" - _.V\
of schooling was submltted asra p0551ble env1-7'=
ﬁ?ﬁfrm.j‘ S ronmental 1nfluence.f ThlS would be congruent
R o m
- v : wlth Schmldt's (1975).var1ab111ty of oractlse e '
Q\Jdn,: di' hypothe51s. B "‘ﬁ:‘,-:,\‘_gw1_ _' |
r';"’; _ 3._ No 51gn1flcant dlfferences were found for any
’,?af" R group in terms of peak pressure reduotlons. l*l;'gg PR
;fﬁuf .jf' lléﬁ
. : e éw e
L relatlvely small number ‘of tnlals un?hkghkenE
SRR u-.. e e S””fj"' o
,prehens1on 1s suggested as well _ The strong 1nflue9ce Of h.l; G ST
- '-env1ronment 1n the developmentlof that skllledi%ehav1our 1s :gf. .; S
‘also strongly suggested, atig“st 1ntu1t1vely, by the 1ncrease":”
' 1n Sklll level assoclated wlth the advent of fofmal schoollng
t%épf;. Thlslln?estlgat;on uneovers but a small portlon of the ff'f .x;iﬁ'*
B A S
:kmotor development of chlldren h17herﬁo unexplored._ The need to ;,Tf.;~;;
e .‘_& - N o e
a better understand the 1nteractldﬂs of” the development of Sklll . Wy
\p"’«' e -\ '_ B
: 'quallty and development of the.;nd1v1dual as a whole remalns =
L howeVer. The dynamlc 1nteractlons of mptor developmen; w1th fhe ;} :;Tég
;5 development of the 1nd1v1dual need to be understood before tru-g'7!£ﬂ;5§?

»that development, where ass1stance 1s needed as well as to rec-fwﬁtf




Dhrlng the creatlon of equ1pment, tne testlng of. subJects,

Ve

3and the analy51= of\data, a number of dlfflcultles arose that .vd;ﬁit

further research could greatly allev1ate. A number of %he more

=l

substantaal~and-u answered—e" ﬁrmons and—yrobrems~are—~resented—-—f~4-—

.
PO

in the follow1ng llst._ : 4'°' ‘.T?T

,Tri What are the actual effects of verbalblnstruc~°;’
o b ':‘h" ‘ tlons on the motor behav1our of chlldren.ang bbAf_;h Valg;H
hf'iﬁn#‘adults°. Do chlldrenuof dlfferentbages resoond o e
BT dlfferently to‘51m11ar 1nstruct1ons due toadlf'h.ﬁﬁ:id>'_d
ferent perceptlons of the meanlng @ﬁ the-wozds.?%;_fu'dg;hgt:f«

.

e ewployear Tl

IR o T :.S:i':.'“i" S .dv ' ."‘f ‘
2; Should the ratlo of hand 51ze to.gﬁﬁect srze v T e e T
s =P? ) . : K3 "L -\-v“: ‘ i ,4.>‘/ .
. be kept conalstent° Do changes 1n thlsggatlo o e
: / V . v vd.

affect what 1s measured as.normal grasplng

Rr

force° ﬁjjd ”’»jv_‘. ‘.y »

'QJ;B;n Do dlfferences 1n the allgnment of/shouiﬁer,_{

- - »

”
o.._‘
.

B elbow and wrlst between 1nd1v1duals of‘varylng ‘;;: Ly

At . e T

L

‘ilnjf*'i,~5”7ﬂ an obJectr g"Can th1SRd1fflcultbie allev1ated
. . Cel ' - J el -':_ .

.‘ﬁgf‘;.;& through a: strlctly controlled and measufed““ L
- - . "R E - :

3

‘Z‘ig_l placement of test obJects° f

the creation,of a reeearch des1gn whlch '7:  Qj;,ﬁ;:fgixhﬁ

.afxfbf~ﬂ,-j would allow chlldren to be tested on ax.fagi‘ ) i;r“i7ébd

‘5\;fﬁf7btr77”’ greatgg number of tr1als,w1thaa greater

nf\:ef:?dlr‘”jwft number of obJects.“ﬁ; -

N SR . . . @,-‘J -ri};,¢§=v'£'fa, I ”Zﬁfr.t,“'
L b the creatlon of a testlng procedure Wthh T




o ‘. w1th accuracy and coﬁs1stancy..§'_ y‘ ‘ .
.' "c“;"’.ithe development of test obJects whlch would )
) AF":"’_"aI‘iLow_pnecrse measuremen_t_o,f_mgr&Splng forces .
‘ whlle ‘not requ1r1ng spec:Lallzed 1nstruct10ns :
to dlrect behav1our. ' ? o _
If further research 1n .'th aarea‘lslto be undertaken,",“": | S



P BT REFERENCE ﬁIST E T TR IR

B

3 St T U
; Adle, We rorced crasplng ‘and groplno."Brain,31927g 30,U164—'“ '
e, o - APEINAAREE

Be&ntema-—D J«—wA—Neukologlcal—study oﬁ—newbcrnwlnﬂants, ‘London:”r‘”,‘_?
';” 4" Helnneman, 1968 ‘ . S ot

, @ell C., The Brldgewater treatlses. 2TV the hand.,éLondoh:j,3 SRR

h,i-'n chkerlng, U., 18331 V ' “”2-.lf\f — L ‘#- v "7G‘J_':f'btnﬂ

+

Berlyne, D:E.r Cur1031ty and Exploratlon. 501ence, 1966 25 33._,
'ﬂwordlnatlon and regulatlon’of moveﬂent i‘?f «fﬁl’
. ) 1967-0 L S e o @ PR -
A - Bower VT.Q;R.fi ‘ opment 1n ;nfancy. 3§aanranciSbos'hFréeman,"-]ﬁf;_'
Bower, T G R.. A Prlmer of 1nfant‘degelopmant.g San Franc1sco L DR
Freeman“ w H & Co., 1977 Tl e :“ ;‘wwg.,-'i U?y g K

L Y

Bernsteln, N; The
London Pel"c.ag',

.téﬁ

’ 1'

\.:)

Bralnerd C J- Plaget's tHeory of lntelllpence._ nngleWOOd f’:,? e
Cllff% N ? Prentace Hall Inc., 1928 ~f_¢vluw o u* :

} Con L .

Bruner, J % Organlzatlon of early sxllled actlon.. Chlld Db¢e1-~

.1"":.‘,;;' Ogment, 1973 491 1 11 ST : --"~ D ( PR \@ T

A-Av

.',..
S

"““ﬁryan E s. Variatlo¥§ in the responses oz infants durln .the'
SO flrst ‘ten ‘days’ o postnatal llfe.' Chlld Development"l%32
~ 1, - 56 77- : - B * ' S '

\l~‘

The ﬂevelopment of ﬂlne prehens n ;n 1nﬁancy.;'b

fCastn"r,lBsM. v
‘ Genetlc Psvcholdgy Monograph 1?32 1%” 1 19T -;nq-?;,‘;'«ﬁ?-f‘
| : ; J‘\p ‘ mg. "( Y l_ L P LN _1;_.'1'.
o Chaney, L. B.,.& McG wv M B:\ﬂRefﬂexes am@ dther mo%or ct1v1tles SRR
¥ vv;-ln newborn 1nf vBullémlaneurol glcél InSfltUﬂe Of New 'ﬁ'Vﬁf" -
. : I o : I

J.. The. evolution *and onmogen 5finand 'in*fﬂ"

.\In E%holog;cal ‘studies of “ehild. b5h£v1our, Jones,,:T" L
.B.;'Vd.@ Cambrldge Uhlver51§y Pfess, 1%72 N R
Connolly,‘KZf The development of competence'ln motom SklllS. In , =f£ '
g Psychology of motor behavroyr ‘and sport - 19794 Nadeau, C.H H., S
wl ~-Halliwell;«¥. P4 ‘Newglls KMoy & Roberks, G}@ﬁ}hmds,, Chamc o

SN

R palgn,.lll..ﬁ Human Klnetles Eub., 1979
sl I , : R AT

o gDewey, m. Behav1oug’development in 1nfanﬁs.~‘Né“
R Unlver51ty Press, 1935.; T B ;;i ,

. —-'. . . ¢ e 3 l} ’~', " - k S .‘ ° S . : . v
o E 115, M Jo Play and 1ts theorles re egamlned. fParks and Recre-‘ref,p

H“atron, 1971 51 56 Hiiu‘@" ,ﬁsﬂ.w/‘ifiﬁf? e R o

f"

zoikﬁlfeéruﬁéiaﬁf.::,*~';




87

Espenschade. A.S., & Eckert, H.M. \ Motor development Colnmbus;

Charles E. Merrill'Pub Co., 967.

‘Evans, S.H. A brief statement of schema theory. - Bsychonomic
Science, 1967, 87 88 . . o 4

4:Fitts. P.M. Perceptual-motor Sklll learnlng. In Categories‘of
human learning, Melton. A. w.._Ed.. New York: Academic
Press, 1964.. : ’

uFiavell' J.H. Cognltlve demEIopment. ‘Englewoodfciiffs; N.J,: o

Prentice- Hall Inc.. 1977.

: Freedman, D.G.” Human- infancy: ‘an evolutlinary perspectfﬁe. -
Hillsdale, N.J.:. Lawrence Erlbaum Assoc., 1975. ~

Cesell A.  The. mental g;pwth of the oreschool Chlld. ‘New. York:

Macmillan, 1928._ S o\

*cesell A., & Amatruda,
s darper and pow. 194 .
R . \ ’ . t ’ C
-Glbson. =, Prlnc;ples of perceptual . develooment and develon-
' mento New York° Appleton- Century Cr01ts. 1367.

ulvler, ? C. The intell ectual 51gn1f1cance of the grasoloé
g re?lex. The Journ l of Pbiloaoony. 1921, 18,.017 -628,

‘GJencross, Ded.s & Sharp, . C A. oomoetltlon between 1nrnt and
" output processes. Journal of 4uman Movement btudles, 1978

4, 27-35.

,Halth, M M Whe forgotten message of the 1nfant smlle. 'Merrillie

Palmer#Quarterly. 1973. 18, 321~322

'ngalverson, H.M. An expeglmental study of prehen51on in 1nfants
by means of systematlc cinema records.5 Genetic psycholop;y

Mon r_phs. 1931. 10, 107 286.,

..i i

~ Halverson. H.M. A further study of grasr*ng. Jonrnal'of7Cene§ :

tic Psxgho{_gx 1932 1, 34- 64. S

Halverson. ‘HoM. The acqu151tlon of skill .in 1nfancy.,ﬁjournali
of Genetlc Psxoholggy. 1933, 52 3 48 S S

Halverson, HoM, Studaes of the grasplng responses of earl
'1nfancy.y Journal of Genetlc Psychology, 1937 51, 371 499.

c. S."Develonmenial diagnosis. London33
7 - N .. L .

'H98&n. Je C.. & Hogan. R.. Organlzatlon of early skllled actlon.<m-5‘ 

: some comments._ Chlld Development 1975, 46, 233- 236.u

Humnhrey.,T.T Human fetal reflexes. In Growth and maturatlon
o of the brain, Purpure,dD.E.,.&'Schade,vJ.P., Edsf,‘19 e

M o . . .



88
Vo L "

Hunt, J.McV. The 1mpact and llmltatlons of the glant in- develop-
mental psychology. In Elkind, D., & Flavell, J.H., Eds., -
Studies in cognitive’ development. essays in honour of

Jean Plaget. New York: Oxford University Press, 1969.

" Hutt, S.J., Lenard, H.G., & Prechtl, H.F.R. *'PsychophySIdlogy
of the newborn. In Advances in Child. Development and -
Behaviour, Vol Ay L1p31tt L.P., & Reese, H. w., Eds.,

'1969
‘.

Jones, F W. ‘The principles . of anatomy as seen in the hand
Phlladelphla. P. Blakitson's Son & Co., 1920. S

Judson.,H.F, The search for solutlons. ‘New York: Holt, Rhine-
~ hart & Vinston, 1980. . ‘ ' L PR

- Kahneman, P. ‘Attention and effort. Englewood Cliffs.'N.J;f
’ -.Prentice-HaIl‘Inc;,-1973 ' S .

Kay; H., Development of motor skills from blrth to adolescence.
In- Bllodeau, E.A., Zd., Principles . of skill acqulsltlon. ‘

. New York: Academlc Press. 1969. 33-55.

Kagan;‘J{"The determinants of att enulon in the 1nfant 'Ame}icsn
Scientist, 1970, 8, 298 306 o N

Keogh J.F.  The study of movement sklll develoc ent;f Quest;
197728, F6-gs T L

Kopp;’C; Fine motcr abllltles of 1n?an+s. Develovmental . -
Medlclne and Chlld Neurology, 1974(A), 16, 629-636.

' -Kopo.-C. _Derspectives on 1nlant motor system development. In
Psychological development from infancy: Image to jnten-
tion, Bornstein, ¥.H., & Kessen, W., dS;,~KEW'Y0rk:“ John-
hlley & Sons. 1979. AR DR

: o o .

.Kopp, C., & Shoperman, J. Cognlulve development in the absence4
of obgect man*pulatlon ‘during 1nfancy._ Developmental Psy-

chologx. 1973 9, 431, o T
-vKopp. C.. Slgman. M.. P Parmelee. A H Long1tud1nal stud of

sensorimotor development. Developmental Psychology. 197&(8), '

10, 687-695.

‘:Langworthy. Q.R. " The dlfferentlatlon of behav1our patterns 1n
‘the- fetus and infant. Bra1n,,1932 55,.265 277. C

Lerner, R.M. Conce'ts and theorles of human develobment. Lon- -
don: Addlsson-wesley Pub. Co., 197 o oo SR

'Lefner.'R M.  Nature, nurture and’ dynamic interactlonism. uHumen'
development, 1978 21, 1 ~20. : ‘ N

e
L

Y T N IR R

REEILE 2 CP RE R

ot ks e v . el etle



89

-\
i

Lipsitt, L. Learning capacities of the human 1nfant. In‘Brain‘
: . and _early behaviour, Robinson, R.J., Ed., London: .Acudemic

,Press,_1969. ,

L R — ' - TN

Marteniuk R.M." Information processing,in motor skills.‘?Qoron-
_ to: Holt Rhinehart & W1nston, 1976. .X. e L

McDonnell P. M § Patterns ‘of"- eye -hand co- ordinat on.in the first
year gf life. Canadian Journal of Psycholoky 1979 22. )
253~ R67. o , RS _ R

_McGraw. M.B. .From reflex to muscular control in the assumptioni
of an .erect posture and ambulation in the hu an 1nfant.'i v
Child Development, 1932 2, 291-297., if»"' . L.

“McGraw. M.B. Suspen31on grasp behav1our of the human 1nfant.
American Journal of the Disabled Child, 1940 60, 799-811,

'Monoud Pao & Bower. T G.R. | Conservation of weight\in infants.‘

. Cognition, 1974, 2. 27- AO.

t‘Neisser. U. Cognition and reality.A SansFrancisco:'{WQH{‘Freefi\,.;v.

 man & Co., 1976.

_ Newell K.M., & Barclay. C.R: Developing knowledge wEout action.

In Kelso, J.A.S., & Clark, J.E., /Eds., The Devel pment of -
‘movement control and co- ordination. New York: John Wiley

and Sons Ltd., 1982. o , I A

- ST A L
' Nunnally, J C A human- tropism. _In Science, psychology and =

~ communication, Brown, S R.. Ed.;TNew‘York:* TeacherFs Col;
“lege Press, 1972. S SRR Y :

."‘

\

‘Papousek, H. The. development of higher nervous activity in

- children in the first. half-year of life. .In- European
research in cognitive development, Mussen, P.H., Ed., _
Society for research in child development monograph \1965.

- Papousek “H. Individual variability in learned responses in N

‘ _ human infants. In Brain and earl behaviour. Robinson. R. .

Jes Ed..,London. Academic Press. 19_’" : o .4,1__' ;

rears of-childhood; New'York}va.L,\-“

S

Peréz, B. The first three'
' Kellogg and Co., 18

'Pew. R We Human perceptual motor performance. In Kantowitz.

B.H., Ed., Human information processing: Tutorials ~in
erformance and cognition. New York. John Wiley & Sons,

Thy 1-39.7 e Bt

‘Piaget. J. The use of reflexes. In Research readi gs in child i
- psychology Palermo, D. S., Ed., New lork' Holt, Rhinehart\
& Winston Inc.. 1963 o . _ _ AR S

X . T RN Y N N : “ ) -
o S . i . A A
% . : \

’f’,.' o B A



. 90

Yo : T
Y . T B

3 ;iTwitChell T.E. Normal motor development. ' Journal of the

"American Physical Therapy As3001ation. 1965(B). 45, 419- ‘

423.

Valentine. C W.- Reflexes in

early childhood'[ Their develop-

-ment, . variabillty evanescence, inhibition and: relation to

) instincts.“ British Journal of Medical Psychology, 1927. =

L7, 1-35. )

. Waddington, C H. The strategy of the genes. Londonf,'Ailenv'~”

Urw1n Ltd.,‘1957

, Wade, M. . Developmental motor learnlng.' Exerciseiandeport

Sciences Reviews, 1975

Watson, J. B.. & Watson, R.R..

i. 375- 399 A ‘
Studies in 1nfant pSychology.‘

Scientific Monthlx, 1921, 12, 493- 5154

‘ -Welford A. T "The psychological refractory period and the
- timing of high speed performancé. . British Journal of o

Psxchologx, 1952 52. 2=

19..

~White,‘B L., Castle P., & Held R.- Observations on the de-
velopment of v1sually directed reachlng. "Child - Develop-

§ memt, 1964. 22. '349-364.
’White,.B L. .The: development

. - (]

of perception during the f1rst six

months of life read at the American Association for the

Advancement of” ‘Science,

_ ”v' chell,. T. in. Neuropsxchologia,.1964. gi. 349 364
r Whiting, H. T A. Input and perceptual processes in sports

ﬂ skills., Journal of Motor Behav1our, 1974'19' 217 226

S Whiting, H.T. A. Dimen51ons

of control in ‘motor learn1ng.3fin.

Stelmach, G.E., & Requin,. G., Eds., Tutorials. in motor _‘T

behaviour, Amsterdam°

d-<Ze1azo, P. R R Zelazo, N A ’

North Holland, 1980. f‘

& Kolls, S.- Walklng in the newborn.-.’

Science, 1972, 176, 314 315-9

Zélazo, P. R.j From reflexive to 1nstrumental control._'In'Develéfft

The . significance of - 1nfancy,\Lip-'

opmental psychobiology:

81tt L P., Ed.,‘New York' L. Erlbaum Assoc., 1976

Dec. 30, 1963. Reported by Twit-hj,*:A

- e e . " - * c ‘ . . t. - L . -
R s Y- PR A SR Y R B T e S [ . e

Vot cxran et s,




"'*APPéNDIx A

ORDER OF PRESENTATION

YT

o ')]; o , o
Obgects were presented to subJects in one of two orders,_

.either from small to large or . from large tﬂ,small. The intent

f‘was ‘to. discover whether experience w1th an obJect would lead to

Ly

"ufmore skilled or efficient force application on subsequent objects

X

..:wrelated in size, weight and shape. This relationship was one of‘

':f'ffindings reported by Monoud & Bower (1972) Upon analysis of

: “the raw data a maJor problem soon became ev1dent.r The younger

-;children, particularly the 3 and 4 year olds had consistently

”71 _failed to grasp the smaller obJect near 1ts centre. This form
b;?of behav1our was consistent with notes made during testing whichf.
‘tfindicated that the smaller object was typically grasped near its Wi
ih;Tend, which resulted in highly suspicious tracings and the even- -
“}ltual abandonment of the data dealing with the . small object._ Noﬂf.k:
>‘:~such problem arose with the large object leaving only the pos-sai""ﬁ
F:di81bility of examining the effect of handling the large object |

~'fafter grasping the small obJect. This was the only order of

..'presentation effect that could be measured. The results for

”i-each order of presentation subgroup were then compared in termsf,”f;_ﬁpf
'a_ of . their peak pressures. time to peak pressure, and their slope

 to peak pressure.i T tests were employéd %f find the significanceffkﬁl.'”

o of the difference between the means computed for the two sub-.

.:ggroups in each of the 4 age groups.' No significant differences_

h"in grasping behaviour were found for these dependent variables L

3for any age group ‘on any trial with one exoéption. For the 3

'dfiyear old group, the mean peak pressure for the small to largeipaﬂﬁ“"

559131:‘7

it




.’;L.vapir'ijr_ 33_‘-t“:J; ,sz‘u'a,?Z ‘;'
-fpresentation order subgroup was found to be significantly 1arger

on the fourth trial albe;.t barely (t = 2, 34. af = 8 b 05 = 2 306)

As no other differences were found on any other trial and as no

o'trend was- readily apparent that would indicate consistent dif-;,;:-"*:'

”_ferences between the two presentation order subgroups, this dif-

_1ference was treated as an anomoly and not indicative of any ma-if7‘

ﬁ-jor effect °f the order °f presentatlon.‘ In all further analYSis‘_trti"
:f’the subgroups wereJcollapsed and treated as a whole. ’ ) .f



