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Abstract

ﬁiuety school children, 30 in each of three/age gfonps, vere
tested using a slide bar for;their ability to reproduce linear
arm positioning movements in a short ters memory pargdigl. Three
separate e!perilents'vere conducted using‘the same subjects in

each experiaent. o - e

The first experiment tested the effects of movement length,
retention interval length, and available movement cues on,'
reproduc%ion of a criterion movement, Subjects reproduced lomnger
movements iith greater absolute error than éhorter ones in all
age groups: the effect of movement length on absolute error was
‘qreater on the youngest childfen, A deterioration im criterion
ieprbduction as ieasﬂreﬂ'b}ri;cteééingrébsolute érfor #iéq,

- occurred as the length of the reténgibn intérial’increased froa 0
to 30.seconds. Again. fhe effect wvas greater for.younger children
than for older ones, Having distance and location information |
available prodnced slightly less absolute error than reptodnction
“with location 1nfornation alone for all age groups. As measured
by constant error, all age groups displayed a tendency to

frﬂadershoot ctiterion IovelentS“tS‘bcth*lcvalénf“Iéﬁgfh and

retention interval imcreased, — B



The second experiment tested the ability of children to
exercise cognitive control over motor behaviour in three
conditions of task relevant and task irrelevant information.
Relative to control conditighs.in which no irrelevant information
was present, subjects of all ages were affected by a l&ltiple
trials design in wvhich no direcfedlforgefting‘vas possible.
Younger subjects were more affected than older 6nes squesting an
increased capacity for cognitive control in older children. In 1
single triais‘design in which directed forgetting was possible,
older'subjects‘vere capable of exerting a gré:ter degree of
cogniti&e control thah younger ones.la decrement in performance
relative‘to contro;s at all ages’éastgvident, however, indicatinq

that even the oldest subjects are highly susceptible to proactive

interference,

The third experiment showed that all subjects are affected
by the interpolated activities in a retroactive interference

§3gadigl using absolute error as the dependent measure. No

3
~

significant interaction betveen.intgrference and age was shovn}
indicating that older and yoqnger;subjects aré eénally affected.
In addition, regnltslconce;;ing the effect of increased original
learning on retroactive i’h’féffﬁféﬁéé"'f‘iifé’"Qbfiiﬁéd": _however,
sﬂb}ects in high originalilearniﬁggrbupﬁpfo&ucadgreater

interference effects than those in low original learning groups.



The results #te,éiscnséed in relation{to both the basic
concepts of motor skills learning and pefforiance Yeveloped with
adults, In §enera1, it is concluded that thosé}conceptg are
parsimonious ones, holding true for ﬁﬁg,dhildren tested in this
study, Certain results are discussed in the context of possible
proactive interference inherent in the exéerilental*designs.“
Practical applications to the teaching of motor skills are also

discussed,



Approval
Abstract
List Of Tablses
'List Of Figqures

List Of Appendices

CHAPTER 1
CHAPTER 2
2a.

i,

ii,

iii.

-»iv.»

2b.

i,

ii.

iii.

iv,
V.

2C.

24,

i.

ii.

iii,

iv,

CHAPTER 3

3a.

Table Of Contents

Introduction

Experiment 2

Introduction

Novement Length
Ratention Interval
Movement Cues

Dependent Brror Measures

Experinental Design
and Methods

Hypotheses

-Sub jects

Apparatus

Design and Analy51s

Procedure

Results

D?cqssion
Mpvement Length

Retention Interval
Movement Cues )

Interaction Effects

Experinent 2

Introductlon

Page

.Page

Page
Page

Page

Page

Page

Page
Page

Page

Page

Page
Page
Page
Page

Page

.Page

Page
Page
Page

. Page

iiji

viii

ix

25

25
27
28
31

33
33

35

38
33

43

55
64
71
77 .-

page 85



CHAPTER 4

CHAPTER S

3b.

i.
ii,.
iii‘
iv.
v.

3?.
34,

4a.
4b,
i,
ii,
iit.
iv.
v,
4¢c.
44.
i.

ii.

Bibliography

Appendix 1

Experimental Designr

and Methods

Hypothesas

Sub jects

Apparatus

Design and Analysis
Procedure

Results

Discussion

Experiment 3

Introduction

Experimental Design
and Methods

Hypotheses

Sub jects

Apparatus

pesign and Analysis
Procedure

Results

Discussion

Retroactive Interference

Effects
Original Learning
Effects

Ganeral Discussion

Page
Page
Page
Page
Page

Page

Page

Page

Page

Page
Page
Page
Page

Page

Page

Page

Page

Page

Page

88
88
89
83
91
92

98

104

107
108
108
108
109

110

117

119

121
128
137

vii



Table
{Expt

Table
{Expt

Table
(Expt

Table

Description
la: Descriptivé
1) ' ]

{
L}]

1c: Descriptive
1)

" LIST OF
of Table

statistics

1b: Descriptiveosstatisfics

statistics

1d: Descriptive statistics
analysis c¢f variance of atsolute

Table 1e: Descriptive statistics
analysis of variance of constant

Table 1f: Descriptive statistics
analysis of variance of variable

Table
error

Table
error

Table
error

~Table
{Expt

-Table
(Expt

Table
{Expt

Table

Table

- Interfersnce Experiment ({Expt. 3)

(Expt 1)

th: Analysis of
{BExpt 1)

1i: Analysis of
(Expt 1)

2a: -Descriptive
2)

2b: Descriptive
2)

2c: Descriptive
2)

2d: Analysis of

TABLES

of absolute error
' H
of constant error

¢of variable error

rd

of cell means for
error (Expt 1)

of cell means for
error (Expt 1)

of cell means for
error (EBxpt 1)

‘1g: Analysis of variance table for absolute

variance table for ccnstant

variance table for variable

statistics

»

statistics

statistics

of absolute e%ror

of constant error

of variable error

variance table {Expt 2)

3a: Descriptive Statistics Of Retigggtive

‘Table 3b: Descriptive Statistics Por Original
Learning Bxperiment (Expt 3)

Table 3c: Analysis of Variance Table For
Retroactive Interference Experisent (Expt. 3)

Table 3d: Analysis of variance Table For Original
Learning Experisent (Expt. 3)

Paqe
46
47
48
49
50
51
52
53
54
Iy
?5

96

37
113
114

115

116



LS

.
2
3
4a
4Lb

4e

- Pigure ¢

Sair

5b

5¢

6a
. 6b
6C

TJa
Tb
8a

8b

7

’

o \f\ T N 3 o
. Description of Figure

- Information Processing Hodel

Human Pgrforlaﬁce Model

slide Bar- - . - .. °

Absclute Error vs., aoiéaeni Lengtﬁ
Cbhétdﬂtrﬁrror vs. Movement Length
Variable Error vs. uovenent‘Length

Absolute Error vs, Betention Interval

Constant Error vs. Retention Interval

Variable Error vs. Retention Interval

Ahsolute,Errér vs., Movement Cues

.Constant Error vs, Movement Cues

Variable Error vs. Moveament Cues

‘Absclute Error vs.raovéaenéjyeﬁgth

(grouping by retention interval)

Absolute Brror vs. Movement Length
(grouping by movement cues)

LIST OF PIGURES  ©

68
13

74

75

82

Absolute Error vs., Proactive Interference -

Design -/j

Ccnstant Error ¥s. Proactive Interference
Design

83

101

102

I T



¥

. Appendix ¢

1

LS

I | h X
| " Description Page
Ak posteriori analysis of signi’ficant- NI
main effects in Experiments t, 2, and 3 - 137 '
N

o,

e
%
s



CHAPTER 1
Introduction .

For centuries, scientists have-beeh concerned with husan
structure and its relaticnship to functicn, For example, in‘theb
early 16th century, Galileo (1564-1642) and Borelli (1608-1679)
vere exploring the nature of siie and human motion. Like the
more general s+*udies of human structure and function, tﬁe.
‘specific stné} cf growing children also has a long history.
Between 17S§ and, 1776, denontbeillard‘studied the growth*of his
son and constructed what we nd; recognize as grouth'displaceleﬁt
jand velecity gurves, Since then, the siudy cf growth, or ‘auxology
as 1t is contenporarlly called has prOgressed greatly. The
increased interest in the workings of the hunan body inevitably
led +o the sfudy of children since they are a subject gopulation

anohq vhgse most noticeable characteristics is the ra’pid changéy

- which cccurg in size and the ability to perforﬁ physical tasks.

Several excellent revxeus on the general trends of phy51cal
grosth have ‘been publxshed.*Both Thoapscon (19&2) and Tanner
{1962, 1378) among others have elncidated the fundanental tenets
cof size, shape, proportlon, and conposztlon as they are affected
by child grouth These reviews reflect the reccgnltzon of Chlld

development as an area of najor concern in human blclcgy.



-large contribution to their abiiity to perform motor skills.

thlﬁ many of the characteristics of phy51ca1 growth are
obv10us, +he progress of psychologlcal dpvelopnent is sonetimes
more subtle. It is no 1ess dynamlc, honever.wdustras a book -
cannot be judged by its cover, the potential of an individuval for

. y
physical performance is defined by more than physical e

cﬁaracteristicswalone. This is particularly important when

considering children whose learning as they grow represents a

" ’

The study of learnirng has occupied a prﬁminent piace in
psychological research since the late 19th century and, before
that, in the hinds of philosophers since ancient times, Learning
theories and the experimental atte;pts to vaiidate-or disprove
them can trace their lineage to the early wﬁitings of Ebbinghaus
(1885), Thorndike (1898), and Pavlov (1;%7)7 However, it was
Watson (1320) who may be fhought of as tﬁe first édvocate of the
first majd%wiearning theory, Connectionism.?ﬂe, and those who.
followed his lead such as Guthrie (1959), H&ll (1943), and &
Skihner (1953, 1957), did much to advance tﬁe concepts of héw
human conditioning and learning océurs, based on one of the majbr
underlying premises that these phencmena occur as the result Ce
of the contiguity of stimulus and response, Irdeed, the
behaviourist approach still dictates today much of how we

parceive learning to take place although our thinking on the

subject has been modified.



Connectionism is not without its limitations; hovever. There
are many 2xamples of learning which are very diffidult if not
impossible to explain within a strict s-R framework, for example,-
1aten£°learni£g. These limitations spawned the Secénd great
schooi of learning theory, Cognitivism, Led by Tolman (1932,

. ™~
- 19349), traditiogal cognitive learning theory stressed the

importance of the individual's ability to organize 7and‘ proces?‘
stimuli before a response is elicited, arguing that responses do
not always simply follow stimuli reflekively.

Despite the concern of both Connectionism and Cognitivism

"~ with expiaining behaviour, studies of learning iargely neglected
the d=2tails of hou“th; notor patterns of which the observed
béhaviour was comprised were.learned. This neglect waS'summar;zed
best by Guthrie who described the rats in Tolman's maze as‘being
"buried in thought”, fotallj unable to move ényvhere if'reqni;ed
to learn only 6n Tolman's terns; It is only relatively recently
that the ways jn Hhich we learn to perform motor skills have been
investigét@d‘as thoroﬁghly as the ways that verbal Skills'aﬁd“ ‘ ~
problem solving have beén studied, To thisaend, newv céncep;ual
framevorks for dealing with motor learning and perfoélance*have
evolved (for example, the informatidh.processing approachf‘fo:be
discussed’later).’ These nea:points of viei are admirably suited
'to research with children and cculd provide}mﬁch ndeded insight
intn growth and physical performance, Unfortdha&e%}(’reseaich:‘j

-

A

' ' B,



o

into the develcpmental aspects of motor skills has not taken -
— , A ;
advantage of the available techniques, .opting for a more

.pro@uig;oriented, or result oriznted view rather than
invegt;gating and ultimately undersﬁanding fhe processes
subserving thcse results, |

Growth, manifesting itself in the size, shape, and
propértionaiity characteristics of the petformer, is only one
féqtor producing changes in performance, Many other
considerations such as sense acuity, perception, and intelligence
have been summarized by Sianger (LQ?S). Scme o; these parameters
have besen investiéated as they change aith age. For exanmple,
Hodgkins (1973) and Eckert and Eichora (1977) have shoun that
sinple reacfipn time decreaées during child growth ky~“about 50%
between the ages of 6 and 19. g;ﬁger (1969) has repbrted
differeﬁces in di;crimination reactiog’tine between third and
sixth graders and denénst:ated that perfcrnance:cnYCOnplex !/%mm*;'w

+

perceptuai motor tasks such as stabilometer balanbe and rotor

pursuit also improves between the third{dnd sixth gtades, °
Howe#er, simple changes in performance say ﬁgthing about
learning. The increments in motor performance which result from

growth are, at least in part, due to the fact that the criteria

of success of such tasks favour larger children. Maturation must



not be confused with learning, a process‘of relatively perlanent}
changé in behavicur as the result of experienée'or practice.
Althoﬁgh‘naturational effects confouﬁd our ability to intsrpret
flearning effacts when gross motor tasks are used, many studies of
this nature ha;e been dcne. Por example, learning of thrcwing
skills at various ages has frequently bsen investiqgted

-

~ (Dusenberry, 1958; wild, 1938).
) udtor skillsifesearch with adults has moved away from simply
conéeining itself uith the products of many complex neuromuscular
lpccufépces. Rdnning,ijumping, and throwing are the culminations
of p:ocesses; within~£hé perforqer, not"monolith{c evénts._
Recogﬁizing this,'résearéhens such as Kay '(1957) proposédythat
the peffdrmer be treatgd as an ihfo:mation processéx and this

approach tb the study of motor performance has greatly influenced

research since iti incertion.

The view of_man ﬁs an'iﬁfornation prcéessor rerresents a
considerable dépérture-from more weil-estgblishea é&npectionist
interprétat@pnébof,behaviour. ihe\study cf learning,.or perhaps
mére properly behaviour, haS'a‘lcngstanding tradition of,
s;inulus-fﬁsponse bgﬁtiguity'approachas. Such issueé\gs drive,
notivationi and habit stfength kave been central to our
understanding cof the ieérninq process since the early part of the

R _ v ,
20th century (Hill, 196 3) , However, the Hullian and Skinnerian

)



%,

approaches iq the estimation cf some observers failed to\aéfribe
sufficient ccgnitive abilities to humans. As Keele (1373) states,
",....learning often cccurs without the contiguity letween
environmental stimulus and behavioural respcnse®, It is an
information processing viewpoint which stresses thé ability to
store, retrie#e,‘and nanipulaté infcrmatich.éﬁgs such, it
ptovides an excellent vehicle with which to study attention,
perception, memcry, and decision haking. To understand how this is
accomplished, examine the model in Figure 1 which is a synthesis
of several cbnstfucts in the lite:aiure'(for éiample, welford,
1968) and which will serve for illustrative purposes. -
Each of the model's componants rgpressants an hypothétical
stage of motcr performance. The stimulus pattérn impinges uponJ
the sensory system and, as the result of the acticns c¢f each of
the subéeQuent steps, the input is converted to output which, in
the case of a}nost all performance, is muscular contraction.
Aithongh such a model can be méde very simple or very coﬁplgx'
(indeed, the cyber&?tic features can beconme extremely
complicated), Figure 1 with its basic perceptual, memory, and

_ <
decision stages is useful in discussing motor performance.

To fully appreciate child growth and development as it
affects motor performance, it is necessary to understand what .
roles are played by both the physicai and psfchological factors,

Although thé role of physical characteristics has ccme under



PIGURE 1: AN INFORMATION PROCESSING MODEL
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‘scrutiny in several growth studies both in Canada and abroad, at
the'préseht time there is little information availaktle on the
ability of children to learn and pefform tasks in situations
where the physical characferistics-ég the performer do not
‘éignificantly afﬁéct the ocutconme, 5néh knowledge coculd be
ob£ained using éxisting experimental techniques comscn tc the
informatioﬁ ptoceésiné aprroach to mctor skills, This siudy is-
devoted to identifying the changés which happen during child
grov{h in the ability to learn and perform simple mctor tasks -

in which the contributicn of size is minimized.,

Postnan and Keppel (1968) in thelr examination cf the
llterature in the field of verbal learning 1dent1f1ed five
pr1nc1pal areas into which the majdt research flnd1ngs could be
cla551f1ed These areas uere acquls1t10n, grganlzatlon,
retention, 1nterference, and transfer. ancriunately. as Adéns
{1971) stated: "...compa:ed to the study of skills, the histories
§£ verbal behaviour and cenditioning over the same period_ls a
scientific §tory,to ﬁé enﬁféa". Adams is probatly correct. It
would be difficult to ccnstruct such a concise suamary of'the'
literature in theiarea‘cf motor skills as Poétn&h‘and Keppel have
»prepafed in‘verbélvlearning. Thé history of motor skills.research

'is characteriied by diversity of experimental technigues and by

r ¢



varying;degrees of emphasis'on'the.importahce of practical
applications of the findings;rln establishing a fundamental~body‘
of knowledge in a speéific area'of'motor skills, it wculd be
desirable to emulate the rlgor and logic exemplified by ‘the
\hlstory of verbal learnlng. Since the develcpmental aspects of
the motor systea have not been extensively investigated from a
béhaiioural point of viewbin a sYstematic fashion, the |

opportunity to set off -on the right foot exists, Of the five

research areas outlined in verbal learning by Postman and Keppel,?

-

all are applicable to motor learning. The ecncebt of'respense
organlzatlon in recall is not as readlly transferable to motor
skllls research since free recall otten dces not have a pract1ca1
place in the perfornance of notor tasks, A motor task usually
requires a spec1f1c sequence of its “llst" componentc to be
meanlngful “An attenpt to test free recall of movements is not.
really a motor task at all but rather a largely "verbal”
classification task. Nevertheless, there are some motor tasks
with flexibility in sequencing (for example, dance steps) to

which organization is an important factor.

The remaining four areas - retention, transfer,
interference, and acquisition - are all re?gily adaptable to the
realm of motor skills and there is a need to establish a data

beee\in developmental terams in all five areas. A central issue to



~

all of the areas in condlderatlon is the concept of nenory since
all are dlrectly or 1ndlzectly measured as a function of
something remembered or forgotten either in the shoqz or long

tern.

It is useful at the oufset.to siate that, as an anatogibal

or physidlogicgi entity, lénory ha$~pev§r been fdentified P
although much fesearch in this area has been undertaken. As:the
knowledge of the molecular events responsible for tgglfuncticn of
the human body increased, numerous theories were advanced in the
éttenpt to explain the way in which memory "worked", Disruptive
technlques such as electroconvu151ve shock (ECS) prov1ded
evidence that there Was an electrical component of REROIY. (for
example Chorover and Schiller, 1365). However, the retrograde
effects of ECS ate short-lived and researéh‘enphasis sh{fted
touafd_identifying a "nembry moleculen which could serve as a‘
long term store, a system which better accounied for‘the common
wisdoa surrounding memory. This common wisdom reqardlng the *
Stablllty of 1ong ters memory (a stablllty not con51dared present
in the electrical propgxties of the nervous system) was given
some credence by the deamgnstration that intezFaninal transfer of
Aaenory was possible (although the evidence was not thczodﬁhly
convincing). In both Planaria (ucConnell,’1962)'and rats (Baﬂich,
‘Jacobson, Bubach, and Jacobson, 1?65);_5013 transfer of neaqry‘to

“a recipient animal was shown when homogenates of brain tissue

-



from a trained donor anincl }ere in jected into the recipient.
While the results of ihese studies'gere far fromrconclusiée, they 
did stimulate interest in the pcssible nature‘of'cﬁelical'nehc:f
storage. DNA (Gaito, 1966), RNA (deen and Eghazi,‘lQéB), and
cproteln (Flexner, Flexner, and Robﬂrts, 1967) have all been '

suggested, somewhat reduntantly, as likely candidates, and, while
"the evidence for any of them 1s suspect (partlcularly in the case

of DﬁA), sone conblnatlon of thd"<in terms ¢of gene actlvatlonf

theory does prov1de some 1n51ght into the nolecular basis of
.2 5

learning and menmory. o ‘éffc

Relatlvely BOTe succsss has been%achie%ed experisentally by
. treating memory as a behav1oural construct. The undetstandlng
first of verbal learning and more recently of lotc; learning has
been advanced largely by successfully using memory as an
oxplanatory device by which different aspects of behaviour could
be invesfigated. Since the concepts of nenory and forgetting are
inextricabiyllinked, a main thrust cf research has been ccncerned
with uncovering the mechanisas vhich act on\:enc;y to caﬂsc

forgetting., These preamises developed in studies of verbal

learning have servad as the basis om which research into the same

phéno-éna‘in gcicnflea;* g have been'baséd: It is ncw

% 1
i

conventional to treat memory not as an honogeneousrentiyy»but as

two separate components called short tera memory and long ternm

aemory. Sperling (1360) presented a case for a third component a
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Shoft teén ;ahsory storeldistinct from short tgrhvme;ory, but
that distinction need nct be made heregsince it is unclear that
‘such a store exists for motor aemoLy. There are seieralvlines of
feasohinq which point to a hehaviodral difference between short
term memory and long ter;:Eemory. First;_there is clinical:

" avidence, Milner, Corkin, ang Teuber (1968); Cork;gﬁiﬁpﬁs), andrdr
ilcklegfen (1968) reported the case of a post-surgical patlent
who, for verbal materlal had no nanory longer than ten seceads,
althouqh hzs recall durlng the ten seconds after expgeure to the
material was no:nal, suggesting a separatlon of =hort term memory
ana long term memory. Interestlngly, in those same studies,
aotor skills, unllke verbal ones, did shov 1lprovenent from day

to day 1ﬂﬁic/11ng tbat dlfferences exist between the stcrage of

verbal and motor skllls in long tera lenory..

In aadition to the clinicél evidehcg, other experiiental
work also demcnstrates the sepafation of the two stages of (
”!enory. peterson, Hillne;, and Saltzman (1962) showed that recall
of verbal material was bétber in the shogt term when learning wvas
dcne under aasSed praétice conditicns. However, recall of siailar
naterlal in the long teras. was better if learnlng had occurred
under dlstrlbuted practice conditions. The apparent difference in
the way that memory representations are achieved in the short and

long term supports a two stage model of memory. Numercus cother

studies have addressed theamselves to an additional line of



reasoning which sqpports thé tvo stage theory (fcr example,
Ugderwooa, 1965; Kolers, 1366), Thay ha¥e'$hown that errors in
recall folloviné short term retention intervals are of an
acoustic kind, ﬁhat'is, similar sdunding words are confused with
each other, However, followiﬁg longer retention intervals, ;he
errors in recall are of a semantic natufg, with words of siiilar
meaning being substituted for those originaily léaxned.;This
implies that a differemcz in nemcrygrepresehtation cccurs between
the short and long ters, again supporting the~delineation of the
tvo stages. |
¢

Of the two hypothesized stages, short térn nelgry is the
more fréguéntlg investigated today, largely because.cf
experilental céﬁvenience, but also because inforiatian stored in
long term memory is_highly-resistant to such phencmena as
forgetting., The properties of long terg nénory vere often studied
during the early years of memory research (see Stelléch, 19374y,
leaving short tera recall as fertile résearch ground in recent
years, In addition, thé dynaaic processes of memcry occur during
the short term when material is first being assimilated and the
research effort has justifiably concentrated on these dynamic -

procasses. .
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Although many of the basic concepts in vetbal_léarning and
/nemory have been adapted to the motor domain, the ensuing
’proliferation of data generated has been only infreqhently

collected using children as*subjects. Generally, studies
perforaed on cbiidren have stressed the visual system. For
\exanple, Hagen (1967} and Druker and Hagen (1963) examined the
developmental trends in processing task-rglevan£ and
task-irrelevant informaticn and concluded tha# young children do
not disregard *he uninfcrmative infornalion in a visval stimulus
array as well as older childrer. 1In addition, they found thatﬁ
there is‘an age dependent improvement in the scanning c¢f an array
for relevant\infprmation. Sroufe (1971) and Kripski and Boyle
(1978{ suggested a reason for this, stating that young children
maintain a less stable state of attantion during shcrt tera-
‘nemory tasks, "Haith, Morrison, Shiengold, and Mindes (1970) and
(Haith, 1371) have shown develépnental changes in short term
visual memory. Having been shown four gecmetric figures for-150
asec, 5 ysar olds could recall on}y two after a brief retention
pericd whereas adults could regularly recall all four
successfully, The authors suggested that clder children and
adults employ a rehearsable verbal code during such memory tasks
vhile yourger children eaploy a non-rehearsable visual code.
Siailarlf,;Conrad {1971} and Flavell, Preidricks, and Hoyt (1370)

proposed that rehearsal strategies change with age.
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'Specifically,.the ébility to recode from the visual syétem to iﬁé
ggdltory system 1mprove= during development. Such 1mproVements
can be induced in young chlldren if the approprlate 1nstructlons
are given (Keeney, Canizzc, and Flavell, 1367; Weist and

‘Crawford, 1977).

- Not only are £he recoding gbiliifes'of children subject to ..
aging trends, but so are the organizational strategies used
vithin a given storageﬁmode. 'Niemark, Slétnick, and Ulrich
(1971) presented a categorizable sef of pictures to children of ’
different ages. They foundpa greater tendency to categorize with
age although evsn sixth graders did not categorize’as-ﬂuch as
adults, Alsé, the recall cf’pictﬁres showed increasing deqteeé of
snbjectlve organlzatlon with age. Tulving (1962) has shown with
adults the importance of response ocganizaﬁion dhring short term

—~

recall of verbal material.,

The p01nt arises that the a;fferancas in the short term’ .
recall of visual materlal may not be s*rlctly a nenory phenonenon
but perhaps a sensory one. However, Shelngcld {1373), ucing a
partial report method found no age dlffarences 1n the 1nt;ke of
visual naterial Differences occurred . only when recall was
delayed. Such flndlngs 1ndlcated that recegptor propertles develop

more rapidly than the proc9551ng capacity uhich makes use of

sensory stimuli.,
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The concern vitﬁ the proceséing of visual information is not
unfoﬁnded. Vision Pplays an impdrtant role in thé davelopment of
skllj%PDy children., Reiber: (1968) had 5, 7, and 9 year olds
perform a pinball propelllnq task and reported dlfferences
‘between age groups in the abllx*y to perferm the task only when
"v1sual input was not avallable. Snotherglll (1973) showed no age
differences in the abllzty to localize. targets-;lsually. However,
if the target was presented, then r2moved, 93-10 year olds were
be*ter than 6-7 yeai olds in deiayed rQCAll of the target
posi tlon.é In addition, visual presentations were reaembefed by
both grouﬁs bette: than propriééeptivé'presentations. The
importancé’of visual information processing is not to be

underestimated.

Récently, scme researchers have concentraied, nct on any
part%cular sehsoty mode (though certainly cne or more sensory
modes are involveéd in any performance test), but rather on
qéneralraspects o%;short term meRory experipents'gsing children
-;s subjects, For example, of interest in tersms of sanpiing
subjects, the correlaiional relationship between intelligence and
short term memory has been examined bf Cohen and Saﬁdberg (19771 .
They péesented evidegce that intelligence is a good predictor of
short tera memory pefformance in recall for most recent iteas. but
not in recall for fif;t or loyg term items, The data suggést that

intelligence may be related, though not necessarily causally, to
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. perférhaﬁcé. Howaver, it is ﬁot aluqys*éqssible*tc have
inﬁeiligence data on children and it is best to use as large a
sampin as is maﬁégeable and'hatch grbups on other criteria (e.g.
age) tc mlnlmize tho potent1a1 differences in results cansed by

-1ptelllgence d}fferences. Houever, glven that short term,menory N
requires cérgain central procg551ng activities, it is llkely that
intellidéhce and short term memory are inextricably linked and

that seiEétioh'on the basiévof intelligenée vould sérve ho useful

~
N

purpose. 4

)
2.

ﬂaﬁy studies have'investigated the relationsﬁip between

Verbal ability‘and shdrt tern mémory performance. Fitzgerald
(1977) denonstrated that performance on short -term memory tasks
by & and 5. yedr olds uas ~at least partially dependent on verbal
labelling abllltles and Brown (1977) emphasized this 1mportance
by shoulng that highly similar plctures were confused by chlldren
even ihen distinct verbal labels were available. Presumably such
confusion disappears as verbal abilities are :efined during child

developaent, .

Spatial and tempqralerder informationm inTShont tefy memory
of 3 and 6 year olds have been studied By‘ﬂi;on and #Weil (1977)
and Anooshian and Wilson (1377). Subjects i;prove asﬁ§hey&age iu
their aﬁility to organize temporally so as to take advantage of

cues available in the sequentiai characteristics ef-theunaterial
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to be learned, In addition, oldar subjééts, unlike youuger ones, .
could simultanecusly encode teuporal and rémporal'and spatiail‘
information. Houever, subjects of 5 and 6 years old could be .
confused in +helr recall of spatial 1oca+1on by the nature of the
T .§¥avel observed betweén *Ho obiects, perhaps due to the 1na5111ty

to reject task-lrrelevant information,

Turning to a more process oriented view of shdrt term
memory,»Emmerich and Ackerman (1978)3tésted first audrfifth
graders on a 30 item set of pictures presented either randonlz
in blocked categcrles, or in categories sorted by the subject.
Recall was either free,'cued,'or constrained. The results showed
+hat children's recall, unlike adults, was influenced by -
retrieval conditionsaandrnot by encoding,, Interestingly, .
Longsleth and Zoltan (1978), in a test-retast of grades i anu~2}

showed that age éffects were two times as great cn original

A
¥

learning than on reténtion itself, implying'that the criginal

‘coding processes are perhaps more important than indicated by

Emmerich and Ackerman.

Reqgarding the various sensory modes in relaticn to each

- other, Fishbein, Decker, and Wilcox (1977) in a study cf children

R

in grades 1 2, and & reported that olgder chlldren uqri‘hetter at -
- e i

recognizing gecmetrlc forns than younger ones but that there was.

.

no difference betveen intramodal and cross»lodal recall.,*



. N . s . PR
Clearly, children are capable:gf successfully. using many
~different semsory modes dwring short term memory tasks though,
for the most part, the literature has’concentrated on the visual

systen,

In motor skills the proprioceptive mechanisms are of prime
concern, As Rarick (1978) stated: "very litti; resea:Ch of
conseguence has tesn done ...... in the age rangers to 15 years".
Pethéps'the'largest deficiency in wmotor developﬁént is in the
area of the properties of the motor system itself, It is in this

.directicn that research focus is required.

It ;s’héeful when dealing with an event such as motor
'perfornanée to cdnstrucf a model which describes concép%ually the
relationships between the hypothesized components of the
:p;rformance#system.'a modification. and elaboration of a model
from Corlett, Calvert, and Banister (13978) is shown in Figure 2.
Previous stn&ies using such mddelé I Ccrlétt, 1977) have
concéntratgd on the mathenaticél relafionshipé between physical
traiﬁing and peiformancg ¢f such predomihantly aerobkic éas;s as
running and cycling. In the current sthdy, the relationships
betweenﬂﬁhe skilful characteris;ics df the performer and

performance of a motor task are examined.,
E ~

%
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"To 1solate the skllful aspects of perfornance as completely
as possible, it 1s necessary 'to elxmlnate or mlnlmlze the
.contribution of‘other factors,‘spec;fically the phy51cal traits
and’lefelvof “phjsical fitness”ﬁof'the perforaer.nother | ‘
consideratlons snch as the psychologlcal state of the performer
(e g._level of qotrvatlon),and stability of ‘task characteristics
‘between subjects must be taken into account as well, ' The
: experinental designs~and apparatus detailed here are.
manifestatlons of" the need to deal as much as posszble with skill
rather than other confounding factors such as speed, strength.
and aerobic capac1ty.lThese de31gns are concerned with those
aspects of motor development research deemed most important by
Rarick, Specificnlly, thej are designed to investigate the ways
in which children use proprioceptive information.

4

The literature reveals a number of features concerning the
inforlation processing'ability 6f children as they mature. ﬂdst

=

of the research has studied the visual system: however, these
findings co-blned with what is. knovn o;\the motor systen allow
the fornatlon of several nypotheses regarding the developnentali
aspects or motor,short tera memory. The nejor hjpothesisnroﬁndi.~
vhich all of the experiments inlthis‘stud} reéolge is that asi

children grov older, their ability to process proprioceptive

- information increases. Working in the reala of short term memory,
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this gives rise to several specific hypotheses ahich}fotn‘the
basis of the éxpetimgnts;descrihed later in the texk. In
addition, important hypotheses tested using adults“aS'subjects
have not been tecsted using children. Therefore, within each age
grouﬁ; several hypotheses arise independentAOf maturation |
'effects. These jill be described where appropriate in the following

chapters,

P
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 CHAPTER 2
'inperiygnt 1
A. Iﬁt:oducﬁion ' -
i, uoveﬁeht Length

Laabs (1973) preseﬂted evidence that the central tendency

- effect descrited by Leuba (1909) was gpphrent in ars positfoﬁin
tasks commonly used in motor skills réSearch. The principle‘
states that short movenénts tend to be overshot while lcnq,;
movements tend to be undershot. Laabs' subjects moved a lever
over an aré of 1200 with movement endﬁoinfé falling in cne of
thzeg sectors (404600, 61—800, and 81—;200). Hdgenents Were also
grouped on the basis of their extent, short onéslbeing 10, 15,"
and 20 cna, ioﬁg ones being 25, 30, and 35 cm. On thg‘basis of

algebraic (signed) error comparisons, short movements were
ra . .

reproduced overly-long,(that is, a positive algebrai¢ error)
while 1leng movements eere reproduced oﬁerly-shott (a negative
algebraic érrcr), following a 12 second retengichrinterval.
Several studies preceded that of Laabs and provided
essentially the sam2 information. Lloyd and Caldwell (1956) and

marteniuk, Shields, and Caapbell (1372) gave supporting evidence
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of the central tendency efﬁecf bg the basis_of‘algetraic, or
constént, errof.7 Nevértbeless,'the latter study shewed no
d%ffe;ences in'variablé error and éﬁgéested accérdingly that
1limb pésition receptcrs are qualitative and providéyegually'
acqurate location inforlation indepeﬁdent of the extgnt of the
nov;neﬁt, One sfnd§ stands in contrast to thdse jﬁs; :
mentioned. Stg}néch'ahd Hiﬁsdn (1970) reported no)significaht

effect on mean constant error for rotational arm positioning

between 25° and 125°,

(3

Stelmach, Relso, and McCullagh (1976) had sukjects perform
dn horizontal arm positioning task in which the movements

terminated in one of four sectors of § 160° arc. Although the
main effect of sectors was found to be‘significant for all
depen&%nt errcr néasures used (algehraic ¢rrot, uean,sgua:ed
error, and ;ithin-subjécy srror), examinaticn of neanSaby both
siiple observation and post hoc statistical analysis provides an

unclear picture as to the nature of the sector effect.

ﬂetﬁodclcgical differences (for eianple; linear ioveieqté
vs, :ptational»novegents) and different elphases_plaégd on
reported deﬁendent?errorvneasures makes it difficult to be
certain what thé effect of movement extent is on the accutacj of
reproduction cf criterion movements, With children, developaent

of movement skills appears to proceed in a proximal-distal
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fashion, that is, movements close toc the body centreapine are
ylearned beforeﬂmcvnents ay¥ay frdg the ceette‘line (Crafty, 1967) .
Extrapolaiing from this, one might specufate that lcnger

aovenents placing the endpoint fa:ther froi,the centre linpe would ,
be more subject to error‘upon repr;duction than éhcrter ones‘for
which-fheleﬁdpoint is more proxiual. There is little evidence for

this it the literatnte, houever. Only Steluach (1970) has

- reported that rotatlonal p051t10n1ng @ICOrLS are less nearest the

vert1cal and increase as the movement endpoint moves off-centre,
ii, Retenticn Interval

In 1353, Peterson and Peterson (seelalso Brown, 1?58)
reported the result’s of what has become the fundamental short
- tern ne;ory experinen% upon Hhich much subsequent research has
_been based. They presénted'their subjects with a list of
nonsen se syllables, then tested their recall»at various retention
1ntervals follcwing presentation. They fﬁ/;d that, with
increaéing length of the retegtion interval (fron 0 to 18
seconds) subfects &@re capable ;f recalling fever of the list
components, They argued that this constituted evidence in support

of trace decay in the short tera,
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Tﬁe Peterscn and Peterson experimental paradigl was adapted
to motor short tersm memory in 1366 by Adams fnd Dijkstra who .
stressed f?at mcre power would be added to empirical lags
obtained from verbal learning experiments if they could be shown
t¢ hold for othg; responses classes., 'Theif subjects moved a
freely sliding elenént along a wmetal bar tc a stopfé/g:~xhree7 or
five times, then waited for up to three minutes befcre atteapting
to recall the movement, The results which sﬁowed absolute error
increasing as‘the retention interval iengthened, éuppcrted the
trace - hypothesis (Brcwn, 1958}, that is, the original learning
trial(s) leave aA"aenory trace” which decays vwith time as did the
verbal material cf Peterscﬁ and Peterson. In addition, adams and
‘Dijkstra illus%rate?“arreduction in absolute error for a given

retention interval when pore "reinforcing trials" (an allusion to
| LT e |
the S-R analoqy seen py Ad#aams) were given, -

o :
iii. Movement Cues - - , ' C | .
-
N | | -

One inéortént procedural consideration must be addressed éo
properly appreciate data collected during nétqr short term aemory
experiaents usiné liab po;itioning tasks, Laabs (1373), although
‘certainly nct the first to do so (see Leuba, ?909), presented
evidence suggesting that a‘nunber of different potential movement

cues were available to subjects during linear arm pesitioning

experiments, His data showed that distance and location cues

e
s



P | | 23
\

were differentially affected by filled and unfilled :etention
intervals, Distance cue er:ors‘iﬁcreased during increaéing
. retention intervél length (a trace decay) but were unaffected by
interpolated activities. On the other hand, location cue errors
were comparatively resistant to unfilled retenticn intervals but
increased following retention intervals filled with interfering
activities, S;nce Laabs' study, equlvocal evidence has kLkeen

presented which leaves the nature of distance and lccaticn cues

anything but clear,

Consistent findings indicatefthat location (that is,
movement endpcint) cues are capaﬁlé ofrbeing rehearsed when the
opportunity is available. Among the studies corroborating the
findings of Laatbs (197§i4reqarding the nature of locatién'cues
are Marteniuk (1373), Diewert (13975), and Stelmach, Wallace, and
| HcCrackeQ (1376}, Thgﬁ théfe is a rehearsable code subserving |
location is consistent uiih what is kncwn of proprioceptive
néchanisns (fcr example, see Kelso and Stelsmach, 1976).
onfortunately, +he findings for distance cues are highly
aibiguous énd lesave the Laabs' delineation of distance and
locétiéﬁ in some doukt, For eiiiﬁle, while Posner (1967) and
#cxley (1374) fcund no -ability of subjects to rehearse and retain
distance information in short tera lelo:y, gartenguk (1373) and

Diewert (1975) fcund the cpposite to be the case.
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Diewertiand'Réy'(1978) investigated the nature of cbding
strategy for memcry of distance informaticn by differentiating
between two pcssible acans by which subjectS'cbuldrrehearse N
’distancé. The first vas the use of locaéiqn to code for distance
vhenever possible, Thé second Qas theruse of a qounting“sttategy
whereby distanc% is caléu}ated fromrvelocity‘andvtine. ' Their
results show that, when'§OSSible, subjects ased 1§cation'to code
for distance‘rather thanfalcounting stfatégy although the férner
demanded processing capacity éhileythe othér did nct.
Nevertheless, ccunting did provide a means Byrwhich distance
could be accurately retained.‘Therefore, even ih the face of

unreliable location information, distance was a rehearsable -

~

;-

movement cue,

¢
¥

Location information seems to be an impq}tant Eoiponént of
distance information, a view in line with known nervous systen
physiology which has identified no receptors:for distance per se
{Kelso and Steluech, 1976). This does not mean‘that distance’
inforlation is not availahlé: it may well ke derived froa Ether

X

sources - (for example velocity and tinei and it has been proposed
that the major difference between diétaﬁce ana location
.infcrmation is the level at Hhiﬁh they aﬁe processed, Althongh
the theoretical reiationship between distance and location is not

fully understcod, it is important to bear in mind that:anj dpta

collected using a slide bar will be affectad by the kinds of cues

g

available toc the subijects, /
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Cive. Dependent Error Measures /

~

v

t+ - In addition to the interpretation diffiiglties in arm
pbsitioning experiments caused'by uovementllehgth and movement

r

cues, further compllcatlons comaon to all studleq of motor
behav;cur are present in the form of the uncert;;nty currcundlng
the valldity and meaning of dependent error measures. Stelmach
'(197u) has stated that the rindiscriminate use of these variables‘

'probably acccunts for scme of the confusicn in the short ternm

notor memory 11teraturg“.

Althongh all thrée ofbapsolute; or unsigned, error,
conétant, br signed, erro:,’and variable, c¢r mean squafed, error,
have been regularly zeportnd, their relative nerlts ;re in
dlspute. Shutz and Roy (1372) *ook the extrene stand that
absolute error vas nothlnqxnore than a cogbinatlon of'constant
and variable errors and, as such, prévide no uséful information
worth reporting. This is in contradictioﬁ-ﬁo‘writers who have
used absolute error as the basis upon which to build theoreticél
coAcepts (for exaﬁple; Schmidt, 1975).-Laébs\(1971) has'madé the

» ' S

same point, stating that when variability is small, the following

‘relationship holds true:

Average AE = x/EE VEFN\
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To bolster the inadequacies of the individual measures,
several composite measures have been propos=d, For example, 8
Henry (1974) suggested<the use of a single error measure similar-

to that previously mentioned. This error tarm is of the form:

In addition, Roy (1976) suggested that all errcr measures
{E, absolute error, constant error, and variable error) be

analyzed in a multivariate analysis of variance.

The final word on this fundamental éroblem has nct teen
written, At the present tifé, since no literature in motor short
 term memory of children is available, it seems advisakle to
report all of_ahsolutq, constaht, and variable errors, Eearing in
nihd their inherent deficiencies. In this way, data collected
using childrgn as subjects will, in *the initial staqeé, be
available fcr cgnparison uith,previouslyfreported adult data

vhich is expressed in terms of all three dependent measures.

3 *



B. Experimental Design And Methods . é&@

. ¢

i, Hypotheses

"1. All errcr measures incréése:asnfﬁe'length of the
retention interval incréases.’Such a finding would be tak;n aé
support for the position that.theré is a trace decay of memory
acquired during learning; »

2, »All error measures increase as the length cf the
» . § ‘
criterion movement increases, Such a finding would ke taken as -

support for a proximal-disfal theory of motor deveiopuent.

3. All error measures are less under’reproducgiéﬁlcondifions
in which both distance and location are available than-uhen
location alone is availa@le; Such a findinagwouid be taien as
support for the utility of distanée as aimovement cue during
linear arm positioning tasks bf children. )

N

ii. Subjects
e
Subjects participating in all experiments were students of
the same public school in the Burnaby, B.C. school teoard.,
Permission to test these students was obtained from school board

officials fcllowing their scrutiny of the research proposal for
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the study. _Prior‘approéal’was obtained ffém the Department of “

Kin?siOquy Graduate Studies Comnittee. ' | ’(,' o ~" G 2
Thirty childfen iﬁ each of three age grodbs were tested. Ths

mean ages of the three groués vere 5,8 years,’ 8.9 years, and 12,5

years. Riftéen each of boys and girls at/eachraée wegéﬂﬁésted, )

Six childfen were left handed: for these subjects, tégt pﬁof@cofé Ty
Qere qaihtained as for 'right handed ones exéept that movements

were perfbrméd with the left hand_ineéhe opposite direction”to
thoée‘mhde'by’riéizrhanded éhggééts. ?hréeeiefthhagders‘gere

kindergartens, tvo were grade 3's, and one was a grade 6.

o

&

These age divisigns COrrespdndéd'to_grades Kinderqartén, 3,
and a combined class_of grades 6 and_7. Tﬁe design of ﬁhe étqdj
¥as cross-sectional in'ggture; megﬂing'thatvchildren wete)testeq
only once with the means for each of the agé groﬂps‘sefQing aé é. ‘ /)
prototype'for cﬁildren of that age. A longitudinal or mixed |

longitndinal design was not feasible for this study due to the

time constraints imposed by such studies, \\\\\\“‘\-~\\\\¥R;\\\;\

Ho'attelpt to categorize subjects on the basis of physical

—

~—

or psychological matnrity was deenmed plausible*althouéh such
technique§ are available., For exaaplé,rphysiological age can be
determined wvia skeletal age and psychological age can be
détermined in rumerous ways such as the M~-space concepts

pfesented in the neo-Piagetian framework by Gerson and Thomas



(1977).7For iﬁis studf, it wvas assuméd that chronolqgical age
is a good predictor of physical or psycholeogical age fdr thg
ébpulatidn“and it is less controversial to defend the use of it,
aécgptihq its inherent variance characteristics, than to defend
ithe methods byfuhiéhwcther maturity indices are estimated for
each'ienber>of the,salple{

)

iii. Apparatus ? o D

—J

The apparatus used for all experinentatlon in this stndy vas
a sllge-bar, deplcted in Flgure 3. It wgs situated on a table in
a qui;t rco§'in the subjects' school. Subjects sat in fremt of
the slidé #ar—and_opposite the expérimenter.,sshbjectéaperfbrnéd"
ligear arh_pOSitibning taéks by‘novind'gmlcvifricticn slide along
a tﬁbularléteél bér.iThe expérinénter*tonstrained the length of
jtheliovenent'durihé learning trials by fixing q'lbveébléﬁstoﬁwatv
_avpfedeteriinéd'point along the tréck.‘ Tﬁéiei@erimenter moved
+he'stop out of the way during reproduction frialé requiting the
subject to move ulthout ccnstralnt. If both the startlnq posit1on

and the end poznt of the learnlng trial were used for the.
reproductlon trial, the subject had both distance and localian

' 1nforaat10n avallable.,For some lovements, dlstance ¥as rendeted
an unreliable cus by changlng the starting position from that of
the learning trial and requiring the subjecx t0 move to the sanme

end point during the Eeprodbcticn trial. ‘Therefore, sﬁbjects



FIGURE 3: SLIDE BAR APPARATUS
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ware asked‘tq raproduce pteviously learned movements with both
distance and location cues available, or location cues alomne,
availaSIe. Sabjects performed the tasks with eyes tightly shut
to eliminate vigual‘input and subjacts weré allouep to visually
acquaint themselves with the apparatus before expérimentation

began,
- iv, Design and Analysis

Experiment #1 provides data fof thekﬁerformance of a linear
arm‘posiiioning task fbr children ih each of the age groups.
Each subjeét performed 18 criterion movéments whose order was
randomly assigned. The 18 movements were ccmprised cf
ccmbinations of the follocwing conditiohs:

3 retention intervals of 0, 15, and 390 sécdnds, 2 recall
conditions, either %séadce + -location cr location alcne, and 3
movement lehgths of 10, 20, or 40 cm. (Performing all possible

conditions results in 3 x 2 x 3 = 18 movaments).

Popf attempts at each endpoint weré testeé. Ravw data was
collected on préviously‘pzepared data sheets, Raw data scores
¢;ere convertad tc scores for atsolute error, constant error, ahd
vgriable arror in thé ccmputational secticn of the computer

statistical package used. The generated e€rror SCOLES Were
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S
subjected.toAdesqriptiie statistical anaiysis and analyéis o
of variance dsinq pregramme BBDPZﬁ'of the Biomedical;Coméuter‘
Programs P-Series (Dixon énd Brewn, 13977). The design tested by
the statisticél analysis Qas a 3(agses) x 3(mocvem2ant lengths) x
3(retention intervais) X 2(movement cues) factorial design‘withv
repeated measures on all but therfirst,factor. Trials effécts»
were not of interest in this study and were not analyzed. In
Additicn, initial analyses for each age group were pefforted to
ascertain whether sex differences at any age between boys énd
girls existed, When no‘statistically significant differences at { :

any age betwveen boys and girls were found, sex was no lcnger

considered in subseguent analyses.
v. Procedure

‘An intreductoryvta1k was given toc each group as'a‘uhole,
After which each subject was removed from class to Le tested
individuallf in the roonm providéd by school authdrities; Subjécts
vere allowed to acquainé théhéelves with tﬁe surrcundings after
being seated at the table and were asked fer theit‘daterof birth
at this time, The following set of familiarizing instructions

- were given:

- ? ‘ £

r

- I

-
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V"This is the apparatus we will be using to do'cur
experiments, It is called a slide bar and'if works like this,
This part, the slide (demonstrate) moves along this metal rod.
¥hy don't you try it with your right (left).hand?}ﬂove at your
own speed and in one continuous movement (TRIAL).

You are going to be, making all your movements with your eyes
closed. Try ancther one with your eyes tightly shut this time,

Be sure you can't see (TRiAL).

It is very important that you keep your eyes shut during all’
the movements: when I tell you to 'close your eyes'; shut thém
and keep them shut until I'tell‘you to open then aqain.;po)you'
have ad}:questions s¢ far? (If SO, répeat’the instrﬁctioﬁs).”ﬂ

Y

Some of thé movements villlbe made‘frou the ;tarting
position I give you to a stop thatII will move to‘a place.along
the metal rod (demonstfate). Let's try a movement to the stop.
Sit with your hands on the desk in front of you. Cloée yéur eyes.
I will'piace yout hand on the movealkle slide and whgn I say 'aove
to the stép', move the slide to, the stop. &hen'place your hand

back on the desk., (TRIAL, 18cnm).
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Open your eyes. Afiér you have leaihedxa'novement by moving
to the stop, I will ask you to repeat it after 'a waiting period.
Sometimes I will start you in the same place and ask ycu to make
the same movement again but:aithqut.thevStaé in place to help
you, Other times, I aill'start yoﬁ.in a different place and ask
you to move to the pléce where the stop was. Let's try one of
each kind. (TRIAtS, 22 cm for distancefplus locationiftzq then 24

.o

-cm‘for locaticnp alone)., N
Do you understand evarything so far or would you like td go

over the instructions again?" (repeat ifxnecessary);

#hen thé experinentef‘sas satisfied that the subject fully
comprehended what was required, the experiient proceeded as

outlined in the following instructions’épecific to Experiment 1,

>

“We are going to doAa seFies ofwéovemégts. I will tell you.
hqv to_pérfornreach movement befo:e we begin each one1'Be§in-andv'
e&d eachlsbvenen€ uith your hands ;iaééd on the de;k in front 6f'
you, Eaéh‘tiue we do a movement, I will give you these

instructions:
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First, I will say 'close your eyes'. Then, I will place your
‘hand on the slide., When ivsay "pove to the stop", ﬁ;ie-the slide
te tﬁg stop., After you héjg néde ﬁhe lovenent, place your hand
béck»on the table aﬂd renénbgr to keep your eyes s?ut. dhen I
replace your hand on }he élide, I will say either 'sake the same
movement' which means that you will: start in the same place and
Bpove the samé distance to Eggmpléce wvhere the stor ®as, cr, I
vill say 'move to where the stop was' which means that you will
be starting in a differentlplace but will ndie to where the stop
vas, Then, folléw the instructi;n, whichever one it is. Then
place your hand back on the table., You will ha?e four tries at
recalliné eéch movement and I vili give you instructicns on how
to make the movenént-eachltiie. After the fourth try, I will say

'open your eYes3 and you can open them then. Do ycu have any

questions?" (If so, repeat the instructions).

FPour pupils wvwere subjecfively deemed not to have fully
complied with the instructions: data for these subjects was
discarded althoﬁgh they were tested to avoid any probleas with

>
their peers. ’

Upon completion of théﬁizgfrng(\fubjects were informally
quizzed concerning any rehearsal strategies which they might have

developed. Subjects were asked: "Hou/did-you try to resember the
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sovements while you were waiting tc repeat them?”, The few
subjects who were unable to respond were further pronptéd with
the question: "Did you remember how far ycu moved cr wheres you

moved to?", Respcnses vwera recordsd on the subject's data sheets.,

C, Besults
1 . ) ) ’
Basic descriptive statistics for each of the factors tested
at each age group are giﬁen in Tables 1a (absclute errér), 1b-
{constant error), and 1ic (variable error). Cell means and
standard dev%ations from thé analysis of variance p:ovided in
Tables 1d'(absolute errcr), le (constant error), and 1f (variable

‘\
€rror) .

The main effects of ége; :évenentilength, retention interval
length, and available movement cués were all statistically
significant for‘all three dependent error measures (1able 1g). -
In addition, ¢the fbllowing-inte:action‘effects vere statistically

significant (Tatle 1h):

*1. movement length by age for all de;eﬁdent €rICr measures

with error increasing as scvement length increased

s

2. retention interval length by age for all dependent error

aeasures with error increasing as retention interval length

increased
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3, movenment length by retention interval length for all
dependent 2rror measures

1

4, movement length by retention interval length by agé_fof‘

i

all dependant error measures

5. movement length by retention interval length by availéble

movemant cues for all dependent error measures

6. retention interva1¢1ength by available movement cua’s for:

absolute error and constant error L

f
7. movaemernt length by available movement cues for constant

8, raetention interval length by available moienent cues by

error and variable error

age for absolute error and constant error

-t
3. movement length by retention interval length by available
movement cues byiage for all dependént error measures.
-4 posteriori analysis of significant main effects on
absolute error was conducted using the method of Scheffe as

described by Ferguson (1976). Results of these analyses are

shown in Appendix 1.
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TABLES 1A,B,C,D B‘P{E,ﬂ I.

.,
'DBSCRIPTIVB STATISTICS AND ANALYSIS OF VARIANCE DATA
POR EXPERIMEBNT 1
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Table 1ta: Desériptive statistics of absolute error (Expt 1)

uovxsﬁui
LENGTH
10 Cn

20 cn
40 cM

RETENTION
INTERVAL

0 SEC

15 SEC

30 SEC

. MOVEMENT
COES

D+ 1L

'L ALONE

A

GRADE 6

X SD
3.49 1,26
3.83 1,36
3.0 1.26
3.39 1.30
4.15 1.89
3.61 1.34
3.68 1.43

GRADE 3

X  SD.
4,06 1.21
.31 1.31
8,66 1.29
3.85 1,27
4,15% 1.26
5,03 - 1,38
4.2 1.30

4,44 1,31

i

KINDER
x sp
4.85 1.19
5.05 1.30
5.52 1,28
8.20 1,19
5.11 1,25
 6.13 1,36
5.02 1.31

5,28

1.36
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Table 1b:

MOVEMENT
LENGTH

10 CH
20 CN
40 -CH

RETENTIOX
INTERVAL

0 SEC
15 SEC
30 SEC

NOVEMENT

- CUES

D+ L

L ALONE

GRADE 6
X SD
-0.02 0.36
-0.86 0.41
-1.59 0,90
0.19 0.61
. =0.35 0,77
-zgze 1,19
-0.25 0.32 .
21,37 1.00

0.66

Descriptive statistics of constant

GRADE 3
X SD
;-o.zo 0.28
-0.59 0.36
| -1.41 0.86
€
0.41 0.55
-0.15 ' 0.78
-2.16 1.06
-0.10 0.66

47

error (Bxpt 1)

KINDER
‘X SD
0.48 0.29
-0.08 0.39
-1.00 0.91
0.76 0.62
- " 0.42 0,61
-1.45 1,05
0.44 0,81,
10.62. 0.91

e
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Table 1c: Descriptive statistics of variable error (Expt 1)

GRADE 6

NOVEMENT | |
LENGTH X SD
10 c8  ~— 1.93 0.38
20 CN 186 0.81
4o cn 1.99 0.89
 RETENTION

INTERVAL

0 SEC 1.7 0.41
15 SEC 1.86  0.61
30 SBC ~  2.17 0.76
MOVENENT

CUES

D+ 1 1,92 0.61
L MLONE 1.96 0.81

GRADE 3

X SD
1.93 0.29
2,08 0,27
2,17 0.30
1.97 0.38
2,07 0.41
© 2,28 0,70
2.09 0.41

2.13 0.

0.66

KISDER

X SD
2.43 0.18
2.42 0.26
2.57 0.25
2.19 0.40
2.46 0.26
2.77 _ 0.21
2.48 0,20
2.50 0,81
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Table 1d: Descriptive statistics of cell means for
analysis of variance of absolute error (Expt 1)

L 4

CELL GRADE 6 GRADE 3 -  KINDER

X SD X sD X Ssp
i

LiTiCY " 2.88 1,16 3.57 1.21 3.54 0.85
L271C1 2,75 1.14 3.84 0,931 3.49 '0.86
L3Tic1 3,13 1,32 - 3.78 1,21 4.50 1,09
L1T1C2 3.20 1.34 - 3.67 1,08 4,40 1,09
L2T1C2 3.00 1.34 4,04 1,15 4.46 1,14
LiT2C1 3.57 1.66 4.09 1,07 4.95 1.23
L2T2C1 3.37 1.69 4,06 1.17 4,93 1,29
L3r2cCl 3,22 1.53 4.32 1,08 5.38 1.29
L1T2C2 3.23 1,46 3.81 1,35 4,90 1,28
L2T2C2 3.03 1,35 3.846 1,28 5.09 1.43
L3T2C2 3.89 1.47 4.77 1.32 5.37 1.25
L1T3C1 4,09 1,53 4.56 1,27 - 5,76 1,19
L2T3C1 4,37 1.35 4.81 1.21 6.28 1,44
L3T3C1l 5.09 1,70 5.1 1,17 6.37 1.21
L1T3C2 3.97 1.65 4,68 1,33 5.51 1.16
L2T3C2 ‘4,36 1,42 5.25 1,33 . 6,11 1.30
L3T3C2 5.18 1,60 - 5,71 1,54 ™™ 6,72 1.48 -

Note: L1=10 cm, L2=20 cnm, L3=u0 cn
T1=0sec, T2=15 sec, T3=30 sec
Ci= D + L, C2= L ALONE



Table 1e: Descriptive statistics of cell means for
analysis of variance of constant error (Expt 1)

CELL * GRADE 6 GRADE 3 KINDER

X SDh X SD X SD
L1T1C1 -0.08 0,32 0.11 0.30 0.32 0.49
o L2TiC - 0.24 0.31 0.53 0.22 0.64 0.u7
.L3T1CH 1.09 0.38 1.27 0.32 1.75 0.72
‘LIT1C2 -0.03 0.355 0.07 0.27 : 0.53 0.74
L271C2 -0.88 0.39 = =-0.56 0.27 -0.16 0.76
L3T1C2 0,p2—06,37 . 1.09 0.25 . t.52 0,83
L1T2C1 -0g07 0.41 0.07 0.25 0.65 0.91
L2T2C1 . =0.38 0O.48. -0.18 0.27 0.35 0.9
L3T2C1 -1.79 0.39 -1.47 0,25 -0.87 1.02
L1T2C2 0.69 0.36 0,83 0.32 1.35 0.77
L2T 2C2 0.36 0.35 0.57 0.33 / 1.12 0.85
L3T2C2 -0.89 0.33 -0.69 0.28 -0.10 t.10
L1T3C1 0.39 0.33 0.50 0.29 1,13 0.92
L2T3C1 0.64 0.34 0.74 0.26 1.50 1.50
L3T3¢c1 = =2.30 0.39 -2,30 0.30 -1.46 0.94
L1T3C2 - =0.91% 0,31 -0.76 0,29 -0.16 1.23
L2T3C2 -4,80 0.30 -4;6% 0.29 -3.92 1.24

L3T3C2 ] "6.68 O. 37 ‘.605-‘9 0033 -6't736 1037

Note: L1=10 cm, L2=20 cm, L3=40 cn
Tt=0sec, T2=15 sec, T3=30 sec
Ci= D ¢+ I, C2= L ALONE '



v

Table 1f: Descriptive statistics of cell means for
‘ analy51s of variance of varlable error (Expt 1)

CELL GRADE 6. GRADE 3 ‘ KINDER
X SD - X SD X SD

LiTI1C1 1.72 0.32 .91 0.30 2,02 0,38
L2T1C1 .74 0.317 2.03 0.22 2,06 0.39
L3TICH 1.69 0.36 1.87 0.31 2.22 0.55
L1T1C2 : 1.87 0,35 1.96 0.27 2,28 0.50
L2T1C2 .62 0.39 1.94 0.27 2.19 0.55
L3T1I1C2 1.82 0.37 2,09 0.25 2,37 0.60
LiT2C1 .93 0.41% 2.07 0.25 - 2.47 0.64
L2T2C1 .81 0.44 2,02 0.28 ) 2.38 0.62
L3T2C1H .80 0.39 2.13. 0.25 2,52 '0.70
L1T2C2 1.89 0.36 2.03 0.32 2.42 0.58
L2T2C2 1.76 0.35 1.97 0.33 2,39 0.65
L3T2C2 2,01 0.35 2,21 0,28 - 2.56 0.68
L1T3C! 2.09 0.33 2.20 0.29 2.69 0,72
L2T3C1 2,14 0,28 2.24 0.25 2.78 0.86
L3T3CH 2,30 0.34 - 2.30 0.27 2.82 0.90
LI1T3C2 ~2.08 0.39 2,23 0.30 ) 2,66 0,68
L2T3C2 : 2.10 0.31 2.29 0.29 - 2,74 0,85

L373C2 2.31 0.37  .2.,40 0,33 2,92 0,95

Note: L1=10 cm, L2=20 cm, L3=40 cna
T1=0sec, T2=15 sec, T3=30 sec
Ct= D + L, C2= L ALONE

S
~
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Table 1g: Analysis of variance table for absolute error (Expt 1)

4

sum OF MEAR ~ » & -

SOURCE SQUARES DF ' SQUARE F P

MEAN - 31027.6 1 31027.6.  1238.95 <0.01

A |  604.9 2 302.4 12,08 <0.01
ERROR  2178.8 87 25,0

L 651, 1 2 3256 373.79 <0.01

L XA 33.9 4 845 9,72 <0.01
ERROR 151.6 174 0.87

T | 55.95 . 2 28.0 63.41 1 <0.01

T x A 7.7 4 1.9 . 4.38 <0.01
ERROR 76.7 174 0.4 . o
LxT 16,0 | 4 4.0 13.80 <0.01
LxPx A 17.6 8 . 2.2 7.56 <0.01
ERROR 101.1 38 - 0.3 . ‘ -

C 2.2 1 2.2 5,19 0.03
Cx A - 0.6 2 0.3 0.71 0.49
ERROR 37.5 87 0.4

LxC 0.1 2 0.1 0.23 0.79
LXTXCx A 1.8 o4 0.4 1. 67 g.16
ERROR © 36.8 " 174 0.3 \

T xC 57.5 2 28.7 203.39  <0.01
TXxCx A 2.2 4 0.6 3,94  <0.01
ERROR 24,6 174 0.1
LxTxC 23,3 4 5.8 32.70 <0.01
LXTICIA ) 8.8 TR - 8 ‘u‘ 6.‘6 (0.0'
ERROR 62.0 . 348 0.2 -

Note: A=age, L=movement length, T=retention interval, c=cues
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Table ths Analysis of ﬁafiance table for constant error (Bxpt 1)

SOURCE

MEAN
A

ERROR

Lx T

L xT x A
ERROR ,
C .
CXxX A
ERROR

LxC
LxCx A
ERROR

Tx C
TxCx A
ERROR

LxTxC
LxTxCxA
ERROR

SuUM OF "
SQUARES DF
428.7 1
155.0 . 2
521.1 87

- 1800.6 o2
6.8 4
40.6 174
1228.3 2
1.3 - 4
10.2 174
2444,6 "

1.3 .8
13.7 348
10.2 1
0.1 - 2
2.40 87
11.5 2
0.1 4
3.9 174
125.2 2
0.6 §
8.9 , 174
639.9 ¢
0.6 8

11,9 348 -

MEAN
SQUARE

428.7
73.4.
6.0

300,3
1.7
0.04

614,2
0.3 '
0.1~

611.2

0.2
0.04°

0,05

0.03
5.8

0.03
0.02

62.6
0.2

0.1
159.2

0.1
0.03

F P
73.39 <0.01
13,09 <0.01
3900.6 <0.01
7.38 <0.01
106720 - <0.01
5.52 <0.01
15698.7  <0.01
4,21 . <0.01
374.24  <0.01

1,47 0.24
254.0 . <0.01
0.78, 0,54
1243.93  <0.01
3.91 0.02
4727.86  <0.01
2.35 . 0.02

Note: A=age, =aovéient length, T=retention interval, C=cues



‘Table 1i: Analysis of variance table for variable error (Expt 1)

SUM OF MEAN

SOURCE , SQUARES DF SQUARE P P
NEAN 7622.2 1 7622.2 2380.56 <0.01
A 83.6 | 2 . .81.8 12. 54 <0.01
ERROR 290.0 87 3.3 |

L 53,1 2 26,5 172.11 <0.01
LXA 3.5 4 0.9 5.64 <0.01 .
ERROR 26.8 174 0.2
T 1.7 2 0.8 23.84 <0.01
T x A 0.6 — 0.1 4.30 <0.01
ERROR 6.1 174 0.03
LxT 0.3 4 0.1 3,04 0,02
LxTx A 1,2 8 0.1 5.85 <0.,01 -
ERROR 8.6 348 0.01
C 1.4 1 1.4 49.24 <0.01
Cx A 0.1 2  0.04. 1.52 0,22
ERROR 2.4 87 0.02 \
LxC 0.7 2 0.3 18.17 <0.01 .
LxCx A 0.1 4 0.03 1.67 0.16
ERROR 3.1 174 0.02 ‘
TxC 3.5 2 1.7  79.48  <0.01
T xCx A 0.2 4 0.02 . 2.37 0.054
EREROR 3.8 174 0.02 .
LxTxC 0.5 4 0.4 26,17 <0.01
LxTxCxA 0.5 8 0.06 3.94 <0.01
ERROR 5,2 348 0.02 -

Note: A=age, L=movement length, r=retentioh interval, C=cues
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D, Discussion

i. Movemsnt Léngth

Coliapsad ovar all conditions.dﬁ';ge. retention interval,
anl available movament cues, thera is a statistically siqhificant
differeace due’to movament lengtg fof all three dependgnt arror
ueasnreé. These rasults are portrayed §ra§hically in figﬁres 4a
(absolute error), 4b (constant error), and 4c (variable efror),
in which the mean 3spendent measures Edi all agés togethef}are
plottad against movanmant length, In addition, the dependent error
ieasutes for each individual age érqup are,sigultaneously

plotted,

A posteriori anﬁlysis raveals that the affasct of moveaant
length is not nniforn over the thrae age groups. o significant‘
differencas betwesa 10 and 20 cm movaments were seen at any ;qeav
However, while grﬁde 6 subjects showed no length effb;t_at all,
grade 3 subjects produced greater a:rﬁrs'ét 40 cm than at
10 =n and kindergarten subjects showed differences between 40

ch novegants and b>th 10 and 20 cm Ones.,

If absolute error is taken as an indication of the iccnracz
of the criterion movement reproduction indepesndent of the

direction of the error, the results indicate that children of all
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. agss testea reproduéed shorter novénents more accurately than
longer ones in terms of‘ébsolute ;alues. This résuit can be
interpréted;in onerof tvo ways. First, from a deielopmental péint
of‘view,vthé results-agree with a proximal-distal theory of
movement control anuisition.by childrep (Cratty, 1967). If
children leérnrto perfore skills proximal to the midline of th=
body more =2asily than those ihich are more distél, it would be
2xpected that shorter msovements which begin and%end close to the
midline would be reproduced more acgurately tharn longer ones
which take at least the movement endpoint farthsr away from the
midline. The absolute error results show this to be so, Secona,
)from an information processing point of view, it could be argued
‘that a longer lévement contains néfe informaticn +¢han é sherter

one, in an analogy to Pitts Law (Fi*tts, 1954), and is mors

susceptible to "noise" (that is, error) during reproduction,

Thié approach is more useful in exélaining the age
differehée vhich is apparent uponr observation of the errors for
each movement‘iength for sach age group. If, as the literature
illustrateénis so for visual and verbﬁl tasks, the aﬁility to
‘process proprioceptive infornatioh increases with age, absolu*e
értor»at eagﬁ movement length should decrease as adé iﬁéreéses.
! This occurs since the information content of a2 given movemznt
1length decreases as a fraction of the total capacity of th=2
subject as children grow older., Again, the absolute'ertor data(

show this to be tﬁé case.
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PIGURE #: THE EFFECT OF BOVEMENT LENGTH ON ERROR HEASURES

4A: ABSOLUTE ERROR ¥S. HMOVEMENT LENGTH
4B: CONSTANT ERROR VS, MOVEMENT LENGTH
4C: VARIABLE ERROR ¥S. MOVEMENT LENGTH
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From a procedural standpoint, one anomaly can be introduced
into the results if care is not taken by the eiperiuenter to
properly define the approximate endpoints of the longest
movements, Iflthe endpoint is located such that it is at the
limit of the mcvement range of theéfubject (this is par*ticularly
.important for younger, smaller subjects), the subject will
reproduce the movement extremely accurately nc matter what the
length of the retention interval, Presumably this occurs since
the subject nmust sinély remember to noée as far as is physically
possible, a rehearsal strategy with an easily remembered verbal
label, The be;formance is then gpite independent of attending to
ptoprioceptive cues which are supposedly being tested.

Interestingly, when subjects were informally asked, "Do you
think it is =asier to remember the short ones or the long ones?ﬁ}
58 of 30 subjects said that longer novéﬁéntstiere nore'easily
remembered while 26 said that shorter ones were easier to
reproduce, The remaining 6 expressed no prefetencé; Clearly, the
subjects' perceptions cf their performances vere contrary to

>

their actual performances.

The data for constant error, which can be interpreted as an
indication of the direction of the error around the criterion,

shovws that as movement length increases, constant errcr becomes
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more negative, This is, at least in\pa:t, in agreement with the
central tendency effeéi described by Stelmach (1970) amcng
others. The relatively long 40 ca., movements were substantially
‘undershot upon reproduction, a finding which is in keeping with
the central tendency cbgfept. The 20 cnm, lo§ements_uere also
undershot by all age groups, however, a finding not expected in
view Of,the fact that 20 cm, novements.are closer in length to
the short 10 cm. movements which for the mean of all ages.were
overshot as predicted by central tendency theory. Nevertheless,
the 20 ch.,moveménts did occypy an intermediate position ketween
10cm, and 40 cm., While,with adults, one might not expect a
movenent as shért as 20 cm. to be undershot, fcr children, a 20

ca, rovement may well be a long cne and, therefore, subject to

1

- 5‘}*— ’%;
overshooting. e

A further mitigating factor is that even the 10 cm,
movements were undershot by the kindergarten and grade 3
subjects, There appears then, to bes a tendency to tcward
underestimating all mcvement lengths at the younger aqges, a
tendency which gradually disappears as children take on i;g more

e

adult-like strategies presumably evident in the érade 6717

subijects.,



63

Variable etror can be thought of as the variaktility around a
critericn which is sugject defined rather than around the imposed
criterion defined during the learning trial. It was the:
experimenter's impression as testing p;oceeded that the four
attempts supposedly being made at reproducing the learned
criterion movement were no* being made by the subjects with that
idea ip mind, It was felt that the firstrmovement was a
legitimate attempt to reproduce the criterion: hovever, the
remaining three were not attempts to reproduce the criterion but

rather were attempts to recreate the first reproducticn trial.

The changes in variable error sith mcvenentilength are
relatively small although the overall effect is statistically
significant, This suggests that subjects may be quite capable of
reducing their error arcund a criterion length or lccation
regardleés of the léngtﬁ involved provided they are allowed to
choose their own criterion, There is evideﬁce gathered with adult
subjects that ghen subjects are allowed to preselect ﬁheit o¥n
criterion noveaeni length, absclute error is less than thai of
movements which are of a constrained length (Kelso and Stelmach,
1976) ., This ﬁas‘attribnted to the ability afforded the higher
processing centres to prepare for incoaing proprioceptive
féedback during preselected no;elents , a capacity not available
during uncertain, constrained sovements (Jones, 1374), The

subsequently acquired mctor trace in the preselected condition
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is, t;eréfore, bgttervlearngd and better reptoduced.,The data in
this study indirectly suggest that przselectign may also be |
benéficial tp children as an errorreduci?q strateqgy since the
increase in variable error with length is relatively small when
éompared with the.increase in absolute errc#‘vith length, -

ii, Reten;ionglnterval Length

Coilapsed cver all conditions of age, movéﬁ;nt length,.and
available movenment éues, there isra statisticalliisiqnificant
difference due tc :étgnfion interval length for allvihree
dependent error measure$}~These results are portraféd graphigally
in Figures 5a (absolute error), Sgilconstant error), épd-Sc
(variable error) in ihicﬁ{the mean depandent error medsures for
all ages together are plotted against‘tetenfion intervai(léngth.
In addition, the dependeni erfﬁr«neasurés for each indiviéual age
group are simultaneowusly plotteé;

The overall effect of the Qnougt of time intervening between
learning and regproducticn of the criterion was to increase .
absolute error for all age qroﬁps§7This finding is consistent
with the trace hypothésis of forgetting,,thaz is, that the aemory
trace acquired during learning is lost sébntaneously during the.

retention interval =ven when no igterbolated activity cccurs.



FIGURE 5:

5A:
5B:
5C:

THE EFFECT OF RETENTION INTERVAL LENGTH ON
ERROR MEASURES

ABSOLUTE ERROR VS, RETENTION INTERVAL LENGTH
CONSTANT ERROR VS. RETENTION INTERVAL LENGTH
VARIABLE ERROR VS, RETENTION INTERVAL LENGTH
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Figure 5a reseﬁbles cloéélj the pattern of trace decay seen with
adults recalling verbal material in a short tern-ngnory paradign
(Peterson and Peterson, 1959), Unfortunately, the trace‘decayv
theory has never been fully tested with children as_sﬁbjects.

Nevéftheless, Smothergill (1973) and Haith (1371) among cthers
have provided me evidence that visual informa;ion decaY§ during
sﬁorttffglgéCj:y‘tasks performed by children.

The absolute error results of the present 'study suggest that
chiIdrgn’in the gbtor dcmain.  demonstrate fcrgetting during an
unfilled retention interval. It is tempting to- view this as
decay of an hypothesized menoiy\trace: however, the findings of
Sroufe (1371) that children maintain a iesslstable state of
atténtioﬁ dufing‘short term memory tasks complicates uatters.r
" The pccrer reproductions cf‘criterion sovements at 30 seconds
relative tokO and 15 seéonds may be., a; laast in pa;t,'
attéibutable to a loss cf attention to. the task whichroccnrs over
time, particularly with the youngest children. Since no measure
of attention wvas made durinq’thiS‘study, (a poiht'uhich cén be
made about virtually ail short tera memory studies), the results
are supportive but not prcof of trace décgj;jTHiS"péint’ccﬁIé’5é ’
circumvented by treatin§ attention ahd trace deéai as two sides

of the same ccin rather than as two different components of motor

]

parformance,



70

’
e

An unéx;eétga finding conce:gihg retentiqn inter;;l length
is seen in ,the constant error-data which show that as the
retention intervai-léngthened, théldirection of the error became
more hegative; Thisﬁmeans that uhenasubjects at alivages uait for
longer parlods cf tlne tefore reproducing the crite:ion movement,
thelr recall of that crlterlon 1§ shcrter than 1ts actual length,
resulting in undersgootlng. This result has not been reported

with adults and there iélno readily available explanaticn for

this time effect on constant error.

variable error, like both absolute eéror'and censtant eribr;'
increases for all age groupé'as the length of the reteuticﬁ
interval increases, In the preceding disédssion'of vari;ble error
and movement lehgth, the theor}iuas advanced tﬁat, while the \\\-
first reproductiﬁn trial was a legitingte attempt to recreate éhe
criterion, the subsequent ¥hree trials were attempts to recreate?
the first reproduction trial.‘This-béing the case,- variable error
would not be expéqtéd to increase.overjtile since thé time
between the first reproduction trial and the suhsegdent ones is
constant,'independent of the time between the learning and first

reproduction trials.

The data show that this is not the case, thus smitigating

against the experinehter's empirically-based hypothesis, The
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variable error data can post easily be interpreted as an increase

in the uncertainty of the subjects in reprcducing mcvements

following longer retention intervals., Still, the increase in

variable error with retention interval could also be interpreted .

as being the result of decreased attention being paid tc the task
after longer reientaon intervals, If this was so, the hypcthesis
reqarding the subjects' strategy during the repeated measures

~would not necessarily be discounted.

iii, Available Moveaent Cues

¥

Subjects géfgf;fforded,the opportunity to reproduce learned °

T /
movements with either mcvement extent and endpoint infornation

avallahle, or with endpcint information alone. The 11terature

sué;:2ts that location is a rehearsable cue not as =ubject to

‘trace decay as the ncn-rehearsakble e;tent informaticn, thouqh the  o

true characteristics ofuthese tvoacues‘are not fuliy:uhderstobd{
The data in this study show that, collapsed over all conditions
of age, :ovelent,length,'and reiention‘intazval length,'there is
'a statistically sxgnlfzcant difference between the two -oveaent

~cue situaticns for all the dependent €rror leasu:es. The results

are portrayed graphically in Fzgures Ga (absolute errcr), 6b

(constant e:tor), and Sc (Varlable azror).



FIGURE 6: THE EFFPECT OF MOVENENT CUES OH
ERROR NEASURES
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C: VARIABLE ERROR VS, MOVENENT CUES
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A: ABSOLUTE ERBOR VS. MOVEMENT CUES
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Hhiia"the results for the dependant measufes may be
‘statistically significant , =xaaination of the means reveals very
little differenceabetieen the two conditions. A éostériori
analysis reveals no significant differénce. Navertheless, fhe
différanca for absolut2 error is consistent though small for all
age groups with the distancz plus iocatioh group producing
slightly less unsigned error than the group haiinq only locatioy
infotnatiah.' This implies that, while the contribution to recaii

made by distance inforazation is small, it does =anhance the

[

This finding is interesting in viewv of the subijects'
. £
perceptions of their task performance., When asked about what cues

acéuracy of the reproduction somevhat.,

vere attended to during the retpgéion interval, only 6 of 30
subjec£é<nade,any reference to distance (for example, "I
remenbered how far I loved?) aven when distance was a reli;ble
cue. Most subjects wera location oriented in their approach,i

perceiving their strategies in such ways as "I just remseabersd

where it (the stop) was",
Constant error again showed a surprising result, indicating
that moveaents mada iith location information alone tended to be
undershot relative to movements made with both distance and .
location information together. This result has not been. reported
. )

with adults and thare appears to be nd tﬂebretical base to

axplain it,
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The dif ference in variable error is shown to be

~statistically significant, However, examination of the means

reveals very little difference between the twc conditions
although the difference is consisfent for all age groups; 1f
there is more usefal moveament infornation avéilahle when subjects
are given both distance and location, then'it might be exfpacted )
that their respcnses would be le§s variable about their cwn
self-defined critericn acvement, While statistically this

appears to be the éase, in practical terms there is little to

choose in variakle error Letween the two conditions.,
i?, Interaction Effects .

There are nune#ous interaction effects vhich can be
considered given the data in Tables 1f, ¢, and h. Mcst important
pcints of discussion‘can be made by referring to the two way |
interactions seen with absolute error as the dependent measure.
The other dependent errcr measures show a similar ééttern to that
of absolute error and p ovide little additional information to
that discussed in thernain effects sactions of this chapter or
;;;zfto follow ccncerning tuo—v§y<inte§§cgioqs for gpso}gtg

~error, The significant three-way interactions for aksolute error

vill also be briefly discussed.
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Perhaps more tntaresting than phosg,tvo—ﬁay interactions
wvhich are statistically significant afe the two which are‘not;
although nnll results should be cautiously considered. #
Pirst,_lnteraction >f avallable moveament cues with age is
not‘significant. This result, which is best seen in the parallal
nature of the lines for the three age groups in riqute 6a, shovs
that the effedi described in section iii of this chap£er is the
sﬁle at all ages, ¥o age effect in the apparent sﬁpetiority‘of
distance plus location over lpcﬁtion alone‘is seen., Childrap at
all ages tested demonstrate slightly less error with both cues-
present suggesting that’the wvay in which proprioceptive cues are
.used is-fixed by the age of‘give and is not altered by the aga of
twelve, It is‘ihterestinq to note, howéver, that for adults,ﬁthe
superiority of distance plus location ovar location alone is ,;

difficult to demonstrate. . : o S

Secoda,:the interacti§n of movement length with uoégnant cue
is aléo not significant, neaning that propriocaptive perception
of available;cues is the same indapendent of the lbvélent being
perforsad, This is not surprising qivan that the different-
sovements tested.ia this study wvere of tha same class, diffaring;
only in length and not in tha pethbﬁ of performance.

Although tﬁe interaction of loyelent ¢uas:with age vas notr
siguificant,xthe inte:actions of jgéale;t length and reteamtion

interval length with age are bothpéxaﬁistically significant., The
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fornef}can be seen in Figure ué, the latter in Pigure 5a. 1In
both caées,‘tbe lines for the tkree age géoups depart'fron
parallei, graphically showing the interaétion.,lﬁ the casewof the
movement length by age interaction, the twc younger groups show a
similar response to movement lengfh. It is the oldest group which
diverges from the pattern of the other two, dlsplaying no effect
of movement length on aksclute error between 10 cn.’-and 20 Clr
aovements., 'Thg increase in absolute error at 40 cnm, seen in.the
two youngest groups is evident in the oldést gréup as well,

- however, This indicates that at the longer movement 1engthé, the
effect which was ih some way buffered by fhe cldest group at

shorter lengths occurs.

In the case of the retention‘interval by age interactioﬁ, it

is the youngest group which departs fronm thé,pattern of the other

tvo. Tie absclute error for the youngaest snbjecis increases
~markedly for the 30 second retentlon interval while the increase

for the two oldest groups is approxilately linear uith the {’/
increase seen betveen 0 and 15 seconds. Ycunger chlld:en are- -
cléarly nore affected by long retention intervals than cléer

chlldren, In fact, this,dlsparlty,llghtubegexpressed byfsayinq &g&ﬂrwwr
‘that a short retention 1nterval,fo: an older child might well he:f,,w

avloi§§one.for a younger child.

=
I's



80

Two other two-way interactions are statistically
-signifi;ant. These are the length by retention interval and the
retention interval by available movement cues interactiocans
- portrayed graphically in Figures 7a and 7b respectively. The
fcremer effect is the result of the deviaticn of the 30 second
group of movements showing a greater increase in error with
nqveﬁént lehqth than the rate of increase seen between the two
shorter retenticn intervals. This implies that the lcnéer the
retention interval, the more difficult it becomes to reproduce
those movements which are most difficult tc perform. Relatively
speaking, the movements made at the shorter retention intervals
are less susceptible to the movement length effect.

Thg remaining sigpificant two-way interaction to Dbe
discuésed_pere is that cf retention interval by available
soveaent cﬁes. This results from two basically differént shaped
curves, one‘for distanée plus location, the cther fcr location
alone (fiqure h) . AThe curve for distance plus locaticn appears
to plateau as the reteﬁtionvinterval increases while the location
~alone curve appears to accélera;e as reténtion interval
increases, Ihis“suggestsWthaﬁ the greater amount of
lproprioceptiie information available i;'the distance glus
location cendition is of particuiar value at the longer retention

.intervals., It might be‘speculated that ifreven longer retention

b
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FIGURE 7: INTERACTION EFFECTS FRONM ANALYSIS OF
VARIANKCE INF EXPERIMENT 1

7A: MOVEMENT LENGTH BY RETENTION INTERVAL INTERACTION
7B: RETENTIOE INTERVAL BY MOVEMENT CUE INTERACTION
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1ntervals vere used, location alone might become inadegquats nore
guickly than the distafice plus location condition, 1ndicating a
"bnfferlng" effect of sone kind of increased sensory infotlation
on task difficulty,

Two significant three-way interactions slth,ahsolntg errnr
and one four-way interaction inv0111ng age occnrred (Tahle 19).
These were the movement length by retention intetval by age,
;etantign inter;al by movVement cue by age; and the movement Z}
length by retention interval by'loyeleﬁt cue by age 1n£eractions;
Both of the three-way interactions were examined graphi¢a11y 
and the nature of the interacéionS‘snbjectitel; interpreted..}
These cdiplex intéraction effecfé'uere deemed not to céntrihute

substantially to the ﬁiscussion of developnental ‘trends and their

analysis is not included here.

It should be-nbted.that the rééﬁlts of Experiment 1 relating

to motor learning theory must be viewed with caution, For

T

practical teasﬁns, all snbjects petfor-ed 18 lovelents. ¥hile.
in statistical te:ls this ¥as handleﬁ by the use of repeated

leasnres statistical technignas, 1n hnnan tetls,rthe buildup .

of proactlve interference (discnssod in chapter 3) may have
ﬂfhad some effect which is incalculable. gguaver,,it is not_-

unrei;énahle to suggest that this effecfuiitigatéd against
}finding signifiéﬁnce and to propose caution is not to suggest

a lack of confidencé in the findings. .



CHAPTER. 3
Experiment 2
A. Introduction

Proactive ipterferenée can be_regarded as a buildup of
activity prior to learning a specific gask which inhibits recall
by creating~a'background of priot eiperience against whick it is
difficult to plck out the desired response durlng recall. Much

attention has been given to 1nterference effects and motor short

}ern memory in an attempt to evaluate the relative contributions

of trace decay and interference to forgetting.

Relatively more research in\nbtor skills has been devoted to

proactive interference effects than retroactive interference

‘ones, (an interesting state of affairs when one considers that,

in verbal learning, proactive interference effacts cd‘retention
~ ' ‘ .

“are of lesser magnitude than those of ret:oactive interference

(Postman, 1961). Since proactive interference was éasily

,géﬁeféféa"ih”iérﬁél’Iéitﬁihﬁ‘éfﬁaiEE; it was Stféﬁﬁéifé’di§c0fét

during eatly attespts to transfer proactive interference studies

froa the verbal to the notor donaln that there was no

demonstrable effect in single ‘trial de51gns. Such a failure was

no doubt frustrating frca the aspect of parsimony in that it

-



‘arqued against the existence of a comROnNn behavioural %gu which
enconpassed both verba1~and maotor 1earning. Among the studieé
reporting negative resnlts for proactlve interference in motor
short term REeROTY were aontague and Hillix (1968[ and Hicks and
Cohr (1975). Houever,‘sone evidence for proactive interference
in(nOtor tasks was reparted by\Ascoli end Schnidt'(1969) and
Williaas (1911) whd repcrted’that criterioncnovelent recall was
’1ndlrectly a function of the nunber of prevxous movements, In
1974, Bnrwitz discussed these 1ncon51stent results cof notor'
proactive interference experinents 1n teras of the‘cognitive'
control of motor behavibur} referring specifically to the idea‘of

directed forgetting.

ﬁpile in single trials aesigns in the4uotdr4601ain proactive
interference is not prodqced, it can be demonstrated ir a reverse
order-Or,multiple trialrdeeiqn (Ascbli and Schridt; 1969) . Ine
such a design, subjects learn a series.of novehents, the_last of
uhich is the.criterion Rovement, tten recall theam in reierse

order. This prevents the first movements of the series fro- being

discarded (directed ﬁorgetting) sznce, unlike the subjects in a

single trials design, subjeCts must recall all mcovesments in the
series. Burwitz showed thét; in'a'luitipie”trials;&esign;
proactive -interference coauld beﬁeliiinated\by instructing
subjects to ignore the first four movements of a five movement

series. Thus it was illustrated thatvsuccess or failure to *



generate proactive interference in motor shbrt ters memory
A;experinents vas dependept upoen procedural differgntes, .
specifically whether or not subjects couid}purposefﬁlly forget
material deemed to be taskfitrelevant. Sugg gxperilental_resnlts‘
are consistent with those tﬁéoretically summparized by Burwitz (1374
vho emphasized the importance of directed forgétfingﬁaé,afhasic
procgss'in évoiding a(potentiallyldehilatating buildup of
proactive interference in ev;rzday situations, However, it is
uorfhwhile to pote that, like‘verbal 1earning, the aiodnt of

2

proactive interference generated in motor learning studies is

A
still less than the amount of retroactive interference (Pepper

and Hérlan, 1971) .

- ‘Another aSpect of proactive interference is“morthy of
discussion here, that being an‘ipconsisténcy between the verbal
and motor donaips.r Evén taking into account dfreqﬁed forgétting,
it is still'%gpossible to generate proactive interference in a
single trial desigﬂ for movements, but possible in single trial
verbal designs., Burwitz éttributed this not to differeﬁt
msechanisms of learning and performance but to procedural
differencesibgtieenre;?eriagnts. In thgryggégﬂquéin, responsas
are measured bnla continuous scale vhile'invverbal studies
ﬂreéppnées are binéry, that‘ié,peifher‘;ight‘ér urdng, remenbered

or forgotten, with'no vay of knowing the degree to which the

3
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nonseﬁse‘syllables are remembered. Acéépting this explanation,vue
can viev the lénorj mechanisas in verbal and»nétor ékiils to be
basicallj the same, In fact, in verb?} learping, it is possible‘
to show fééponses on a continuous scale if CCC Syllablés are used
in place of the‘loreAconnon CVC syllables. By leaéuring’the‘
number of letters rale;heréd correctly, results can be,h:ought 
into ling with those ieported in‘moibr learning (Jung, 1972).

B, Experimental Design And Methods
i. Hypotheses

1. A1l error measures are not significahtiy different for -
the directed forgetting proactive interference design relative to
" controls: houevgr,aall errcr :easu:és increasev;elatiVe_tolthe
other tvc'groups fof the no directed forgetting paradigm. Such
findings would be taken as Support.fbt tﬁe'idea'that,‘uithin e;cﬁ 
~age group, cognitive control of ﬁotor béhaviour éXiSts\initﬁe
form of directed forgetting., In‘addition, én'increasing efféct of

directed forgetting with increasing age is'hypdthesized és the

result of increased cognitive control,

»
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ii, Subjects : ‘

L]

The same subjects who performed tasks in Experiment 1 were

' tested in Experiment 2 after Experiment 1 was completed.

| /’\_

order. This design may

iii, Apparatus C/

The apparatus was the same as that used in Experiment 1.

jv.Design and Analysis

Experiment $#2 ias‘designed to invesfigate proactive
interference, Thirty subjects frdn each age group perforped under
3.conditions, the order of which was randoaly assigned. The first
condition was a -control, in(vhich a novément of }ength 20Ac1.
vas repéated'fdllowing a 30 second unfilled retention interval. &
In the other two designs; three intérfering movements of lengths

15, 25, and 35 cm. were used to generate proactive_iﬁterference.

In the first of the tvwo, SUbjects performed, then recalled 30

~

seconds later each of the 3 interfering movements and the

criterion movement., The criterion movement was always last in the

~

sequenca2; the intetfen{;z asovements were pfesented in random

represented in the following way:
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M1-------30 seconds-----=--R1

M2--====<30 seconds=-=-==-=-=R2

M3-------30 seconds-------R3
/

A

MYy==m===230 seconds-=----=--Rb

where M represents a learning trial and R a regroduction

trial., M4 was the 20 cm criterion movemant,

In the second of the two interference designs, the subject
perférned all four mcvgnénts,one'afteraanother, with the
criterioi no%énént being fourth in the séquence—and the
interferiﬁq goveiehté preceding it in randem order. All four
iovenents wefe‘repfoduced in reverse order beginning,30 Seéonds
after the learning trial of the criterion sovement. The‘design

‘uay be represented in the following way:

W1,82,43,M4 ~=--30 seconds---- R4, B3, R2, BRI

©

~ - .

2

FOQI:attemgts at each criterion movement recall were given.
The design tested.by'statistical analysis was a 3{ages) x -
3{conditions of proactive'iﬁtgrferen&e) design with repeated

measures on the second factor.



91

v. Procedure

s

Subjects had already completed Experiment 1 and uére“
>

»¢acguainted with the apparatus, After a three minute rest period,

" the following additional instructions specific to Experinent 2

vere given:

Therconftél condition and the directed forgetting paradigm
in which learned poveléntsayére each reproduced after 30 sécdnds
required no additional instfuctions from those hecieved by the
subjects during Experinentil. The ne¢ directed'férgetting para@idé
required the administraticn of these agditional instgictiods:.

f@r . : 7

In this series of Bovemants, you will move four times in a
Co¥ to a stop that I will place in’é different loéétion’each
time. Then I will ask you to repeatgfhe foﬁr movenéhts one after
another but in reverse crde;; starting with the la;t one first.
You will do noveient 1 to thevstOp; then ;ovenent 2 to therétop)
then movement 3 to the stop, then movement 4 to the stop._Then'vé
will wait for a fev seccnds and you will repeat sovement 4 four |
times without the stop in place to help you, then movement 3,
theniéveient<2,then;cvéienﬁ1.,Doyou understand .cr would you
ﬁllié”fb'dc'oéér'Eﬁémiﬁgifﬁéiiaﬁs again? fifrsg;ire;gat the

instructions).
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“When the experimenter was satisfied that the subject fully
coiprghended vhat was regquired, thereiperinent proceeded as |

outlined in fhe%;hstructicns.r

C, Results .

Basic descriptive statistics for each of the fhree
conditions at’each age'gronp are giien in Tébles 2a (absoluter
eftor),‘Zb (constant error), axﬁ'Zc'(;éniable error). The main
effect of the proactive interference paradiga uasvstatistiéqlly
rsiqnificant for absolute error and conétantrerror, tut not for
»variable error, In addition, the interacticn éffeét Petugen‘the
paradigas and age was statis@ically significant for'absclﬁte’

error and constant error-but not for variable error (Table 2d).

%
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el TABLES 2A,B,C,D. _
DESCRIPTIVE STATISTICS AND ANALYSIS OF VARIANCE DATA e
- ~ FOR EXPERIMENT 2 '
D
\
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Table 2a: Descriptive statistics of absolute error (Expt 2)

EXPERINENTAL KINDER GRADE 3 . GRADE 6
CONDITION _ _ o
| . X sD X sp X SD
y
DIRECTED | :
FORGETTING  5.38 2.29 3.12 1.7 2,87 1.86
N0 '
. DIRECTED | :
; - T
;oo



" Table 2b: Descriptive ‘si';at’isvt’ic':s‘cf constant error (Expt 2)

]

.'( 7
EXPERIMENTAL KINDER
CONDITION —

X SD
CONTROL  -0.84 3.83
S
DIRECTED

"PORGETTING ~3.54 6,72

NO
DIRECTED

FORGETTING 0.66 8.10

" GRADE 3

X sD
-1.47 3.03

=2.25 2.80

-3.84 '3.11

~

GRADE 6.
X SD
-1.67 3.05

=2.16 2,67

-3.44 4.28

¥



Tabléﬁzc:rbescr;ptive statisticsgof_

o

CONDITION - '
X SD

CONTROL 1.22 1,01

A

DIRECTED o
PORGETTING  1.18 1,02

O -
DIRECTED
‘PORGETTING 1,34 1.06

—

X

10.98

1.05

1.11

LA
oesT o m

g 0

EXPERIMENTAL  KINDER ' - °  GRADE 3

SD
W

0.79

10.82

0.86

variabl

96
g,errot‘(Bxp£‘2)”;u ‘f
. GRADE 6
e <X . SD o
%
" 0.95 0.88
0.90 0,97
- :\

v
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“Table 24a: Analysis'of‘variancqﬂpable'(Eipt 2)

.. . .sgmOF - _MEAN.

. SOURCE SQUARES . . DF SQUARE . P
Absolute - i ‘ N (

Error T g

. H ) B . E ‘ [ .. . . oo

CMEAN 18252.7 1 18252,7  1737.09  <0.01 .

- AGE-:" . 104,22 2 - 522.1 . 89,71 <0.01
PI DESIGN f138.6. . 2  :567.3 58,06 ~.~<0,01%
BRROR .=~ 2732.2 260 - 10.5 2

’l‘COﬁét&nt§ivx : B T
Error '
MEAN - 4375.7 t 4375.7 -~ 67.70  <0.01
AGE' 324.7 2 162.3 2.5V 0.08
PI DESIGH 316.7 - 2 158.3 2.85 .0.09

A X DES'N " 1202.9 4 - 300.7 . 4,65 - <0401

\ERROR  16809.4 1260 64,7 - '

- Variable | R ) IR v « N
Brror : ’ . : . )
HEAN 1277.5 1 1277.5 123.7 €0.01

" ERROR 859,0 260 1.77 | '

e



D, Discussion

As children age, thelr abllzty to disregard tack-lrrelevant
information 1ncreasec (Hagen, 1367; Druker and Hagen, 1969). The
three proactive interference 6951gns essentlally re;resent three
different coadztiaasrof}§ask-re19vqnt/task-1rrelavant
information, The control ‘condition represents a situation in

vhich cnly relevant infornatidn is p:eseht, in pa:ticular,'{ﬁe

specific movement being tested. The directed forgetting paradigs,

on the other hand,_fepfesents 4 situation imn vhich the specific
task-relevant fnformation is preceded by‘irrelevant informatioh
in the forn 0f three interferlng novement ‘Thé'subject is
provided w1th ‘the opportunlty to 1gnore that lnfcrnatlon by the
process of directed forgetting, hogever. In the no. dlrected

forqetting~paradigl{ the specific pérfcruance task is agaln

preceded by other inforlation. In this case, all the information

X

is perceived by the subject as being relevant and7nét,subject td_\
directed forgetting, Performance on the directed forgetting task

relative to the control is thus a test of the subject's ablity to

disregard task-irrelevant inforlation.'PerfOtuance in the no
directed forgetting paradigm relative to the contrcl is
indicative of the ceg;:alip:qcessing capacity of the subject,

lower reproduction errors iapljing a greater abilitf'to retain
& : .

.
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~~information in a proper temporal order without allowing preceding

information to interfere with that which follovs.

s

Using ahsolute error as a’ yardst1ck, ig is Seen in Figure 8a
‘that all age groups vere affected by the 1ncrease in perceived
relevant inforlation. This demonstrates with children; as it is
known to'be ;ith adnlts»(ASCOli and Schnidt, 1969), a luitible'
trials design iswcapable of producing proactlve 1nterference 1n

the motor douazn. For kindergartens, the single trzals design with

directed forgetting also produces proactlve interference

| although 1ess than that generated when no directed forgetting is .

possible. This indlcates that the strategy of directed forgetting
“is not firnly established in children of kindergarten age.’

This strategy was present in gradewa and grade 6 subjects: both
gronps performed the single trials design as ;eli as‘the cohtrol
condition. This suggests that grade 3 and grade 6 children vere
capable of-perceiviag the nature of the‘!nfor-atlon in the k
sxngle trials deszgn, a capability not possessed by the youngest

subjects in. ‘the study. Such a conclusion is in line with

literature reviewed in Chapter'1vfor visval and verbal tasks.-

-~

There is a statistically\significaﬁt effect of the proactive -

interference paradigms on constant error (Figure 8b). Por the two

oldest groups, the pattern is sililar.'Relative to the control

condition, the single trials design xields‘reproddction responses

A

ot



FIGURE 8: THE EFFECT OF PROACTIVE INTERPEREECE ON
) ERROR HEASURES

8A: ABSOLUTE ERROR VS, PI DESIGHN
8B: CONSTANT ERROR ¥S. PI DESIGH

100
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Error
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Figure 8a

° Kindergarten'
® Grade 3 |
A Grade 6/7

/ ) »
. n
» | a
-Cont}ol Directed Forgattmo\ . No ‘
. . Directed Forgetting -

Experimental Condition
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Figure 8b
® Kindergarten
®m Grade 3
A Grade 6/7

\\

%
W

1.00

0.00

(em)

~-1.00

-2.004

Constant Error
»

Directed Forgetting

Experimental Condition
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_which are undershot while\;he nultiple‘tiials‘aesign.p;oﬂuces an
aven gieater undershooting of‘the criterion, vThexYCﬁneest |
subjects depart from the patfern on>££e tvwe older groups;einkfhaf .
novements nade in the lultlple trials design were overshot o
relative to both the control and the crlterlon itcelf. These
responees are unexpected since two of the three lnterferlng

- movements vere longer than the crlterion and might reasonably’be
-expected to.elicit an adaptation response in the direction of the
overall ihterfetence. Suéhea‘iesponse would produce positive; u
not negatiye, constantcerror;kflt couldnbe s§scu1ated'th;t
subjects responded to relatively long interfering;novenenfs‘bj
overconpensating and therefbre, undershooting. This squestion
gives subjects credit for a hlgher degree cf cognitive ccntrol of
motor behav1our than the absolate error data on dlrected
forgettlng indicate, however. At the present time, this flnding

is inexplicable given present theories of adaptaticn leval

responses (Helscn, 1364).,

¥No statistically significant effect of the proactiéer
interference paradigms on variable error ags demonstrated
although the aée effect, as previously diécuSSed was
siqnificant. Older children showed consxstently 1ess variable '
error in all conditlons than younger ones, The paradigns by age
interaction effect was not significant showing that proactive

interference affects children in the same way at all ages tested.

=
A
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CHAPTER 4
. | - Experiment 3 i’

'A. Introducticn
| “-Jenkiné andgbéllenbach§(1924);fbnnd that subjecis;shoied
: diffeféﬁt‘amounts of retention oflye:bal material folloiing sleep
tﬁan'follavisg:uaking activity. Subjects displayed decreasés_in
-rétentiag‘ﬂurinéche first twé hours after leérning uﬁde: both
coﬁdi%ioné’thouéh-:ﬁé‘sleeping:subjects showed marginally less

4 %

forgettinq.fzywever, between two and eight hours'posf learning
gre

"vthe wvaking group, uﬁliké the sleeping group, continued.the 1§s§

dfvmaté;ia; evenvthopghvfhe,actiVifies in which theyvie:e'.
involvéd vere nﬁreiaféd_:ﬁ the,test nonsense syllables., These
'§e§ﬁlts-léd £q the sudéestionfthai-genéral_aqtivity speeds'thé -

_loss of neily acquired skills, This interference concept, aﬁong

\

others, was a break with ti%ﬁiéi°DAI thought which held’

forgettiné to be a function.of the dECay of)t£Qfmemorj.tréce

{

 acqguired duting learning, It was included in a,sunlgfy,of thei,f

basic principles of ret:gactive interference (d% reactive
inhibition in Hullian teras) published by McGeoch and Irion

(1952) .

¢

Aaong the factors thought to affect the intetfeting

qualities of interpolated activities were:
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1. The dégree of similarity bétween origi§a1 §nd
iﬁterpolated activities as elaborated in theASkaégs-Robinson
- hypothesis (Rcbinson, 1927) and the 059006 transfgr sufface and
its nodifications‘(Osqood,;1946; Martin, 1965). Interpolatéag
tasks of slight similarity to the original have the greatest

interfering effect,

2, The'level'of'original learning, that is, intérfering
effects are reduced under conditions of high original learning

4

(RKreuger, 1929)."

‘3. The amount of interpolated material and the degree to

which it is iearned,'that is,f§he>§reater the amount and learning
of interpdiatgd material,'the gféafer the loss of original
material (Underwood, 1954). |

Even before Adams and Dijkstra’(1966) suggested that more
attention be paid to the‘iesults of ihierferénce:ohrlotor\skills
;etention, Boswell and Biloﬁéau ({964) had done eiactl} thét.

&

" Their subjects were pre-trained by guidance in a‘lever.

s ®

| positioning task and then instructed to‘aove ungdided to -the test
targef..nﬁring‘a'28”Séccnd’rétéﬁiidn intei%ai,,oheof\tS}'
interpolated tasks was:iﬁtroducedi subjects either re-zeroced the

lever or picked a pencil up from the floor. Re-zercing induced

s



_occurs when tasks demand pore of the limited central processing

| . 106 M

no retroactive intérference'uhile,picking up the'pencil did have

a 51gn1flcant interferlng effect. Additional deibnétrations of
A Y
'retroactive 1nterference in motor tasks have been repcrted by

Herman and‘Bailgy (1970) anc,Pepper and,Herman.(1970). Taken.

together, ‘their results indicate that, for force responses,

-~

retroact%}e interference is dninport§nt causevof‘forgettinq: in

fact, the latter paper failed to produce any evidence for the

trace decay hypothesis for recall intervals betunen u and 60

I3

seconds thoqu the authors do express their support for a_dual

process theory of fofgetting in motor short term memory.

Interpolated force responses greater than the criterion were,

‘unifcraly succefsful'in prcducing:retroactive interference, while -

interpolated forces less than the criteriod'generated less

interference, The direction of the induced error increase was in

“the direction of the interpolated movement, Suppcrting an -f#

adaptation level responsé as discussed by Helson (1964) and

Dickiﬁson {1976) .

4,

el Recent,sfudies of interference have ccncentrated nct simply

on'obserfinq'the effect of interfering movements on the
reproduction of a criterion but rather have attempted to use
interferaence as a tool to gain insight into the characteristics

of the codes which subserve movement information. Kerr (1973)

'proposed that interference is of two kinds., Capacity interference

4

b



T

%

Eaﬁgcity than is available} str;ctuial inteiféreﬁgéu;;éhrs vhé;%
vtaSks competé fot'the same peréeptive ahd neﬁory }tqcessés. Botg
‘Di9weft 41576) éhd Laabs (1974) have reported fhat different
kigdsoéfimoveleht,inférlation (for'exanple,>d;recticn VS,
ahplitude 6£vdistance vs. locatibn)‘afe interfered with .
differentlj..ht the preseht time, however, such studies are
preliuinary‘and little is known of the ways in which movement
iinfornation;is_CCded. | |

, \ ;.

B. Experinental Design and Methods . - T

>
L]

i, Hypotheses .

1. all etfor measures increase in subjects perfcrming under
conditions of retroactive interference relative to ccntrol -
subjects.‘chh a finding would be taken as support for a role of -

retroactive interfsgencéaiq short term motor forgetting.

-

2., All errér measures are leés under'both conditicns\bg
interference and control ihen é'highe;-levei~of origfnal leéfning
is given, Such a fihd;nq vould be taken aé‘supbort for the
resis%ance)to retroactive intérferehce afforded'yy incieased

original learning. -
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ii, subjects = . = .
. - b«g\

Subjects whc had performed tasks in both Experiments 1 and 2 ,

were tested in Experiment 3 followi completion of the cther

experiments,

A

iii, Apparatus

The apparatus used in Experiment 3 was the same as that used .

for Experiments 1 and 2,
iv. Design and Analysis

Experiment #3 was desiqned‘tp investigate retrca;;ive
iinterfe:enqe. Each of 30 subjects in each age group performed
under one of twoc conditioﬁs of initial learning, either 1 or 10
learning trials of the 20 c¢a. crite:ioﬁ movement, Following yhe
final tria1 of the criterion movement, a 30 second retention
ingefval precedeﬁ.tﬁe rerroduction trial._ During the retéﬂtion.
’integvél, subject;_pérforued either'0 (i.e. an unfilled
retention interyal,for centrol conditionf.o:f3 interfering ;
sovements of 15, 25, and 35 cn;;_thehbrder Af which ié; randoniy
assigned. Fbur recallvattenpts 0£ £53 crjterién fovemaent vwere

tested. Separate analyses were performed op the retroactive

P
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) L e

interference conditions and on the original learning conditions,

The design teéted_by st;t;stical an&lysis\of inte:ferencgteffects
vas a 3{ages) bf Z(interfeféncg - ébntrél) design with rep;ated
measures on the s=cond factor} Thevdesign‘tésted for original
learning effects . .vas aiso a 3(ages) x 2(conditions of drlqinal

learning) design with repeated measures on the second factor.

A

AN
For tﬁe;retroactive interference andibrfginal leﬁxning
expefinents,‘10 sabjects in‘eaéh agéégroup pérforued unéer one of~
two df‘foutnconditions. Ten subtjects pe:forned'bqﬁh inteiference
and control paradigms with one oriéiQél learning'tiial. The
rénai;inq 20 subjects ir each age group performed under cne of

two conditions (10 in each), either conttcl?or interfetgnce, but

with ten original learning_trials.'
o i

v. Procedure

Subjects had previously completed Experiments 1 and 2 and
ware acquainted with the apparatus, -The following additicnal
’”insughctions specific te Experinent‘a ware given:
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The insﬁructiqns speéific té.Bxpefiuént 1 uere'fgpeéied‘to
the subjects atrtiis iiné, The only change‘uasiihaf'fﬂése
subjects who were to be given ten o:iginai léérnihgvtrialé‘were
told thai the} would receive ten, not one, lea;ﬁing trials.

e

Subfﬁﬁﬁs perforaing thte retroactive interference paragigi'v

required these additional instructions:
- 7 B e o . ,
Aftgk you have done your learning trial(s),-;here will be a -

'fuaifing period before I ask you to répeat your.IEafged uogenent.‘

puring that time I will ask you to‘iaké'three different

: novemeﬁts to the sgop, one righf,aftet ancother, #hen jou.hav;:

done thesé three, I will ask.ybu to repeat the movesent jou

learned before the waiting period." . )

w

When the experinénter was satisfied that the sdbject fully
. N ' ) _
comprehended what was required, the experiment proceeded as
outlined in'the,insttdctions.

3

C, Results

Basic descriptiie statistics for the control and the

interférence.Coﬁﬁftiﬁﬁs”éf”ééCh”dﬁé”Qfﬁﬁﬁ”éféﬁﬁi?éhfiﬁﬁTgﬁiém§i;f""”“”"

Basicrdescripti#e»stétistiCSWfcr*tga'conﬁitionS”ﬁf”hiéﬁ’anﬁ’lbi .
original learning are also given in Tahlev3a. The main effect of

-~



:.reﬁipactivé interference vés}statisticaily‘significant for o

P S,

;absélﬁté\ertof:,hutfﬁot'fof ¢9hs§ah£ﬁer£o;ipé<;arid£ié error:
(féblé 591- The3in;eraction effeét bf’retfdactgqe interigrence
and age wésinoirsiatistic;lly’significgptvfbr an}'of~therthree
dependen+ error leéshres (Tahlé 35)..For both contrél 5nd

‘1nterference groups, the effect of crlglnal learnlnq vas ‘

i.statlstlcally 51gnif1cant for all of the dependent error -ea§ures

{1

(Table 3C).
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TABLES 34,B,C,D,.

y |
DESCRIPTIVE STATISTICS AND ANALYSIS OF VARIANCE DATA
" POR EXPERIMENT 3.

TV
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Table 3a: nescrlptlm Statistlcs of Ret{eacté.ve Iatefference‘
Experilent (Expt. 3)

KINDERGARTEN GRADE 3 GRADE 6/7

X  SD X - SD X SD
CONTROL |
AE 3,60 . 2.24 . 2.55° 1.16 2.67 1.83
CE -0.34. 4,25 C =1.36  2.51 -1.13 3.08
VE 0.70 0.83 0.60 0.72 0.44 0.57
INTER-
FERENCE
iER 6.50  3.33 4,87 8,23  S.14 2.21
CE -2.52 7.03 '0. ‘8 9'62 "ﬂ.52 3.30
VE 0.73 1.08 0.60 1.26 0.69  1.02
/
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Table 3b- Descriptlve Statistics For Original Learning

CONTROL

AE~
CE
VE

3
INTER-
FERERCE
—F

CE
VE

' Experilent (Expt 3)

'HIGH ORIGINAL LEARNING

7 .
IR, . SD
.

1.69 . 1.79
 =0.59 2.41
0.54 2.41
3.96 6. 47
-l.ﬁlo 7.“9

- 0.63 0.93

LOVW ORIGINAL LEARNING

X

2.24%
'0. 72

0.62 .

2.88
-1.37
0.81

SD

2.60
3.06
0.95

3.47
u.30 ‘
1.20 -
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Table 3c: Ana1151s of Variance Table For Retroactive Interference -

SOURCE

Absélute,'

Error

b

MEAN
AGE

RI DESIGN

A x DES'N
ERROR

Constant
Error

MEAN

AGE

RI DESIGN
A x DES'N
ERROR

variable
Error

gt

MEAR

AGE

RI DESIGN
A x DES'N
ERROR

8194.9
-~ 148.6

7.“ a T

Bxperinent (Expt.
SuM OF .
SQUARES DF

)

744,86

6560.4 1

1198.2
411.3
205,0
534.5
12698.9 1

w
.
O
- N e N -

"Haau‘
 SQUARE

8194.9
T4.3

- 744,8

3.7 |
59.6

1198.2
205.7 .

205.0

267.3
115, 4.

L PN

137,41

1.25
12.49
0.06

10.38.
1.78
1,78
2.32

139.86
0.69
1.78
0.35

S

© <0.01

0,29
<0.01

0.94"

<0.01

0.17

- 0.19

0.10

0.50
0.18
0.70
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Table 3d: Analysis of Variance Table For Original Learning

SOURCE
CONTROL
AE MEAN
ERROR
~ CE HEAN
"~ ERROR
VE NEAN
"+ _ERROR
INTER-
FPERENCE
AE MEAN.
ERROR
CE MEAN
ERROR
VE NEAN
- ERROR

Experinent (Expt. 3)

SUM OF
' - SQUARES

1358.6
1218. 7

1450, 1
2606.0

S 117.2
106,04

4164.5
8516.9

680.4

11739.3

184,5
276.0

MEAN
DF SQUARE
1 1358.6
88 14,0
1 140.1
88 27,7
1 117.2
88 1.2¢
1 4165.5
88 96.8
1. 18041
88~ 133.4
M 184.5

88 3.1°

‘;;;

96.99

1. 04

5.10

58.8

<0.01

0.03

<0.01
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D, Discussion

i. Retroactive Interference

The ability to produce decrements in recall of lear;;d
material by introdqcing inﬁérpolatad actiQity into the teténtion
‘inte:val haé a long history in both the verbalfand‘lotor'donains.‘
Given that children do ﬁot attend to short term memory tdsks as

well as adults (Sroufe, 1971), children would be expécted to

| readily demonstrate retroactive interference effects. The
absolute error data show that, collapsed over all ages,; this is
the case, Only the grade 3 subjects show no statistically
significant different effect of the retroactive.interfereﬁce
paradigm, possibly due to the extremely large variance abodt the
mean deaonstratgd'by the grade 3 Subjects during thefinterferencé
task, The results, taken with the previously reported trace decay
results, offer support for a dual process forgetting mechanism in
the'age groups tesied in the motor doiain. While the interaction
effect between interference and age was-not siq#ificant,‘thus
setting it apart from the trace decay data,sinilar~¥esults {that
is, yonngar‘children showing greater trace decay than older,é?es
as the retention'intérval lengthenad) might have been obtained if
different lewvels of retroéct;ve inte:ference hadrbeénjproduced by |
different amounts of ihterpolated activity. founger‘childrén,-’

with less central processing capacity, would denohstrat9=
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idérgasingly greater interference effects as the retention
interval is increasingly filled. i |
The data for constant and variable errors shov no
statis;iéally significant effect of ietroactive intergeranCe.
Nevertheless,“uhile thé results aré not statistically significant,
.the means for constant error show the same unexpected adaétationf
level response fdr'tvo of ihe age groups as was deséribed for the
proactive interference data.‘The interpolated activityL though
generally of greater magnitude than the criterion uovgnent, -
produced reproduction efforts which were markedly undershot
relative to controls., As stated‘before, theré is no readily

~available explanation for this phenomenon,

&
Fd
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ii. Original Learning S B

Adams and Dijkstra (1966) tested, with adults,_‘l:h'ei“°
hypothesis that a more firmly established memory tracé is more
resistant to the interféring effects of interpglated activity
than a less well established on2., Subjects were provided with
either small, medium, ;r iarge amount of original learning prior
to the filled r=tention interval, Subjects who had had the most
iearning trials were less affected by retroactive interference.

.

The data in this study indicates that the same effect
apparently does not occur- with children. For éontrol qroups; that
is, no interpolated activity, the group havinq'mgre original
Learning‘trials'had a reducfion in absolute e::of upon
réproduction of the criter;on. Therihterference group, 6n the
other hdnd, showed exactly the‘oépdsite effect to the controls
énd to the expected result, These subjecis who had supposedly
learned the fask to q{@ighet degree were actually smcre
susceptible to the eféebts of retroactive interference as
indicated by fbeir significantly increased absolute error. In
addition, increased original learning had little effecf between
control and interference gréups as shown by thé me;;s-in Table

3a. Por constant error, the overall effect of increased original

learning was to shift reproduction responses inexplicably in the
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negativelﬁi:ection. Only for variable error was a préﬁictablé
effect of increased original learning seen.' Subjects in both
control and interference’groups shouwed a de;rease in variaple
2CTOT uhen,more learning trials were given., This indicates that
the increased learning did geperate a more well established
Remory trace. NeveftheleSs, in tHe;fade of interpoiateduactivity,
only the confidence in the memory trace remained since what the
subjects remembered as being theAcriterionlias‘not»it at all,

¢

hence the interferque effeqt.

Original learning -appears to have an unusual and  -
unpredictable effect on children in the context ofathe short tefm
memory paradigm, The cause of these resulté is not understood at
this time., It is possible that, by imbedding the experiment on
original learning ;ithin a large number of other experimental .
demands upon the subject, the effect,of proactive interferéhce
inherent in the design confoupded ihe original learning results
producing the unexpected findings. The difference between one and
N .

ten original learnidg trials may well have been trivial by the

time Experiment 3 was performed.
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CHAPTER 5

@

General Discussion

The results presented in this study have implicatioés in
hoth teaching of motor and motor learning and perfdtnance theory.
Por the latter, the points to be made stand on_firm grouﬁd‘since,
generally speaking, theoretical approaches to motor lea;ﬂinqrhave
been fornulatéd from the simple kinds of movements éuch as tﬁose
used ‘here, Por thes former on the other hand, care must be taken
not tb6 generalize to movement classes far removed from the
experimental ones, Complicated physical education skills are
éery different from linear positioning and generalizatfons syould
‘be made oniy with cau£ion. Still, the findings herg can be,qéed‘
as guideliﬁes for instrucfing children in motor skills'provided
that they are recognized as haviﬁg come from simple skills and

may require modification in order to be applied in the

-

"classioom" setting.

Considering first th2 findings of Experiment 1, several
pointé of interest arise., The trace decay cf motcr information
.seen with children duplicates that seen in other short tera

memory work in both the verbal and motor domains with adults. For
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:etention interval 1en§th effects, children confora to
‘theoretiCal éxpectations and do not require special coﬁsiderationA
within the theoreticai framework From a practlcal standp01nt, it
-is worthwhile nct1ng that younger children are less successful at
retaining proprioceptive information in short ters memory and
presumably at transferring it to long tera memory. This suggestsl
that in a situation in which guidance is being pro;ided during
skill learning (a situation analogous to the constraihed learning
| trialSi, children, particularly young ones, should te ;}loﬁed to
attempt to répeét the movement on their‘own as Quickiy as
possible after the guided learning trial. In this way, the
| reptoductioﬁ trial will approximate the learninq trial as closely
as ppssible. If all learning and reproduction trial combinations
are pérforaed in thié manné:, a model pf the skill - a éerbeptual :
trace - (Adanms, 1971) will be acquired with a asinimun of variance
Or noise associatéd with it.  Such a trace stored in long térm:*
memory could concéivably facilitate future perfornagge of that’
'particulat skill due to the small amount of uncertainty
associated with it,

) o ' .

When discussing trace decay results froa Experihent 1, it is
worth noting that an inconéistency arises when the findings are |
compared with control findings in Experiment 2. For all age qroups,\
the 30 second unfilled retantion 1nterva1 in Experiment 1 should |
natch with the 30 second unfilled retention interval in Bxperilent
2. They do not match, however. There 1s considerably more nenory

loss under conditions in Eiperlnent 1 than in Experiment 2. The
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différenéérmay be éxpiaiﬁed'by fhé fact that, in Experimenﬁ
1}.sub§eéts perforaed in»gsitﬁgtidn of accumulating proactife
'inte:fetencg, Thé}efdrei the data in‘Eipepiment 1 caﬁ at b2st be
only.SuggeStije éf traéé deﬁqg;,The resulté néy be equally well

explained by the alternativetnechaniSm of proactive intgrfefence.

M

BN

Despite the controvers& about +he relative usefulnnss of
dlstance and location informatlon, evidence here shows two poxnts
clearly. Pirst, ch;ldren use 1ocat10n\1nfornat1on-a$ithelr
primary proprioceptive input, a result.iﬁ keeping iith a?atfis
known about adults, This is not to say that distance infdrmation
is not of value, Subjects at all ages benefitted*sliqhéiy from
the presence of the extra distance infprmdtion;\suggesting that,
vhenever poséible, it«isluseful to advise children toAattend;to
all available movement cues.and, if necéésary, to help ‘then

develop strategies by which they might better use then,

Children in this study, when:infctmally quéstioned abluf“
their performance strategies, implied that they wefe'unavare of
using distance information in any uay.‘Yet the‘datﬁ show that,
although unaware of it, they were. Also, children stated thét
longer moveaents were easier to remember than short ones although
~the data show the opposite to be true, These results, taken
together, indiéate'that childrgn's perceptions are not the best

sourc2 of information regarding their progress at a given motor

t
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task, .

| \
De&glng into the effect of movenent 1ength, tﬁé da%arih this |
study shows within a behavioural‘frameuork what has been recently
demonstrated by at least some authops in neuroph&siologlcal \
studies., There is evidence (Millar, 1375; Tracey, 1979) fhat,,
durlng extenscr mrovements, jOLBt receptors provxdlng locatien y |
1nformatlon flre dlfferentlally at dszerent positicn As
~extension contlnues, the location of the limb is less reliably
ﬁonitdred in the joints resulting (from a behaviocural standpoint)
in +he subject having.less reliable locatidﬁ‘informatiop for
govements requirin&agreater eitensién than for movements
requirinq lessef extension; While the absoldte"error.data fo:
moveneni 1enggh bear this out in this partiéular,study,(both for
absolute and.percent-v31ﬁes; that is, error expreésgd'as a
péréent of the total'lenéth),‘the'proposition is still tentative,
The arm positioning task conducted on7subjects here isiprinarily.
a shoulder and elbow task and the rééeptor informatich &oﬂes from
studies of the knee, wrist, and elbpw..The iransferahili%y‘of
characteristics of receptors froa oné jbint to another is |
uncertainy(P. Bawa, persoﬁal coniunicatioh)-ahd the knowledge in
:this aspect of motor control awaits a combined .

behavioural/neurophysio1091031 study.
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Another study of future interest arising ihdirecfiy from
Experiment 1 would investigate whether or not children perfora

better under conditipns of presélection than unde; constrained -

conditions, 'Such is the case:with'édults:“however, this matter -has

has not been pursued with children. Such a study performed over
age groﬂps of normal children would provide insight into the

development of central processing events,

Schmidt (1375) pressnted a schema thecry of motor lgarning

whose underlying principle wvas that a wide variety cf practice

movement experiences results in better performance. under traasfer

to a movemeﬁt of the same class., This theory seemingly fligs in
the face of the theory c¢f proactive intérference vhich states

-
that preceding novenents'are_debiiitating to movements of the
same class, This appareﬂt différence.can perpaps be reconciled by
\assugiggvthat schema theory is best suitsd to well learred skills
in lon§ term memory and proactive interference is best suited to

7’
short term memory paradigss. Even so, the rough ride which has

- R ) . —, .
begn given schema theory in the literature {for exaaple,

Zelazhick, 1376) may be the result of proactive interference

sffects subverting schema effects.

s

I
This points to the fine line which must be adhered to by

motcr skills iﬁstrubto:s vho must insure that, fcr positive

£

transfer to occur, original skills are learned very well.

-

s
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Children ageteasilj affecied‘by pro&ctiye interference and:
younger ones have poorly developeﬁ.cognitive,SKills like directed
forjettinq. To linimize these.effécts,-thevgoaiof'teachiné a
progressive series Qf'skills should be fully explaihed so that
the child fﬁlly conprehends that all the skills aie related and

that the easy onas at the beginning of the series are - . R

" . task-relevant,

With reference to retroaétive interference, it is clear that
chiidren are dramatically affected by interpolated activities.
This can Se pinimized in the pﬁacticalmsetting by reducing as
much as possible the length of the refehtibn interval so as to
,redﬁce~the‘opportunity for interferehce to occur. H®hile this
. makes both theoretical and practical sense, the data on level of’
original learning produced in this study creates the untenable
peéagogical poesition of hgving to advise against practice for
fear of having performance degenerate altogether. These results

may be best interpreted in the context of proactive interference

confounding this part of Experiment 3.

/-’

. The basic premises of motor skills research developed with

adults have been related to child growth and d?ff%?f!f?t),,

Chkildren adhere'closely to the performance characteristics of

adults suggesting that the laws of motor behaviour are
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parsimonious over the ihree age 1evels,'extending probably to
adulthood. pDifferences dp occur between aqe4§:oups ih those tasks
which reguire a'hidh degree of cognitive control:byét motor
behaviour indicating that spae‘notor’perfcrmances may ;equire
more cognitivé ability than very youn§ children poséésé.
Nevérthaless,‘the basic principles cf‘motorllearning and
performance hold true for children as they do for adults.‘

o
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Appendix 1 presents the results of a posterioti analysis ot

‘significant main effects described in the text in Tables 1 and 2.
-

Oonly absolute error main effects are considered here since they
are the only ones around which the discussion of develqﬁlent'has

revolvéd. Caléulatibns were done using the method of Scheffe as

*

described by Ferquson (1916). Critical P values were chosen;td

test statistical significance at the 0.05 level.

~ \’,“’-9\ ’ »
;

The following abbreviations are used in this appendix:

1

KIN = KINDERGARTEN
GR3 = GRADE 3
GR6 = GRADE 6
10CH = 10 CENTIMETER MOVEMENTS
20cH = 20 CENTIHETEB MOVEMENTS
4OCM = 40 CENTIMETER MOVEMNENTS o . -
OSEC = 0 SECOND RETENTION INTERVAL
15SEC = 15 SECOND RETENTION INTERVAL
= 30 SECOND RETENTION INTERVAL

30SEC
CON = CONTROL GROUP, EXPERINENT 2
DP = DIRECTED PORGETTING, EXPERINENT 2.

. —~F
NDF = NO DIRECTED PORGETTING, EXPERIMENT 2



CONPARISON
 GR3 - GR6
GR3 - KIN

. GR6 - KIN

10CH - 20CH

2oc§ - 40CHK

10CH - 40CH

OSEC - 15SEC .

15SEC - 30SEC

0SEC ~ 30SEC

CON - DF
DP. - NDF

CON - NDF

CALCULATED F CRITICAL /P

5.27 ' 6,22

6.86 6.22
. E : i ‘ -'%‘ -
24,19  6.22
5,63 : 6,22 -
38.03 ’ 6,22
- 72.390 . 6,22
38.62 | 6.22
110.62 6,22
280,00 ' ' 6.22
. 2 - -
13.32  6.22
22.56 6.22

70.56 . 6.22
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