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in motor learming, proactive interterence has ofter: beeﬁuted as the reasbn for senal
positon effects (Magil, 1976) The interfenng effect of previous items on the recall of sub-
sequent tems,in a rﬁovemenl sequence can readily"account for the superior recall of initial
items, while the iatter fems are recailed because they are still active :n memory and not sabject
to extensive nterference effects items in the middie ob a sequence are proactively and
retroactively interfered with. sc they are not fully encoded. and they are recalled poorly
Although this expnananon is compatibie with the pevious one of distinct storage processes
_ leadingto dtﬂerenual performances. the two nterpr etations of senali sk.ll acquisition have not”
been used conjuncuvely . ' .
n-sdtfﬁcun to expian senai motor skili acquisition because equivocat resuns nave been
reponed (Cratty, 1960, Magi. 1976, Wnsberg. 1975, Zaichkowsky. 1974, Wrisberg Yound
senai: posmon effects while the other tesearchers did nat These disparate findings seemtobe
explained Best by the differences in methodoiogy. such as varying task demands and subject
_Roputations It aduit iearmng is truly a recombination of prenc;usly learned skills (Schrrudt,
. 1975;. then itis necessary to empioy a theory to early motof skl acquisitfon which provides a
deveiopmentai explanation of iearming stages as weil as a description of how cmldren utilize
4 information within each stage’

5 L.

L]
Neo-Fiagetian Theory .
Pascual-Leone (1970) added a quantitative parameter to Piagets (1952} theory of'
discontinuous cognmve stages to make tunctional the quaktative phencmena descnbed by
Piaget Neo-Piagetian theory iPascual- Lecne 1970 Pascual-Leone & Smith, '1969) was
operationanzed for sesearch because it accounted for the orderly progression of processing
abiitydhrough developmentai stages it was descriptive of the within-stage vaniabiity (iIndivid- -
1 yaidifferences) in terms of probiem- solvmgc,apab.htxes we high and low M-processors, which
1s a designation of a child's abiity lo produce problem solutions,, and it was a framework In
which the components of a task couid be analyzed n order to determine how much information
wasInherent in each task Additionaily. neg-Piagetian theory ddes not requirg a beginning
competence jeve; of cognitive deveiopment for its postulates to be tested. as it was designedto
account for those developmental stages through which a child progresses The neo-Piagetian
»merpretatnon of iearmning would expiain mdmduat diffetences iri children s behavior on both
- cognmve and psychomotor tasks thus makmg it more appropriate lhan other information-
processing approaches tor studying the senal-position effect in children s motor.learning,
The significance of this approach for childrens motor learning is that the amount.of
- nformation presemed 10.a chid can be quantfied in terms of number of schemes (uﬁils of
information; In a ievels of processing approach Crak & Lockhart, 1972). the vanations m
encoding instructions presented 1o subjects 1s difficult to quantfy The different mstructlons
only serve 1o ffrovide an encoding strategy to the subject. and itis difficult to determine if the
results are actually due to depth of processing (Crak & Lockhart, 1972), elaboration of ‘.
encoding (Craix & Tuiving 1975, or differentiai strategy usage Thus. the results of these
studies are often clouded because the amount of task ynformation varies in an unspecified
manner white in neoP.agehan investigations the amountof information s equalto a specified
number of schemes /, i
in neoPnagena‘h the’%ry the existence of a central computmg space (M-space)'ts
- pvslutated This M-space 1s composed u‘a structurai component (M, space), which s the
§pecmc stage processing capacity and a functonal component {Mrspace}, which/s that
‘ portion of the M.-space a chud utiizes at any particuiar moment’ Vanations | Gtifzauon of
_ M,-space have allowed expenmenterg to dichotomize chiidren intg s of high and low
. M-processors Since the M.-space is assumed to be equivalent fo¥dny child within a devel-
g opmenta; s1age iis the use of sofne portion of the available pt dmgssing capacity which defines
a child as either a high or low M-processor-
Ditterences between mgh and low M-processors Within a developmental stage would
tead to themoncnus«fn thatinformation which is learned best is thatinformation which the chilg
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is capapie of processing.and tetaining Any addauuqa‘ informabun would exceed the process
ing imuts, and a dectement n iater performance when compared tu earher performance may
be expected Therefore, a senai positron effect can be explamed within a neo Piagetian
framework in the followang manner it Suq;ects were low M-processors, a steady dechne in
motor performance wouid be expected as the number of response items 1o be recalled
increased This 1s because the iow M-processors generally process information in a léss
. eflectiveymanner when compared to ugh M-processuis at the same deve&opmental stage (low
M-pr rsguse 1ess functionai M-space; Additonai .nformation would extend beyond the
procees)ny capacity kmits af the chid s system and cause an increase m performance errors
. (Zaichkowsky, 1974) Any 1ecency effect wouid be due to a smail number of later prﬁsemed
oy tems rema\nmg active in memory. High M-processors should produce a stronger prnmacy
\, recency effect Since m.s group of chuidren often use more of their M, space for. processing
than used Dy iow M- processors they aie capabie of generating strategies to facilitate the
. performance of tasks that may appear to exceed thei ptocessing Lapadty This wouldresultin
a strong primacy effect Motur 1 esponses n the middie pusitions would ieceiv e iess proeessing
‘ aftenton because they are presented aia ume wher the irutiai ems aie being processed, and
pertormance shou!d decrease ini a manner simiar to the iow M processing group for middie-
‘ posiion items The 1ecency effect would then be evidenced within the fugh M processing
" group due 1g the processing strategies they wouid empioy The ea.rb, response items become
{ iearned and stored . memory. whie the middie jesponse tems are not rehearsed because
+ memory capacity :$ unavaiabie due to the processing of the early 1esponse tems Finally. the
3 iater response items are piresented and they can be processed and leamed similarly to the
. Jmhai tems because more of the processing capatity is available due to encodmg of early
- presented information
Withun the parameters of neo- Piagetian thieory, an appropnate motor task was designed
, lotestthe pogsibitity 0f @ bowed senal position curve octurnng duning the acquisition and recall
: of a series of positoming tesponses Spechitaily, both igh and iow M pzccqssors would show
+ a retention curve reiated.to ordinai positon ofthe response lems Further hypotheses which
..were tested were as follows (a) high M-piovessors would evndern,e greater accuracy and less
#vyanabiity in their performances than the iow M pmg.essms by hugh M processors wouid
%acmeve more correct iesponses on the five-stheme 1ask than lhe low M processors, while no
afference would exist between groups tor correct responses ‘on pertormance of the four
‘scheme task. ’ . ’ e

%
i ’ ! ] . .
: Method -
s‘ Subjects. Males. gged 9 and 10 yr (late concrete, e - 4) from the fourth grade of two
Tallahassee pubic schools, served as subjects Hand preference was not a critenon for
apiection (Gerson & Thomas. 1977, Twenty subjects paricipated in the final experimént.
Apparatug. The Figurai intersection Test (FIT). descnbed elsewhere (Thomas & Ben
der 1977), wags used imibaily to determine subjects for testpd on the critenon task The FiTs
per-and- pencu test which determmes achid 5 cognitive problem solving Sbnhry Thetestis
mposed of a s&ries of overiapping gevmetnc shapes fromwhich the subject must determine
the iocation of thentersection space of the testligures Sincethe FiT s ameasure of cognitive
problem- sofvmg abmty other factors, such as IQ. 1ace. and souoeconomic status may be
agtitacts affecting performance on this test However, de Avila and Hayassey (Note 1) have
hown thatdhese factors have no effect un perfcu mance relaled to tigh and low M processors
Therefore, it was conciuded that theFiT s a measure of cognitive probiem soiving abiity, and
thus, #t was used to dichotomize the subjects into high and low M processing groups  °
A totai of 88 chidren were administered the FIT Based on a sampté mean score of
44 57 (5D =28 20y, 16 ugh and 10 1ow M-processors were selected HighM processors were
defined as thosgchiidren sconing more thar 1 50 abuve the age gioup sampie mean ay low
M-processors were defined as chiidren sconing mote thari 1 SO below the mean The mean
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score for the righ M-processing group on the FIT was 83 40 (SD - 7 81, and the mean score
for the low M-processing group was 940 (SD=381) -
The critenon task was a curvilnear posmonmg task which has been described -
eisewhere \Gefson & Thomas 1977, Thomas & Bender, 1977, it consisted of a metai pointer
thxch rotated freely to transcribe ar arc of 217 g
r, Procedure A task analysis of the cntenon tesponse per trial was performed as
suggested by Mitchell (Note 2; Atnaiconsisted of it.e subject moving the pantet to a randomly
chosen expenmgmey defined stop These stops dsﬂer'ed oneach trial After a 1 sec pause at .
the stop. the subject returned the ponter to the start position TQe subject then moved the
ponter to another stop. 30 greater than the first stop Foslowing a | sec pause at the stop. the
subject again returned the pointer 1o the start posiion This identica. procedure was followed
until the subject contacted four experimenter defined stops After contaching each of the fodr
stops, the subject wa then asked immediateiy by the expenmenter 10 leposition the pointer
mid-way between two of the socaton parits with the stop pegs temaved This constituted one
* complete tnal The task analysis revealed this tu be a foutsscheme lask, whigh was devel-
opmentalty,appropriate for the age of the subjects in the study Theintertnaiinterval was 5sec
Subjects were asked o reposition the pointer mid-way between two location pornts,
:amer than at a pcation pont because of certain prescriptions within neo-Piagetian theory
Durning a reproduction movement a chud must actvate the.schemes for the two points chosen
by the expenmenter Those locations must be retneved from memory it s the ability of the
¢hildren to 1etneve the appropnate cues far movement repucation which defines igh and low
M-processing tapabiity Furthermore the ptoyision of two location Cues shouid provide more
information from which the subject erther high or low M- processms Souid p(odupe a correct
Lesponse . - -
The lask gnalysis was conducted gy considening the response re?memems the subject
had to meet n oager to formulate a correct response A correct response was a reproduction
mmemem which the subject terminated belween the {wo iocaton points described by the
“ expenm&mer An errgr was consrdered s a reproductiun response which was not terminated
between the choseninatuon ponts For the deveiopmeriaily appropriate four scheme task,
the child had to move to the four expenmenter-defined 1ocation points This constituted the
¢atenon phase ‘of a tnal'in which the subject was kinésthetically informed of the faur target
- locations inthe sequence Duningthe reproduction phase ot atnal the subject had to reposition
the pointer between two 1oLations specified Ly the expenmenter Thé subject was required to
activate three schemes to produce the 1eproduction movement, a,scheme corresponding to
each of the two targels and one for cantroiing the movement to a point between those two
targets Thus. the task analysis resulted in the' repositoning phase of a tnial being a three-
scheme task: .

The factthat the repositioming lask.was unly a lhree scheme task does notindicate that
better perfurmances will occur The M demand af a task is determined by the maximum
nurmtber of srhemes a subject must activate, at any one time In this case, four figurative
schemes must be actvated before the subject is loid whete ta 1eposition the pointer Although
the M-demand of the task may appear to be 1edured any vanaton in performance would bg_/
the resultof different steps the child processor progresses through

Simuar procedures were fuliowed for the same subjects when a five-scheme task was
,used Atask anaiysis revealed‘lhls lask 1o be une scheme beyond the developmental stage of
"the subjects The task analysis procedure was identical to the’ four scheme task, and the
reposiioning response or thefiveé scheme task aiso became athiee schemetaskin a manner
similar {o the way the demards of the four scheme task appeargd o be reduced

With the apparatus piat ed dirpctly in frant of the sutyject at tabletop height, each subject,

. while seated in a chau, recelved 12 Inals on-the four scheme task and 16 tnals on the
five- scheme tagk so the number of 1 epi sduchion movemerits (o each posiion would be equally
ieprésented The anly direct feedback avaiabie 10 the subject was kinesthetic Visual feed-
back was controlled by a curtain under which the chid piaced the hand which grasped the

i .




Senal Position Effect .

handle of the curviinear task Auditory leedback was controlled by the almost frictionless
movement of the pointer .

> The order of task presentation was courggrbalanced for each subject to negate any
possibie prachce-effects (Gerson & Thomas. 1977, Additonally, the initial stop position on
each task was chosen at random The untenon repositionng responses were also counter
balanced within each task to negate any possibie order effects for each subject

5
“

Results

To determine the effect of the presentation order on the sequental position of the
repositoning response a 2 x 3 \groups x posiions, factonal analysis of variance was calcu
1ated for the totai number comrect responses on the four-scifbme task Significant main effects
were evidenced for groups, £(1.18)=833, p-. 01, and positons, f(2,18)=4 80, p - 05 A
companson of the mean scores for groups showed that hirgh M processors displayed a greater
percentage ot-correct resp'onses (reproduction movements between the two chosen tion
p&nts on each tnay) than iow M-processors (High =74%. Low -‘}8%, A foliow-up Newman-
K®uls test on the posiion means was not sensitive enough to determine where the significant
ditferences existed However. aninspecton of the positon means for correct responses (18,
1 3,and 2 4, tor the three positions, respe'ctfvely, showed that performance was best when the
criterdon position ta de tecaiied was presented as the midpoint of the last two ibcation points in
the four-scheme lask (position 3. thus indicating the hypothesized trend in the data This
recency effect for both groups was further dispidyed by calculating and then plotting the
percentage of totai efrors occurnng at each positios {McCrary & Hunter, 1953} This procedure
would yiexd an accurate assessment of the relative difficulty of recall within a sequence, as
depicted in Figure 1 in the graph it is also shown that & primacy effect occurred for both
groups The curves were aimost dentcal «n shape with the high, M processors exhibfting
supenor performances at ail three positons - °

»

. . 7 X nep

peacent #
ERRGH .

POSITION « »

Fig"1 Percent recall errors on the four-scheme task

A2x 4‘qgr0ups x positions) tactorial analysis of variance was perfqrmed on the total
number of correct responses on the five-scheme lask 1o determine a seral position effect All
effects were nonsignificant Simuar to the four-scheme task the percentage of errors mdde at
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each posiﬁon onthe ﬁy& scheme task was caicuiated and piotted \Figure 2, 1.s appaient that _
the trend was toward a recency effect in motor recall, but enty for the hsgh M-processors.
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Fig. 2. Parcent remll errors on the five-scheme task )

The dependent vanables of totai correct responses, mean constant error, and mean
variable error over afl tnals were analyzed with a 2 x 2 (groups x schemes; multivanate
analysis of vanance The main effects for groups, F(3,16)=6 50, p~.05, schemes,
F(3,16)=3 83, p-- 05, and the group x scheme interaction were significant, £(3,16,=4 45,
p<.05.
Univanate anatysis of vanance techniques were performed as foliow- u;{s on each
dependent vanable it was found that worrect 1espunses yeided s-gmﬁcant main effects for
groups.F(1,48)=7.31.p- 05,andforschemes, F(1,18;=7 31,p-..05 The high M-processing
groyp {m -7 10) exhibited a greater number of correct responses than the lew
M processing group (mean = 5 50,, and performance o the five-scheme task (mean=7.10;
yieided more correct responses than performance on the four scheme task (mean=5.50).

Additionally, to counteract any possible practice efects which may be assoGated with

‘ lhe five- scheme task, the percentage of correct iespunses maden tetaton  the totai number .

of responses was calo‘&ated"and an analysis of vanance was pedormed on the correct
responses for each task The petientage fui the five schieme task (44%, was aimost dentical
tothe pertentage for the four scheme task (46%, The analys:s of vanance reveaied them not
tobe signfficantly different Therefore, the difference i the mear number of correct resgonses
was due to ncreased samplmg of behayor on the five-scheme task, and not to any praww
effects.

The unwanate 1onow up on the vanabie error scores yeided a sigrificant main effect fot .

groups. F(1.18)-1787,p 01 Inspecuon of the means showed that the high M-procesaing
‘group (mean - 19 57 extwbited iess vanabikty i theu perfurmance than the iowM-processing
group (mean =28 39‘) No other significant effects occurred with this measure.

The follow up analysis of the constant error vanabie yisided a signeficant scheme effect,
F(1.18)=7 54,p 05, and a significant group x scheme interaction, F(1,18) = 13.28, p<.01.
Inspection of the mean scores for this varabie ieveaied the hidien to be mure accurate on the
five-scheme (mean = 9 13") than the four sctieme (mean=  16.457} task. As seen in Figure
3,the interaction effect was due 1o the fact that tagh M- processurs dispiayed smuas degrees of
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Senél Posttion Effect * .

accuracy for both tasks. However, the iow M~pioqessors were more accurate on the five

, -Scheme lask \as determuned by a Newman Keuis 1aage iest,, wher.  would be expected that

C "

greater accuracy wourd correspond to the four scheme iask because ! was Jeveioptmentaily
appropriate.

L]
: ’ . . X = 4 scheme
. . fom—

0= 5 scheme

P2

2

19

17

, 15
13

9

- 'hlgh A

GROUP
Fig. 3 Group x scheme ,nteraction for constant error \all scores are negative)

’
.

Comesponding #ith the suggestions of Newaell (1976, and Roy (.1976). absolute,error

. was anafyzed as an addiona measut e of [espoNse actulacy to provide further evidence for

chudren s skil acquisiion and the child s capabriity to activate the appropnate schemes A2x2
\groups & schemes, tadtonai anaiysis of vananwe was performed or the absolute efror scores
for both the four- and five-scheme tasks There was a s«gmificant maxq effect for groups,
£41,18)=9.58.p ~.01, with the high M-processors (mean = 18 637 showmg greater accuracy
than the iow M-processors \mean=27 917, The signficant’group x schemes interaction,
F(1,18)=521, P~ 05. was.similar to the same signfficant interacton for constant error.
Howevet, the absoiute et ut nter achun dues shaw the mportant distnction (see Figure 4, that
different mnterpretantnsuf the perfuimar.es weie 1 eiated (v the partituar Jependent vanables
inspecied, ether absoite o tonstant error in other words, the performance of the low
+ M-processing groupneve: exceeded the performance of the igh M prooassmg group on
eﬂher task when absolute #rror was the dependent measure *

( . ANewman-Keuls range test on the :nteracbor. means showed that low M processors,
as a group, were significantly jess accutate on the four scheme task than on the five- scheme
1ask, and aiso, that iow M-gfiocessors waie significantly iess accuiate thar high M processors
on the lour- sqnemeand five-schemé tasks There were no significant differences among the
other three sets of means ow M-piocessurs five scheme task h.gh M processors four and
five-scheme tasks)

4

‘ Dlscusslon ’
The hypomesas that both groups would ‘produce a senai pesition effect related jo motor
recall on a deveiopmentaily appropnate task. and that twgh M processors would be more
Ogomrate and 1ess vanabie tharsluw M- pluessurs, were suppurted While these findings were
simiar to those ot Wnsbefg 1975,. they were .n contrast to results reported by Magill (1976)
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and Zaichkowsky (1974, Wnsberg (1975, concluded that five motor responses would be
sutfiGent to produce a senal learming effect The present study var. be laker as parbai support_
for this statement since five items did produce a sight recency sffect for igh M-processors.

More pronounced was the effect or: the four scheme task it therefure suggested that four of
five motor response items are sufficient to produce a senai position effect i chidren s motor
learning but that the effect is greater whert: the lask demandsaie devempmentany appropnate
for the subjects (in this case, e +4). .

Resulty.ndicated that the final hypothesis was incorrect N aifference between groups
In correct responses was found on the five-scheme task. piobabty because the task was
beyond the developmental processing capabuites of the subjects High M-processors did
perform signficantly batter on{hbp; four scheme lask than did iow M-processors. This was
attributed.tc an umdenuﬁed sogrlhve strategy o theetenitiun uf Lask etevant wues developed
by the high M group i earty motor earmng s vumposed of both verba and molol components
such that subjects will tend to convert a novei motor skl into a verbai probiem 1o be solved
\Adams, 1971, then the hugh M- processors were mai e effiuent at encoding and deoodlng the
appropriate cues Therr abikty to transform motor cues into more eiaborale verbak motor cues
schemes;. and then tc decode those schiemes to produce efficient mator responses was
evidenced by thesw supenor performance scores at all three positions (see Figure 1).

It wouki seem that tems presented earty and iate .n a sequence shouid provide anchor
points which allow a chid fo exert a modest amount of cognitive controi over the motor
response (Burwitz, 1974,, f the response .9 devewpmentan, appropnate. Middle- sequence
Kems do not seem to serve this function, as s evideniced by the  greater percentage of recaft
erfors made on those responses i both motor and verba, ieaming .Aveshgatons, A ogicai
conclusion wouid be that 4, the inabifity of a chuid 1o provess senai information rapidly enough
which resufts In the senal position effect » 4

Another possible expianator 18 that the perffurmance d;ﬂerenues may be reiated to the
greate!ual\xﬁty of high M- prog8ssors to 1etreve (Hore aviui ately infor maton rom the long term
store. as well as 1¢ retain infarmatiur, better wr, the short term store fur subsequent recal. White
low M processors were aisu vapabie Jf empiuying these memury ptovesses, they were 1ess
efficient than thesr lugh M counterparts The senai ieaming curves piotted in Figure 1 and, to
some degre:?. those curves ) Figure 2, Lorrespond with Gianzer s (1972, interpretation that
' ’ " ’ ) S °. '
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sary tems are retneved from iong-term store. iater items are ietneved from short term store,
and middie ems are retneved with the iargest amount of error because they.are 1n a state of
incomplete transfer between Storage systems : . ,

’ Exptanauons of unexpected results, such as iow M processors displaying better per
formance on the five-scheme lask than on the four scheme task, are current!y unavalable
within a motor ieaming interpretation of nec-Piagetan theory The most plausible discussion
wouid be (g reiate the findings to inconsistencies in the task anarys«s which is conducted on
cognitive and Molor tasks, as simuar motor perfurmance tesults 1S the prqsem unes.have been,
tound etsewherd (Gerson & Thomas. 1977, Additionaily, Thomas and Bender (187 7) have
reported that thewr motor pertormance data on comect iesponses did not equal the perfor
mance data on cognitive nec-Piagetan tasks (Case, 1972) There is Obviously a need for
cioser scrutiny of nec-Eagetian theory before 4.s accepted as a cgmpietely viable explarfation
tor children s motor learnthg ;e

.
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