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| ‘ ABSTRACT
Seven experiments were conducted on the effects of
image and label on the free recall of movement lists.
“The movements were made with a joystick, ahd vis}dq;::s

eliminated. The subject while sitting, was agle to ve

the joystiek in all directions in the horizontal plane.:-'

within a circular aread.

A serial positdon effect was evident for the lists
of 10 and 12 movements put“was nonexistant when the lists -
& N B . "
were shorter (3, &4, 5, 7 items). [The subJects always\

demonstrated tenden01es to group or orgaﬁlze the movements
<.Vw1thln the llsts especxally when they could form geometgic
shapes ‘When such strategles of grouping were used the
\\\v sérial pOSltlon cunye was d{sturbed The serﬁél p051tlon
/?%%ults of this. series of experlments were dlscussed in
vji “terms of a SLngle memory . process
. The subJects\éemonstrated capabllltles to label some

movement pattérns and to malntaln mental 1mages ‘0of these

pattenns, The movement patterns°that they could label

— . ’ .

were called "high meanlngful". It was found that ‘movement

patterns vary in Leve% of meaningfulness.
The recail accuracy was significantly’improvedlwhen

imagery and labelling were suggested as recall strategies,

for high meaningful movement patterns. However, the memory
‘loss after 24 hours was Significant even' ' with the use of

strategies. The recall accuracy was not improwed for .the . .

S [
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immediate recalﬂ of low meaningful dovement patterns,
when imagery and labelling stqategles were proposed
However, the imagery strategy prevented the decay of low
-meanlngful movementvpatterns, after 24 hours. |

A sxgnlflcant lower recall performance was found
for the low meanlngful movement p“,teééé;#ompared to the,

hlgb meanlngful ones. difference

. in recall performance oetween hi

-

movement patterns, for the oontrox»(no.strategy) and

imagery groups. The only difference existed between. the

i

high and low meaningful labelling groups. It was suggested

that this difference was a result’ of theirelevapoe or
iprelevance cof the given labels. .
The recall performances of the.high and low meaning- -

ful movement patterns, with or Without-the use of image

and labels, were discussed in relatlon with. the dual-coding

hyto sis postulated by Pa1v1o §l971) and - Pa1v1o & Csapo

(1973), with respect to the encoding of movement 1nformatlon;

3

Il



RESUME
\-
Une série de sept expériences ont été réalisées dans le-
but de détérminer,si‘ia rétention Y court et A long-terme

de sequences de mouvements etalt amélioreée lorsque des sujets

'utlllsalent des- s

B ategles‘d imagerie (lmagery) et ar ethue-
‘tage (labelllng) Se.m uvements. Le paréﬁigme de recherche

con51sta1t en des'racpels llbres de séquences de mouvements
qul avalent ete prealablement presentdes par 1’ experlmenta—
'teur. Les mouven;:ts étalient presentestde fagon klnesthe31-

que & l'aide d'un levxer, alors gue.le sujet avjf,f“

pandés. Le sujet, se trouvaat assis pour tqute la";""e
l'expérience.et pouvait man%puler le le;ler.dans toutes les
.directions sur_le plan norizontal, i 1l'intérieur d'une région
-'circulaire (&é;r Plate 1, 2). |

Les résultats ont démontfe que la courbe 'de p031tlon
‘gérielle étalt évidente dans le cas des sequences de 10 et

12 mouvements, mais inexistante pour les sequences de 3, b,

5, et 7 mouvements Les sujets démontrérent des tendances

Y grouper ou a organlser les sequences de mouvements, spécifi-
quement lorsque ces dernidres dessinaient des formes géomé-

s

triques; LQquue les sujequu§3lisaient de telles stratégies
pour grouperfies informations, la courbe de position sérielle
"ge trcuvait'perturbge. Les résultats, tels que reproduit
graphiquemenf pour chague position sérielle, ont é4€ discutés
en fonction de la théorie d'une trace unique de mémqire.

' Les sujets démontrdrent des capacités évidentes 3

étiqueter certains patrons de mouvements et % maintenir une

vii <



\ A : :
représentatidn mentalg.(imagex de ces patron de'mou;ements.
Les patrons de mouvements qu'ils pouvaienf étiqueter furent’

.désignés "hautement‘significatifs* et ceux qu'ils étalent
1ncapable§ da’ ethueter. "dénués de 31gn1flcatlon Les ) .
résultats ont démontré que les patrens de mouvements dlffé-
rent"grgndement quant a - leur niveau de 31gn1f1catlog (eleve,
mo}ns‘élevé; bas) .,

La précision.du rappel était significativement améliorée

" lorsque des strategles d'imagerie et d° étiquetage etalent
utlllsees pour ‘les patroné de mouvements trouvés "hautement
significatifs". Cependant, la perte de retentloq aprds 24
heﬁres était‘éviaen¥e,.méme lorsqu'on utilis;it ces straté-

gles. La prec1s§3n du rappel immediat n'était pas améliorée
pour les patrons de mouvements trouves "denues\de s1gn§g1ca—
tion", lorsque les mémes strategles etalent utilisées.

Cependant, 1' uxlllsatlon de” la strategle d' lmagerle empecha
la perte de retentlon des mouvements ”denues de sens", apres

24 heureé. : ) | . ‘} |

ﬁne perforﬁance ﬁotrice'significa#iVement pigs basse a
été obsetvée pour~les mouveméntsl"dénués de sens", comparati-

. vement aux mouvémenté "hau%ement significatifs". Cepehdant;

cette derniéré observation demeurervraie seulement pour les

grdupes qui utilisent une stratégie d'étiquetage. Aucune

différence significative en tant que‘préqision du rappel n'a

été trouvée entre les mouvements "hautement significatifs"

et “denues de sens”, pour les groupes contrble (qui n' utlll—

sérent pas de strategle) et les groupes qul utlllsérent une

-
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stratégie d'imagerie. Ces données ont semblévindiquer que
cette dlfference résultait de la pertinence ou de 1'imper-
‘tlnence d'une stratégie d' ethuetage (associer un ou plu31eurs
mots & un ou pluSLeurs,mouvements) pour la retentlon de
;équénces de mouvements. De plus, il a été proposé que
”l’éfiq&etage rendait une séquence de mouvements "significative”
pour le sujet., | |

Les performanées motrices des patrons de mouvements
"hautemént siénificafifs" etn"dénués de sens",.avec oQu sans
l'utilisation.de strategles S!imagerie et/ou d’étiQuefage.

ont.été dlscutees dans_la section "discussion générale" en
fonctlon de 1 hypothése de double codlflcatlon de l'informa-

tion, postulée par PalVlO’(l97l) et Paivio & Csapo (1973)
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The study of memory will be ths focus of this sgries
of investigations. Thedinformation‘trsnsmitted in this
thesis is mainly based upon verbal memory .

According to Murdock (1974) there are three main types
of information—that, to date, hsse oeen identified as im-
portanfqin human me@ory;‘ They are -'item information’

) associative information" and 'order ianformation'. "Item
lnformatlon enables us to remember obgects and events,‘to
recognlze names, faces, plctures, mus1calQ§? positions,
tastes, smslls, and much else that we encounter in our
everyday lifs. ‘Associstive'information,.or assoc1gtlons.
relate two things:‘names and_faces, for iostance, or words
and meaning, or composers and compositions. Order informa-
tion refers to the memory for.sequenoes?of-events or strings
of items: the\letts?s of the'alpnabet,,the days of the wsek,
or the spélling?of words" (Murdock, 19?4 p. 2). In this
set of experiments, 'item information' ‘refers to movement“
.items; 'associative information' to the relation between
oovsments, internal images-andiwords; and ‘order information'
to the memory for lists of movements.

The basic question to coosider is how this information -
is represented in memory.- OT, what 1is stored, how it changes
oﬁer time, and how it is used at the time of test (Murdock,-
1974) . That'ls. the basic questlons pertain to the encoding,
retention, and retrleval of these types of 1nformatlon

'Encod&ng refers’ to what is stored (Murdock, 1974) and is L

generally considered to involve the transformatiod of the
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~

stimulus into soﬁe sort 5} representation (éternbefgr 1969)
and in some cases the'haming of the stimulus (Theios. 1973) .
Retention refers generally to the act of holdlng the infor-
mation in .memory; ln thls set of 1nvest1gatlons the infor-
mation is ﬁeld for future recall._ Retrleval in this set
of experiments, referslto the. act of recalling the informa-
tion. ‘ h |

To date; the moforvmemory literature only concerns
s review 6f article on long-term memory (Stelmach 1974)
and a great number of studles in short term. memory (Adams | \\
& Dijkstra, 1966 Montague & Hillix, 1968; ASCOll & Schmldt,

1969; Stelmach & Wilson, 1970; Pepper & Herman, 1970;

Stelmach & BaSSln, 1971, Roy &,Davenport 1972 Keele & Ells,
1972; Laabs, -1973; Roy, l975) ) HdWeyer{ these-authorsawere
concerned only with single item presentatlons None of the
latter con81dered the encoding, retentlon, and retrieval
characterlstlcs of multlple items. For instance, Laabs
(1973) asked for the recall of movement distance and location.
The paradlgm he used, as well as the aformentloned authors,
was a shgrf-term memory paradigm for the recall of 31ngle
 items. In other words, for all the authors mentioned
previously, each movement was tested lnleldq@lly for recall
Therefore, there was no pos51blllty of looking at the encodlng,
retentlon and retrieval characterlstlcs of associative move--
. ment lnformatlon and/or serlal order lnformatlon

For the present writer, the lack of work on multiple

1tems, as found in lists in verbal experlments, demonstrate



_the weakness: of the motor memory literature. It is
certalnly very lmportant to determine the nature of motor
fmemory by means other th#n the SLngle item - Brown—Peterson
distractor paradigm - namely information gained by u81ng
multiple'items in a serial position curve arrangement.
Since we do - not know if a serial positien~curve
”ex15ts for motor memory, th1§>1nvest1gatlon should be done.:
The problem of Experiment 1 was to determine 1f a serilal
p051tlon curve eXLSted in motor memory, by uSLng a free

recall paradignm.



Experiment 1

Serial position recall
in short-term motoer memory

\
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The serial position curve (SPC) in verbal literature
- presents some general charactefié%ics,’and the form of
this diéfribution is so stable and. eo consistant that we
need not he51tate torcall it a certalnty

" The SPC resulﬁ?ﬁg from a free verbal recall paradignm,
is generally characterized' by what Murdock (1962) called
"primacy effect", "recency effect” and an horizontal
"asymptote". The primacy is usually extending over the
first three or four items in the list and is léss in |
magnitude than the recency effecf; an'S-shaped recgncy
effect, marked with amplitude; 1is eXtendihg o&er the last

eight items of the list, and an horizontal asymptote is

'spannlng the primacy and recency effect

The manner in. Wthh the prlmacy an’precency effect
are related to the acquisition of a serial motor task, has
veen investigated by Cratty (1963), ZaichKowsky (1974{ and
Magill (1975) ‘~The purpose of those studies was %o
,lnvestlgate the order of acqu1s1ﬂion by the learner of the
_ parts cf a serlal motor task to determlne 1f the prlmacydn
and’ recency effect generally found in serlal verbal tasks
also exlsts for serial motor tasks. However, for all the
experlments ‘done in serial ‘motor tasks, none of them
indicated the typical J-shaped curve found.for learnlng
serial verbal.tasks. The resultsflndlcated no recgency
effect and were fnterpreted in terms of proactive interference,d
since the last items, ”which were recalled last, were considered

to be interfered by the preceeding ones.



However, a recent sfudy investigated by Wrisberg (1975)
lndlcated a clear J-shaped serlal position curve;, for a
serlal motor task. In this partlcular experlment five
pos1tlons were given for a single presentatlon and the
subject (S) had td recall the posltlons in reverse order of
‘presentation, from the flfth to the first pOSltlon
Therefore, since the flrStquSLtlon reproduced was the last
éhe‘of the list, or the more recent in mémory,,a élear
recency effect was found. ,Those results, opposed,to Cratty

(1963), Zaichkowsky.(1974) and| Magill (1976) could be due

‘to the methodology used, where the Ss of the last.three

 studies hall to report the items in order of presentation.

N

It seems that, up to this time, there was no study

conducted to ihvestigate the relation of a primacy and -a

recency effect with a free motor task. 'Therefore, this

study has been designed to find out if a“J-shaped SPC

exists in motor short-term memory, by using a free recall

~

 paradigm. And, in order to atten@ate the confusion for the

'S, between several different kinesthetic items, the movements.

were defined theoretically in terms of uniqueness.
Unlqueness itself has been deflned in measurement by the
notion of admissible transformatlon (Coombs. Dawes and

Tversky, 1970) (Figure 1).
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Subjects !

The subjects were eight volunteers, graduate students

at We Umiversity of Alberta.

Apparatus -and task

- A joystick, with a radius of 13 inches, could move

¢

in two dimensions within a circle of nine inches diameter.
The S while sitting, was able to move the joystick in all
directions in the horizontal plane. The information load
varied by requiring the S to recall a certain number of
movement triangles within this region.

To injtiate the input phase of each triangle and the
recall of each sequence of triangles, an EICO auditory
tone genergtor was’activayed. The S was provided with a

|
set of mono headphones with which he could hear the signal

~

tones.

©

Design . s

The éxperimental design was a treatment x subjects
design with repeated me;sureé of the same subjects under
each experimental treatment.

‘The four treatments, determined by logarithmic
increment (base 2), wer¢ the sequence lengths of 3, 4, Sl

and 7 triangles.

The order of presentation was random and independently

-
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dptermined for each S, from & range.of eight unigue triangles.

Procedure Q -

uach S was lndLV1dually tested Ln a single session

during approx1mately 30 minutes and received verbal instruc-
tions pridr to the testing (Appendix A).

# Each 'S remained seated in a comfortable chair, was
plindfolded. and set the headphones for the practice and all
the experlment The apparatus was located at the S's rlght
or left side (dependlng on his prefered hand) in such a way
that he could move the lever freeljvanywhere within its
entire range.

‘1 3efore the practice trial, the eight triangles which

constituted +the experiment were described by the E, by
moving the Joystlck in different directions, w 1le the S S
hand was always on . uheqleve” The practlce trial was given
in the same experimental conditions. | -

| The follow*ng events conqtltuted a 81ngle experlmental
trial. A 51ngle tone 1nd1cated to the S that a trian 1e was
descrived for him by the E, while his hand was .on the lewer
(pa531ve movement) . ?ach time a triangle was described for
the S, he heard a 51ngle tone ‘Nhen the S heard two succe551ve
tones, he had to recall the sequence of triangles‘given <?

o

bvefore, by moving the lever by himself. The S could recall

the sequence of triangles in any order he wanted. .
The startlng and endimg points were the 'same for each

triangle, and the rate of presentation was two seconds per.

— A



movement, leaving three seconds between each triangle.
Only an immediate recall was used for the experiment.
‘Each S received twenty different sequences or five repli-

cations of each of the four sequence lengths.

Data analysis

The data were recorded in terms of percent correct -
recall (dependent variable), for eacd‘serial’position:
(independent variane). de.different Ways of recording
the data were taken in consideration. First,‘under an
all-or-none basis, the percent correét'triangles recalled
for each serial position were recorded (the whole triangle

b

was correct or not). Sechd, ;Q? percent gdfrect movements
recalled for each serial positioh were recorded (the three
movements of each triangle were considered by giving,ode
point for each correct movement) .

For all statistical tests performed on the data és

presented in the -following section, the criterion for

rejecting the rnull hypothesis was p <.01.

10
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Results

fwo types of measures were used to record the data:
first, the number of correct triangles and second, the

A >

‘number of correct movements.

Correct triangles

Slgnlflcant differences between the four sequence
lengths, F(3, 21)— 4.77, p< .01, wére provided by the analysis:
of varlance The results obtained from the Scheffé post hoc
comparison test revealed that the slgnlflcant differendex
Nere located between the sequences of 3 and 7 trlangles,

at the level p< .05. (Appendlx B).

Correct movements

By using the second type of measure, the number of
.

corPect movements, the following results were reed}ded.
A significant main effect beﬁween the fouf sequence lengths,
7(3,21)= 7.13, p <.005, was provided by the analysis of
variance. The results obtained from the Scheffé post hoc
eomparison test revezled that the significant differences
were located between the sequences of 9 and 21 movements,
at the level p<.01 (Apoe\d‘x~84~‘\

As presented 1n Figures 2 and 3; there is an overall
depression produced between the sequences off9 and 21

movements. 6 The mean recall for each sequence iength v

condition is presented in Table 1.
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TkBLE 1

MEAN CORRECT MOVEMENTS RECALLED
) ) :
UNDER EACH $EQUENCE LENGTH CONDITION
ﬁ | . g . X

)

Sequence length X
' 9 movements - 0.930
12 movements 0.881
15 movements’ ' 0.830

21 movements | . - 0.760

i

14
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Discussion

‘The results fsiled to démonstrate the shape of a SPC
(Figufe 2) either by using the measure by triangles or |
all-or-none measure (used in verbal literature) or by
us1ng the measure b§ movements or components However,
there was 2a s1gn1f1cant depression of the curve when the
number of trlangles or movements in uhe sequence was _
increased from 3 to 7 for the;triangles, and from 9_to 21
for the movements (Figure 3). -

The 1ast finding supports Murdock s (1962) results,»
who found a s1gnlflcant overall depreSSLOn of the curve
when the list length was lncreased from 10 to Lo ltems
However, even lf no SPC was found, the results cannot be
1nterpreted in terms of proactlve interference, as did
Cratty (1963), Zaichkowsky (1974) and Magill (1976). More
direct comparisons are not valid since the paradigms used

were dissimilar.

A
. ,/ .
Why should there be a difference in the findings of 4
: S ' . N\
these studies and what could account for the results ? -

One of the reasons, could be attributed'to the small amount

of 1nformatlon need%d for recall. It seems clear that the

Ss chunked (Mlller, 1956) the movement 1tems, and therefore

"the sequences of 9, 12 15 and 21 movements were -encoded as

sequences of 3 L, 5 and 7 trlangles \\ ‘ //
- The celllng effect demonstrated by a high percent

recall (Figure 2) constltute a support for this assumption.

[ 4
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Further, the high reoall accuracy in performance suggesis/
that %né amount of information was well within the $'s
memory span. AS mentioned by Fitts and Posner (1967) ,
"the memory span for letters is seven items, but the number
of letters retalnable when they are grouped lnto words is
increased several fold” (p. 66) . _
| since it is llkely that the amount of lnforgatlon
was within the memory spans the J-shaped “SPC could not be
found . Thls is so because “tne serial poSitlon effect’
holds true for 11sts of any length beyond the memory span
- (Klatzky, 1975, p 8) .
| - The results of this experlment supporqs Sharp (1971)
and Salmela's (1972)- findings, to the fact that aS can
recall almost perfectly seven sequentlal b?Kd{nentlonal
‘movements or seven bi-dimentional chunks of mOVements

A second reason to account for the lack of SPC, could
be the small number of movement items available in the
movement leXLCon, there being only elght unique triangles
‘adhering to the admissible transformation requirement.
This could be a cause of the high facilitation in performance.
.A third reason ‘to account for those results couldvbe due to
the definltlon of uniqueness in terms of quadrants The
definition may have allowed too large an area for admissible'
transformatlons of the criterion. ‘movements.

Finally, since the differences prov1ded by Scheffe

between the sequence lengths of 3 and 7 trlangles were

significant at the level p< . 05 for completed trlangles.



Y

and were significaht at the level p < .01 with respect %o
individual movement items, it would éeem~that‘the meéasure-
ment of individual movement items was the more sensitive

\.

debendent variable.

s Y
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The lack of SPC resulting from Experiment 1, was

~attributed to many reasoné expressed throughout the

previous discussion. The main reasén has seemed to be
the information load\which was within the memory span .
(Klatzky, 19?5). Consequently, a further study was’
designed to determine if a J-éhaﬁed SPC is evident in
_mofor memory, when the movement item~list ledgth exceeded
memory‘span. \ |

Another variable considered in the study was a

" varjable termed 'movement qharacteristics'. Three levels-

of movemeﬁt characteristics were included in the study:
: <
1) closed, 2) crossed, and 3) open movements (Figure 4).

The .purpose of including this wvariable was to investigate
the relationship of the SPC to specific characteristics

\

of multiplé movement items.

18
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FIGURE 4

( » ' \
L9
GRAPHICAL REPRESENTATION o

OF CLOSED, CROSSED, AND OPEN MOVEMENTS

open

Closed - the movements were formihg a closed
pattern

Crossed - the movements were crossing each other

Open - the movements could touch but not cross
‘ another

\



Experiment 2

Serial position in short-term motor memory

.as a function of organization

7
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Subjects’

gradu

- i
T -.44?&

e

The subjects were elight righthanded volunteers,
e students in Bﬁysical Education at the University

of Alberta.

Apparatus and task

A joystick with a radiu%of 15 inches, could move

in two dimensions within a circle of 12 inches diameter.

The S while sitting was able to move the joystick in all

directions in the horizontal plane. The information load
varied by requiring the S to recall a certain number of
movements within this region. , ©
In order for the E to give the seguences of movements,
“

and for the S to reproduce them, an’ EICO auditory tone

generator was activated by both the S and the E.

Design

The experimental desfzn was a 3 x 4 x 3- factorial

with repeated measures on all factors. The first factor
\ N ' ‘ _
consisted of three levels of movement characteristics

closed, crossed, and open movements. The second factor had

4

\ s
four levels of sequence lengths : 5, 7, 10, and 12 movements.

4

The third factor consisted of three.replicatiohs under each

expérﬁmental conditioﬁ.

E)

1

21



Procedure

Each S was individually tested in a single session
‘during approximately two hours and received verbal instruc-
tions prior to the testing (Appendix A).

Each S remained seated and was blindfolded for all
the experiment,'including‘the‘feading of the instructions.
To attenuate the effect of fatigue, the S was.told to
advige the E when he was physically or mentally tired.
Therefore, the S could stop whenever he wanted throughout
“4he experiment. uThe apparatus was located at the S's right
side and the chair was replaced for each S, in such a way
that he could mo;é the lever freely anyﬁhere within its
entire range.

Since eachumovement of the sequence nad a new starting
point, the following events constituted a singie experimental
_trial. The $'s hand was on the handle and the E was moving
the lever for the S by producing a continuous tone from the -
Seginning to the end of the movement. Then, the E was moving
the léver to the new startigg point of the following movement,
without any signal tone. The § knew from the instructions
that?l had only to remember the movements given with a
signal tdne. When the § was hearing two successive tones,
then he knew that he had %o recall the sequence of movements
given vefore, by moving the lever by him;elf, and bfjproducing
a tontinuous tone for each movement that was given with a

N,

tone in the°preceedlng sequence. The S could recall the
‘ ' )

sequence of movements in any order he wanted.



. ccm
iry -

The -rate of presentationkwas'three seconds per move—

ment, LeaVLng three seconds to move to a new startlng p01nt

s —, -

There Nas no restrlctlon of tlme for the recall Onlj an

flmmedlate recall was used for the experlmeqt

Data analysis - o E ‘ ‘

The data were. v'ecorded in terms of percentage of

corrpct recall (dependent varlab;e), for each serlal pdsltlon
™~ .

(independent Varlable)! In order to record‘the data, the
¢

amount of‘adml 1b§e bransforma*lon ‘has oee“qﬁbstr’cted to

22.5O either side of e expected response (Figure 5). l

For, all statistical tests performed on the data, -the
~criterion for rejecting the null hypothesis was p <.Cl.

\

23



e ~ FIGURE §
AREA OF ADMISSIBLE TRANSFORMATION:
22.5° EITHER SIDE OF THE EXPECTED RESPONSE o
\ 9, "
= 3
o - expected respanse
ST &

) area of admiésible

transformation

ol




-

. ) - Results : N

No Eignificant differences,were found by the enalysis
of variance between the'%hree levels of movement characteristics
(closed open, crossed), F(2,14)=.2.56, P > .05 (Appendix B).
However, SLgnlflcant dlfferences were provided by the same.
analy31s between the four levels of sequence lengths,
F03\21)‘ 12.03, p<. OOl, and an lnteractlon effnct was found
for the movement characteristics x sequence lengths conditions,
F(6,42)= 4. 06 p<. 01 (Appendix B). The 1nteractlon effect
presented in Figure 7, reveals that the significant inter-
action is due to the closed movements. Finally, the same
analysis of variance revealed that the three replications ;
used in each experlmental condltlon d fferedvsignificantly
from each oth@n, F(2, 14)- 23 87, p< .001 (Appendix B) The
lack of interaction effect found for the repllcatlons.
suggests that the improvement took place equally through
the experimental conditions (Figure 8) . .
‘Scheffé was used for post hoc comparisons and revéaled
that the significant differences for the sequerice length
conditions were~located between the sequences of 5 and 7,
5 and 10, and 5 and 12 movementsf‘at o <%001 (Figure 5,
3

Appendix B). Scheffé was also used for the movement

characteristics x sequence lengths‘interaction effect and

revealed significant difference® for the closed movements

between the sequences of 5 and 7, 5 and 10, and 5 and 12

h
4

movements, at p < .01 (Figure 7, Table 2,‘Appendix>B).
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(Movement characteristics are collapsed)

100~;

80-
60

40

5 1 10 12 Mme

SEQUENCE LENGTH e

26



BN

CORRECT RECALL

PROB.

27

' FIGURE 7

PERCENT CORRECT MOVEMENTS RECALLED
UNDER EACH SEQUENCE LENGTH CONDITION
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PERCENT CORRECT RECALL

FOR EACH REPLICATION
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TABLE, 2

MEAN RECALL
UNDER EACH MOVEMENT CHARACTERISTIC .
AND SEQUENCE LENGTH CONDITION

é
' 3 ~ MOVEMENT CHARACTERISTIC
SEQUENCE LENGTH CLOSED OROSSED OPEN )
5 ' 1.583 1.350 1.358
7 . ta12 0 1.302 1,290
10 - o 1.058 o 1.033 ¢ 1.129

12 1124 ©0.902 1.099

= .
34 i
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The significant differences far the  crossed movements were
located-between the sequences of 5 and 12, and 7 afdd 12
movements, at p <.01 (Figufe 7, Table 2, Appendix B).
Finally, thefe were no significant differences for the open
mbvements. between the different sequence lengths, p>.05
(Figure 7, Table 2, Appendix B). "

/ The Significagt differences\for the replications were
‘located by a Scheffé post hpc’comparison test, betwéen the -
replications 1 and 2,.and 1 and”j, at p:<.001 (Figure 8,
\Appéndix B). |

Finally, no serial.position'curvés were found for the
sequences of 5 and 7 movements, but clear sefial pgsition
curves with pfimacy and recency effecté are presented in

oo

Figures 9 and 10, for the sequences of 10 and 12 movements.
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FIGURE 9
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PERCENT CORRECT MOVEMENTS RECALLED
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e Discussion

The results of this study demonstrated a clear SPC .
fot'the sequences o0f 10 and 12 movements (Figures 9, 10) .
As expected by Klatzky (197%3 "the serial position effect
holds true “for lists of any length beyond the memory span"
(p.. 8). " - |

Most of the autnors id verbal literature found a

SLgnlflcant decrease in retention as“~§§t length increase.
However, this study demonstrated no s1gﬁ1flcant decay for
the open movements, between the sequences of 5 and 12 move -
ments. - Those findings suggest that the dlfferent movement
'characterlstlcs were encoded differently, or at least had
different levels of retention.

However, the interaction effect produced by the closed
movements, constitute éh 1nterest1ng point of dlscuss1on
As predicted by the studles in SPC in verbal llterature.
‘when list length is increased retentlon decreases. However,
the percentage7of correct‘recall of this stddy_reoorded for
closed movements{ was hlgher for the sequence of 12 move-
ments than for the sequences of 7 and 10 movements Those
results are unusual in light of the literature, and suggest
that the closed movements were recalled by using avdifferent
strategy than the one employed for the open and closed move-
ments. B

Since the Ss mentioned after the experlment that some

sequences were drawing patterns and that they ‘were trying



to remember the patterns described by‘thebnovemenmsiratherv
than the movements themselves, it could be hypothesized

that the Ss tried to construct an lnternal image with the
closed*movements. ‘If that was the case, the better recall
observed for the sequences of 12 cldsed movements could be

due to the particular characteristics of this pattern. which
" could has been easier to remember than the others.

Could we talk 4n terms of visual i;age 2 (Sperling,
1965);‘ Posner (1967) allowed the Ss to see thelr movements.
Since the results demonstra{ed no forgettlng after 20 seconds
resting, Posner'interpreted this finding as an .evidence for
"movement Lnformatlon to be*stored in the form of an lmage
Many”. of the Ss of the latter study reported that ‘they -were
u31ng imagery as a gulde in retentlon and reproductlon
More recently, Pa1v1o_(1974)”assumed with varlous others,
that "lmagery includes a motor component, derived from P
perceptual exploratlon and manlpulatlon of obJects. which
permlts lnformatlon to be transfo\\ed and reorganlzed within
the system" (p. 4).

What do we know about the encoding of patterns of
movements 7 Thls-questlon has no answer at the present
moment, but further investigations should empnasize on the
_role of visual\repreSentaticn‘for'the reaall of klnesthetic

bi-dimentional informations.

34



The results from Experiment 2 .provided evidence that
,a SPC exists in motor memory, and hence that the Ss attempted
to organize the to be remembered movement items into meanlng—

*

ful movement patterns. . .

In conclusion, Experiment 1 (Girard & Wilberg, 1977)
and Experiment 2 (Wilberg & Girerd 1977) provide some
support to suggest that movement 1tems were encoded -on the
same ba31s of organlzatlonal rules, 31mllar to those found
in verbai\experlments; the_recall of order 1nformatlon
'(lists ofqgovemenﬁé) showed a clear primacy and recency
effect.. Finally, there was SUDPOrt to suggest that the ss
.were recalling some of the order information by using
associate information. In other words, when the movement
Ltems ‘could be assoclated, the Ss grouped them together in
order to recall one or&geveral patterns | |

| There are a number of 1mportant varlables whlcx\can

be variéd in the free-recall parad;gm Each could provide

’ lmportant information about the nature of serlal movement

ation stored in memory Some of the more frequently

" used—fRund in the free recall experiments of verbal items
rate of presentation (Murdock, 1962; Glanzer &
Cunltz, 1966), 2) list length (Murdock 1962- Postman &
Phllllps, 1965); 3) degree of assodlatlve relatedness between
1tems (Glanzer & Schwartz, 1971), &) frequency of the words
(Raymond, 1969), 5) proactlve ihterference (Goodw1n. 1976),
and 6) {magery (Paivio, 1974) “and predlctablllty (Holmes &

Murray, 1974) of verba; items.

“}



36
While all the above variables are important. and
'v;rtually no work has been performed on movement item lists,
the variables relating meaningfulness, namely imagery and
labelling, were chosen‘as %me major focus in the following:
 group oflexperiments.
\ As expressed'by Sternberg (1969) the encoding process
can involve the transformation of a nominal stimulus into
-some pictorial representation. This repnésentationkis
generally. termed an image and the fact of formlng one;
imagery. The namlng process has been galled labelllng and
its resdlt, the production of & semantic_label¢ ~Imagery
is defined in the fo&%owing experiments asfan internal
plctorlal representation of the comlng lnformatlon (P@?Vlo,
1971), and labelling as the namlng of movement ltems S%e%ﬁ
1977). ] ’

The availlable resegd

)

cons1st%§tly that imagery condltlons facilitate secondary
‘memory performance (Paivio, 1974). However, lmagery seems
not to ve the only varlable that improves secondary mMemory .
For Brown (1976), 'label'‘provides accessibllity to the
imege, end results in better retention. Holmes & Murnay
(1974) found that predictability affects recall'from:the
secondaryAcomponent of the SPC. 1In general high imagery
and hiéh predictability rmproved recall;(Holmes &.Murra¥,x'
1974) . ConSidering the assumotions of Paivio (1974), Holmes

& Murray (1974) and Brown (1976), this writer suggests that?

, ES
2 i w. ) .



“lebel* could render the coming informations,more predictable

~and accessible, thereby produc1ng a ’aCllltatlon in the

recaelvperformance from the secondary comnonent of the SPC.

7 A dual codlng nyoo»hesxs was: postulated by Baivio
(1971) and Paivio % Csapo (1973). Pa1v1o‘(1974).rec0gnized
the importance of tne'imeéery system in the transformatlon

and reorganlzatlop of spatlal information. The aformentloned

oresented the twin assumptlon of Lnterconnectedness and

¢

1ndependence of two dlstlnc+ codlng processes: the nonverbal

¢

imagéry process and the verbal symbollc process -Inter-

“connectedness of the two codes emplles that ‘one c¢ocde can oe

-

ftransformed into the other,,uhls means Slmplj thac plctures
can be named and wo?ds can evoke nonverba_ ;magos
Independence lmplles uhat either one of the codes car. be

o .

'available and'ectivaied for recall. It also melles\tnau

Vthe two codes can have additive-effects on recall.

It was suggested DYy prev1ous gtudies (Posner & Keele,

1968; Wilberg, 1969, 1970; Hall, 1977) that the code
available for the retention’of movement items'would include
-such comoonents as vision and kinesthesis and probably other
unknown components The _nvestlgator hypothe81zes that i

magery would be part of the visual component of the motor
code and labelling an interconnected compbnent of imagery.
Shea (197%) recogniied'the im;ortence of labelling uponﬁ;"r
motor retention 'mherefo;e, the klnesthetlc, visual, imege
and label components would form what can be called an

tintegrated motor code’. ’ g§§, 5

Y

LS
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The purposes of Experiment 3 will be; 1) to determine’

if imagery and labelling are relevant strategies for the’ b

retention of movement informqtibn. and part of the motor

\

. code, 2) test the independence and idterconnectedness

assumptidn (Paivio & Csapo, 1973) of the image and label

components gf the motor code, and finally 3) look at the

recall characterlstlcs of order lnformatlon, when imagery
and labelling strategles are used.

The movement itémsvpresented to the Ss in this
experiment wefewpre-organizéd bty the'investigator. ‘The //
term pre-organization means that the movement ifems of ;ach
geometric'figure in{fhe list have been gfouped together

prior to presentation.

-
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Experiment 3
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" The effects of image  and label

' on the free recall of organized movement items

— . N

39



Lo

Method

Sub3ects~'

The, subgects were elght volunteers, graduate students

in Phys;eal Education at the University of Alberta.

-~ ) . R
\

Apparatusr and task -~ : ) /

A joystick with a’radius ofﬁls inches, could move in

two dlmens1ons within a c1rcle of 12 inches dlameter The

~

S while 31tt1ng, Wi

{to move the Joystlck in all

‘%ﬁi plane. His task con51sted in

(AR .

directions in the'hé'
the reproductlon of movements w1thln the regilon descrlbed :
‘by the apparatas T H . y

“ The S and the E were actlvatlng an EICO auditory tonge
generator The E was produCLng the Slgnal tone for the .

—_

presentatlon of movements and the S for the reproductlon j§§$’j

Design.

The experlmental de51gn was a 3 x 2 X 5 factorial
de51gn w1th repeated measures on all factors. The firdt
factqr (Factor A) consisted of three levels of instructlions:

‘1) a control cohdition”(no strategy), 2) an imagery condition,
and 3)fan imagery + labelling‘cendition. The'secoad'factor
(Factor4B) had two ievels of rgtention:>1) an immediate,

‘and 2) a final recall. The third factor (Factor C) consisted

of five feplications. uhder'each experimental condition.

e



o
The order of Ppresentation of the experimental conditions

was identical écroSs»subjects The presentation was in, order:
- 1) control (no strategy), 2) lwagery strategy, and 3) imagery-
‘labelling strategy. It felt that image and label would be
used as a strategy 1n the control condltlon. if the order

of presentatlon was randomized.

Procedure

SN Tﬁe experimentation was partitioned in four sessions,
one,seséioﬁ:per day, each S being tested at the same time,
each day‘ The first session c¢onsisted of a'reading of fhe 

'lnstructlons by the E (Appendlx A), several prabtice trials
(number of practice trials determlned by the S) and fivd
experimental trials for an ;mmedlate recall condition. ‘The
Secoggland third sessibhs, similar to fthe first, were
preceeded Sy a recall,off%he movements given the day vefore
(final recall conditi@n); The fourth session consisted of
a final recall only. " |

The S was seated and'blindfoide@%gor,all'experimental
conditions including the reading of tgg instructions.fﬁThe
apparatus was located at the §'s‘right or left side depending
on his preferred hand. The emplaéegent of the chair»éould

_be'changgd to allow‘each S to move the jbystick freely
éqywhere'within ité‘entiré”rangea | ‘

B Every movement in the list commenced with a startlng

“t'p01nt that was spatlally dlfferent from the end- p01nt of the

preceeding movement. The following events .constituted a



\

#

single trial. The S- placed his hand on the ‘handle of the
joystick while the Q, grasplng ‘lower on the stick, moved it
for the S. A continuous tone sounded from the beginning to
the end of the movement. The E then moved the lever to a

new starting point from which'the next movement invthe list
was to be made. That movement Wasgnot'aocompanied by a
tone. The § had been'instructed to remember only those
movements whlch were palred w1th a tone in the sequence.
A short burst of two tones, indicated to the S that he was’.
to freely recall the lists of movements . . He did so by
'mov1ng the Joystlck himself, and lndlcatlng tne recall of
a movement item by pressing a switch Whlch caused a tone.
‘Only those movements he wished to ve cohsidered as one of
themltems from the movement list were palred with the tone.
_All“gthers were considered lrrelevant The S could recall
the llsts of movements in any order he w1shed |
The rate of presentatlon was three seconds per mgve—

ment, with three seconds required to move to a new startlng

~ point. There was no restriction of time for recall.
Vo N

Data analysis
‘Thevdata were recorded in terms of‘probability of
“correct recall (dependent variable) undef each experimental
condltlon (Flgure 11) and in terms of probability,of correct

In,order to record the data, the amount of admlss1ble tranS<

L4

-~ formation was restrloted to 22.5 e;ther 'side of the expected
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F

‘response (Figurevi).‘

An analysis of variance was calculated to determine
if there were significant differences between the three
levels of instructions, the tWo levels.of fecallﬁ and the
'five replications. 1In cases of significénce (Envaiue) a
"Scheffé test on means was ﬁsed. | | |
For all statistical tests performed on the.q;ta, the -

. criteridnﬁfof rejecting the null Hypothesis was p <.01.



p>.05, therefore the two recall conditions differed

Results
o J‘ ~

Significant differences between the three levels of

instructions (C, I, I+L), F(2.14)=f45.37, p <.001, and

between the two levels of recall (immediate and final),
- F(1,7)= 29.72, p.<-QOl,‘Were provided by the analysis of

‘variance (Figure 11, Appendix B).

- The results obtajned from the Scheffé post”hoc'
comparison test (Appendix B) revealed that all the levels
of instructions were signifiéantly different from each
other, p <.001. B o - , /

A levels of lnstructlons X recall lnteractlon effect

was not apparent (Figure 11, Appendlx,B), F(2,14)= 1.73,

sighificantly from each other for each level of instruction.

Furthef} there were no significant differences between

- the five replications of each experimental condition,

F(4,28)= 2.99, p> .05 (Appendix B).

The probabllltles of: correct recall are graphlcally
presented under eachvrecall condition (Figure 11) and’under

each serial.position (Figures 12, 13).

Li
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from the analysis (Appendix B) that the control (no strategy),

“ment only the kinesthetic (K) component was available for

‘this experimént (Figure 11) would be explained by Craik &

(physically versus semantically oriented) and different Nag

B TR Y e e g St il R b et st LU AR e S AU C S AR E
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' - Discussion !
. !

Paivio's (1971) and Paivio & Csapo's (1973).assumption
of independence. implying that image and verbal codes can
have additive effects on recall, seems to be supported in

[N

this study. It is clearly demonstrated in Figure 11 and

'imagery, and imagery+labelling conditions differ significantly

from €ach other.

Suppose that in the control condition of this experi-
recall, in the I Qondition the K and I components were
available and in the I+L condition the K, I, and L componenté
were available. The. .results (Figure 11) would provide a

support to the assumption that K, I, and L éomponents are

additive in their effects on motor memory. The results of

Lockhart (1972) as the use of different orienting tasks’

degrees of activation of interconnected components, which

may have varied the depth of processing of the coming infor-

matioh. The control group may have used a physical encoding.

g { ) .
of the movement information and the others (I and I+L) a

@

"semantic one, whereas probably the I+L condition provided

the deepest encodlng, and the largest actlvatlon of inter-

A

connected components.

Daniel (1972) would suggest that in the I condition



1ists of ,movements, when the labels were pr%ylded the Ss o

49
n
of this experiment Ss could have provided their own labels

. ""’(
\

to the'stimufus patterns. Therefore, the main dlfference

between:the recall performances from the I and I+L conditions
would .not be due Yo the aVallablllty of one (1) or two (I+L)
e, but would be a result of ;o

7

predlctablllty or unpredl tablllty prov1ded by the label

components of the motor ¢

(I+L) or no label (1) condltlon (Holmes & Murrgy 1974) .
The latter authors obtalned the highest recall from a hlgh
predlctable and high imagery condltl n.

Shea (1977) who provide evant verbal . labels with

:movement items at thé»presentatlon of criterion position,

observed the lowest error score for the relevant verbal

~label group ‘and no s1gnlf1cant forgettlng after 60 seconds

for the same group. His suggestion supports ‘the results of
the I+L condition of thls study- to say that the use of a
relevant verbal labvel ald in the remembering of a motor
response and can be a valuable mnemonic sﬁretegvahich leads
to increased accuracy at recall.

The results of this study also support Paivio's (1971)

and Paivio & Csapo's (1973) assumption of. lnterconn'ftedngss.t

%,

implying that words can ‘evoke nonverbal 1mages .vgnﬁeiten

look at the raw data permits one to assert thaﬁzt@e“lgoels

»,

prov1ded 1n the I+L condltlon f thls experlment, evoked fobl

44'1

all the subjects thelr related Konverbal 'mages Fof all’_
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Other interesting points of d\scussion are brought

by the results of the SPC. Eirsflgj\khe results of a clear '
SPC for the control condition (no strategy) at the immediate
recall (Figure 12), support the Breceeoing‘flndings of
Wilberg & Girard (1977) that a SPC exists in motor memory. [/ ¥
Secondly, the graphlcal“evidence'(Figure 12) that imagesy
venefited recall from all partg of the SPC, coptradicts
Holmes & Murray's (1974) and Eaivio's (1974) findings.

The higher:recall of all sefial positions suggests that the -
movement lnformatlon accompanied with an imagery strategy
were processed at a conceptual level.  Thirdly, the h*ahest
recall of the I+L condition suggests that the label gayf,

more access1blllty to the lmage (Brown, 1976). Finally, -

the results of the SPC provide evidence. that in both the I

(S
and the I+L conditions the movement.information were

,-processed at a conceptual (Palv1of 1974) or semantlc level

(Craik & Lockha}g, 1972) .

hid
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Experlmentca prov1de¢ evldence for the suoexﬁorlty
of lmage”y and labelllng Strategies upon the free recall
of movement items, and'a fa01lltatlon»1n the recall perfor—
mance of all. parts of the SPC. Tt wa54suggested\£hat
image and label are lndependent but. interconnecfed
compon\Pts of the motor code activated at varylng devrees.
and both necessary to the encodlng, retentlon, and retrleval
of order movement 1nformatlon

This’ last" experlment (Experlment 3) prOV1ded ev1dence

"~ that the use of both lmagery and labelling produce a

superlorlty in recall accuracy when the movemeﬁt 1nformat;on‘

lS organized at time of presentatlon The next experlment )
(Experiment 4) was deSaned to Lovestlgate the atrength of
relevant verbal labels upon motor memory, by presenting

the Ss with movement informetion_in'a completely randomized

. order- The S's task was to organizé>the patterns of move-

o R
(I

ments in memory when given various labels.

51
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Experiment 4

The effects of image and label

on the free recall of randomized movement items
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- Subjects ‘- R e
The. subaects were elght\volunte§rs graduate students

in Phy31cal Education at the Un;versxty of Alberta.

Apparatus and taslc

A

s

A Joystlck with a radlus éf 15 inches, could move in
two dlmens1ons within a c1rcle of 12 1nches dlameter The -
S whlle s1tt1ng, was able to” move the Joystlck in all
directions in the horizontal plane. Hls task consisted in
the reproduction of series of movements w;thln the reglon
‘descrlbed by the apparatus | |

The S and the E were actlvatlng an EICO audltory tone

generator. The E was producing the 81gnal tone for the

presentation of movements and the S for the reproduction. -

Sk

&

Design , ' - /

The experlmental de31gn was a 2 X 2x5 factorlal
des1gn w1th repeated measures on all factors. The first H
ifactor (Factor AV “tonsisted of twogﬁﬁvels of 1nstructlons
;1) a control eondltlon (no strategy)‘ and'2) an lmagery +
\labélling condltlop. The second factor (Factor B) had two
levels of retention: 1) an immediate and, 2) a final recall

The.third;factor (Factor C) consisted of five replications

under each experimental condition...

é



Procedure

The experimentationlwas'partltifned in three session%."
one session per day, each subject-being tested at the same .
time, each day The first seséion consisted‘of a reading
of the instructions by the E (Appendlx ’a), several practice -
trlals (number of practlce trlals determined by the S), 'and
five experlmental trlals for an 1mmed1ate recall condltlon
The second'ses51on, SLmllar to the f;rst was preceeded by

a recall of the movements glven the day before (final recall

S}
condition). The third session cons1sted of a flna% recall

only. 3 |
1Ehe procedure is similar to the one used in Experiment
3,'whereas extensive procedural explanations are provided

(see procedure, Experiment_j).

Data analysis

. The data were recorded in terms of orobability of
correct recall (dependent variable) under each experlmental
» condition (Flgure 14) and in terms of probability: .of correct

recall for each serlal pos1tlon in the list (Flgures 15 16) .

S O

' In order to record ‘the data, the amount of adm1531ble
transformation was restrlcted tL 22. 5 either. side qf ﬁhe
expected response (Figure 5). |

An analySLS of variance was calculated to determlne'
if there were SLgnlflcant dlfferences oetween the two levels

g
of 1nstructlons, the two ﬁ%vels of recall and the . flve

repllcatlons. A test on means was not necessary since therer"

FE R
et 7
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&

émere only two levels of each factor and since no interaction
& ' ' g _ AV ” .

effect was found. .

For all statistical tests performed on the data, the

~

criterion for rejecting the null hypothesis was pl<}01;

-
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Results

Significant differences between the two levels of
instructions (C and,I+L) were provided by the‘anakysis
of variance, F(1,7)= 44.04, p <.001 (Appendix B).

HOWever, no elgnlflcant dlfferences were found from the
same;analysls, between the two levels of recall (lmmedlate
and fina}), F(1,7)= 0.81, p>.05.

There was no levels of 1nstructlons X recall inter-
action effect (Figure’ 14), F(1,7)= 3.05, p-».05. Therefore,
the two levels of lnstructions'differed significantly from
each other under each recall. condltlon

Flnblly, no s1gnlf1cant ‘differences were found between

the five repllcatlons performed by all Ss under each

‘experimental condition, F(4,28)= 1. 32 P> 05 (Appendix B)

The probabilities of correct recall are graphlcally

presented undep each reCall condition (Figure 14) and under

‘each serial position (Figures 135, 16);'
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Discussion

.Thelsignificant differences between the two. ietels

of instructions (C and I+L) (Figure 14), F(1,7)= 4 k4,
p .001, support the results of Shea (1977), Al provide
evidence that 1magery and labelling can be 1mportant
* variables in the retention of movement information.
_Although%no significant lossrof"retenticn was expected for
the I+L group, thearesults'demonstrating a gain of infor-
ation after 24 hours (Figure 14) were surprising. This
'suggests that a cognitive process related to the S's
strategy, was capable of maintaining and even imprOVing the
v recovery of items from memory. The control group indicated
no significant léss of retention after 24 hours: This
suggests that the S8 were u51ng a spe01al strategy. to
remember the movements. The assumption ‘receives support
from comments'of the Ss in a debriefing session fcllewtng
the last, finalifecall They indicated that they were using
1magery, either by trying to make a pattern w1th the move-
ments,_or by uSing the clock analogy. | ‘ \

The lack of SPC for the control group at the immediate
recall condition (Figure 15), suggests that the personal .
strategies used by this group, ‘disturbed the shape of a SPC.
“The fallure of the SPC to appear in the I+L group, suggests
a4s1milar effect. " These suggestions are supported by
evidence that a SPC occurs in motor retention (Wilverg &

Girard, 1977) when Ss are unable %o nediate the movements.

i
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The similarities of the curves at the immediate and final
recall'(Figﬁres 15, 165, indicate that the infdrmations
- were ?ememberéd as well after 24 hours, as-they were when
immediate recall was.required. |

This study therefore provides evidence that imagery
and labelllng are two variables that should be lnvestlgated
in the subsequent experiments, since they appear to Dbe part
of the‘v1sual.component of the motor qode. In this study
as in earlier ones,,labe;ling was not removed from imagery
and imagery f;om labelling. It seems logical to think ‘
that oneacomponént implieé the‘oﬁher; but, since neither
imagéry'hor“labelling héve been inQestigated sepa:ately.
probably because of'their high ievei of meaningfulness. it

is not evident if the improvement in performance was due to

4

imagery and labelling together, or if”it was due tb'labelling

only. Answering that problem will constitute the major

point of féllowing invedtigations.
«
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Expefiment 4 confirmed.the findings of Experiment 3.
The use of an integrated i#agery—labelling stratégy impered
significantly the recall pérformance even when the movement
informatioA Were presented in a completely randomized ordér.

_Howevef, the findings of Experiments 3'and 4,@01& true
only if the results of these experiments are‘entirely,due
to the expérimental'fariableg. and not fo some other variable
such as an order effect. In Experiments 3 and 4, the order
of presentation of the instructional strategiéé was not
va:ied'across subjects. It felt that image and label would
be used'as.a strategy'in the control condition. In the’
. following eéperiment (Expeéiment 5) two differeﬁt orders\of
presentation Sf the‘instfuctional strategies were used, to
determine if thefe was ény order efféct in the preceeding
»éxperimeﬁts. Experimeht 5 was identical‘to Experiment 3,
-the exception being thét the order of presgntation‘of the
instructional sfiétégiés has been varied. Wher%as in
Experiment 3, the order was: 1) C*(no strategy), 2) I, and'
3) I+L, the two orders 6f preSenfation'used in Experiment 5
were first: 1) I, 2) I+L, and 3) C; and se¢ond; 1) I+L, ' |
2) C, and 3) I, in order for each instructional strategy

to happen in each of thejthreeipositions.

‘
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R ' Experiment 5

A further invéstigation

into the effects of image and label

on tre free recalliof organlzed movement 1tems

[



-Subjeéts

© Sixteen volunteers, graduate and un%ifgraduateﬁ
étudents in PhySL%al Educatlon aﬁ the . Unlvers1ty of Alberta,
accepted to part1c1pate in the experlment Thls group was
partltlonquﬁn two groups of elight subjects; each group was
assigned to one order of preseptation sf %he instructional

Strategies.

Apparatus and task

4

“ L A JOystlck with a radius of 15 inches, could’move in
P two dlmens1ons within a circle of 12 inches diameter. | The
S Whlle sitting was. aQ%e to move the Jojstick in all directions
in- thé horlzontal plane His task consxsted in- the reproduc—
/X’Ah\of serles of movements within the region described by
the’ app a%us '
| The S ahd the E were adtlvatlng an EICO auditory tone:

PR

generator The E was producing the signal tone durlng the

-

presen%atlon and the. S fornthe reproductlon

‘»Design T ' J
i ' "‘ - . . . .

) Two experlmental des%gns have been conslidered in this
"* study The first design wa% alx2x 5 factorial with
:"‘repeated measures on all factors, and the same subjects
.‘; across experlmental conditions. This des;gn was used for
ﬁf each of the two orders-of’ presentation of the instructional

fstrategles. The first factor (Factor A) consisted of three



~

Q.
c

\
levels of instructions: a) a control (no strategy), b) an
lmagery strategy, and c) anlintegrated.imageryslabelling

etrafegy The second factor (Factor B) had two levels of

: recall ‘a) an meed,late recall,.and b) a final recall

Ny

' The third factor (Factor C) con31sted of five repllcatlons,

under each experimental condltlon

The second desggn was a factorlal 3 x3 x° 2 with

“repeated measures on the last two factors, and different oy

“<§gb3ectshacross the different or#ers ef presentatlon

' The first facforl(Facter A) had.three orders of presentation

of the ldetructional'strategiesh the first order being:

&

a) C 'b)lI c) I+L; the second order: a) I, v) I+L, ¢c) C;

" Land: the third order ). I+L b) C, ¢) I.. The secord factor

"con51sted of three levels of lnstructlons'_l) control (no

strategy), 2) imagery, and 3) 1magery+labelling. The third -
. . : . . » p .
factor had two levels of recall: 1) an immediate recall, and

2) a final recall.

Procedure - . . . o

Partltlbnlng of the se531ons remalned the same as well

as the procedure of Experiment 3. (\m

r . . -
& B . !

" Data analysis_ L . L ‘ T .

The ta were recorded in terms’df*probability of
correct recall‘(dependent varlable) under,eech experimental

condition and each serial position in‘the list (Figures 17,

18(4 19, 20, 21, 22). The amount of dmissible transformation
'’ : : .
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N

<

..‘

.

3

?';crifefien for"rejeeting the null'hypothesis was p <.01.

’

,used.

was ressficted tow22.5°-either side of thevexﬁected response
(Flgure 5) \ ’
Three analyses of varlance have been calculated to
determlne lf there were s1gnlflcant dlfferences between the ,
three orders of presentation of the lnstructlonal strategles.
the three levels of lnstructlons, and the two levels of
recall First, two three way analyses of variance with the

same Ss agross condltlons (see first design) were calculated

for each order of presentatlon used in Experlment 5, and

!
l

| second, a three way analySLS of varlance Nas éalculq@e&#

it Ty -

w1th dlfferent Ss across the dlfferent orde s @T pr%ﬁeﬂ%atipn .

“of the lnstructlonal strategles (see sec nd de81gn) : In
[ 3 . '

cases of significance (E value) a Scheffé test on means was
: 7 o / . .

4.

For all statistical testssperformed on the data, the

o

L) t . s - . . '.-"“\

w . . .. ’ §'
i S E
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‘:same‘analysis.

p>.05. /

_ N Results
>

v

' The results section will be divided, in ﬁhree parts:

,,The flrst part will concern the analysis calculated for °

" the second order of presentatlon of the lnstructlonal

trategles (I+L, C I).‘whereas the. first order (C I, I+L)

.con51sted ln Experlment 3 the. second part Wlll concern the
thlrd omder of presentatlon of the lnstructlonal strategles
_(I,’I+L;'C); and ‘the third pqrt Wlll concern the three

orders of preSentatlon (Experlments 3, 5) lncluded in the

Second-order of pfésentation (I+L;,C, 1)

Slgnlflcant dlfferences oetween the three levels of

B 1nstructlons (1+L, C, I), F(2, 14)_ 47,04, p <.001, and
between»the two levels of recall (lmmedlate and flnal)

F(1,;7)= 17.42, p‘('OOB; were prov1ded by the analy51s of

. '«a..
varlance (Flgure 17, Appendlx B). . There were ‘no s1gn1f1cant o

1nteractlon effects. .and no 31gn1f1cant dlfferences between

-

the five repllcatlons of the same Ss under each experlmental.?~

v condltlon. P> 05

Scheffe was used fof post hoc compariéons'and.fevealed ”i'

Rl

that the 51gn1flcant dlfferences for the instructional

'strategles, were located between C and I. an? C and I+L, -

{

at p'<L001,‘whereas I and I+L did not differ significantly;

%
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Third rorder .o~:f‘. presenta‘c'v n (I, I+L, C)
' Sl%nlflcant dlffere Ges betw‘een the three levels of

lnstructlons (I, I+L, C); F(2 14)= 8. 09 p< .005, and-

between the iwo levels of recall (lmmedlate and final) ,

F(1, 7)— 123.48, p < .001, were prov1ded by the Z.nalySls of_ 1

'varlance (Figure 18, Appendix B). The levels of J.nstruc_—

tions x gecall lnteractlon effect,. F(Z 14)= 5.32 \fvas

significant at p< .025'. .There were no‘ SJ.gnlficant differences

between the flve repllcatlons of the same Ss under each

experlmentaj. condltlon. p> ‘05,

he conservative Scheffe t\; @Nas used for post hoc

-
\ _,comparisons and revea_led that the s1gn1f1cant differences ‘-',
vor t%e Lnstructlonal strategles, were located petween C and
1
I+L and I a.nd ﬁwl.. at p<.01 (F:Lgure 18 Appendlx B).
6‘ ;JJ ol
The three orders ofprasenfatlon in the same analy31s
@w ' Y
First order&s C- I+L
. ‘( - gﬁé . a.‘-; = %}l
Second-orde-r. I+L C I b8 o | * |
Third order: I +L . ¢ . A

~-No significant di_fff"e'rencee between the thr;e orders of v
presentafcion,‘ F(>2.2}J>.'v)=a‘ 3.65, )kp= 043, 'w’ere provided by .the ~ \5 \
analysis of variance (Figure 19‘; Appendix B) . ﬁdWefzeb, ‘t‘h'e  @

same a.nalysz.s prov1ded mgnlflcant dlfferences between the
three le%rels of lnstructlons (c, I, I+L)/“F(2 42)— 80.92, -
_p< 001, the two leve}s of recall- (1mmed1ate and flna_l), .
F(1, 21)— 97.16, p<.001 (Flgure 20, Appendlx B),. and a f_

s1gn1f1cant order X levels of :Lnstructlons 1nteractlon effect, :

’

L
o S
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F(4,42)= 8.38, p<.00L (Appendix B).
Scheffé test on means was used for post hoc comﬁarisons

and revealed tha% all the levels of instructions (C, I, I+L)

~ were siénificantly different from gach other, p< .00l

(Figure 20, Appendix B). The Scheffé test was also used

'for the order x levels of instructions interacﬁion:effect.

It revealed that for the first and second order of presen—

_tation the levels of lnstructlons were 31gn1f1cantly dlfferent

~ from eaoh other, whereas for the third order C, I, and I+L

dld not’ dlffer 31gnlflcantly from each other p>.01
‘E

;(Flguré 18) S . ~ R )

.

%¥ﬁ§%ﬁaok of signlflcant differences found for the third

s & . \}‘%’3

order. of presentatlon between the three levels of instruc- -

tlons,ﬁi larlfled by the resultS-of the same- order X levels

3 A o .
~«of lnsﬂt rtions lnteractlon effect.. This las’c im;'enaction ' e

e
prov1ded no 51gnlflcant dlfferences between the three control

, groups of the three orders (p>.01), and no 31gn1f1cant

dlfferences between the three lmagery groups of the three
zyrders (p;»gOl The only exceptlon to this flndlng was the
labelllng groups{ the flrst and thlrd orders of presentatlon

for these groups. differed 31gn1f1cantly from each ‘other,

/p<.01 (AB lntéractlon, Appendlx B).

The probabllltles of correct recall for the three
control.groupe on the_lmmedlate{recall ere grapp;cally
presented.un&er each serial position (Figﬁre 2t). The
probabilifies of correct recall for the control, imagery,
and imegery+labelling conditijons on the-immediate recall

i
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FIGURE 21
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(three orders collapsed) are presented u

pqsitioﬁ (Figure 22).

nder each .serial
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Qﬁ
ks, %"2 ' Discussion
. ' 2 .
If we consider the analyéis of variance calculated

o . for each order of presentatlon of the instructional

o strategies;. the analysis of the first order (Appendix B)

‘indicated that the three condltlons (C,I,I+L) differed ! '

mdloated some SJ.gnlflcant dlfferenoes only between C,1I ‘
A P
C,I+L at p <.001 (Figure 17) and the analysis of the thig®

significantly from each other at p <:001 (Figure 11),. the

analysis of the second order of presentatlon (Appendlx B)

‘order (Appendix B) indicated significant differences b‘i?een
vC.i+L:and I,I+L at p <.025 (Figure 18). These results |
 demonstrate that the significant diEferedces change in-
probabilities as the order changes The graphicai represen-
tatlon of the three control groups in terms of their serial
pOsltLpn (Figure 21) sugcests one explanatlon for those

!

dlfferences o o -
A serral pOSltlon curve was found for the control
’group who was tested the flrst day of experimentation, and
. not for the two. other control groups (Flgure 21). In I&%ht
';of the preceding findings (Wilberg & Gir rd, 1977), the
'results suggest that the control groups tested the second

‘and thlrd days of experlmentatlon. .who were told not to use

any strategy, did in fact use the strategles proposed by the
E in the precedlng sessions. | A table of the mean immediate
’ and final recalls (ABC lnteractlon, Appendlx B) demonstrate
) a progressive better im¥sdiate recall for the control groups
. ; ' s ' ' -~
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\ 78
tested the first day (X= 0.967), econd day (X= 1.025),
and the thlrd day (X= 1-19) of experlmentatlon The raw
4 data also provide the certainty that the SubJects of these
control groups were!usingmpﬁrtly or completely the stratbgies
proposed 'in the lme;ery”and 1magéry+labelllng conditions,
Sane the subJects of these é%oups were recalllng the
sequences of movements by chunklng (Miller, 1956) the move-
ment ltems in geometrlc flgures It seems, therefore,
lmpos51ble to ask a subject not to use a strategy, when that
. subJect used that strategy ln/a prev10us session. The high
performances of these cont?ol groups did certalnly contrlbute
to the low probability (p= .043) found between ‘the three
different orders of presentetion, calculated by the analysis
of variance (Appendik B).- (

The majorﬁfindings of this study, ealculeted-by the

analysis of Variancebinoluding,the three orders of presenta—
‘tion, were the highly significanf differences~betweenball
“the insfructional strategies (C,I,I+L), at p<.001 (B main
effect,,Appendix B). However, a significant order x‘instrqc—
tional strategies interaction effect indicated that these
differences could be dependent upon the orders of presenta-
tion.. The resulfs of‘this last interactien effect were
mainly the same ones found with the independent analyeis of
variance calculated for each order of preqentation; the mosr
significant differences were found for the first order of
presentation, whéég the‘tnree”stretegy conditions differed .

significantly from each other. vLess'significant'differences

\
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were found for the second order of presentatlon and the

LY
‘ least 31gn1f1cant dﬁfferences were found for the thlrd
ﬁ o b > LI - R ! '
order of presentation. : "C ‘ A : ™

/

One: may thlnk from the previo reéults.

- 6f presentatlon had some type of'effect on recal‘u However,

\

'the res;&ts of the order x lnstructlonal strategles x recall
lnterac ion effect, (Appendlx,B) lndlcated ‘no 31gnlfloant

dlfferences at the lmmedlate recall, between the three control

—

groups-(xl— 96,,1x2{f15q25, X3¥ 1. 19) the three lmagery

groups (X, = 1:362:éi.s'1u38. X5= 1. 03). and the .three

1 2 3.

imégéry+labélling vroups‘(f = 136¢ Xz— 1.477. Xj" 1.417),

and no significant dlfferences at the final recall between

the -three control groupsg(x = 647, X,= 43, X3 .55)5 the

three inagery groups (i = .977; X,= .957, A= .695). and,two
2 3

of the three i%agery+labelllng groups (X = 1.16, X3 825)
The only exceptlon was. the s;gnlflcant dlfferences found at
' the final recall condltlon bétween the 1magery+labelllng
groups ‘of the flrst (X 1. 41) and third orderuoz presentatlon ,
.(fjs 825) (ABC lnteractLon, Appendlx B)W It was concluded
from those results that there were no SLgnxflcént order effects

From all the preceedlng flndlngs some maJor pOlntS ‘Tan

be expressed. The control, imagery, and 1magery+labell;ng e
groups (Experlments 3 and 5) present, in the order they are B
‘mentloned, a 51gn1f1cant 1mprovement in recall performances . - 5L

(Figures: 11, l?, 18, 20).. It seems thererore, that these

results support the asgumption of additivity of image and
bzl

label (Paivio, 1971; Paivio & Csapo, 1973) components of the



v

[

" a serial poSltlon gffect when no st

. o ‘ //

motor code. The“raW'data also suggest'that for all éubjectsw

the labels evoked their representdtlve mental images and

hence support partly the assumptlon of lnterconnectedness

»of 1mages and labels (Paivio & ésapo. 1973). Flnally. the

“'

=,

‘collapsed results of ‘the control gro:ss (Flgure 22) support

tegy 1s ‘used.. The

("f I

-

lmagery and¢1magery+labelllng strategles (I I+L) actively

lmproved the recall of all ‘the movement items, regardless

of thelr p051tlon in the llst (Figure. 22)

These flnd:%gs suggest that movement Lnformatlon is

+ perhaps belng semantlcally processed (Cralk & Lockhart

or. processed at a conceptual level (Palv;o, 1974)

M

1972)

80

Veoa



Since no expérimental/order effects were siénificantf
a serles of two experlments was proposed to investigate .
the assumptlons oft lnterconnectedness and lndependence of
image and label upon motor memory. These 1nvest1gatlons
were necessary to determine the nature of the motor code

From the results of_uxperlgents 3, 4, and 52 it is
evident that the Ss could represent{:nternal images when
siven werbal labels. Howevef, it is/not evident:if |
inversely, Ss can prpduce some verbal laoels glven the
représentative internal *mages. It was‘the flrst concern -
of‘Experiment 6 to determine if internal@lmages evoke their p
verbal associatesi .The'second parpose waslto establish a
scale of meaningfclness for movement patterns{_an@;the'third
one, “to deternine if the movement patterns presented in
cxpe;lments jq 4, and 5, were high or low meaningful (W) .~
pattefys Since the movement patterns were grouped(fo}\’;)v

reproéuctlon in Experlments 3, 4, and 5, 1t was concluded

«

that”they could‘be-hlgh,M, This experiment was destgned to
determine if they were, as}eXpecteg prev@ously;‘highly M ‘.
for thevSSf ConseQuently; the movement patterns will be
cons1dered high M if the Ss can label them. And if~it is
the case, the complete assumptlon of lnterconnectedness cf
1mage and label components ¢f the motor code will be true.’

o

We will have certainty thatyserles of movements elicit

representative injernal images, which ones evoke, their verbal'

associates.

e second purpose of Experiment 6, %o esteblishta

y,
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scale ‘of meaningfulness for mgzement patterns, constitute a
comp&lsory step to test the. agsumption of independence of

image and label. More extenSive details will be prov1ded

H

later. This scale of meaningfulness w1ll permit“%o

constitute for Experiment 7 five lists having the sama
characteristics as the lists presented in Expgriments 3, 4,

and.-5, the exception being that ‘the movement patterns will

4 .

be low M. -~
oo ' . ) ' 3

3y

Therefore, the"iB geOmetric figures given in~ExperimentS'

%

3, 4, and 5, "and 39 random patterns. making a total of 52
movement paﬁterns. were presented to the. Ss to determine
their degree of meaningfulness The - 39 movement patterns
were determined randomly w1th restrictions upon the number

of figures having 2, 3, 4 5 6 ‘and 8 sides In Experiments
3 4, and 5 the 13 geometric figures were distributed as

follow: (3) 2 Sided»figures (X s); (3) 3 sided figures

(tﬁiangies); (). 4 sided figures (square. diamond, rectangles);

(1) 5 sided'figure (pentagon) (1) 6 sided figure (hexagon),_
and (1) 8 sided figure (octogon)

It was decided that the number of random patterns for.
each category (2 Slded 3 51ded etc. ) would&@e tripled in
order to have thekcertainty of getting at least the 13 low

M movement patterns needed for Experiment 7. " Therefore,

the number of random patterns for each category was distributed

as\follow: (9) 2 sided figures; (9) 3 sided figures; (12)
4 sided figures; (3) 35 sided flgures, (3) 6 sided figures;
and (3) 8 Sided figures -

82
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\
\\ The scale of ggahlngfulness was determlned so that for

‘-
high M movement patterns Ss could notlgttach any label to

' them; for less M movement patterns Ss could not attach

any label -but the patterns remlnded them some@hlng that
they knew; and for low M movement patterns Ss could not
attach any label nor say that the patterns remlnded them

L
something. For this last case, the patterns\yere totally




Experiment 6 _

.. J
< for movement®pattexns
‘ .

»

N\

Scalqléf meanizigfulness
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'The S, while

Method

Sub jects : ( S 1o

[

Flfty‘volunteers. undergraduate students in Phy31cal
o ;
E@ucation at the University of "Alberta, participated in the

folloWing experiment.
. ~

Apparatus and task |

”g gradius of 15 inches could»move in

‘rcle of 12 inches ‘in diameter.

laoed in a sitting pos1tlon. could" grasp the «»°

S

Joystick that'the E was moving- for him in all locations in

.

the horizontal plane. ,
The S's task con51sted -to make ass001ations with the-
movement patterns described for him byxthe E, and his
previous “knowledges. The S*had to. take one of the follow1ng
three ch01ces after each movement pattern was ‘descrived
kinesthetically by the E i 1) atta‘h a verbal/label to the
mOVement pattern if possible, 2) say 'yes' if no ldbel: '
could be attached but the movement pattern reminded him of

something, or 3) say 'no' 1if the movement pattern was. not

reminding him of anything.
_ Y

Design

The experimental deSLgn was a treatments X subJects
design., The two. experimental treatments consisted of the

two’ levels of meanlngfulness of the movement patterns- 1)

the expected high M geometric figures‘presentedain Experiments

)

85
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3, 4, and 5, and 2) the low M patterns of this‘experiment.._
‘The order of presentation of the 52 movement patterns

was codnterbalanced and independently determined for each

one of the 50 subjects.

Procedure - . .

?EEach‘§'Was individually tested in a single seseion of
approximately 60 minutes. The S was'seated ard briﬁdfolded _ <C;E>
throughout the expériment; including’the reading of the ‘

: 1nstructlons. The apparatus was located at the S's left
.or right side; depending on hl; prefered hand, 1in such a
wway that He could move the Joystlck freely anywhere within

its entire range The lnstru(.' pich were read to the

subjects appear 'in Appendlx A

A

Data analysis

The data were recorded on an ordlnal basis in order
to determine the degree of meanlngfulness of. each movement
pattern. The number of 'no', 'yes ', and 'label' responses

to each of the 52 movement patterns are reported on Tables

, 4, and 5. | 7 : .
3 and 5 , | N\

——

The statistical analyses consisted of two t tests.
The first t test Was calculated between the number of label
responses of the 13 eometric fiéures presented in Experiments
3,'4f'and 5, and the 39 random patterns of this experiment.

The second t test was calculated beiween the number of label



\»»:.

responses of the 13 geomefric figures presented in Experiments
3,,4, and 5, and the 13 lowest meaﬁingful réndom patterns of
this experiment? The lowest meaningful fdom ﬁatterhs

were tho§e.which had the fgyest number’ of lébei responses.

The criterion for‘rejedting the null hypothesis was

“p <.01., : v

) o ] .

87
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Results \\\Q

‘Two analySes were performed on the data. First, a

[3

t test between the level of meanlngfuf:ZSS (number of 1
.responses) of the 13 geometric figures and tne 39 rand
'patterns (first analy31s) second, a t tesf“be
‘level of meanlngfulness of the 13 geometric flgures and

13 low M random patterns.

\

First analysis

Significant differences, t= 13.03, d.f.= 50, p< .001,
were found between the level of meaningfulness of the 13

geometrie'figures and the 39 random patterns.

. Secohd analysis j>" | ’

In the‘second t test, “significént:diffefences‘were_
also found between the level of meanlngfulness of the 13

geometrlc figures and the 13 lowest mean#ngful movement

‘

patterns, t= 15.08, d. f 24( p <.001.

The-graphlcal representatlon of the 52 movement
L4

patterns are: given in FlguresAZB, 24, 25, 26, and 27.
,The number of 'lqbel'ﬂ ‘yes', and 'no' responses to the
52 movement patterns are presenfed in Tables 3, 4, and 5.

Finally, the distribution of meaningfulness value for, the

52 movement patterns is presented in Figure 28.

A
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FIGURE 24

TWO SIDED RANDOM PATTERNS
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FIGURE 29

THREE SIDED RANDOM PATTERNS
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FIGURE 26

FOUR SIDED RANDOM PATTERNS .
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FIGURE 27

FIVE, SIX, AND EIGHT SIDED RANDOM PATTERNS
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TABLE 3

NUMBER OF LABEL, YES, AND NO ANSWERS

70 MOVEMENT LISTS DRAWING GEOMETRIC, FIGURES

- Figure name

ny
uxn'

Wy
‘Triangléj
Tfiangle'
Triangie

Square

AN
Rectangle

Rectangle

Diamond

Péﬁtagon
. Hexagon

Octogon

A ]
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NUMBER OF LABEL, YES, AND NO ANSWERS:

TABLE 4

TO RANDOM LISTS OF TWO AND THREE MOVEMENTS |

Number of
movements

wuuwmwux»u)m

Sequence
number

14

# 215

154

16
17

4 ¢

.28

18
19

20

21

22
23
24

25

26
27

29

. "

30
31

Label

-

34

27

6

e

15
23
12
28
16
17
20

.19

19

16
19
23

-Yes:

- 0 W W W W F

w. O o

11

11

Mo
38
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19

95
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32
24

29

21
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24 -

28

20-
25
20,
19 .
- 37



Number of
movements

o
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TABLE 5

NUMBER OF LABEL, YES, AND NO ANSWERS

TO RANDOM LISTS OF 4, 5, 6, AND 8 MOVEMENTS

~

" Sequence
. number

32
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34
35
36
37
38
39
4o
Cou
b2
43
Ly
L5
46
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49
50
51
52
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PATTERNS

OF

NUMBER

DISTRIBUTION OF MEANINGFULNESS VALUE

\(1.3.geometric figures vs 39 random patterns)

FOR 52 MOVEMENT PATTERNS ,

o -

_FIGURE 28
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Discussion

The flrst'lmportant flndlng of this study, was that a -
large number of subJects were able to label th; movement
patterns presented in Experiments 3, 4, and 5 (Table 3).

This finding supports the assumption of lnterconnectedness
of image and label (Paivio, 1971; PalVlO & Csapo. 1973),
implying that nonverbal lmages evoked their a53001ated
verbal labels. And more importantly; simce the complete
assumo%ion of interconnectedness of imaée and label have
been supported in this \ries of investiga@ions on motor
memofy, these two comoonen%§>are proposed'to be part of fhe
motor code, énd useful components to the’enooding, retention,
and retrieval of movement information. -

A second finding is the variaoility in/leJel of meaning-
fulness (Figure 28), for the 52 movement pattérns presented
an this‘emperiment. ‘The range of this variability was
extending from 4 to 48 (these numbers represenf the smallest
| and'largest number of label responses'giv;n by the subjoct§
for dlfferent movement patterns). If‘sugaeéts that'different
movemedt patterns dlffer substantlally in level of meanlng—
fulness. | o

A third finding, constitutes a support to the large
variability in le&ello%omeaningfuiness, found for the 52
movément patterns. The;level>of meaningfulness (number of

label responses) of the yjmgeometric figures was found to\,

be significantly different (p <.001) from the level of



meaningfulness of the 39 -random patterns. The lefel of

" meaningfulness of the same 13 geometric figures was alsa

found to;be significantly differeét from the level of

meaningfulness of the i3 lowest meaningful patterns (p € .001).

This last finding allow the author to call high M, the 13

geometric figures presented in Experiments 3, 4, and 5,

and low M, the 13 random patterns which had the lowest

number of label responseéﬁl ‘ |
Finally, ihspired by Vanderplas & Garvin's (1959) work,

the author provides by thié experiment a scalg of meaning—

fulness fof\gz different movement pattefns (Tables 3, 4, 5).

4
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\ b

The main reason to nave chosen M value instead of
imagery (I) value was brought by the definltion of‘meaning-
fulness as a relation (Noble, 1952) or an association
(Vanderplas & Garvin, 1959) between items. It was the
purpose of these studies . to test the S's capabilities to
make aSSOClatlonS between movement ltems © It was assumed
that the low M movement items were low in I value (PalVlO,‘

1976) .

L)

The preceeding experrment was necessary to the'
realisation of Experlment 7, the purpose'of the'latter
experiment being to test the assumption of 1ndependence
(Paivio & Csapo, 1973) of image and label components of tﬂe;%.
. motor coden o - |

It seemed evident to the writer that the only possible
procedure to 1nvest1gate the assumptlon of independence of
~ the image and label components,of the motor code would be to
isolate each component alternately. Paivio & Csapo (1969) JEN
1nvest1gated the assumptlon of lndependence of the two codes.
by varying the speed of’ presentatlon of plctures and words
.Consequently, when the rate was accelerated for plcture \
presentatlon, Ss could not label the plctures and a- dramatlc
: change in performance was observed. They explalned that the
equal recall performance for'words and picturesudemOnstrated
an equlvalence between the encoding of the two types of
stimuli and was a support to the independence assumption.

It 'is impossible to use a speed of presentation paradlgm >

in the memory of movements, since 1t takes two to three seconds
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" forx one movement presentation.-which is considered to be a
slow rate in. this type of paradigm (Paivio & Csapo, 1969) .
‘ Therefore, the isolation of the image and dabel components
was realized by varying the degree of.meaningfulness of
novement items. In other words, the investigator was
expecting that a presentatlon of low M movement items woulo
not produce any tran ormation of one component (image) info
the ®ther (label), £d hence would be a reliab-le" method of
testing the independence of the two components.

‘The same lnstructlonal strategles (1magery and lmagery-
labelling) ahd-the semeﬂexperlmental procedure as Experlment
3 were used in Experiment 7.‘the'ex¢eption being thaf tﬂe
movem@ﬁt patferns were low M and the labels attached with
the.oatterns, low M words taken from Noble's (1952) experi-
ment. HoweVer. since low M movement ltems were presented
for recall, a lower percentage of recall was expected, “
.compar/d to Experlment 3 whereas hlgh M movement items were'
presented - Thﬁ reason to expec?t those results was that
- usually the "manlpulatlon of meanlngfulness affects semantic ¥
:Kcoding" (Levy & Craik, 1975, p 3k4) . ngh M items are -
usually retained\better'than low M Ltems, demonstratlng.the
effect of levels of p oce531ng on free recall (Craik &
Lockhart, 1972). Ther fore, a whole depre531on of the. SPC
was- expected (Experimen 7) for the low M items (Seamon &

- Murray. 1976), eompared t the hlgh M items (Experlments 3.

=3

b, 5)- ’ ’

The movement lists

Experiment 7 had the same
\‘\\ i

N
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characterlstlcs as the ones presented in Experlments 3, 4,
and 5, w1th the exceptlon of the degree of meanlngfulness.
‘this means simply that each of the five lists weres made
by the same number of 2, 3; 4, 5, 6, and 8\sided figures
as the ones presented in Experimenﬁe 3, ¥, and 5. Finaily;
since there were no significant differences between the three -
'4orders of pp%?entatlon used in Experlments 3 and 5, only one |
order was chosen for presentatlon. The control condltlon
(no strategy) was presented first, to prevent the use of
strategles by the subJects \The labelling cohdition was
presented second and the 1magery condltlon last, in order to
respect the bas1c assumptlon of this study,rthat labels would
not elicit mental representative lmages and that images would
not elicit verbal labels. /

The purposes of éxperiment 7 were : 1) fo test the’
- lndependence assumptlon of the 1mage and label components
' :of the motor code, and 2) to 1nvest1gate the level of

: proce551ng effeet of low M, compared to high M movement

items on free recall (Seamon & Murray, 1976) .

~
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Equriment 7

" Level of processing
and effects of image and label

on the free recall of low meaningful movement pétterns

\
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Ma thod

Subjects
- *
The subjects were eight volunteers, graduate students

in Physical Education at the University of Alberta.

Apparatus and task

The apparatus and task were the same as Experiment 3.

Design -

The first experimental design was a 3 x 2 X 5 factorial
with'repéatéd measures on all factors. The first factor
consisted of three levels of instructions: a) a control
~(C) (no strategy), b) an imagery strategy (I) and ¢) a
iabelling strategy (L). The second factor had two levels of
recall: a) an immediate,~ind b) a final recall. The third
factor consisted of five replicafions under each]experimental
cohdition. |

The second experimental design was a b x 2 X 3 wiih
; repé;ted measures on the last two facfofs. The first
factor (Factor 4) had four levels of meanlngfulness a) high
M movement patterns (High 1, High 2, "High 3) (the threeegroups
of Experiments 3 and 5 were cons}dered), and b) low M move-
ment patterns (Low 1) (Experiment ?): The second factor

(Factor B) consiéted of two recall conditions: a) an immediape
and 'b) a final regall.' The third factor (Factor C) had three
levels of instructions: a) a control (no strategy), b) an

imagery.strategj, and ¢) a labelling strategy.
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Procedure

K q

The parﬁiplohlng of the sessions and the procedure

~

followed was similar to that used i; Experiment 3
' -
Data analysis\ ///

The-déta were. recordad (dependent v;riable) in terms
of probability of correct recall under each experimental
condition and each serial position in the list (Figures 29,
30,31, 32). The amount of admissible transformation was
restricted to 22.5% either side of the expected response
(Figure 5). -

Two analyses of variance were calculated to determine
if there were significant differénces between the levels
of meagingfulness (High 1, High 2, High 3, versus Low %).

the levels of recall (immediate, final) and the levels of

inétructions (¢, I, L). In cases of significance (F value)

SchéfféJWas,used for post hoc comparisons.
For purposes of interpretation, the criterion for
rejecting the null hypothesis following statistical analysis,

was p<.01l. »

~

14
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Results

Two an;lyées of_varianqgiwere performed)on the data.
The firstJohe waéfa three wayvanalysisAof varianée using-
the same Ss across conditions. and the second one a three
way analysis oﬁrvapianée‘with differenf Ss across the
different levels of'mean;ngfuiness.

The results of the. first analysis provided signifiéant
differences between the threeflevels of instructions (C,I,L)
F(2,14)= 18.52, p <.001, and the two levels of recall |
(immediate and final), F(1,7)= 32.73, p< .00l (Figure 29,
Appeﬁdix B). There were no significant interaction effectsl
and no sigﬁifiéant differences between the five replications
of the same Ss under each éxperimenttl condition,\F(4,28)=
- 0.06, p>.05 (Appendix,B). o

The Scheffé test on means was used for post hoc
comparisons and revealed that the significant differences '
for the levels of instructio%g were located between (C) and
(1), and‘(I) and (L) at p <.001, whereas (C) and (L) did
not diffgf significantly from each other (p>.05).

The‘re§plté of the second analysis provided significant
differences between the four levels of meaningfulness (Higg 1,
High 2, High 3, Low 1), F(3,28)= 6.0%, p<.01, the two levels
of recall (immediate and final), F(1,28)= 129.39, p <.001,
and the three levels of instructions (C,I,L), F(2,56)= 77.91,
p < .001 (Figure 30, Appendix B). The same analysis also <?

revealed a significant levels of meaningfulness. x levels of
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instructions intefaction effect, F(6,56)= 15.67, p<.001
and a significant levels of meaningfulness x recall x levels
of instructions interaction effect, F(6,56)= 3.18, p< .01

(Appendix B). ,
. i i N ) ) \
The Scneffé test on means was used for post hoc
comparisons and indicated that high M movement.items (High 1,

High 2, High 3 were collapsed) differed significantly,from

~low M movement items, at p <.025 (Appendix B). It was also

found from the levels of meaningfulness x recali x levels

of instructions interaction effect, that the final recalls

"were;significantlyvlower (p< .01) than the immediate recall

for: a) both hign\ingflgw M movements and fdr b) all the
control and ldﬁalling groups. AThe‘only.exception was the
lack of significance between the immediate and’final recail_-
of the I group who received low M movements (Appendlx B).
Another important point brought by the results from the

same lnteractlon effect was the difference between high and

~ low M movements.. This last dlfference eXLSted only for the

labelllng groups, whereas there were no significant
differences between the high and low M movements .f the
control and imagery groups. This last flndlng suggests
that the significant differences found between nighxandcj
low M movements were doe only to the labelling groups
(Appendix B) . |

The probabilities of correct recall for the low M
movement items are presented under each recall condition

(Figure 29) and each serial position (Figure 31).

t
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Finally, the probabilities of correct recall for
h}gh and low M movement items gfe presented under each

recall condition (Figure 30) and each serial position

(Figufe 32).
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Discussion

@

JThé first purpose of thisbexperiment was to test the
ihde%éﬁdence assumpti&n of the image and label components
of the motor code. In order to teét_thié assumption, the
basic compulsory étep was that images would not elicit
labelé ana labels images. The methodology used by Paivio
& Csapo (1969) to test this assumption was a épeed of.
pfesentation ﬁaradigm. However;)th;s paradigm being
impdssible to‘reglize.in experiments on motor memory, a
new.mqthodology,was proposed using low'M movément‘patterns’
(Experiment 6) and low M words tak;n from Noble (1952) .
This new methodology constituted an attempt to'fést’this
~assumption. | |

| Thé_reéults of-fhé first anaﬂ?sis indiéated no ~
significant differences at the immediate recall between the
control, imagéry, and labél;ihg'conditions. The lack of
significance between the three instructional strategies
supported by the S's comments following‘the experimental
sessions, suggested that the strategigs used by the Ss
were thg same in all experimental conditions. The similarities
of fﬁé SPC's support fhe same suggestion (Figure 31).
" Therefore, the isolation of fheAidage and label componegfs
may not havevhappened. The Ss themselves reported that in
~the ‘control (no strategyj condition they. were usingkboth |
kineSthesis and imagery (mental representation) to reproduce

- the movements. In the labelling condition they found the

label t¢_generally be irrelevant to the recall of movements
s ) (k
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 and they preféred using kinesthesis and imagery. Finally,
in the imagery condition the Ss tried to put more the /
emphasis on a—mehtal represehtation of the image of the
mpvements in memory.
These anécdotal reports suggest\an important.pofht

of discussion. A fdndamenfal.difference exists between
Paivio's expefiﬁehts and this:seriés of ihveétigations.
Paivio- (1971) mentioned the csntribufion of two codes
u(image.aﬁd label) for the recall of verbal information.
These éxperimenté have to consider thebcontribﬁtion of a
third component for the recall-of movement in:ormatioh,
" that ié the kinesthetic componenﬁ. Despite the' fact that

a strategy aéking the §s to concentratéton the kinesthetic
s;nSation of the movement do not produce'ény significant
iﬁprovémént in recall éccuracy (Gomez-Toussaint & Chevalier-
vGirard, l975f; the Ss of this experiment cpnsidered the
information coming from the joints and the,musgles as being

a major contribution to the reproduction of movements.

When appropriate labels were associated with 'series of N

— “ -

movements they were considered as relevant to the task aﬁd
labelling became a useful7compdnent for the recall of
“movemehts (Experiments 3, 4,;5); Howe?er. sin;e in this
>éxperiment (Experiment 7) the Ss considered the labels as
irrelevant to the task, the iabelling component did not
contribute to the recﬁll of movemenf information. it isCL/
suggested that kinesthesis and imagery are the two'basic\

components that contribufte tb the:encoqing, retention, and

1)
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retrieval of movement inférmation. Further, labekling can
be a ielevant.component if it is appropriate to the task
demands. The imfortant contribution of imagery (supported
by the results of Experiment 7) indicates that no significant
loss of information occurs dﬁring a 24 hours interval prior
to recall,!for the groﬁp that was instructed to emphasize
imagery (Figure 29, Appenaix B). As a result of failing . .
to isolate imagery from labelling, this exper%menf failed |,
to test the»assumption of independence of image and label;
It was found that imagery was used in all conditions (high
or low meaningful) whereas labelling appeared to be used
oniy when the.movements were highly meaningful to the Ss.
This last point'leads to the discuss}on between high
and low M moyement items. It was found thaf f%; the control
and imégery groups, the recall of high M movements was not
superior to the recall of low.M movements (Figufe 30).
The only difference‘in récall of“high versus low M movements
existed‘when labelling was proposed as a strategy (Abpendix
B, ABC ihteraction). The subsfantial difference (p< .01)
found between the labeiliné'ﬁ;gh M groups and the labelling
low M group suggests the éontribution of the lébelling
’compoqent as being a help only forNthe encpding, retention,
and retrieval of high M mOVements. This suggests that the.
labelling éomponent wés not part.pf the motor code when
low M movements had to be retrieved. These results support

Shea's‘(1977) findings, that the use of relevant verbal

|
‘labels aid in the recall accuracy of motor responses..
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Finally. the finding of Seamon & Murray's (1976)
gxperiment demonstrating a whole depression of the SPC
for the low M ;tems compared to the'high M items; is not
supported in this study. There waé no significant depression

of the SPC for low M movements compared to high M movements

(Figure 32).
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.
GENERAL DISCUSSION : <\\\~;_

The encoding characteristics of single items Hivé )
been the object of severaﬂfinvestigations in the literature
on motor memory. These investigations were developed from
two major hiatorical viewpoints. The decay theory supposed:
that when earn something, a memory trace is formed.

This trace wili gradually fade away if the imprint is not‘
occasionally reactivated. The way we>remembar is ‘to
activaly rehearse .and keep'theae.traces active. Thorndike
(1913) felt that memory and forgetting wefe explained by
\his law of connection between stiéuius and response. This
hypothesis of a"slowly desintegraﬁing coanection was< one

of the first statemeﬁts of the position that forgetting

was simply a matter of trace (or connecéion) decaying with
the passage"of time. This viewpaint held (Broa&ant, 1958;
Brown, 1958) a good deal of popular, subjective aRK

" However, there was nothing-to explain what it is. th

causes this desintegration, what determlnes its rate, or
‘why in fact it even occurs (Cermak, 1972).

In a scathing attack on»aecay, as an‘exp;anation for
forgetting, McGeoch (1932) advanced that time dqes not
cause "deterloration" of memory. but what is learned
“during that fime blocks retrieval of what you now want to
remember. McGeoch felt that 6nce something was léarned, it

remained permanently in memory and never decayed. However,

as we continue to learn and form permanent memories, one

. a
§



»

fact competes with the recall of another similar fact.

-

;ge&}'*vﬁjuﬁz ofzcking or competition‘is today called "interference“.
Each of these theories of memory was oriéinally devised
;,nl;ln attempt to explain ali phenomena occﬂring in memory .
" They both accounted the deterioration of memory, to the
e changes of the criterion trace (Stelmach, 1974).
The deejbtegratlon of the trace observed in memory for
movements, recelved_some support from the decay theory
(Adams & Dijkstra, 1966) However, the incapability of the
theory to explain the causes of the desintegration, contributed
_to the popularity of thfinterfdrence theory. This lest |
theory,hae been the focus of considerable interest in the
literature on motor‘shOrteterm memory (Montague'& Hillix,
1968; A‘sc’d{':? Schmidt, 1969; Stelmach, 1970; Stelmach &
 Wilson, 197 Pepper & Herman, 1970; Stelmach & Walsh, 1973).
The pﬁrpose of the interference paradigm was to examine the
ihformation-proceseing demands in recalling single movements
(Stelmach & Wilson, 1970). Short movements wererconsidered
to be encoded differently than the long ones, and the move-
mené attributes (location, distance) were found to require
dlfferent process1ng capacities (Posner, 1967; Keele & Ells,
1972~ Laabs, 1973). It was suggested that spatial- locatlon
1nformatlon received from the kinesthetic modality requlres

M
more 'central¥ processing capacity ‘than dlstance information.

" . Despite the fact that a desintegration of the trace was
‘evident in memory for single movements, nobody,until"that

time had tried to optimize the encoding, retention and recall



of movement information, by making the movement infor@ation
meaningful to the subject. Since the meaningfulness of the
material seemed to be logically related to the strategiles
of encoding, retention and recall, the strategles used by“
the Ss during an experiment had to be controlled. Stelmach
(1974) was saying: "When a subjecf is presented with a
certain movement and is told that he will be required to

reproduce this movement latter, what strategies does he

employ" (p. 25):‘ The introspective reports from subjects

indicated that various coding strategies were used Dy the

1
i

Ss. These strategies could take a variety of forms such 2s:

!

counting, verbal labels, spatial representations, etc.

‘Stelmach (1974), suggested that a fuller knowledge of the

part played by subject-used strategies .is important to our

uﬂdersténding of the mechanisms - -underlying human memory.

Nécson, Jaeger & Gentile (1972) had already recognized the
need for the S té organize aﬁd,structure the information
presented; that is to de&elpp a strategy or plan to
assimilate the new materiél. Kinesthetic information,
Posner (1967) suggested, was transjormed in an extremely

brief visual form. Posner (1967) was referring to the

'physical representation of the movements in memory.

The encoding characteristics of multiple items received

. 3
very little interest in the literature on motor memory

(Cratty, 1963; Zaichkowski, 1974; Wrisberg, 1975: Magill,

1976; Magiiiﬁ&iDowell. 1977). The interest for the author

S 4 .
of knowing ﬁ#¢ nature of motor memory for multiple items

o .

!
s
|

|

lr
l
|
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constitute% a starting peint to this series of investigations.
" Experiments 1 and 2 were designed to determine if 5 SPC ’
existed in motor memoryciby using a free recall paradignm.
: Tﬁe resﬁltspsuppdrtéd Magill & Dowell's'(l977) findingf
that a'SPC‘e#ists for hgvement information when the lists
ex¢eed'memory span (Posnér, 1967). ~Although Magill & Dowell
(1977) used a serial recall paradigm, ﬁhey Foundda serial

position effect for the lists of nine mpvements. This -

finding supports- the results of Experiment 2 of this series .

' that SPC's exist for the lists of 10 ana_IZ;movemengi;i {
. ‘ — - ’
No SPC were' found when the amount of information.was Within
. L . L
memory span. o - 9

" The major queétiqns of fhgs series of investﬂéatibns
,concerned the encoding (what is stored), retention (how it|
chahges over xime) and retrievél (how-it ig used éﬁ%the time
of test) characteristics of muitiple movement items. Now
that the o;ganizefion in memory for sgries Qf @ovements was
knownﬁ(SPC‘arrapgeméntJ the guest;oﬁ'wag to find out what
was stored in memory wﬁenvmoéemént informafions Qegé preéented
-forhrecallf,'Posher (1567) referred to an imégery process as '
being bagx of the“ehcoding of movement information. Brown
(i976§ and Shea .(1977) recognized the facilitation in.fecall,_
performance when relevant labels were provided with move-
ment informationi ‘It wéé h&pothesized that an imagery
process would be used for the retention of movement infor-

’ _

mation, and this imagery process would be interconnected

and independent of a labellingvprocess’(Paivio, 1971;
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Paivio & Csapo, 1973) . - : : BN

)

The results of ExperimehtsVB, 4, and 5, demonstrated a

significant better recall Rerformance when an 1magery

strategy was used, compared to no strategy. When 1magery

ahd labelling Were'both used as strategles for recall, the
performance was signifiCantly improved comphared to an

1magery strategy only The results of these”experiments‘

also supported Palv1o s (1971) assugption of lnterconnectedness
of image and label, implying that labels evoked thelr
associated mental represenfations. The same results_also
:hpported Paivieo's (1971) assumption of independence of

lmage and label, in the sense that the two cgdes have additive

were used as

effects on(recall When imagery and labellf
strategles for an immediate or a final recall (24 holrs: later)
the whole SPC was dlsturbed demonstratlng no prlmacy or
récency effect. Imagery and labelllng were. not found to
benefit more the'primary or secondary. part of the SPC, but.
benefited rhe recall of all the items in the lists (Experi-
ments 3, 4, 5)f’ In some cases the use of imagery reduced
the décay after 24 hours (Experiments 4, 7). It was |
concluded that imagery and'labEZEHng werewpart-of the motor
code o

The movement information presented to fhe Ss in

3

Experiments 3, #, and 5, were considered high M in the sense

that they could be easily relatedﬁ}o the S's past experiences.

However, there was no experimental support to this assumption.

The relevant motor memory literature was totally non-existant

2
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on the concept of meaningfulness in movement items. L.
Different movement patterns were shown to vary in levels of
meanlngfulness (Experlment 6). The movement patterns "
presented in Experlments 3, 4, and 5, were found to be high

-M, since the 'Ss could attach labels to them.f Several move- °
ment patterns were found to Dbe low M. These findinés support-
Vanderplas & Garvxn s (1959 experlment to the.fact that

random patterns vary in levels of meanlngfulness |

‘ High M items are usually recalled better than low M ;

1tems (Peterson, Peterson & Mlller, 1961; McNulty, 1965;

Craiks & Lockhart, 1972). For Craik & Lockhart (1972) this '
distinction reflects the level of processing on free recall.
The applioability of these evidences were investigated ln
Expertment17 of this series, for low and high M movement
~items. The high M movement items were not found to be

recalled significantly better when no strategy or an imagery
'st;ategy were used. The only difference between the labelling
_high M and low M conditions was explained in terms‘of relevance
or‘irrelevanee of the verbal labels. ‘In Experiment 7.the Ss
found the verbal labels totally irrelevant to the recall*of‘
movements. It was suggested that labelling contributes to

the encoding of movementiinformation only when the labéls

are relevant to the taskpdemands. The lack of significant
differences between high and low M movement items for the
Jcontrol and imagery groups, and the signlficantag;fferences
found between the high and low M labelling groups suggest

that the onI@%ﬁnformation that renders a movement item

o
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”meaningfui‘gogﬂ%he S, is the label. . Labelling can tnerefore ~
be a very inportant component of the motor code and produce, |
associatedfwith movement inﬁarmafion, a subst tial -improve-
ment in motorﬂmemory. o ' ﬂ&\ .

) The results of this series of investigations support
Craik & Lockhart's‘(l972) point'of view, that the largest
activation of 1nterconnected components produces ‘the deepest
level of encodlng. In these experiments, when the: kinesthetic
component was mainly activated (control conditions) the lowest
~ recall was observed, implying the lowest level of encoding. ¢
When the kinesthetic and imagery components were activated
(imagery conditions)'thefrecall wasisignificantly improved,
implying a deeper level of encoding. And, wnen tne.kinestheti),
" imagery and labelling components were available, the highest
recall or the deepesf level of.encoding was ob;efved. |

Does tne‘serial position results of theee experiments

suppmrt a single or dual memory process. Petrusic & Jamieson’
(1978) presented lists of unrelated words for free recall
The interpolation of a very demanding shadow1ng task ‘
(repeating aloud tWOfdl umbers presented at a very,rapid,
constant raﬁe—ij/secioducéd ubstantial amounts of
‘forgefting at%ﬁil seriai positions.i\They interpreted their
reeults as a supﬁort to the single process model, and
questioned the dual model implying fhat early and late items
in a list are held in different memory stores (Atkinsonv&

Shiffrin, 1968; Waugh & Norman, 1965): Several authors in

the verbal literature, who supported a dual view (Smith,
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Barrasi & Gross, 1971; Madigan, McCabe & Itatani, 1972)

found imagery to benefit recall from secondary memory.
However, the results of using an lmagery strategy for the.
recall of movement\}nformatlon did not show %o beneflt more
primary or secondary memoxry, put beneflted the recall of all
*positions'in the listsr Therefore, the results of the .
experiments of this series would support a single process
view for the encoding of movement information. | |

In.summary, the encoding characteristics of multiple
A » -

items were found to‘present a serial positipn\type of
arrangement. Imagery and labelling were proposed to be
_legltlmate components of the motor code, lmplylng that thesex
processes would be used }or the encodlng, retention, and
;retrleval of movement information. Finally, the results

of these experiments supported a 31ngle process model in

the memory for movement information.
\ - ) ‘

9 \  §

/
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a triangle is described for/you by the E, with the hzydle.
1

S 5

-
H

~You will be seated and bllndfolded in order to execute’
the task. You will wear thﬂ%headphones throughout all the
experiment. The Joystlck is located at your ‘right or lefty
depending‘on your preferred hand. 2 ™

Your hand is on the handle throughout all the experiment
and the handle can move in‘ali directions infthe circle.

First, you will hear a single tone through the'headphones.

This signal tone indicates.that a triangle (or three move-

~ments) will be descrlbed by the experlmenter who will move®

the handle in three different dlrectlons, while your hand

is always on the handle. Each time you hear a SLngle tone,

When you hear two successxve tones) you have to reca the

o

sequence of* triangles given vefore, by mov1ng the lever

- by yourself. It doesn't matter if it's not in the order

given by the E. You can recall the sequence of triangles
in‘anf order you wish.

Beforé the experiment starts, I am going to describe

kS

for you with the lever, ,the eight triangles which constitu;e

s 251

the experiment (At th{s moment the subject is blindfolded

but does not wear the headphones).

You have one practice trial before the experlment
(The subject wears the headphones for the practice, which

one -is constituted of three movement triagrams).

T
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|
You will be.seated and blindfolded in order to execute
.the task. Your hand is on the handle at your right
- throughout allvthe experiment. and the handle can move in -
all directions in the circle. o " o
The E moves.the handle for you while your hand is
#always onvthe handle. When you hear a continuous tone, a- e
‘single movement is given by the E from thelbeginning to the
 end of the movement (example) Aftef the first movement is”
given, the E moves the handle to the new startlng point of
the follow1ngumovement. When the E moves the handle to a R
newwstarting'point,fthere is no tone. Then you receive the

W e ! , . ecel R
6vement with a continuous tone; and then the E moves

;ﬁhe~ﬁbﬁéle to-a new starting pointv(example). Each segnence
of movements will follow the same procedure. - The iméoftant
thing is for you to remember only “the movements given with
the contlnuous tones | : S ' o e

After a sequence of movements is flnlshed you will

‘hear two successive tones. By this SLgn ou.w1ll know A P\
that you have. to~reproduce the movements glven w1th a s1gnal
tone 1n the preceedlng sequence, in any order you wish. It
doesn't matter if ltos not in the order given by the E.

It doesn' t matter for the order of the movements ln the

- sequence and lt doesn't matter for the order w1thln each
movement (example). What you ‘have to do is reproduce first -

- the movements you have first in mindlor the ones.you remember
better. | y | |

You have to use the same procedure tovreprodnce the

~



e

by. yourself, in any order you wish, by produc1ng a

‘movements You have a buzzer in your left hand, and you have

to push on the buzzer as long as you reproduce a movement of
the sequence given before. When you move to the startlng
p01nt of another movement you do not produce any tone. /

You produce a\tdne only for, the movements that were glven

with a tone in the preceeding sequence. . :

I would llke you to recall that the order ln which

' you reproduce the movements. is not lmportant . The only

movements that you have to remember are the orres given with

a continuous tone. Flnally, the movements are re:
dontinuous
tone from the beginning to the end of each;movement of the
sequence. | | | |

You have one practice trial before the eiperiment.
o ¥

.. oy
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Control

You will be seakted and blindfolded in order to execute
the tesk.‘ Your hand is on the;handle throughout all the
experiment, and the handle can move in all directions in
theAcirole.‘ | :

The E moves the handle for you, while:your hand‘is
always on the handle. When you hear a continuous tone,
a single mo#ement is given.by the E from the‘beginnimg to
the end of the movement (example). After the first move4
ment is given, the E moves the handle to ‘the new starting
p01nt of the follow1ng movement\‘ When the E moves the
handle to a new startlng p01nt, there is no tone. Then you
receive the second movement with a continoous tone, and then
" the E moves the handle to a new sterting point (example).
anh Sequence of movements will follow the seme prooedure.
,The'imporEamt thing -is for you to remember only the movements
»given with a oontinuOUS tone.

After a seqmenoe of movements is finished, you will
hear two successive tones. By this signal you will know
that you have to reprodﬁce_the_movements giVen‘with a tone
in the. preceeding sequence in ‘any order you wish.' It does
vnot matter 1f lt ls not in the order glven by the E. It
does not matter for the order of the movements in the
sequence and it does not matter for theaorder Within'each
movement (example). What you have to do is reproduce first

. the movement@“you remember better. Inkother.WOrds, you

140



y | .
reﬁioduce first the movements you have first in mind.-
fou have to use the same p;péedure to réﬁroduce the;’
movements. You have a buzzer in your left/right hand, and
" you have to'puéh on thefbuzzer as long as you reprgduce a
movement of the sequence given befpre. When you move to

the starting point of another movement you do not produce

any togé. You produce a tone ohly for the movements\that'/

were given with a todexiﬁ the preceeding sequence. I would

like you to recall p@at the order in which you reﬁroduce
‘the movements is not important. The only movements that
 you have to remember are the ones given with a continuous

tone. Finally, the movements are reproduced 5y ydurself,
~ ' . I

. in any order you wish, by.broducing a continuous tone, from

the béginning to -the end of each movement of the sequencé.
You have a maximum of three practice trials to ™ /

‘understand the procedure.

L1kl



Imagery

For this part of the experiment I ask.you.to use a
sfeeial strategy that might help yéu to remember the move-
ments. x "

Each sequence of movements wiii be Qonstituted by a
certain‘number of geometric figures. I will say for example;-
<figure 1, end then I will give‘you a certain number of move-
ments presented With a tone; those movements will constitute
Figure 1. ' You will try tq'femember the movements by making
the pafterns or the geometric figures in your hind, witﬁ |
the movements that were presented with a signal tone. When -~
I will say: Flgure 2, you will try again to construct the
geometrlc figures w1th the following movements accompanied
w1th a 31gnal tone. | N
P~ I insist to say that each sequence will ﬁe constltuted
by a certaln number of geometrlc figures. You w1ll try to
remember the movements by plcturlng the geometric flgures
in your mind. fWhep you w;ll hear two success1ve'tones, you '
know that you have fo reproduce the move@ents given Qifh a
tone in fhe,preceeding sequence in an§ otder‘you_wish.
You have a maximum of three practice trials to

understand the procedure.

142
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Imagery+labelling
N

For this part of the experimenp I willltell you before
each sequence of movements, “the name of the'figures,phat
will constitute the sequence, by order of appearance. |
And. I will repeat before each figure of the seqﬁence the
name of this.figure. What.you try to‘do is again‘to make
the pattern or geometric figure in your mind with the mevea
'ments presented w1th a tone by the E. For example, when I
say Flgure 1, you know that the following movements presented
with a tone, constltute F;gure 1.

The procedure used will be the following one: first,
I will give you the names of the figures in order of
appearance in the sequence (example: fectangle, triangle,
square) . ' After, I will give you the ‘name of the flrét
figureland the movenents that c0nst1tute this figure. I
will do the same.for the second and the third figure, etc.
When you will hear two saccessive tones; you'know thaf yeu
have to‘reproduce‘the-movemenfs accompanied with a tone in
‘;he preceeding sequence, in any order you wish,l |

You>have.a.maximum of three practice trials to
understand the procedure; ‘ : | ‘ 5

o
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Experiment 4
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The instructions preséntqd to the control and
imagery#labelling groups of this experimehf,*are the_same
as the ones presentgd in Experiment 3 (éee InStructions

Experiment 3).
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Control

Tﬁié condition follows jhe*same fg;mat as those Oy
previously preéented. with ogh-exception - you aré not
to use a strategy to remember the movemenfs. .
I don't want you to try and picture a geometric
' figure in your mind. ‘} want you instead, to focus on the °
. st;rt én&‘ehd of eaéh individual movement, so that y?u s
can give me eacg movement back as aecurately'as:possible.
Once again, order is%'t important, jg§t‘accdracm'in how

‘you -.give me the movements back.

Lot
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imagery

o

£

o For thls part of the experlment I ask you to use a

SPEClal strategy that mlght he&p you to remember the

movements
Each sequence of movements (for example a sequence of

10 movements) will be constltuted "by a certain number of

bgeometrlc flgures I will say- for example Flgure 1, and

then I will give you the movements that constltute Flgure 1,
acoompanied with ‘a tone You w1ll try to remember the
movements by making - the pattern or the geometrlc flgure tn
your mlnd. with the movements glven w1th tones If for °
example, I give you a trlangle, I don t want you to picture'

just a trlangle but also lts orlentatlon as I am’concerned

w1th the accuracy of the, start and end p01nts of eabh line

‘of the trlangle.; When T say: Flgure 2, you try again +to

..

construct the geometric figure with the movements.produced

with tones.

Y
N
iy

I repeat thaj each sequence will be constltuted‘by a

Lcertaln number of geometrlc flgures You will try to

rémember the movements by plcturlng the geometric flgures

in your mind. When you w1ll hear two success1ve tones,_you

v

know that you have to reproduce the movements glVen w1th

tones in the preceedlng sequence. in any ordér you wish.

You have as many practice trlals as you want to

understand the procedure.

-
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Imagery+labelling LN
K , y T o
For this part of the dxperiment, T will tell you
before each sequence of movements, the name of the figures

that w1ll constltute ‘the sequence, by order of appearance .

'ln the sequence. And I will repeat before each flgure

of the. sequence the, ame of thls figure.:

What you fdo is again to make the pattern or

the geometrlc fPz¥re in your mind with the movements
accompanled w1%h tones (example when I say triangle you
know that the three following movements given with tones
will constifute a triangle. I am concerned not onlj‘that '
you remember the flgures but'ﬁlso w1th the accuracy of start
.and end p01nts of each individual line of the flgure - 80 .
.plcture the figures orlentatlon as I give 1t to youa :

. The procedure used w1ll be the follow1ng one: first,
I will give to you the names of the flgures in order of
appearance in the sequence (example: rectangle, trlangleJ
Asquare) After, I will glve to 'you the name of the first .
flgure ‘and the movements that constitute this flgure oI
w1ll do "the same for the second ‘and the thlrd flgure, etc.n
When you will hear ‘two successive tones, you know tHat you
have to reproduce the movements’given}with tones in the
preceeding sequence, in"any order you wish. "Hﬁ -

You havevas'many practice trials as you want to

understand the procedure.
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You Wlll be seated and blindfolded throughout all the

experlment You grasp the handle at your left/right and

the E moves the lever for you while your hand is always

" on 'the hnndle ~When you hear 2. Qontlnuous tone. a single.

" movement is descrlbed by the E from the beglnnlng to the

end of the movement (example) After the first movement is

given, the E moves the handle %o the new startlng p01nt of

q the following movement. When the E moves. the handle to a

new starting point, there is.no tone. Then you recelve

the second movement w1th a continuous tone, and then the E

moves the handle to a new startlng ‘point, etc. Each

sequence of movements will follow the same - procedure The

important thlng is for you to consider only the movements
given with.the contlnuous tones. When the sequence w111 be
finlshed you will hear two successive tones (example)

These two tones mean that it is the end of the sequence

Your task is to try to plcture 1n mind the movements

" giVen w1th tones. In other words, you try to plcture what

shape descrlbes the movements put all together Some

sequences of- movements built, a shape Some: of the shapes

'may remlnd you of ‘some famlllar geometrlc flgure, obJect,

or situation, while others may not remind youéof anythlng .

E Therefore, you w1ll ‘have three ch01ces ;Thegfirst~choice

xls to descrlbe in a word or two what the shape reminds you.

The second choice is to say yes ‘1£ the shape remlndS\you

somethlng that you cannot express verbally rn.a word or.two!

And the third ch01ce is to say 'no vy the shape -does not

iy

(4
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-
"“re‘mind you of anything. It is imporfant’ that you say .
som;thing,;- either avWOrd if the éhape reminds you of
somethj?ng that you can des‘cribijh~\or yes, or no, for each
shape.that,is drawn by ‘the E wifh the Joystick. kQuest»ions' ’?

1)
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; Cont;ol i

.Qu& . 4 “

. The instructions presented to the control group of
this:experiment, are the same ones as read to the Subjects
(control condition) Jf Experiment 3 (see Instrgctions'-

Experiment 3).

{
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Imagery

o

‘QFor this part of the experiment I ask you to‘use a
‘special strategy that might help yogﬁto remember the move—
‘ments. Each sequence'of‘movements (%or example a sequence

of 10 'ements) will be constituted by, 2 certain number
of patterns. For instance, I w111 say Pattern number 1,
and then I will give you the movements that constitute
Pattern number 1, accompanled w1th a tone. Your’task w1ll
be tJ remember the movements by plcturlng the particular
pattern in mind. When I will say: Pattern number 2,
vyou w1ll\try agaln to construct the pattern that makes the
movements given with the tones

I repeat that each sequence of movements lncludes a
-certaln number of patterns and you have to plcture these
, patterns in mlnd Not only the patterns by themselves are
f 1mportant ‘to remember, but also the orlentatlon of these
1patterns as I am concerned w1th the accuracy of the start
and end p01nts of eai? llne of the patterns.

When the sequence is finished you will hear two
successive tones. This signal indicates that you have to
feprOduce'thefpatterns given'before, in.any order yeu_wish.
Yeu h?ve as many'practice trials as'you wish to understand

the procedure. L - T @
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Labelling

For this part of the experiment, I Will associate some

two syllable .words with some series of movements.

The

procedure used will be the following one: first, before the

Sequence starts, I will give to you the words that will be
. N

associated with the series of movements of the sequence,

by order of appearance in the sequence (example: matrix,

~icon, ulna).

Then, I w1ll repeat agaln the first word

followed by hls\serles of movements; . then, ‘the second word

follpwed by his series, and finally the third word, followed -
B ¢

by his series.
of movements glven w1th tones,

of assoc1ated words.

Your task is again to remember the series

but thls +time with the help

i When you w1ll hear two successive tones you know that

- you have to reproduce/the series of movements of the sequence

' given before, in any order you wish.

the series can be in-any order, as well as the series of

the sequences (example).

movement can be reproduced as’ you wish.

this experlﬁent that the words
of movements, will help you to;

You have as many practice

understand the procedure.

- The movements within

"’Finally, the order within each’

It is assumed in'"
assoc1ated w1th the serles
‘remember the series.

trials as you w1sh to

RN



157

APPENDIX B

DATA ANALYSIS -
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Experiment 1
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_Experiment 4
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Experiment 5
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Plate 2. View fs.bhowi‘ngl position of subject,
experimenter, and apparatus
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