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Abstract

v

Motor recodnition.memory uaS/studfed}fn’a‘situation in-which Ss had to
dec1de whether or not a test movement, or some of- 1ts features, was part
of a prev1ous1y memor1zed set of movements ' S1mpTe 11near p051t1on1ng
movements were ana]yzed and recogn1t1on 1atency was used as the main

dependent var1ab1°” Four movement features or. cues were compared

start1ng 1ocat1on end 1ocatlpn, d1stance, and d1stance p]us -location
(J.e. the ‘movement as a whole) ' In ‘Experiment I, “the factor of interest

was memory set size. In Exper1ment II the compar1son was made between

N

indicating’the-feature/to be recognrzed,before and after the presenta-

“tion of the toebe;memorized movement. Three different retention inter-

é&fls were compared in Experiiment III:  immediate recognition,’recognition
after a 20 sec unfilled, and after a 20 sec retention-intérva] fi11ed&

w1th an attention- demandlng task Recogn1t1on errors were found to be

a 11near function of- memory set s1ze Furthermore, 1ncrease in errors

.. was. due to an increase: 1n faJse pos1t1ve errors as a function of ‘set

s1ze* Thjre were no d1fferences between the two. loci of cu1ng 1n as

. far as recogn1t1on errors were coqcerned D1stance and end 1ocat1on'

‘

1nformat1on1d1sp]ayed 1dent1ca1 encod1ng character1st1cs as 1ndexed

>

by recogn1t1on errors and a]so d1sp1ayed 1dent1ca1 encod1ng and retention

characteristics as 1ndexed by recogn1tTon,]atencies: recognition

1atenc1es were unaffected until rehearsa] was prevented by the inter-

po]ated ‘task for. both cues. : - . ;5”3j55if€¥‘ o
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‘(Marsha11, 1972)_ is the use of the motor reca11vparad1gm whereby a

subject (S) is aCked to reproduce ‘2 movement: prev1ous]y executed in

"rcodab1e

“g_v1sua] 1nformat1on stored in.a short term sensor; storage system PIn'A.

A.;1n a verba] descr1pt1on of the st1mu1us" (p 268) In,th1s sense-

v Chapter 1

- . ".
STATEMENT ‘OF THE PROBLEM

-,‘Introduct10n B B IR _ SRR _ .‘”;

A fa1r1y 1arge number of research papers have now been pub11shed;., R

“on short-term motor memory (STMM) as 1t is eV1denced 1n recent reV1ews‘

on. th1s t0p1c (Gent1le 1974 Ste]mach 1974 Marten1uk 1975a) \One E

: feature of a11 these stud1es conducted up to now w1th‘one except1on h}f

\ . e

< a one-trial Tearn1ng Early f]nd1ngs (Posner,.1967b W1111ams

\

- Beaver, Spence & Rundell, ]969) 1nd1cated that k1nesthet1c informa- * ‘..‘\;ALK

AL

‘ t1on were spontaneous]y forgotten over unf111ed retent1on 1ntervals a

and th1s was taken as ev1dence that such 1nformat10n were not centra]]y

PV

Posner (1967a) for eXampie» proposedathat kinesthetiC'informatioﬁ

-

.
was d1rect1y represented in STMM wh1ch was ar d1rect ana1Ogy w1th the

N -

\

..5that type of storage system the. 1nformat1on 1s read11y ava11ab1e for a,

'br1ef per1od of t1me in 1ts phyS1ca1 characterlst1cs That is, 1t is .

N

-
5

ava11ab1e pr1or to any transformat1on perfonned on it (Sper11ng, 1967),'

As descrlbed by Posner (1967a) '"the k1nesthettc 1mage wou]d be a

”rclat1vely d1rect representat1on of the st1mu1us wh1ch m1ght 1nc1ude .gr‘ .

spat1a1 pos1t1on and other deta]]ed 1nformat10n wh1ch wOu]d not appear




-

therefore k1nesthet1c 1nformat1on wou]d not be centra]]y codable but ',:'

would be d1rect1y represented 1n STMM A]though 1n this 1nstance -

A Posner (1967a) used the terms "k1nesthet1c 1mage"- he preferred the

9

terms “k1nesthet1cfcode"'< In a subsequent pub11cat1on (Posner, 1967b)
he used that term because he thought that the word "1mage" cou]d be too
eas11y confused w1th the concepts of V1sua1 nage and- 1magery

Kee]e (19730 adopted a very S)m11ar~p01nt of view. He rev1ewed a’

A o

f]rst thought to be sfbred dn STMM would in fact be stored in a sOrt - o

of k1nesthet1c sensory reg1ster That 1nfonnat10n wou]d be d1rect1y

\

‘represented in. the reg1ster and would not need any 1nterna] transforma- -
t1on processes Further that 1nformat10n wou]d be 5va11ab1e for reca]]l
for a: per1od of dpprox1mate1y 20 sec ’ff

However it appears very d1ff1cu1t to d1sregard encod1ng processes

/

{4§%/ v as an” 1nherent feature of the motor memory system due to the fact that .

. ‘such processes are centra] to any 1nformat1on process1ng approach

* As Newe1] (1972) sa1d f;;ﬁ T o .‘w”ff‘ : _'; o

: ‘"As s00n- as .one proposes to deS1gn an. 1nformat1on process1ng e
" systelm to accomp115h any of the tasks studied, say in the . . .
psycho1ogy of learning, then the.issue'of represent1ng the
stimulus and the encoding operations to..mapthe- stimulus 1nto
"its. 1nterna1 representat1on are forced to center - stage" (p. 392)

7o AQ In fact 1ater stud1es (N11berg, 1969 Pepper & Herman, 1970) :
- ‘ - %"
5ﬂishowed that somet1mes, retent1on of k1nesthet1c 1nformat1on requ1re§¢¢

)

1N .4

| attent1on dur1ng a rete t1on 1nterva] in order to be correct]y & alled
L

. Laabs (1971) suggested that whether or not knnesthet}e/ﬁnformat1on
w111 Spontaneous1y decay cou]d be eXp1a1ned by reference to theemove-p

o wu‘ii ment cues upon whlch motor reca]] is based, and advocated the

7.

L separatlon and 1n 4 ent madlpulatlon of movement cues Laabs R

L e

({\7T7,3h9wed that 1n faot d1stance 1nformat1on was spontaneously




3.
forgotten whereas end- locat1on of a movement was eas11y-reta1ned over an
unfilled retention 1nterva1 Aabs wor%, 1971 initiated a per1od
durlng which a great number of studies were conducted on cue effects in
STMM. As w111 be seen 1in deta11s in the next chapter, Laabs' resu1ts
‘were substanf1ated and genera11zed by severa1 researchers d1stance
1nf0rmat1on -does appear to have different encod1ng and retent1on charac-
teristics relative to end-]ocat1on 1nformat1on. Th1s\1mp11es‘that
'different'retentdOn functions, could be explained, at least part]y,‘on
the basis of the movement cue dimensions along which Ss encoded k1nes-

. thetic 1nformat1on . |

~ Need for the study - *

While the reca]] paradigm has led to an accumulation of
knowledge a56ut how Jn individua1 recalls mhen his attention is /
~selectively d1rected to one cue, the 11terature ment1ons very 11tt1e‘
about how the or1g1na1 to be- reproduced movement was 1nterna]1y
.represented> This ra1ses the fundamental quest1on of "what 1s stored
when the or1g1na1 movement is executed?" For example, if § is
dnot pre cued to attend to any one part1cu1ar cue wh11e execut1ng
the to- be-reprofluced movement, w1]]_he be able 'to reproduce extent
‘as well as end-Tocation tntormation? Moreover; if Ss have djfficu]ties.
vin encoding and retatning distance information, wﬁ]]_they‘have more
difficu1tjes in ‘recognizing djétance information than theyAmi11 have\"
Ain‘recoonizfng endu]ocatibn‘1nformation? |
v'. The last question points to a relatively unexplorec . . ot'ST‘4:
recogn1t1on of k1nesthet1c 1nformat1on The present series oftexperi«

ments will therefore address th1s question by using a “ecogn1t1on

rather_than a reca]l parad1gm. Three reasons are o- -fered 1in support of -



4.
th1s cho1ce One, because recogn1t1on is.a major ]earn1ng task ESE_SE
and deserves to be studied (Kausler, 1974). Two, because there is a

.ne€ed for a better understanding of the recognition procesSeﬁ in motor
“performance, particularly in 1ights_0f'recent models of motor recall
(Adams, 1971; Pew, 1974, Schmidt 1975) that have postu]ated a recogni-
tion mechan1sm wh1ch would g1ve S the capability of compar1ng and
vevaluacjng,the quality of a given movement w1th reference to the
correcf, stored movement. Three,.beCause a recognition peradidm can
be pdrtfcu1ar1y sens.tive to encoding and storage processes_(Kinfsch,
1970; McCormack, 1972). e | | . - '
Concerning the éecond reason; Adams (1971) for example, 'has (\
postu1ated the presence of two‘distjnct mechanisms. that would be

f

responsible for the accurate reproduction of simple linear positioning
movementé. The first mechanism.would be responsible for the se]ection
and initjation of the response at the time of recall. The second

- mechanism would be'responsibie for fhe comparison between responée—
produced feedback of cHe ongoing movement with‘a stored representation
of the correct, criterion_movement. If a successful comparison is .
made, mith the feedback from the currentvresponee matching,the criterion,
the response is considered correct, - If a successful match fs not mede
and.S senses an-error signal, 1111 act in reSponse to the error signal
by givfng e new error-correct 1g response. In thjckview therefore,
reca11 i; seen fundamemfa]]y as a recognition,process whereby che
current onaoing movement is compared to a criterion movement and. any

' d1screpancy 1s analyzed as an error. In other words, an 1mportant

process. in motor performance seems to be the capab1]1ty of recogn121ng

-a movement as the correct one (Newe]], 1976). However Adams' c]osed—1oop
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theory (1971) as well as others (Pew; 1974-‘Schmidt 1975) are quite
'silent on the processes 1nvo1ved 1n such recogn1t1on w1th the excep- '
t. . of the postulated qua]ﬁ%y and quant1ty of ‘the- response produced o
- feedback {Marshall, 1972). Moreover, no stud1es are.avanlab1e wh1ch
would have ahE]yzed differentia] moVement cue effects ih-motor recogni -
tion memory. | “
.The.prob]em'

The purpose of this series of experiments is theréfore to“
investigate the encoding and memory cheracteristics of different movement
cues as_reveaWed by recoonitiOn_fetencies: Such dependent'variabiep
has been used in a wide variety of experimental conditions in perceptua1
and verba] memory (Sternherg; 1969a; Nickerson, 1973; Westcourt &
Atkhnson, 1976) and it uas‘felt that it was a valid measure for the
processes at hand. HoWever; it mFst be pointed.out that the purpose

of this series of experiments is not to .extend or generalize a,pérticu—
lar model ot recognition'1atencies (e.g. Sternberg's model of. the
difterent stagesrinvolved'in such d measure) to the class of informa—‘
tion-cohprised by'kineSthetic information. The procedure is rather to
use total recogn1t1on latencies, "as- opposed to fractlonated latencies,
as 1nd1cators of ‘the processes 1nvo]ved in the recognition of the
d1fferent movement’ cues (Tay]or' 1976, p. 1830

Therefore, the following research was an effort to separate three
of the-more prom1nent, general cues found in* s1mp]e lTinear pos1t10n1ng-
movement, nawe]y; }(a) movemerit starting—location,.(b) movehent ende

blocatioh,,and (c)vmoyement distance and to investigate their recogni-

[
tion characterfstics “In the recogn1t1on task that was 1nvest1gated S

e

‘had to decide whether or not a given test movement (or one.of 1ts cue)
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‘cuing conditionftn which S knows only after having memorized the

. %
was a: member of -a predefuned set of memory 1tems For. any ensemb]e of

movements , movements 1n one. subset were def1ned as memory 1tems wh11e B
\

experimental task involved a series of d1screte trials w1th a movement

~ “selected from the ensemb]e presented on each trial. To each presenta-
.'f7t1on 'S, made e1ther a pos1t1ve response by press1ng one of two keys or’

a negatlve response by press1ng the other key,-1nd1cat1ng that he Jjudged

the test movement to be a memory or: a dqstractor 1tem, respect1ve1y
The spec1f1c purposes of each exper1ments were as foilows
Exper1ment I the purpose of the f1rst expertment was twofold

One, to see if recognition 1atenc1es were the same for the three typesr‘

of movement cues‘name1y: (a) starting 1ocat1on,v(b) end 1ocat1on, and
| _

'(c) distance Two to'see if rec0gnition latencies of the three move-

f‘ment cues were s1m11ar1y affected by the number of movements in Jhe

memory set. : } Y

Experiment I1: thehpurpose was-to'compare‘the effects oftwoa~
cuing conditions on‘the recoonition 1atenctes‘of movement cues: (a) a
precuing condition in which S knows before memorizjngithe Criterion‘;,

movement which cue will haye to'he'reCOgnized later on, and (b) a post:

cirterion movement which cue will have to be recognized later on. //

Experiment I11: the. purpOSe was to -determine the memory effects'

o an recogn1t1on 1atenc1es of movement cues by man1pu1at1ng the length

of the retention 1nterva1 and the ava111b111ty of attent1on during

the retent1on 1nterva1

" the movements in the other subSet were deftned as dwstractor 1tems _ Thef

NE

.
o /
/

/

A nore e]aborate rat1ona1 that supports each experiment, a]ong with

the 11teraturegbeh1nd,1t will be presentedv1n~the next chapter. It was



felt-that the threeiexperiments WOu1d~1ead toward a better under-

stand1ng of the recogn1t1on processes in STMM, and particu]ar]y of

» the encod1ng and memory 0haracter1st1cs of the d1fferent movement cues.

b |

Deffnitions; e | | | S

' ‘Short-tenn:memorx, A memory system that rapidly loses information

in “the .absence of sustained attention of_thgt'material. Ut e thoughit

to involve the(first 60 seconos’foliomfng presentatjon cf the <nforma-

T tion,'efter which it is either 1ost'or transfered to long-term-memory .
(Marteniuk, 1976, p. 8. . ”

TN

. fs Encoding.’ The process by wh1ch an 1nterna1 representat1on of a.

sgzmuius event ic deve]oped (Bower 1967) o

K1nesthes1s Sensory moda11ty concerned with' “the consc1ous
percqnt1on of movement and orientation of the parts of the body with
respect‘te\each other and w1th respect to the body as - a who]e (Howard:p
&Temp]eton, 1966).. . \‘\ ' | S | \\ S e

. . - \\\ 3
- D1stance information. Distance information or movement-length:is

e

RN

isolated when a test movement is started from a:1ocetion different
:from the %tarting Tocation;of the criterion movement:. Then, 1f"$ is
- told to recognite/the distance of the triterion movement, 1ocetion‘cues
from the driterion‘movement'become unreliable cues for the test movemgpt.

Location information. In a simi]ar‘manner, if S is told to -

“ recognize location information (either the starting or the end location
©of a movement),-d%stance’jnformation is made an unreliable cue in the
"test'movement by using a different\gistance relative to the one uSed

for the criterion movement.
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Recognition nénngy This. terh cavers pf;ﬁide variety of phenpmeha ‘
1n wh1ch the subJect attempts to dec1de whether or not a g1ven obJect
or event (1n this case: a movement cue) has been exper1enced before
/ (Atkinsom & Juola, 1974). | |

ARecqgnftion'Tateggy At the end of any test movement, S w111.hit

- a phys1ca1 stop to which a.micro- sw1tch will be attached A t1mer w111
then ‘be activated which will be stopped by hav1ng S to press one of
two keys in order to express his response. The recogn1t1on 1atency
(usua]]y referred to as reCogn1t1on'react1on—t1me) is the tlme from

tenn1nat1on of the test movement to S's key press1ng response

¥,
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Chapter 2 Sy
REVIEW OF LITERATURE

. . _ : . ) . \ . A -
The review of literature has been divided intol four sections ,
leading from available evidence on movement cue effects in motor s

reca11 memory“to a general theoretical framework that will allow - |

mean1ngfu1 1nterpretat10n of recogn1t10n 1atenc1es of movement cues.

_The order of presentat1on of the four sect1ons are as fo]]ows (a)

cue effects 1n=movement reproduct1on, (b) motor\recal] versus recognia
> ] | : . _

tion; (c) recognition memory latencies, and (d) encoding and recogniz-
' o - L ,

ing movement 1nformat1on

Cue effects in movement reproduction

No studies are. known td the author which would have compared
encod1ng and retention character1st1cs of different movement cues in a.

memory recognition paradigm with reaction-time as the dependent -

2

variab1e However, severa1 stud1es have been rea11zed on these issues
concernlng movement reproduct1on accuracy and a brief review of these

stud1es is necessary at this po1nt Only those studies which have

'd1rect1y compared d1stance and 10cat1on cues will be cr1t1ca]1y

_rev1ewed here

-Before_geg1nning, two' comments -are neceSSary. First, a brief

exp1anation of the dependent méasures'USed@in'this paradigm, aUSUally,

L}

“three different error scores'are ana1yzed- the mean of the uns1gned or

~absolute error (AE), the me an of the a]gebra1c or. constant error (CE),



\
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and the stdndard deviation‘of the constapt error, ca]Ted variable error

(VE)”(Laabs, ]%73). . Since mdst,studies reported here are recent and

have used at»1éast two of the dependent measures mentioned [with the

exception of Posner (1967b)" and Roy (1976)], no differential account .

of’the varioys studies will be given, based on the different dependent
measures that havevbeen uSed,‘ﬁhoweyer»when necessary, signifjcent -
resuits wt11_be reported id(terms of the. error soores that nere used
and this exp]ainswwhy those scores are defined here.

The second comment concerns the distinction between Experimenter-

defined (E-defined) movement and Subject-defined (S-defined) movement.

E- def1ned movement is one that is ent1re1y determ1ned by the E; that is

to say, dur1ng the execut1on of the to-be- reproduced movement S moves

-untl] he h1ts a phy51ca1 stop placed by the E. On the other_band,

S—def1ned movement is one in wh}ch S-determines’ himself where and when

to stop (of course, within reasonable 1imits determined by E). Since

recéntreVidende,suggest.that this mﬁght.represent a crucial variable

' whichfmight he]b to explain discrepant results in the STMM Titerature

(Marteniuk, 1973 Jones, 1974; Ste]mach Ke]so & ‘allace, 1975), the

rev1ew will be dlqued 1ntg two partsw’ ( ) stud1es which have used-

E-defined movement, and (b) studies which have used S- def1ned movement.

. L)‘

@ .

E-defined movemenrit. An experiment by Posner (1967b) was the_first;:

© to attempt to indebendentﬂy‘examine'distance (D) and end-]ocation?(EL)g“

cués. He examined kinesthetic (K) and kihesthetfc plds-Visual (K+V)

recall of ‘D and EL information under three reproduction conditions:

.jmmediate, 20, sec rehearsa1‘ and 20 sec filled nith a mental classifi-

cation task. Ana]ys1s of AE scores on]y, 1nd1cated the fo]]ow1ng

(a) a1though that 1nmed1ate reproduct1on of K 1ocat1on tended to be

N



- more accurate than K distance the ditference was not significant,

(b) both K 1ocat1on and K distance were affected in the same ways by

the two delayed reproduct1on conditions, .namely forgetting occured

_even during the unfilled interval and was not further 1ncreased by the.
interpolated, attention-demanding task. Posner (1967b) was thereforev
led to“conclude that K information (both D and EL information) was only .
aFFected s]1ght1y by the ava11ab1l1ty of attention dur1ng a retention
1nterva1, a fact c;:trary to that found for v1sua1 information. - However
results must be caut1ous1y accepted,for two reasons. One, because in
all reprOduCtion-conditions the cue that was not being examined still
oftered re]iab1e information (a]] conditions were D+L reproduction, one

cue being emphasized by'orior instruction). Second by reporting only

: |
. AE scores, effects represented in CE and VE scores may have been missed.

s Martenwuk _and Roy (1972) directly tested a presumed superiority'
of ehd location over d1stance information in an immediate reproduct1on
~ condition. They had four independent groups.of 10 Ss each with each

group being ass1gned one~of the four following treatment cond1t1ons-
(a) D reproduction, (h) EL reoroduction ﬁ(c) EL\reproduct1on when the
to be-reproduced EL was presented with a]ternat1on pass1ve movements, '
,Iand (d) EL reproduct1on from different starting positions.. Results
reported‘were'unambiguous in that aTI'types of error scores (AE, CE
and VE) conVerged to the same findings- .immediate reproduction of D
‘1nformat1on was 51gn1f1cant1y Tess accurate than each of the

other three experimental cond1t1ons Such findings suggest that

the super1or1ty of EL over D information was valid in spite of k1nes—

Al

thét1c‘“n01se"v(a1ternat10n passive movements) induced du ing the execu-
‘ . : . .

tion ot the-movement toward the criterion.EL and regard]essvof the
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starting-]ocation Results were interpreted as mean1ng that ehcod1ng
of EL 1nformat1on was more prec1se than D 1nformat1on

In the second of a series of three experiments, Marteniuk, Shields,
and Campbe11 (1972) made a direct comparisOn between immediate reproduc-
tion of EL, D, and D+ information. Eighteen Ss performed 15 trials in
each of the three reproduction conditiohs. Only'one standard, angular,
'positioning movement was’tested. Analyses of both AE and CE scores
"indicated signiffcant differencee for_each txpe of error scores
favoring each tdme a more accurate reproduction of EL relative to D
information;k FUrthermorevthere‘were_no difference betheen D+L and EL
reproducfion. The authors interpreted thatlfindidg as meaning_that in
o thestrmer case the Ss were coding movements;based UponvEL information.

Laabs (1973) conducted two'experiments-in_which he compared the
encoding and retention characteristics~of Drahd'EL informatiof under
three reproductfon conditions: (a) ihmedfate, (b)breproducfion affer
12'sec rehearsal, (c)dreproduction after 12 sec interpolated activity.J
Ana]ys1s of VE scores under 1mmed1ate reproductlon showed that D ari EL _‘
were equa]]y well retained. However EL information could a]so be
‘retainedoner_an uhff]ied interval whereas D 1nformation‘decayed spon-
‘taneously. Due fo the inability of the Ss to rehearse D information,
inference was made that D was not codabTe Furthermore'the interpo1ated
mental activity which b]ocked rehearSal produced strong 1nterference’ o
effect on the retent1on of EL 1nformat10n but 11tt1e effect on the
retention of D information over that produced by decay Laabs"

- conc]us1on accord1ng which D- and EL information have d1fferent encod1ng

nd retention character1st1cs appeared ‘warranted.
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Laabs (1974) partia11y replicated the findings of his first experi- :
ments when compared aga1n the retent1on character1st1cs of D and EL
]ocat1on ‘between a 20 sec: rehearsa] cond1t1on and a 20 sec filled

retent1on interval cond1t1on. The 1atter was filled w1th movements

_either Tonger or smalTer than the to—be-reproduced,mOVements.

The interpolated movement which did not have to be remembered did

~
P

not cause ‘interference with the’retention of EL information but did

7

g

¢c: se 1nterference with the retention of D 1nformat1on thereby rep11—

’.cat1ng Laabs" ear]1er f1nd1dgs 1973) . 0n the other hand, u51ng VE as

the index of forgetting he found EL reproduction stable over't1me\wh]1e

“forgetting of D information was restricted to large movements only

ﬁn'the previous experiment (Laabs, 1973), D information from all

‘ movement extents man1fested spontaneous decay] o : L \

EL codes and D+L codes were compared by Kee]e and El]s (1972) in
a factorial design 1nvo]v1ng several factors under wh1ch the two codes

were tested ~The factorsjwere- {Qa) retention cond}t1ons (1mmed1ate,

7 sec rest, and 7 sec filled with a menta] classification task) s

-

,"(b) movement lengths, and (c) types of criterion movement (active,

AN ~ .
' act1ve plus res1stance pass1ve) The code condition was a.between-S .

var1ab1e and 24 Ss were ass1gned to each group. All other conditions -

were w1th1n-S var1ab1es Although Ss appeared 1ess consistent’ in

‘ us1ng EL re]at1ve to D+L code (s1gn1f1cant greater VE for EL 1nforma-

t1on but no, d1fferences in tenns of CE) both codes showed the same

retent1on charactemshcs ‘ That was “little loss of accuracy over the 7

1

sec retent1on 1nterva1 unless | it was ft]]ed with tne/lnterpolated task

\
Furthermore the other two factdrs movement~1engthfand types of
\ ) . . . e - Ny
criterion movements) produced-eaact]y.the same effects on the retention

~

.
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.,chgracteristics of both codes.

It is now well atcepted that to separate D from EL.cues in a repro-

duction accuracy task exper1menters have to vary the start1ng pos1-r

“tion of the criterion and reca]] movements By systemat1ca11y vary1ng

deferent comb1nat1ons of start1ng pos1t1ons, Stelmach and Ke]so (1973)

/tested whether such comb1nat1ons had any d1fferent1a1 effects on the
retent1on of D and EL information over a 10 sec, unf111ed, retent1on

' 1nterva1 | They found that both D and EL cues are affected

to some degree by combinations of start1ng pos1t1ons aJthough EL

.appeared less affected (i.e. more stable) than D These f1nd1ngs were
: 1nterpreted by the authors to 1nd1cate that caut1on should be exerc1sed

o when 1nterpret1ng data that attempt to separate D and EL cues by

a]ter1ng comb1nat1ons of start1ng p051t10ns

Hagman and Franc1s (1975) 1nvest1gated the effects of: knowlng in

-advance (i.e. before execut1ng the to- be remembered movement) the =

cue upon wh1ch 1mmed1ate movement reproduct1on wou]d be based They

- compared six cond1t1ons ina six 1ndependent group des1gn with 30 Ss

l \

' 1n'each group.v The conditions came from @ factor1a1 comb1nat1on of

- three pre-movement instruction or cue to be learned (D, EL, and D+L)

]

and two types'of reca]lt(D orjEEJ*\\They found_egu1va1ent 1mmed1ate )

reca]] of D and EL 1nformat10n when pre -movement 1nstruct1on conta1ned T

the cue_to be reca]]ed (i.e. D 1nstruct1on/D reca11‘=jEL_1nstruct1on/

reca1] D+L 1nstruct1on/D+L reca]]) However when the cue

3

“r:called was not announced in. the pre-movement 1nstruct1on (i.e. D

‘1nstruct1on/ELvreca11 and-v1cevversa) thentdetr1menta] effects were

1

observed. In effect, D cufng‘instruction,produced significantvsuperior

recall of D informationhre1ative to‘EL,.whereas under EL cuing



"super1or1ty of this cue.

instruction EL reca1] was swgn1f1cant]y ster1or re]at1ve o D They

conc]uded that *eproduct1on was code—spec1f1c that is to say, was

correct]y reproduced what was correct]y coded due to d1rected 1nstruc-_

t1on

~  Diewert (1975) 1ndependent1y man1pu1ated D and EL cues.in two f

L o |
‘successive experiments. In- the f1rst exper1ment D reproduct1on was

compared undér four retention conditions: (a) 1mmed1ate reproduct1on'

| - {IR), (b) reproduction‘after 30 sec menta1_rehearsa] (MR), (c) after'30“

séc motor interfering activity'(MI)//And (d)'afterA3O‘sec vfsuaT interferin

actiVity (VI). The only dependent measure to show s1gn1f1cant reSu]ts

was VE from wh1ch he found’that D was reta1ned over an -unfilled 1nter- .

I

valv(I = MR) and that MI nad stronger 1nterfer1ng effects - than VI

In the second exper1ment EL reproduct1on was compared under the same -

f retention cond1ﬁ1ons In th1s case, he a]so found EL 1nformat1on stab]e

over time (IR.= MR) but equany and highly affected by both ML and VI.
~D1ewer%%concluded.that_hgih___and_EL_4nformafTon were codable since no

forgett1ng occured overrunf11]ed interval. However he a]sogconcJuded

. q
have any apprec1ab1e consequences while EL 1nformat1on was coded 1n an -

: that D information was coded in a Einestheticﬂcode-sinie Vr.did.not v \

_ integrated V-K code s1nce both VI and MI had strong 1nterfer1ng effects.

An overall post hoc compar1son between D scores ans EL scores revea]ed d

a 51gn1f1cant super1or1ty of EL reproduct1on over D reproduct1on This

j
f1nd1ng wou ld suggest accord1ng to D1ewert (197*\ [that the resu1t1ng
V-K code for CL - 1nfonnat1on was the' mechan1sm beh1nd the relative - -
. /o - .
Taken co]]ect1ve1y the stud1es which have exam1ned D and EL cues

“have found that those. CUes do have d1fferent encod1no .and retention
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character1st1cs when the to-be-reprbduced movements are E; def1ned

' “‘Immed1ate reproduct1on of EL 1nformat1on has been found s1gn1f1cant1y -

1°57"super1or to. 1ﬂm$d1ate reproduct1on of D 1nformat1on (Marten1uk & Roy,a_.

A 1972 Marten1uk et 1972) A non- s1gn1f1cant super1or1ty of EL
I3

\

over D 1nformat1un has a]so been reported by Posner (1967b), Laabs

(1973), as well as by Hagman and FranC1s (1975)'

Furthermore EL 1nformat1on has been f0und to be- rehearsab1e, fﬂtﬁgt‘

i.e. not forgotten over an unf1]1ed retentxon 1nterVa1 (Keé]e & E11s,v

1972; Laabs, 1973 1974 D1ewert 1975) wh11e D 1nformat1on has been ;f}'fh*

‘found to be not rehearsab1e, q.e. spontaneous]y decayed over an
unfilled retentjon interval (Posner, 1967b' Laabs,:1973 1974).
On the latter, Eiewert-(1975) has provwded contrad1ctory

>

evidence accord1ng which D wou]d also be rehearsab]e Concern-
1ng the effect of a reten21on 1nterva1 f1]1ed w1th an attent1on—
demand}ng task,\EL 1nformat1on reproduct1on has been found to be s
s1gn1f1cant1y d1m1n1shed (Kee1e & Ells, 1972, Laabs 1973) wh11e D ,'
1nformat1on has been observed to be unaffected by a mental inter- _
-»po]ated task (Posner & Kon1ck 1966 Posner, 1967b Laabs, 1973) but _
,affected by a motor 1nterpo]ated task . (Laabs, 1974 D1ewert 1975)
Concern1ng the ]ast po1nt, it is worth ment1on1ng aga1n that Diewert
(1975) has found EL 1nformat1on to be equally d1m1n1shed by a v1sua1
~and a motor 1nterpo]ated task wh11e D 1nformat1on was d1m1n1shed on]y:
;by a motor 1nterpo1ated task. g .

Concern1ng ‘the d1st1nct1on‘between EL and D+L information, the

'former has ylelded s1gn1f1cant greater VE than the ]atter but both S

d1sp1ayed same CE scores ;n-add1t1on.D+L man1fested the-same reten-'

+ian rk:mnn+nm~n+-.nn "L\-\-\ Ft e rimmmmdrlae /1. 8 ra1_ TATAN
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suggesting that both cues have the same encoding and ret cion charac- -
teristics (Hagmar & Francis, 1975).. |

In summary, when chiterion movements arefE-defian, the conclusions
of Hartenihk.and Roy (1972), Keele ani &' : (1972), Laabs (1973,‘1974),
Stelmach and Keisox(1973), and ﬁienert (1975) are that encodin; of EL
:"information is more precise_than D information and that‘both cues do

have different retention characteristics.

S-defined moVement. Marteniuk (1973) compared:the coding charac-

teristics of D and EL'information”over three retention conditions: (a)
inmediate reproduction, (b)_reproduction;after a 10 sec unfilled reten-
tion interval, and (c) reproduction after a 10 sec retention interval
'.fiiled:with a mental interpoiated.task. He found.that both cues had
access to the centra] processing caoacity'in that forgetting Jid"th
_occur untiﬂ rehearsai was b]ocked by the introduction of the inter-
po]ated task, Furthermore, such finding was found to be true a]so for
both active and passive movement However pe concluded that EL and
D were centrally represented in,different‘degrees ot exactness
~from the observationoofia significant movement cue main-effect.
'reproduction was better when based on EL, than onD information
The fagt that D information was a]so we]] retained un]ess,an
‘ interpolated task was introduced in the retention 1nterva1 was in
contradiction with Laabs' results (1973)'whiCh 1ed»him (Laabs, 1975)
to suggest that failure of Marteniuk (1973) to find any difference
between D and EL was probably due to a 1ack of statistical -power in
Marteniuk s study (]973)1 Arguments‘by Marteniuk (1975b), as we]i
as . researchfﬁy others (Jones, 1974 Roy, 1976) make it c]ear that the

'discrepancy can now be explained by the types of movement used
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S- def1ned movement 1n/one case kMarteniuk, 1973) and E-definedimove—
ment in the other (Laabs, 1973)

- Jones (1974) directly compared E- and S-dgfined movements‘in a
series of three experiments Results of the first exper1ment indi.-
cated that concern1ng S- def1ned movements, retention of D+L 1nforma—
tion was stable over time (15 sec rest) but disrupted by an attention- -
demanding task 1nserted during the 15 sec retention 1nterva1 |
'Concerning~E—defined movements D+L information spontaneous]y decayed : H
over the unfilled retent10n 1nterva1 More importantly resu]ts of
Exper1ment Il evidenced exact]y the “same pattbrn of forgett1n6 for D
relat1ve to EL information in the case of S def1ned movement: stable
performance over an unf11]ed retention-interval and decreased perfor-
mance-ower a filled retent1on 1nterya]i’ Finally, Exp;r1ment 111
howed that augnented periphera1 feedback had little effect-onvthe
accuracy of D reproduction. Jones concluded thatAvotuntary movements
(S-defined) were' rehearsed dur1ng unfilled retention intervals
and this was true for both*D and EL 1nf0rmat1on On the contrary,
'constra1ned movements’ (E—def1ned) were not rehéarégd and were SubJect
to spontaneous'decay., That finding was also true for»both D and EL
information, |

Three ekperiments were conducted by Stelmach, Kelso andIWa11ace
(1975) in order. to examine Jones' hypothesis'(1974) that accurate
reca11 of S- def1ned movements was mediated by S's ab111ty to
preset effector mechan1sm and mon1tor their efferent‘output The first .

’ expérimeht_ihvo]ved the comparison between the reproduction of EL and D

information for S-defined movements after a'15 sec unfilled retention

i -
éh &
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interval. The resd]t% revealed that preselected EL was superior to
~ preselected D information which was at variance with thes"re§u1t§
(1974) : - Stelmach et al_’7975) concluded that the etferenee cogy‘,
attached to D information wasrnot essential for the accurate repro—
duction of sdch information. |
The cone1u§16ﬁ\by Ste1ﬁach _t__l»(1975‘ was supported in an

experiment realized by Roy and Diewert (1975) in which they directly -
compared D and EL “nformation for both S and E-defined mdvements |
'The task 1nvo1ved mov1ng a slide along a linear track a distance of
'one-ha]f the total distancé of the_track. AThat distance (the stand-
ard) was then,immediateTy reprodqeed. Duridg the presentation of
- the standard, reaction;time.to an’auditory probe was reeorded. - One
grdup df Ss determined.their.owh standard (S-defined) whi1e.the

‘other group moved the slide to a stop.loeated at the standard.distance
_ (E—defined);r Ai] Ss Were told that tﬁe standardtwas ode-ha]f the .
: totat distance. Probe reaction tiﬁe das notlfound to be different for
'tHe two groups as well as reproduetjon accuracy as meaeurédvby,AE, : \
The authors-were led t0<cone1ude that the,important varia™.e in deter-
mining’ the codab111ty of D 1nformat1on was not whether £ or S |
defined the standard but the ava11ab111ty of a strategy based on pr1or
know]edge of when to stop\mov1pg. Since both groups had'that

prior knowledge no differences was found between D and EL infoqmation.

| Roy'(T976) dﬁrect]y tested whether prese]ect1on (t e. prtdr '

know1edge about the to-be-reproduced g1stance) or efference (1.e.>Skis
'ab1e to terminate himself an S-defined movement ) wa; the‘1mportant1

var1ab1e in the codability of D 1nfolmat10n In [xperiment I he com-

<pared three reproduet1on conditions: (a) S def1ned plus prlor know]edqe
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'(b)vE-defined plus prior knowledge, and (c) E-defined without prior ,
knowledge. He_found»that.t-detined movement Without”prjor knoW]edge_
(i.e. totally E-defined) eXhibited.significant1y,greatervérrors‘thah
either of the other two conditions. Furthermore there.was no difference
between the two.conditions with prior know]edge.: That was interpreted as
 meaning that the important variable was prior khow]edge ahd not effer-
ence (i.e. active termination.of.a movement)r Such conc1ustoh‘was
further supported in another'experiment (Roy, 1976, Experiment IIT).

As a summary for all those studiesfcarried out on cue effects in :
'movement reprodUCtion it can be conc]uded that D and EL cues have differ-
ent encod1ng and retent1on character1st1cs when the to-be-reproduced
movements are E—defwned However when the to be- reproduced movements ;
are S- def1ned thne movement cues seem to have different” encod1ng charac-‘~
. ter1st1cs (Marteh1uk;f1973, Ste]mach et_alj 1975);§1th0ugh they appea%
to have identical retention_characteristics (Marteniuk, 1973; Jones, 1974).
There is‘no~forgettin§‘during ah.uhfilled retention interta] and, in con-
trast,vforgetting during a filled retention ihterua1. However recent
'evtdence (Ste]mach et;al,°1975; Roy & Diewert, 1975; Roy; 1976) seem to
suggest that mhether or not D information wi]l spdntaneous1y decay&Over
~unfilled retention ihter?a] ks not dependent upon S's abf]ity tovtermi-
nate himse1f a‘movemenfd(as in S-defihed movement) but ‘upon pr1or know]-
‘edge about the location at wh1ch the to-be- reproduced movement will be

stopped. When Ss have prior knowledge, D information does not’ decay over

~unfilled retention conditions. . On the other hand EL information regard-

)

T

Tess of'prior knowledge is.not'forgotteh over Unfi1]ed retention-conditions.

- Taken co]]ect1ve|y those result\Luou1d support the view that EL 1nforma-

t1on is more eas11y codablc >r encoded in a more precise format than

a . [

~



D

22t

. ( ' o 21.

. - N
D information. Unfortunate1y no stud1es are ava11ab1e in wh1ch the

—
/

encod1ng and retent1on tharacteristics of the start1ng locat1on of

movements have been investigated.

Studies on motor recognition

As mentioned previously, no studies have been published concerning

 movement recognition by means of recognition latencies. However

a few studies have been conducted on motor recognition using different

i4

‘dependent variables (e g. percehtage of,recognition errors) and those

stud1es w111 be rev1ewed here
. 'Marshall (1972) ran para]]el motor recogn1t1on (Experiment 1)
and motor recall exper1ments (Exper1ment IT) in order to determine if

N

recognition and recall meaqures of motor mémory were the same

functions v the same var1ab1es; The common\var1ab1es were amount,of

reinforcement of the criterion movement. (one or six repetitions) and

duration of an unfilled retention interval (5, 60 or 90'sec).» The

‘measure for recall was the degree of accuracy in the reproduction of

the criterion movement (boﬁh AE scores end'CE scores ).’ For recognition,

the measure was the proportion of responses correcﬁ‘in a choice situa-

tion followjng 1earn1ng of ‘the criterion movement where the d1scr1m1-i

‘ nab111ty‘of alternatives in the cho1ce test was also a variable. S1nce

* the starting locations were the same in the criterion and test move-

ments, both distance and end-location information were reliable cues

in /movement recognftion and recall. Marshall (1972) found that both

3

recdgnition and reeall were significant]y affected by the same,varia-

 bles:. (a) performance increased as a function of reinforcement, and (b)>

decreased as a funct1on of the lengths of the retent1on 1ntervals
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Kantowitz (1974) compared recognition performance of distance
information under- three retention condjtions: {(a) 0 sec delay, (b)

20 sec unfilled, and (c) 20 sec filled with a tapping task. He found

- a significant increase'jn recognition errors after an unfilled

retention 1nterva1‘thh\no further increase due to the.interbolateo,
attention-demanding task. Such results were consonant with what has‘
been found for the recall of distancé-informqtion (Poener; 1967b;

Laabs, 1973). ' | : | .' | h ’ |
"Althouoh Marshall (1972)mand Kantowitz (1974) found both_Yecogni-

tion and reca]l‘to be affected byVCOmmon variables, Newell and Chew

(1974), found recogn1t1on and recall to ‘be d1fferent1y affected by

feedback ,withdrawal. They used a motor t1m1ng task in wh1ch S had to

learn to move a lever 6ver_avd1stance_of 24.03’cm in exactly 150 msec. -
Ss were given 70 learning trials with knoW]edge of reso]ts followed by

40 trials in which knowledge of résults was Withdrewn by eliminating

~ visual and/or auditory feedbackvand a1so by e]iminating verba1*know1edge

of results from E in terms of" actua1 movement twme taken by S. The

‘ actua] movement time taken by S was 1nterpreted as the index: of recall

while the d1fference between S s est1mate of his’ movement t1me and h1s

objective movement-t1me score was interpreted as the,mndex of recogni-

“tion. It must be acknowledged thét this way of interpreting recall

N2

" and recognition is quite different than from the usueT 1eafning/test—?

-’

~trial paradigm for recognition and recall. Neverthe]ess,.NeweI1 and

»

Chew (1974) found that feedback withdrawaT produced a'decrement'in
'response'recogn%tiOn but not recall during the initial phase of knowledge

“of results withdrawal. Regu]ts were'interoreted'by the authors as




"meaning that. motor recognition and motorvrecell‘were'reflecting
_ diffenent underlying méCbanisms; pernaps'a response‘selection and
1n1t1at1bn mechanism in reca]] and a feedback based c0mpar1son
mechanism in recoqn1t1on, the latter be1ng found affected in their
experiment. i ' o

| Tbe.same procedure ofdindexing‘reca11 and necognition was used
in another experiment'by Newel] (1975) | In that exper1ment the taskv
was to learn to prOJect a ba]1 a cr1ter1on d1stance _Agawn,'v1sual'
flight feedback was found to be a determrner of motor response recog?
~ nition with no effect on response-reca11.. Few other experiments
(Schmidt & White, 1972; NeWe11, 1976) have been reported~in which
‘performance verbsl estimate fnom;51Was used as a mean Of_meeSUring the .
: accuracy of the response recogn1t1on mechanwsm’ ‘

An exper1ment.by Newell and Boucher (1974) was conducted in 8

order to test the'hypothesis that-motor'response recognition invo1ves\

- two independent processes: (a) eva1uat1ng response produced feedback

»

o

_ stimu]j, end (b) assoc1at1ng a label from an 1nterva1 scale to the |

stimu]i Ss practiced - a 11near pos1t1on1ng movement to a phys1ca1

stop before verba11y\est1mat1ng tﬁe movement distance either in 1nches

or in ‘mm and reprodu 1ng the movement in‘a single cr1ter1on/test trial.

Resu]ts were 1nterpreted by the authors as support1ng the hypothes1s.
Flna11y, it shou]d a1so be ment1oned that effort to analyze

storaoe and netr1eva1 processes in motor memory has been rea11zed ‘by

means of a serial react1on t1me task (Schutz, 1972; Goodman & Schutz,

1975), By-experimenta]]y manipulating temporal spécing‘of the stimuli,

Ltheir'seqdential probabilities, repetitfons, and.the 1ike,Aone can

) - » TR . .- . A
have an insight to the organization of the motor responses in memory.
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FSchutz (1972)-has'deue10ped‘a model to account for'resu1t5~on this. ﬁé
type  of ‘task. ‘Unfortunately va]idatton and generalizationkof the model
uawa1ts further exper1mentat1on (Goodman’& Schutz, 1975 p. 146).

In summary, recogn1t10n and recall are somet1mes s1m11ar1y, and
at some other times, differentdy affected by common variab]es, This_
would be consiatentpwith conciueidns reached by Kintch (1970) concetning
verbal memory when he said that: 1 a 1arge number of exper1menta1
variables affect recogn1t1on and recall in much the same way. Ih1s is
true, for 1nstance,‘f0r the 1mpqrtant class of tempora1 var1ab1es,..
"‘SUCh.as lag betueeh-presentation ‘and test,hand.massing and spacind\bf
repeated presentations" (p5h334). Concerning movement 1nformatfon:
Marshall (1972).and‘Kantowitz (5974)Ahave in fact'ehown that recogni=
tion'and,reca]1 were simt1ar1y atfected-by tempora1 variab1esl

" On the other hand, Kintch (1970) added that other variables have
differentia1 effects onjthe recognition‘and recall of verbal'igformation,
for instance, "less frequent words areimore.easi1y‘rec09nized but'the
more frequent words are pest reca11ed;>intenttonrto learn jmproves
recall considerably, but is irre1euant for recognition” (p;.236). In
- a similar manner concern1ng motor memory, Newell and his co]]aborators
have shown that fee back was much more important for recogn1t1on than
for recall of movement 1nformat1on

However, still very few stud1es have: been conducted up to now on

motor recogn1t1on memory and no conclus1ve statements can be reached
at the present t1me concerning the recogn1t1on processes in motor p

memory. Thus=>the need fprythe present serie§ of exper1ments.

\
v
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A complementary approach: ! reccynition memory latencies

-~

Over the past decade a complementary approach ;a memory recall
has been deye1oped;mhi6h is nom known as "speeded mémory-reeogndtion
-~ 3 paradigm“ although the paradigm has been more appropriate1y called a
,“character.c]assifiCation task" by Nickerson (1973). "Here, the
method is fo present al list of items for memor%zation. S is then
~asked a question about\the memorized list; he answers as quickly as'
he-can,land hislde]ay rmlresponding is measdred. .

The stimulus ensem le consists Ofva11 potential test stimuli.

From among these, a set of n-elements-is selected arbitrarily and

\
defined as thefmemory;seter posiiive set.- These items are presented‘
asa‘list for the S to memdrize.;.Tne remaining items‘are called
distractor set or negative set. When a test stfmu]us,is presented,
the S must dec1de whether it is a member of the pos1t1ve set If it

. - is, he makes a pos1t1ve response, for examp]e, by say1ng "yes or

| .rby pressing one of two buttons ~ If not; he makes a negat1ve response
for examp]e, by saying ﬂno"~o£,;y\pres§;ng the other button. The
measured RT (sometimesrreferred to as response'1atency) is the time

. from test-stimu1us’onset to response. ‘

The aim“isvgenera11y to produce.error—freerperformance sdch'that'
the responses are a]most always correct ~ However by app1y1nq time pres-

SUre the exper1menter .can ‘induce some of the memory mechan1sms at work to

reyeal themselves,-not,by‘how theyAfa11 but by how much time they

nead in order to succeed (Sternberg, 1975). Therefore in'most

experime ts, cond1t1ons and payoffs are. arranged such that the error %
rate ' any S is be]ow 10%, and usually around 2%. RT measures from

v‘on]y correct pos1t1ve and negat1ve responses are aﬁ%lyzed .On the
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other hand, Ratcliff and Mprdock (1976) have shown that correct RT
measures can also be fruitfully analyzed in experiments in_Which‘errorf r
rates are much higher, for example around 25%. : !

The speeded recognition paradigm is b?sed on the principle that /

the Jatency of the response either positive or necative, is consid-

ered to ref1ect & series‘of "mental events" or staqes; " Those stages

—

would lead from the 1dent1f1cat1on of the test stimulus to the execu-.
tion of the response. Sternberg (1966, 1967a, 1969a, 1969b) proposed
what he called “the_edditiVe factor method" whioh could be used to |
he1p»estap]ishing the existence and propeftiesbof stages, as well as
the relations between them In this manner. the experimenter must
‘look at. the factor/stage re]at1ons in a mu]t1 -factor exper1ment The
general 1dea is that when factors 1nf1uence no stage in common, their
effects on mean RT will be 1ndependent and add1t1ve because stage
.ddratﬁons are additive On the other hand when two faotors influence
at 1east one stage in conmon, then thelr effects on RT w111 probab]y
not be add1t1ve and the most Tikely relation w111 be some.sort of
1nteract1on. e ' | < |

E A stage he%e is meant to impi ‘a series bf spccesstme processes
that operate on an 1nput to produce/ah output and contr1bute an
add1t1ve component to the RT. Add1ﬁ1v1ty is defined in terms of _.
1ndependence of. d1fferent mean stag\\durat1ons and is tested by
appropriate constrasts or by testing the 1nteract1on term in an
analysis of var1ance (Sternberg, 1969a).

In one of(the f1rst series of;experlments reported,.Stennberg

(1966) used the ten‘digits (i.e. O to 9) as_ the stimu]us.ensemb]e trom

which he'random1yvchosen some of them to form memory,sets‘of from
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Mempry set size varied at random from

one up to‘six.different digits.
trial to trial (procedure known as ﬁhe "varied set procedure")
‘ - R

There followed a 2 0 sec.

at a fixed locus *for 1.2 seconds -eag h..
LA . "y

For every va]ue of
e

delay, a warn1ng signal, and then ghe test digit.
memory set size, pos1t1ve and negaﬁ1ve responses were requ1red with
E1ght Ss receivdd each 24 practice trjals'and 144

To-be-memorized d1g1fs were v1sua11x d1sp1ayed s1ng]y in front of S,

/

equaJ,frequency. v
: S y
Sternberg found response latencies to be a linear
.

test trials. -
increasing function of memory set‘size with linear regression account-
!
/
/
!

ing. for 99.4% of the var1ance of the overa]] mean response 1atenc1es

0 T~

Furthermore there were no differences between pos1t1ve and neqatlve
: S

responses. )
In a second experiment, Sternberg (1966, exper1ment I1) used a

"f1xed set procedure“'1n wh1ch the same e1éments of a given memory
Each S worked with noninter-

set were used over successive trials.
2, or 4 digits, whose compos1—

secting pos1t1ve set size of dither 1
In this exper1ment st1mu1us probab111ty

“tion was var1ed from S to S
was held constant as compared wi;h covariation of memory set size and
stimulus probability in the varied set procedure (Experiment I). L

Again; response Iatenc1es were found to be Tinearly related to memory
set s1ze w1th no d1fference between pos1t1ve and negatlve responses
From both experlments, Sternberg cdnciuded that the 11near1ty of the

latency functions suggests that the time between test stjmu]us,and
response is occupied in partlbyva'seria],comparison (scanning) i
) . o _Pe

An internal representation qf the test stimulus would

2.

process.
compared successively to the symbols in memory, each comparison



+ 3.8 msec (the s1ope of the regress1on equatlon) per '

e of between 25 and .30 symbo]s per

nd, Furthermore

= i " -~

,,,,,, ;;5“ negatfye respnnsgszwas\lnterpreted as mean1ng that the scanning

1 tch has\\ceuredj‘séann1ng~;e“,ereh_if

: o contwnaes through*the.entlrg\serlesﬁ-;iternberg reasone_:th§§=:

- “positive responses were. 1n1t1ated as soon as.a-matcnse AN e
\;\\\\\\\\\\\a\se1f term1nat1ng search) the mean’ number of‘tomparesons,on‘posgt1ve I
\\ T e

trials wou]d be“€n+l)A2‘rather than n. Ina se]f term1nat1ng search

—

the Tatency funct1on for p051t1ve responses would thusmbe~hal£_tbe
slope of the function for negat1ve responses. Since the‘slopes were

equa], search woqu be exhaust1ve Sternberg was therefore led t0\.;
,________;___Eoﬁ§}ude to the presence of a h1gh speed, ser1a1, exhaustive scann1ng

" process Of memory in which a test 1tem s compared4yxuunuu1&ﬂlLl§L_-“___~

the items in memory at an average rate between 25 and 30 items/sec.
In another exper1ment Sternberg (1967b) tried to determine the
d1fference between RT to 1ntact and degraded test st1mu11 for memory
. N (M) sets of s1ze-M —-1, 2, and 4. The st1mu1us ensemL]e was aga1n the
ten d1g1ts and degradation of the test st1mu11 was made by super1mpo—
s1t1on of a»check board pattern. He rep11cated the f1nd1ngs that
A rresponse'1atenCies 1ntreasellinear1y as a.funct1on of memory set size
with no d1¥ferences between the two types 3i‘responses (pos1t1ve and T

negat1ve) Th1s was ref]ected in the s]ope "g" of the. regress1on L

‘;/
equation re]at1ng response 1atenc1es and memory set s1zes : :



h 11tt]e effects on- “the =

T e——

pos1t1ve and negative respOnses Sternberg thus 1nterpneted ‘the two -
P

\‘_/ AAAAAAAAAAAAAAAAAAAAAAAAA

“slope; "3"; of the funct1on is a measure of the mean t1me t\EEn~bye-. o

¥~~—\ni.c" the compar1son of the test- st1mu1us representat1on to ‘the memory ...

._—j:::::::::féﬁf§§§E§EfIEE_EE_EEF character (compar1son t1me) ‘The zero ‘intercept,

f the time taken by events before and/or after the"

——w~f"“f‘*“‘serie;‘af‘compaﬁ%sonss_;Ihese_l,c1ude the formation of a stimulus
)

representation wh1ch was “in fact affected by degradat1on in his

N N@@emmam ;‘_e} L o gg» ‘
| Sternberg (]967a) also tested the effectsbof namjng”the memory'
| 1tem that followed the test 1tem in the Tist. Suchfprocedure implied
‘ hhat“S ‘had to 1oca112e at the same t1me, the 1tem s serial pos1t1on~1n -
~the memorized list. F1ve d1fferent memory set sizes were used
(M =3, 4,5, 6, and 7). and st1mu]1 were again d1g]ts Pos1t1ve RT
were found to be 11near1y re]ated to memory set size. However for
e11sts of all lengths there was a markéd primacy effect RT fncreased
w1th_ser1a1 pos1t1on of the test 1tem3 Sternberg conc]uded that. the'
& S scanning'process used to determines: the presence of an41tem in a list
o is,exhaustjve, whereas having to ]oca]tze a parttcular item'in’thefv‘
.VmemOrizeddlist imp]tes a much slower se]f;termjnating“process whose
7 average rate is about four 1tems/sec | :

In rev1ew1ng four of his exper1ments (three of. them mentioned B

above) in which digits were used as memory and d1stractor 1tems,
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‘ Sternberg (1969a) was Ted to suggest the presence of four stages

-'compr1s1ng the tota] RT. Those were:

é;;;;;______;_‘“_j;__EﬂF0d/DQ stage—%er_pre_process1ng stage) during which there
T \\ e e . ’ N N . PR
___________.——41r7r’fransfo;nat1on o} thevtestﬁstimuTus into some representation of *

. it or its identity. This stage.would be primarily affected by the
\ }- L v ] o B i . X E . .
- quality, detectability, and intensity of the stimulus presentation.

S22 COmparison stagg during'which the test stimulus is compared

a

,~,a1ternat1ve1y against each member of the memorized set. This search.
) 'process is said to be ser1a1 and exhaust1ve so that th1sﬂ.tage is
Thﬁ?ﬁT}Taffected-br—thesnumber of eTementS'1n the.memory set.’

-3 B1nary dec1s1on stage representing the decision reached at

the end’ of the comparison stage (T.e. "yes" the test st1mu1us;was

- part of the memory set or "no" it was not). - o R

\

\4 \ TransTat1on and’ response organ1zat1on stage at wh1ch time

the se]ected response is ‘translated- 1nto a motor pattern and em1tted.
fTh1s stage woqu be mainly affected by the proport1on of pos1t1ve/

negative responses, and by the st1mu1us response compat1b111ty

o An experjment was des1gned by<Sternberg (1969a, experiment V)

in order'to test the additivity of stage duration (or absence of /i'
‘djnteraction effects among‘factors) in a mu1t1-factor exper1menta1 |
'design Three factors were exam1ned each at two TeveTs The st1muT1 |
- were numera]s and the responses were spoken dTthS The first factor : X-
Was number of equaTTy T1ke1y st1mu1us response aTternat1ves (2 or 8).

The second factor was st1mu]us quaT1ty (1ntact or degraded) and the’

third one.was S-R compat1b111ty (compatlee,.or 1ncompatib1e). He'

«foundvnovinteraction-between’stTmuTus.quaTity and'S—R compatibiljty

" ‘and perfect additivity with each other‘(absence of ‘a three-gactor_
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interaction). .However both factors were. in 1nte;act1on w1th the.
_th%rdkfactor; the number\of a]ternat1yes. Sternberg 1nterpreted those
‘resglts as meanfhg that: _(a)-sfimu1us quality was in fact affecting
only tﬁe stimﬁ]ue encoding stage, (b) S-R compatibi]ity affected only"
the trans1ation'aed response.organization staée, (e) number of alter-
fnative effected'ﬁoth previously mentioned stageé. - Taken co]}ective1y,
fhdee resujts were interpreted es supportingefhe modeIzof stages
previously pfeseﬁted”

As mentioned prev1ous1y, early. exper1ments by Sternberg nave been'
; carr1ed out using d1g1ts as stimulus mater1a1 w1th memory Toad not
exceeding the memory span (i.e. a maximum of M = 7): However, since-
then a large numbef o;“efudjes have shown fﬁg'phenomenbn (linear RT
~ functions, and wi th approximéte]y equal slopes for positive and nega-
'tive respeﬁses) to be reliable.’ Tﬁis phenomenon has been demonstrated
Cin experimente usiﬁg positive sets up to 10 Tletters (Nihgfie]d ?
‘Branca,-1970),.and ub to 12 comion words (Naus, 1974). It has also |
‘been demonstrated with stimuli such as drawings of familiar objects
. (Hbvjng; Morin, & Koﬁick,‘1970), shapes (Swanson, Johnsen,-& Briggs,
1972),-audiﬁoriiy—pnesenfed phonemes (Foss & Dowe]i-.1971); as well
as words of various lengths (Clifton & Tash, ']973) f In add1taon, the
phenomenen has been found 11tt]e affected over d1fferent speed/
accuracy 1nstruct1ona1 sets (Swanson & Br1ggs, 1969) aggg*Qwa1ng
et al, 1970), and pro]onged practlce QKr1stoffersond 125% L1ve]y,
1972)%

In summary, the main feature of Sternberg S theory is that speeded '

- \v;*, .

recogn1t10n of a test 1tem wou]d 1nc1ude a scann1ng«process (compar1son '

stage or Stage 2) that wou]d be ser1a1, and- exhaustive. It would be

e e
e ‘

/

BERL . <




(AR A P L g

[rtis 2 FRak iy GO e g TR i NgE P ey

PYOos A sh o oL 2o S ONE S X SRR 5 s

& ‘ 32.

A

serial because mean RT increase as a linear function of memory set size.

Secondly, it would be exhaustive because the slopes of the RT functions
are equal for posiﬁive and negative'responses, otherwiée the s]ope:of
the negatife respohses'wqu1d be twice that of fhe positive responses
(Scernberg, 1967b, p. 46). o |

- However Sternberg Y(1975) mentioned that some procedures cons1s—‘

~ tently produce nonlinear set size functions: when members of positive

sets are distinguished from members of negative sets by physica1

features, by large d1fferences in familiarity or by frequency of

presentation. One possible exp1anat10n accord1ng to Sternberg (1975),

-

would be that such procedures wou]d prov1de an a]ternat1ve bas1s for
the positive-negative decision that S may find to be more eff1c1ent
than the scanning process. Later that alternative basis will be

“discussed when Atkinson and Juo]a's mode] (1974) based .upon both

familiarity and search will be presented

!

Three pred1ct10ns of the ser1a] exhaust1ve scann1ng mode wou]d
be that (a) RT for pos1t1ve responses should not be affected by the

ser1a1 pos1t1on of the test itém in the memory set s1nce the scan

|

cont1nues at a cohstant rate for‘a11_memory items, (b) for the same
reason, the probability with which a member of thé;memory‘set is-

presented as a test item should not affect RT. for positive responses,
| A :

and (c) repetition of a memory’item in the same memorized list should

not affect its RT response. However from experiments having used

'

varied-set procedures, evidence‘f% accumhlating that shows none. ;
of~the above-mentioned predictions are empirica11y supported.
For example, Burrows éhd‘dkada (1971)'used.the speeded memory-

recognition paradigm with digi€s as stimulus material with memory |

<

J

B s
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|
set sizes of M =1, 2, 3, and 4. They replicated earlier findings of o

~identical, increasing linear functions for both positive and negative o )
responses, However when testing for'seria1_pos%tion effects they |
found marked primacy and recency-effects in RT.for positiye responses.
Such primacy and recency effects have aiso‘been obtained by Corba11is,
' Kirby and Miller (197°). Other 1nvest1gators have either found
.pronounced primacy effects (Klatzky, Juola & Atk1nson, 1977 ) or | . . _— ¢
prdnodhced recency effects (Forrin & Morin, 1969).
Concerning the second prediction, Theios and collabofator
(Theios; 1973 Theios‘& Walter, 1974) haye'conyinc1ng1ykdemonstrated
that positive responses to high-probability test stimuius are faster
than pasitives responses to 1ow¥probability testAstimdjus. Fina]]y, \
with regard to repet1t1on effects, Badde]ey and Ecob (1973) have
shown that pos1t1ve responses to repeated items in a memory set are:
\s1gn1f1cant1y faster ‘than to non- repeated 1tems
j Ev1dence in contrad1ct1on with pred1ct$ons from the serial- \y o
xhaustive mode] have led some authors to suggest comp]ete re3ect1on
of that mode] For examp]e Corba111s and Miller (]973) have proposed a
mode] based on the trace strength of the memory 1tems 1n which the -
decision wou]d be accomplished by d1rect access to the 1nterna1
representation of-the test stimu]us The 11near re]at1onsh1p between
RT and memory load would ref]ect a dec1s1on process -rather” thar a B R
memory (or retrleva]) process There wou]d be a scan of each'trace.w
strength represent1ng each memory 1tem and a decision would be reached
after a dqscr1m1nat1on between each memory trace w1th that of the S "fﬂ
test st1mu1us Theios (1973)‘has proposed a "ser1aJ se]f—term1natjng,
“memory stack model" in‘which for‘ex%mp]e\htgh—probabilfty memory

\

\ 5 _
AN . -
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.item would be search first, explaining recency and primacy effects.

_Retentiy, Sternberg (19[5),acknow1edged that his serial
exhaustive model cannot account for theiemptr{Cal evidence that come
in contradiction with the model and also demonstrated that a pure
trace- strength model cou]d not either. He argued that a comb1nat1on
of both mode]s as suggested by Atk1nson and Juo]a (1974) could be a
fru1tfu1 entreprise (see also: Reed, 1976). ' |

In fact, Atkinson and Juola (1974) (Athjnson, Herrmann & West ourt

]974; Jdo1a; Taylor & Young, 1974) have proposed‘a model ‘based on -
. a dual process ot trace-strength (or tamiliarity) of the test-item,

and of a serial retrieval process of the memory 1tem Because of 1ts

{
|

significance for. movement related information, the model will be
presented in the following section _of this ehapter{

%

As stated,jn the introdncttonIOf thjs dissertation, thelpurpose ‘
of this series ofhexperiments Ts'not to test different models of
‘memory recognition. - Too many procedural problems have yet to ¢
reso]ved in applying‘spegded ﬁemory recognitiOn paradiom.to moveméntv
re]ated information before predictions from different models can be
~made. Recentiy, Ratclitf and Murdook (1976) have revisited foura
classes of models-int]uding Atkinson and.Juo]a's modei'using a;
d1fferent method of ana]yz1ng RT data namely latency distributions as
opposed to the more trad1t1ona1 measure of .mean 1atency They concluded
that none of them was actua]]y ent1re1y sat]sfy1ng nor unsatisfying.
.One mode] is able to exp1a1n results that another model cannot and
vice versa. In add1t1on, Tay]or (1976) has shown that it is very
difficult’ to contrast different models at\the present t1me because

'1dent1ca1 pred1ct1ons can sometimes be made from d1fferent models
.
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In summary, the current|literature shows that the speeded

recognition paradigm produce reliable outcomes although their inter-

. pretations must be, at the present time, very careful and cautious.

Befdre'1eaving this section on reéognition‘memory 1aten¢1es, four
different aspects of the paFadjgm will be revigwed:' (a) fetehtion
1nterva[ effects,-(b) translation or. recoding effects;v(c) main effect
of posjfive and negative reSponses; and (d) controversies about this

paradigm.

Retention interval effects, In a sense, effects from differént'

‘retention intervals should act in a'way similar to that of memory set

sizes. The larger the size the 16nger'RT and the longer the de1ay'k

before the presentation of fhe test stimu]us; the longer the RT. Of

, _ , ;
course, if.RT is 1knear1y're1ated to memory set sizes, as mentioned

+ before, RT will brdﬁab]y not be lfinearly related to iength of the test

delay. RT may simply be Tonger: for longer delays. Asté\matter of fact,

“Waugh (1970) and Peters (1974) have shown that the comparison process

~is slower when-it takes place in long-term memory (i.e. after a very

long delay between tems presentation and test stimulus) relative to

short-term memoryj;

Clifton and Birenbaum'(]970) directly tested three Shortvdelays

- of the test stimulus, .8, 2.8, and 4.8 sec. They* used digits as

stimulus material with séven different mémory set sizes of from 1 up

to 7 digits. Results were that: (a).the main effett-of delay was

nonsignificant for both positive'or negative‘responsés, and (b) the

.. memory set size x delay interaction was nonsignificant. ~One obvious

interpretation df the absence of interaction (Sternbekg, 1969a;
‘ A : .

.Tay]oq, 1976)
IS ¥ /

4

would be that given the known effect of memory set size
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~on the compar1son stage, then the retention 1nterva1s\gg,pot affect
that stage. However one variable also manipulated by C]]fton and

Birenbaum (1970) was the number of elements in the memory sets

. that\preceeded and fo110wed the test stimulus. Thus- they were ab]e
to Took at the seria] position effects. In fact they found pro-
nounCed;recency effects but at the .8 sec delay oh]x, Those'resu1ts
as well as other resutts allowed the authors.to say that at very
short delays such as .8 sec a different scanning strategy was -used
by the_Ss. That point of v1ew 1s not 1ncompat1b1e w1th‘Atk1nson L
“and.Juola's model (1974). | | |

Translation effects. A phenomenon arises when the test stimulus

. is in a format different than that of the memory items. Suppose -
for example that al] memory items are digits.' The test‘item is a.
.]etter, and S must respond based upon a previous1y learned associa-
tfona] scheme, whether the 1etter_correspond“to‘a-previous1y asso-
~ciated digit or not. When the'memory item and the test 5tem do noti
match because both\have encoded according to d1fferent dimensions _

or d1fferent moda11t1es, and that one of them must be trans]ated orA
recoded before compar1son can take p]ace then the memory 1tem w111
be recoded 1nto the fonmat of the test item and not the opposite,
: pr1or to the compar1son process (Swanson, Johnsen & Br1ggs 1972)
eThe recoding effect wou]d thus be 1oca11zed at Stage 2 of Sternberg S
' mode (Swanson et al, 1972 Cruse & C11fton 1973)-‘ However

Clifton, Cruse &»Gutthera (1973)- have shown that this will happen
on]y when the presentatfon rate of the memory items is so rapid
(e.q. one item every .4 sec) that S do not‘have time to recode each
b | memory 1tem into the format of the test 1tem When time permtts (e.qg.

\ v v
a presentat1on rate of one 1tem every 1.6 sec), then each memory item

¥
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is immediately translated upon itsvpresentatton into the format of
'the test item and no effects are fodnd\during'the comparison’stage.
As'suggested by Sternberg (]975. p. 28), the translation effects
'tel] us someth1nq about the coding of 1nformat1on\of the memor1zed
set;_ |

Pos1t1ve versus negat1ve responses Sternberg (1966 Experiment

I and II) found no d1fference between pos1t1ve and negat1ve responses
-Based upon stat1st1ca1 ana]yses on s1opes as well as on the 1ntercepts
between RT funct1ons of both pos1t1ve and negat1ve responses,
\Et;rnberg concluded to thevequ1va1ence between thevtwo types responses |
~across memory set sizes of‘from 2 to 6 elements. The same conclusion
' has a]sO[been'reached.by Anders , Fozard, and.Li51yquist (1972);
Dardley, Kiatsky and Atkinson (1972) and Lively (1973). In those |
exper{ments a varied-set’protedqre’was used. However Sternberg‘(1966)l:;
_:noted_that‘for memory set size of M =1 in thisAyaried-Set;procedure,h
'positive-responses were stgnificant1y faster (by SO\msec.i 20.1 msec)\:
than negative responses 'The fact that M -1 produces atyp1ca]1y
fast pos1t1ve responses has a]so been noted by C11fton and B1renbaum
- (1970) and Baddeley and Ecob (1973). That would conf1rm what is
| known: from the fast,‘Vsame/different"ldudgment.paradigmt Response
. when a test stimulus is the~same as only one'stored memory item is
~significantly faster than a response when a test st1mu1us does - not
match_(or is d1fferent\than) a stored memory 1tem (Posner & M1tche11
_1967;>N1ckerson,-1973). 4Furthermore us1ng f1xed set procedures
severa] Studies have tndicated a sign1fjcant main effect of response
types. Faster positiye responses (by about Sb‘msec) are ga1ned :

. across d1fferent memory set sizes (1 e. no. response . X mennry set



'interaction). SucHAresults have beenlreported by Briggs and Blaha
- (1969), Sternberg (1969a, Experiment IV, p.-291), and Miller and
Pachella (1973). - |

. S N ‘ - T . “‘,‘
Controversies about this paradigm. The first, basic controversy

is relative to whether or not there would be.any protess such as
' searchvor,retrteva1 in recognition memory; A common]j adopted -point

~of view (Bower, 1967; Kintsch, 1970)\15 that recall memory involves

~ two different processes, namely storage and retrieval; whereas recogni- -

tion involves only a storage process In this view, recognition is
seen as a decision process based upon an evaluation: of/the fam111ar-
. ity or response strength of the test st1mu1usw Tnere would be no
process such-as search or retr1eva1 because the test stlmulus would
have direct access to its stored memory,representat1on (Corcoran7
1971). As mehtioned previous1y, some authors (e.g.‘Sternberg,‘;
1969a ; Theios, 1973; Atkinson'& JQo]a, 1974, Ratc11ff &.Murdock;
‘1976) have demonstrated that there WOu1d hate’a retrieval process
' { even in recognition memory. RevieWihg.the evidence on this matter,

~ McCormack (1972;'p. 21) stated that "because of theffailure onfthe‘
_\.part ot'the numerous 1nvestigators to‘define'what they'mean by
vretrieval, and also because, of'the'1ack.of_any adequate_theory of the'
retrieVaT process, data.are not conc]usiveVWith respect'to‘the‘issue
v onder discussion". However‘he adged that if retrieva? tsjdetinedvas
" being syhonymous with a Search process of some-minima1 degree of |
'comp1éx1ty, then it must be conc]uded that "rec0gn1t1on may be
' Dr1mar11y character1zed by a storage process (p. 35). Th1s would
_mean,that 1n'recogn1t1on, the search process when_it_operateskis -

- much less complex than in recall. For, example, when retrieval is in

- 38.
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/operation 1n recognition it may invo]ve a Single 1dop search'whereas
it 1nvo]ves ‘complex series of search 1oops in recall (McCormack 1972,
p. 35) Based upon the ev1dence rev1ewed above the pos1t1on taken
| here 1s that there would be'a m1n1ma1 retr1eva1 process in recogni-
| “tion, though‘perhaps less comp]ex“than in recall.

Theisecond controversy about this‘patadigm'is re]ative to the
assumptions at the'base of the‘"additive factors'metHOd" proposed by
.Sternberg : It must be ment1oned at th1s po1nt that five propert1es
are assigned to ‘he stages by Sternberg (1969a, p. 282) (a).wean
RT scores reflect a ser1es of a f1n:te number of stages of theoret1ca1
s1gn1f1cance, (b) the e;ecut1on of‘stages is serjal such that each

| stage Starts 1tsxoperatidns when the preceeding stage hés finished,
(c) the mean time duration of‘pne stage is independent/df the mean
b; duration-of other stages; (d) 2 stadekshou]d be_able tQ_process na more .
thantoné‘sid;aT at a‘ttme and (e) stage durations would Le'stochas-
'txcally 1ndependent, namely the t1m% requ1red by the various stages on
a g1ven 0bservat1og or tr1a] should be 1vdependent of one another.
,Those.properttes were interpreted as assumptions tq;Sternberg S -
paradigm. However, Taylor (1976)‘ha5’shown that in tact only two
S fdhdamental assumptions are neededs (a) the mean tota] RT reflects a
vfiked and fintte set of stages,. and (b) stages when notvindependehtT
are 11near1y dependent 'Correctidns can thus be made~to the basic
stage t1mes requ1red by 1ndependence or tempora] over]ap among the
stages, those ;orrect1ons be1ng'express1b1e as ]1pear,funct1ons.of.the
stage'tjme involved. Therefore thebmost eontroversial properties of.
' .stage,iﬁdepeﬁdEnce and nonover]apiné stage'durations are not necésSary,

',provided one assume the dependence to be“predictab\% (e.g; linear

- .
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dependence as demonstrated by Taylor).

Another controversy has to do with the capability ot making
accurate measurements of the different stage times. For example,
series of studies by Br1ggs and his fo]1aborators (Br1ggs & B]aha
1969 Swanson & Br1ggs, 1969 Br1ggs & Swanson 1970) was undertaken

~in order to” est1mate the mean durat1on and process1ng rate of the

uar1ous stages 1dent1f1ed by_Sternberg. They started from the observed.

1ineariRT function already menttoned, which is expressed as RT =

a + (M) where.mean RT 1s a linear tunction of memory set size. They
found that the intercept "o cou]d be decomposed into at least two
sub-stages; (a) 1n1t1a1 encod1ng plus response decoding time on.the one
hand, and (b). an est1mate of Sper11ng S scan (196]) function or input o
samp11ng time on ‘the other hand’ Furthermore. the constant slope “f"
‘could also be separated “into two components,vone of which was iden-
tified with the time required forkthe‘test stimu]us.tofretrieue the
memory*répresentations of the positive'set ‘The other component was
interpreted as t1me per test to compare each memory -set 1tems w1th the
test stimulus. Authors were prov1d1ng mean sub stage durat1ons for
‘each of the components. However Taylor (1976) argued that g1ven the
methods'current]y available, it s in fact'hazardeous to.specu]ate

‘from measurements of the different stage‘times. Suchfaccurate measureQ
ments could only be achieved through a 1ong series of mu]ti-faetor

experiments in wh1ch the ass1gnment of factor to a stage or stages has

-
LY

been va11dated

-,Encoding and recognizing movement information

-

© Several stud1es have been conducted up, to now with the purpose of

1nvest1gat1ng encoding processes in movement ﬁeproduct1on It is

~
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interesting to note that those sfudies went into several different

directidns'without an integrating unifying theory of éncdding

procésseé in motor memory . - A number of investigators thought of g , -
encoding as diffeféntiatfng beﬁween recaT]'based upon Tocation and'
distanée information (e.q. Laabs;'1973); A few investigated the-
roie of Visioq.in the enébdihg of'kinesthefic information (DieQert,
1 1975); whilé others looked at the role ‘of verbal encoding of
kinesthefic information (Shea, 1974; Colby, 1974); ‘Finally,
" conceptual categories of merment information was 1nvésti§ated by
Nacson, Jacger & Gentile, 1972; and Gentile, 1974,

*;M“;M‘,ﬁ_,;,Wthhgre are several ways in which different "levels" of encoding

%
!
i
!
‘E .
i
1

can Bé divided ahd'one,way“is thg'divisioh betweéh priﬁary énd.sécondQ
'bary cddEE (Qa]anter; 1967, p.m98; Bbwer, 1567)}‘ Fpr exémp]e,;Bowef
(1967) proposed that'thé‘réprégentafion stored is either»thé primafy"
code by whiéh an event is recognized, a secondary.code<¢hat 1abe1§r |
_the primary code, or both. He further prapoéed that in a primary
code, -the stimulus is representéd iﬁ coded form as-an-ordered']fst
of‘attributes with theif'correspondihg values. In the case of fhe» -
;;secondary,COde: only a verbal 1abeT is stored (either additory;_‘ ' - |
: phqnetic, articu]atbry or 11nguistic). Poéher, Boies, Eichelman,
: ahﬁ’fay16r (1972) made a similar distinctidn between a physicalland’
a name code whereas Peters (1974) used a distinct{dn‘betwéenva physica1w‘b o
and an associational code. \ |
“Atkinson and his collaborators (Atkinson & Juola, 1974; Juola et
. \él; 1974, Atki”SQ”‘EE,él} 1974). have presented a model ofv}eve1s of | : N

_encoding with the particd1ar purpose of explaining and predicting “ ‘

Py
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‘resu]ts obka1ned in a recognition-memory parad1gm ConSTder1ng that

mpurpose and cons1der1ng thaé:Acy1nson S mode1 bears’ 1mportant 1mp11ca-

tgons for a theory of the encod1ng processes 1n motor memory, that

| mode] w1]1 be prESented and adopted here

Bas1ca11y ‘two formats can assume the representat1on of the '

external information w1th1n_the memory system., The first one is a

~ perceptual code which would be a unitary represenfatiOn.of the stimulus,,

specified in termsﬂof a set ofnfeatures within the particu]ar modality.

" External “information can also be encoded at a’ second 1eve1 of comp]ex1ty

or in a second type of format called a- conceptua].code.' The verba] X

by S 1 Ul iy | +laa >
T } t k-t

HC

,esthet?c”Tperceptual)ucode aSSOCiafedfwith-moving

\
a d1stance of 5-cm, the visual (perceptual) code assoc1ated w1th
see1ng a line of 5 cm long, and perhaps also the efference copy asso-

ciated with the command of mov1ng for a d1stance of 5 cm, cou]d a]] be

mapped onto the same conceptual’ code..,Accord1ng to_Atk1nson t.al.

(1974), concepcda1 codes " each wi%h their associated percethaTvcodes'

available to the memory systan‘wou1d be permanently stored‘and‘orga-
v 3 o ' : )

o nized within a functional partition of .the long-term store that is

~

v_referred_to'as the conceptual store. FUrthenmore,.perceptua1 and.. - -

conceptual codes wou]d form the basic  elements of memory structures

stored w1th1n ‘a second part1t1on of‘the Tong-term store that m1ght be

.ca11ed in the case of movement 1nformat1on the‘event~or ep1sod1c

i

store. Information within ep1sod1c store is stored together with

spatial and temporal features of each element (i.e. each movement of a.

a]onger sequence) forming”the episode. A b]ock diagram illustrating

“rthe re]at1onsh1ps between perceptua1 and conceptua] codes i3 illus-

trated in Figure 1. What are the 1mp]1cat1ons for motor memory7':




. _perceptual codes
: (mod'ality specific)

‘response
generatér‘

(inter-modal)

_ event/episodic store
. . \

Sensory - short long term

‘register  term - . - store
store ' ‘

~aw
NI

Figure 1. A b]o;;\;;EEFBm\ll}ustratlng the re]at1onsh1ps between
perceptual and conceptual codes 1n-a-memory-search task that would
- involved search of a movement through a sequence of movements stored
in short term store. Here, the kinesthetic (perceptual) code .is
activated by a given test movement but other entries from other
modalities would also be available for the same conceptual code
(adapted from Atk1nson Herrmann & Westcourt 1974)

. ) . N
" ] . : .

conceptual codes
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The f1rst 1mp]1cat1on is that the k1nesthet1c (perceptual) code might
represent a great dea] of what is a]ready known about encodwng movement
“information in the k1nesthet1c moda11ty (e g Posner's def1n1t1on of a
k1nesthet1c code as well as the a]ready ment1oned super1or1ty of
location oyer distance 1nformat1on) However Other propert1es of the
.codefare still not well understood ‘ |
| A second-impTication . related to the 1dea of a conceptua] code
: :and of -a conceptua] store wh1ch is made attJact1ve for two reasons _
One, the 1deayof a conceptua] store is 1n agreement w1th the not1on ofi
_an "1ntegrated store" (e g Conno]]y & Jones, 1970) 1nd1cat1ng that
‘somehow and somewhere an equ1va1ence between sensory moda11t1es must
be stored. Two, the conceptual storeris.not restr1cted to the problem.
of an intermoda]1ty>match but a]so implies any "abstract“ that Ss are
capab]e of hav1 19 from a set of movements For example Lev1n, Normanv
and Dolezal ‘1§733\:howeg%that Ss are capab]e of construct1ng a .
23l L

concept of Man aveﬁ&g&.og two movement 1engths" and produc1ng ‘the

S

average within the ﬁ%ne&%ﬁetlc modality. Furthermore Nacson
gt_al_(1972) also showed that Ss. are cap&b]e of work1ng w1th 1nter—
na]iy structured categories of movements. In addition the idea of a
c0nceptua1ycode can account tor the dOminant ro1e of uision‘in the’
‘reproduction of movement 1nformation (P‘ ~t, 1975; Wilberg &
Girouard, 1975; Klein & Posner, 1974). ':

| That encoding at the 1eve1 of a conceptua1 code can produce

better recogn1t1on does not appear unreasonable ‘since it has been

found in recall, that,1ncreas1ng 1nformat1on via add1t1ona1 aud1tory,_ "

|
‘ v1sua], and he1ghtened k1nesthet1c cues reduces reca]] errors

(Adams Marshall & Goetz, 1972 Ste1mach & Ke]so ]975). Such

A
5. H . . -

|

,.1“§
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fihdings are Qenéra]]y interpreted aé meaning that‘augmented'
feedback augments the strengfh/of the perceptual trace (in Adams?f
terms, 1971). However Klein and Posner (1974, p. 404) nave oointed

out and shownnthat such a view might be too -imple and may have to be

tempered by cqns1derat1ons of. the role of attent1on in process1ng

'h‘(1nc1ud1ng encod1ng) the movement Neverthe]ess, when several sources

‘of information are available, whether a movement will be encoded at\
the level of a k1nesthet1Cj(perceptua1) code, a dom1nant visual
(oerqeptual)*code, or a COnceptoa] (mapping of both) code,:wi]1f
certain]y depend on the tesk demands .

| Finally, the concept of an ep1sod1c store ma; eventua]]y lead to v
{;a better understand1ng of how order information (accord1ng to some
J'spat1a] or tempona]»attr1butes) can be achieved since order~information. .
is an inherent feature of' that storet L t; 75\‘;

‘Perceptual and conceptua] codes on one hand and donceptua1'and
ep1sod1c stores on. the other hand need not each correspond to 1ndepen-
dent phys1o1og1ca1 storage mechan1sms In fact they wou]d best be ‘
viewed as being different in terms of depth of encodingvor Tevels of
cognitive organization (Craik'& Lockhart ‘ﬂ972- Restle, -1974) ~ From
the perceptual code to' t;é format of the information w1th1n the

M [ =3

ep150d1c store, the information is on]y more comp]ex . \h
Trom these d1st1nct1ons Atkinson et al (1074) have'deé ‘oped

a model to account for recogn1t1on 1atenc1es. ey insist that

their model must be regérded as é special case more general theory

’”h of - memory (Atkinson & Shiffrin, 19685. The model was deveioped to- |

._accpunt first for long list of words (up to 60 words) stored in 1ongQ |

term store bot a particular case is also made’for'search through short

6

A4



Tist stored in the short-term store.
The mode] is presented in Figure 2 and its main e]ements are as
follows. When a test st1mu1us is presented, it is encoded and mapped
onto its conceptuaJ code. The latter has a fam111ar1ty value about
the test‘stimulus If s f1nds a very high familiarity va]ue he". 91VPS
an 1mmed1ate positive response 1f he finds an extremely low va]ue'
an 1mned1ate negative response is g1ven If the fam1]1ar1ty value is
intermediate S must then take the test stimu]us and>scan it against |
“the memory set in the short-term store If the scan yields a match
a pos1t1ve response is: made otherw1se a negat1ve response 1s‘e11c1ted
When the fam111ar1ty value is 1ntermed1ate the speéd of the response is

~ A

much s]ower and depends on the number. of. elements in- the memory set.
Thus for very h1gh or very low familiarity va]ues the Ss make a_
’Tast response that does not depend on the memory set s1ze for inter-
! mediate values .a slower response occurs that 1s an 1ncreas1ng function
of memory set size. ' The observed response 1atency averaged over
trials is then a m1xture of fast decision based on fam111ar1ty a]one
(1ndependent of memory set size). and s]ower decision based on a search
- of the short-term store (dependent of the memory set s1ze)

It is assumed that dec1s,on based upon fam111ar1ty w111 lead to
. \certa1n ‘number of errors (false pos1t1ve and false negat1ve) whereasi
‘a search through short-term store will be slower but almost error]ess
A mathematical mode1 (Atkinson & Juola, ]974)‘?5 we]] as empirical
evidence (e.g. AtkinSon et al, 1974; Wescourt & Atkinson, 1976) have

been presented in support of “this model. . o N
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) ” ‘1 Test 7 ‘
¥ bow movement ! 0
. K A presentation ‘
' |
Stimulus encoding and access
' to mgyement's‘familiarity value
by % : : |
i
. ‘Evaluate \
Very low value familiarity | Very high value
o ‘value '_ .
N
-« (V/
Intermediate
> . |
i . " | Execute séarch of the short-term
store to determine whether -} ~
Distractor the test movement is member . {Memory item
1 . of the memory set = ":F )
‘ _ A - . . ) - . o ! Y o
‘ Execute - . R " Execute
negative response|.: . '.@r' | positive response
N B 2l T
. @ . k . ‘L‘AJ.,,,’I; : . : nyesl
" Figure 2. Flowchart repreéenting the memory and decision stages
involved in recognition (adapted from Atkinsan & Juola, 1974).
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( de poihts are wbrth notihg conCerning'the.modell Oneﬂ Atkinson et -
ai (1974) do not ma1nta1ﬁ the assumpt1on of . 1ndependehce of‘stages and
1n fact found it t? be untenab1e | Second, although that they found
th. the 11near re1at1onsh1p between recogn1t1on latencies and memory '
set - _e was the, best descr1b1ng function for: their data, they noted
that this’ po1nt was not critical in the1r mode1 “In faét‘they’ﬁoted
that several a]ternat1ve s;rateg1es are ava113b1e to..the Ss and whether
~or nqt there will be a‘search and whether the. search wm}] be serial
or parallel, se]f,terminatingfbr exhaustive, js simply depende oh
.the hatuhe ot the‘stimuli;'the‘experimenta]ccenditiqns (etg.<:::etitions

~or not) and the task\demehdsf i e o \h e ( o

\Interpretatibns bf the\resu1ts efgthe‘present series offexperiments.

{

will be made with {iiat theoretical framework in-mind.



Chapter 3

. "
GENERAL METHOD

- The purpose of the methodo]ogy that w111 be descr1bed is that of
é;revea1qng some aspects  of the memory processes by means of RT proce-
” dure‘1n which: a b1nary-c1ass1f1cat1on task of recognition memory is
;ysed. Bastta]1y>the general method is as:fo]Jows. A‘éet;of n differ-
.J.ent movements is'preseﬁted to an S. to!]owingta given period of time
3 e test movement is Bresented and the S mgst,respond as quick1y as
péssib}e bx pressing one of two keys fhdicating'whethet the test
movement was pert of the previousf} memorized~set keoéitjye respense3
'6f not (negative»kesponse). The generel method is presented in this
chapter. fhe detaf]s of“the‘pfocequre as they were deve]oped to meet:
“the requireﬁehts’of each eXperiment of this series are described"
,befere each-é&periment‘in-the next chapter.
The task cons1sted of simple, linear, pos1t1on1ng movementg”(left
. to right abﬂuct1on of the right arm 1n the hor1zonta1 plane) using a
. metal trackﬂand a s]]der moving freely along the track. The tracke
_was made up ef e stainless steeT'rod 112 cm long by_].S‘cm diameter,

~.

'modnted on a Basebdatd A cursor, 3.9 cm long by 3.2 cm diameter, was
f1tted on the tratk such that 1t could'be moved along the track with
m1n1ma1 fr1ct19n A small handle, 2. 0 cm high was fixed at the top of
the cursor. The d1sp1acement of the cursor activated a 10- turn

‘potentiometer (Bourns, no. 35095-1-501)- to which it waS\attached.by

Means of a set of pulleys and wires. The output of the potentiometer

\
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jgﬁn:

of the cursor. Each stop was- positioned by a motor (Bodine Co.,

"stopped by having Ss to pﬁgﬁsfo

50,

v

‘was then fed 1nto ¥ d1§*ta] voltmeter (Ke1th1ey Instrument, modeT

168-22) which perm1tted a fast and accurate reading of the cursor
positioning. The potent10meha~€ﬁs so calibrated that a d1sp1acement
of 1 m1111meten of the cursor was read as 1 miTlivolt on the vo1t-
meter N B ’ 0 | \

”Two physica] stops ofu1d be positioned anywhene'oh*the track and

'_ were used to define the starting- and the end- ]ocat1on of all movements

The physical stops were of the same mater1a1 and dimensions as those

1/15 h.p., T]S;vae—28_rpm) to which it was attached by means of a set

of pu11eys and wires (see Figure 3: view of subject and apparatus).

" A microswitch was fixed on the side of ‘the physical stop that

indicated the end of movements and wired so that when the cursor

touched the stop, a digita] mi]iisecond timer (Mar1etta mode1 14- 15MS)

N

was-activated (in the case of the test movements only). The timer was

Sy

ne of two keys situated in front of °
them on their left. The keys (alternate push Buttons) were inserted -

in a small box w1th the two*keys Tocated at the top of the box and being

3.0 cm apart The left key was activated by the second f1nger of the '

left hand and was used to mean a p051t1ve response for half of the Ss

and a negative response for. the other half. The. r1ght key was activated

\

by the forefinger of the 1eft hand and was. a1so used to mean a negat1ve
responsezfor half of the Ss and a positive\response for the other ha]f.
The roles of each key'were thus counterbalanced in order to avoid any.

PSS

bias from using the same finger across all Ss to mean the same mesponse.
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In all cases throughout the experiments, movements were actively

-4 executed by the Ss. Finally, in order to e]iminéte’any visual and
auditory cues,, Ss were blindfolded and wore earphones through which

‘white noise was projected.

,9&
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METHOD, RESULTS "AND DI§C¥SSION . 5

| vExperiment L
Method . o | B
.Purgose. The purpose of the’first experimentvwaé to determine
the effects 1f any, of memory set size on the recogn1t1on process of
three spec1f1c cues of movements: (a) the1r starting location, (b)

end~location, and (c) distance covered.

.Stimulus material. ‘A total ensemble of six movements (linear-

positioning movements) entirely different from each other in.terms of
starting location (SL), distance (D), and end 1ocafioe‘(EL) were used
_iﬁ this experfment. A sﬁb—set of three movements was used to eonstruct
memory eeté of .either 1, 2, or 3nmovements (M =1, 2, 3)5for half of
the Ss, the Eehaining three movements serving as, disfractors For the '
other ha]f of Ss, the ‘memory movements and the d;stractors were

reversed so that for ‘the éxper1ment as a whole, all vaements were

used equd]]y often as memory movements or distractors. Table 14 in

Appendix A describes the characteristics of the movements.

~

| gggigg. There were four factors of immediate intereste The first
factor was memory sef'size wifh three Tevels (M =1, 2, 3 movements).
It must be noted that this factor was determined from the fact that a
Tinear relationship (i.e. M ’1; 2, 3) has been found between recognf—.
J tion RT and memory set siie (Briggs & Blaha, 1969~.Sternberg, 1969b)
| and that a logarithmic relationship (i.e. M =1, 2, 4) is not neces-

sarily the rule (Br1ggs & Swanson, 1970)

s
' A
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The §econd factor was movement cuesudith four levels. That
factor was directly aSsociated-with the types of instruct%on thatvwere
g1ven to the Ss as to wh1ch cue they had to rﬁcogn1ze when the test
'movement was presentad. The four movement cues were as follows. First,
tocation-pius-distance ihformation'(D+L) was provided for which the Ss
.-were asked whether dr not D+L information presenf in the tesf movemeht »’
was present in dne of the\movemeht of the memory set. This type of
match implies a total recognitibn ofxthe movement Qg£;§g (i.e. when
all cues are present) and was used as a qonffo] coddition.ihvthis SN ;.
expekiment.. B B ﬁi | S :

For‘ghe remaihing:three movement cues, sets of movements were
' desjgned sueh that‘onﬁy one.movement cue was made reliable in the
test movement. Subjects were asked to recognize Whetherrthe‘given .
~ Cue matehed that of one of the medory movement or not. A11'test
_ movements are illustrated in ‘Table 8 in- Appendix A Therefore the
second cue cond1t1on was D information for wh1ch Ss were- asked if D
-1nformat10n of the test movement matched D 1nformat1on of one of the -
memory movements Th1rd EL 1nformat1on was quest1oned in a similar
manner and fourth SL 1nformat1on for which Ss had to recogn1ze if
the EL of the test movement  corresponded to one of the SL of the
memory movements. R |

'The th{rd‘factor was the types ef response for.Which there'weref
two 1eve]s: a positiQe.reSponse‘(”yes") and a negat{ve.respohse |
("no").. | |

_Fina]]y,'the fourtd factor with three 1eve]s;repreéented each | A

length categoriks of the memory and test movements that were used'nqmelyg - \
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(a) short (median of 4.5 cm), (b) medium (mediah of 10;5 cm), and (c)
Yong movements’(median of 16.5 cm). | - |
" In summary, the design could be described as a 3 x4 x 2 & 3 //
“factor1a1 exper1ment w1th three levels of memory set size, four levels
‘of movement cues, two levels of responses3 and three levels ofrmovement»
lengths. A completely crossed Wfthin~51design was empioyed with |

s

repeated measures on all factors. ' : : \'
Subjects. Twelve male, uﬁdergraduate students (X = 23.2 y.a.,

sd = 1.8) wekéirecruited to participa}g in this experihent. They wefq

paid $2.00 an houf,for their pqg}icipation; | |
Proceduré. Each S performed 72 ‘trials divided in three sessions .

‘of 24 trials each. Each session was He]d on'a'djfférehtvday. Within

“each sess1on memory set size was f1xed ~ That is, M - 1, 2, or 3 for-a

given session and the- order of presentat1on of th1s factor was counter—

~>Tlanced for all Ss.- A1l other factors were equa]]y represented within

eaci. “ssion. That is to say, there were 50% bf'eéch positive and

negativ  rials, 25% of each typevof cue'trials‘ahd finally, an equal

nuuber ¢ rials for ‘'each movement ]éngth; fhe ordér 6f préﬁentatioh

of the 24 _.rials was rhndomly seTectéd for all Ss. Theifirst\session

required pproxfmateiy,two hours.and the other two‘seséidnsbrexuired

cne he and a half each. | .
. the beg1nn1ng of the first session, Ss first rece1ved wr1tten

atruct1on (gee Append1x_B: Instruction to the subJect§Q,andAunder— | a
‘went a series of practice trials in order to'fﬁ1]y;undef5tand1{hé' N

'requirements of the task. Particu]afly,7£hé,%nstruction stressed:

(a) the distinction between the four types of cues; (b) the me¥n1ng}of



v a;positive and a negative response; {(c) the tactvthat'each response had

“-to be fast; (d)_the fact that within each session, there was an equa1

r of poSitive and negative responses Fol]ow1ng these 1nstruct1ons

¥ practice trials were given us1ng verba] commands in order to practice

the vyes-no“ keys., Then ten practice tr1a1s wered g1ven utilizing memory:

movements and. test movements d1fferent from those used 1n the exper1ment

Ss were then ready for the’ f1rst 24 exper1menta1 tr1a1s

Each tr1a1 was composed of the fo]low1ng events. The memory

-

movement was presented by verba11y asking the S to "grasp" :the cursor

- and “move“‘1t until it touches the physical stop, where- he was asked to

stay for three seconds (consequent]y a]] movements were E—def1ned).f he
S then moved back the” cursor to its starting location. In the cases of

M _,2 and M —-3 the samé procedure was repeated w1th 10 seconds between \

‘each memoryépovement Then S was 1nstructed as to which cue was go1ng

. to ‘be recogn1zed and the tee; mgvement was. presented accord1ng to the

same® procedure ' Concern1ng M=2 and M-= 3, the ser1a1 position: of each-
“ B !

' movement . memory was counterba]anced At,the end‘of the execution of-

‘t"

~

the test.movgment when the cursor h}ﬁted-the stop,pthe timer S0 activated -
waS’stogégd’by the 'S pressing the“"yeS“ or "no" key The E recorded S's

response and time and prepared the apparatus for the next trial. The

I1ntgr trial interval was 45 sec.

ST : -
Dur1ng the pract1ce trials, Ss rece1ved feedback after each tr1a1 -

concern1ng the correctness and speed of .their response but no. such

1nformat1on was ava11ab1e after exper1menta1 tr1als

Degendent var1ab1es The only two dependent variables used were

reaction-time data and response errors. Reaction time was the time that
_ , . ; . v e -
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elapsed from termination of-the test momement~(contact with‘the end -
”stop) to-key;pressdng'responSe.:iResponse errors were‘S's/responses
that;nere incorrect tnegetive response when it was sdpposed to be a
positive;response,‘and the-opposfte). Since each of the 12 Ss peF*orm;

ed 72 trials, a total of 864 responses and reaction-time data were. -

o
collect - and submitted to separate ana1yses of variance. A~posteriori
contrests’for each main effect:‘were analyzed by meens of Tukey‘ta)“ | N
tests.  ° | | o | | | <
N | f . | »"' - ‘ i - - : ‘l‘ . A
‘ Error'scoresxffAll 864 response scores- (correet resoonsesgand
errors) were submltted\to ; f1vé&way analys1s of varianca (ANOVA) for i .i’ \
repeated measure design. The spmmary of the ana]ys1s is contained in \
'Tab1e 1. From th1s ana1y51s it was found that the d1str1but1on of
>errors was s1gn1f¢€§gt w1th1n two ma1n factors (a) memory set size »
(F (2,22 - 12 ‘E@?,, g .01), and (b) movement cueS'o(F (3, 33) - 11.877, ]
'Ag_% .01), The?é‘were ne- s1gn1f1cant d1fferences 1n terms of errors o

”between the categor1es of movement 1engths (F (2 22) SQE, o> 05)

”and the two types of responses (F (1,11) _,3 934 0> 05). In addition, ~.

~.

»two 1nteract1ons were s1gn1f1cant, a two factor 1nteract1on between

memory set size and movement lengths L 44) ~'4 015, p <.01). and a

ol

three- factor 1nteract1on involving memory set S\@e movement. cues, and

~ types of responses (F (6,66) = 3. 10_,, <. O]) f o g'g ' )

~ PEET

From Table 2, it can be observed that recogn1t1on errors increase
as a function of memory set s1ze (M) Recogn1t1on-errors were 32,99,
©39.23 and 44.79 % for M = 1, 2 and 3 respectively. . In fact, the
- \ ,

! \ ’ S ) e
&é{ ) \' . ' i N - i : .
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Table 1
‘Summary of the analysis gf Variénce‘
on the<error_scores of‘Expe}iment‘I
. . .\\
T - - ' o .
Source S - Ss df . O MS F
Subjects (a) ’ .846 11V,\ ..077 |
‘Memory set size (j) - . 2.009 2 ulXOO& o 12?697**
ax B . 1.7 22 .079 o
~ Movement Tength (k) o 2 105 562
axk 4.123 22 187 R
Movement cues (1) E 6?.%30 3 2.01)7\ o 11.877%*
ax1 . - 5,603 33 .70 S
‘Responses (m) - S 3.50] 1 3,501 3:93¢ -
a xm . : ‘ 9.791 11 -.890 .
. ) . i ) . ’ L : N ; . ! .
Cix ko S . 2.7817 4 - .685 4.015%*
a,x Joxk - . 0 7.509 <44 .?71\> R
RES . r.260 6 - 210 . 1.200
axjoxl . - 11.546 66 . ,) :175 B
EEL A ‘ 1620 2 .810 . 3.166 -
axJjxm:® ' 5.630 - 22 ©.256 .
Ckex 1 S 1.669 ' 6 . .278 1.463
~axk x 1 . 12.553" - 66 . .190
kxmoo T e 2 gy 3.328
ax k xm o . 6525 22 o297 - .

*ox Signiffcdﬁt‘atvthe .01 Tevel

(S
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Table 1;(cont'd)

59.

SS

01 Tevel

Source ’df MS F
1 xm .235 3 .078 .259
ax1xm 9.973 33 .302 :
iox kx 1 3.907 12 .326 .670

axjxkxil 25.287 132 .192
ixkxm 1.477 4. .369 784
axJjxkxm 9.106 44 .207
ix1xm .3.463 6 577 ,100%*
axJjgxlxm 12.287 66 . 186
|

k x1 xm 2.442 6 .407 £ 2.505
axkx1lxm 10.725 ’66 .162 :
ixkx1xm 3.745 - 12 312 .144
axjxkxTxm 36.005 132 .273

*x sfgnificant‘at the 
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Mean percent of errors for each memory set size

Table 2

as & function of the responses requived

.
Memory set size (M) Responées~ " Grand
. mean
| it Positive .Negative
M= 1 31.25% 38.72% 32,997
-2 34.03% 44447, 39.23%
M=3 32.64% 56.94% | 44."79_%
Grand mean 32.64% 45375, 39.81%

Q&
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linear trend‘was found to be significantly positive (E‘(l’?2)~e

25.31, p < Qﬁ?‘ In addition, a poster1or1 contrasts using- Tukey (a)

test revea]ed th?t one pair compar1son (M =1 vs M :=2) was 51gn}f1caﬁt
at the o« = .05 level and that another pair comparison ( =] vs.M = 3)
was.significant'at the o = .0% level. The last oair comparison (M = 2
vs M = 3) was not signtfioant at the a = .05 Tevel (see: Appendix C,
Table 19). | S
Concern1ng the types of responses, Ss made 32 64% of érrors when
a positive response was.requ1red as compared to 45.37% when a negative
response wasbrequired (see: Table 2). In other words, Ss appeared\to

. ' }\ N
make more false positives (saying yes when they were supposed -to say no)

‘than false negat1ves {saying no when they were supposed to say yes).

However that d1fference was not s1gn1f1cant as revea]ed by the ANOVA.
The 1nteract10n be tween memory set~smze!and types_of/responses i's

intere§ting\(see: Figure 4). Although the interaction was not signifi—

cant in the ANOVA, the tinear component of the interaction was signifi-

cant (F (1,22) =5.991, p < .05) indicating that the linear component.

.of the trends-of the memory set size effect for the'two types of

I’ - -
responses differed significantly. As it is apparent in Figure 4, fa]se

negat1ve errors rema1ned re]at1ve1y constant over the - d1fferent sizes

of the memory sets while false. pos1t1ves \mcreased as a linear funct1on

;
of memory set s1ze/ The 1ncreas1ng error rate as a function of memory

" set size observedrprev1ously could thus be attributed to an 1ncrease in

false positive errors.

Concerning the movement cue effect, a posteriori contrasts (see:

| . | : | |
Appendtx €, Table 19) revealed that there were no significant differences

~

\
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Figure 4. Mean percent of false positive and false negative errors -

. as a function of memory set size. TFalse negatives represent the errors
that .subjects committed by saying "no" when positive responses were
required while false positives represent thé® errors when subjects said

"yes" when negative responses were required.
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- . | >
between distance+1ooation, distanee, a;d‘end'location information but .
that‘each of them was eignificant1y different than starting Ioeation
information at the a= .01 level. From Table 3, it can be observed

. that the highest error rate (52.32%) was«in fact obtained with starting

v 1ocat1on 1nformat1on

1y

. Concern1ng the movqﬁent;yéﬁﬁth main effect, that factor was not
sign1f1cant in the ANOVA. Actua] values of error rates for each move-
;ment 1ength categories are displayed in Table 3.
F1na11y concern1ng the two interactions that wire s1gn1f1cant in ﬁgﬁ
the ANOVA name 1y the memory set size X movement length 1nteract1on |
and the memory set size x movement cue X response.1nteract1on,.no N
ameaningfull\trendé were apparent thué novfurther considerations will be
given to them. -

The overall error rate (fa]se posrt1ves and fa]se negat1ves all
together) for. the efger1ment was 39 01% In other words, of the 864
responses: co11ected 337 of them nere incorrect. Suoh error rate is
mdth too h1gh for a methodo]ogy‘as this one since reaction-time data
must norma11y be obtained from an a]most erroriess performance. “

Consequently, react1on time data that will be presented shortly will

haye to be 1nterpreted very caut1ous]y o | . o ?

Reaction-time data. Beforejsubm]tt1ng'the reaction-time data (RT) :i
(to an ANQVA, three\operations,were penformed. Firstly, only RT for‘
correct responses were analyzed which means that 39.01% of all RT were
rejected. 'Seeond]y, the median RT was ca1eu1ated for each S and for

i , Vs .

L3

each experimental condition over the movement-]ength,COndﬁtion giving

?
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Table 3

“Mean percent of errors for each movement cue

as-a function of movement 1ength.categdrfss
o : N

Movement cue | _ ,Movement 1ength“
- Short Medium  Long Grand mean
 Distancerlecation = 20.83% | 34.72%  31.98% 29.17%
Distance ¢  35.50%  35.50%  ,35.50% 37.50%
End location Ca4.48% 34729 © 31.94%  37.08%
Starting location  56.94% 54.17% 45.83% 52.32%

Grand mean  39.93%  40.28%  36.81% .  39.01%
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288 possible median RT. Twenty-two median RT were missing (7. 65%) .

because there were no raw RT for correct responses in any movement 'Q .

length cond1t1on for a given S for a g1ven exper}mental cond1t1on
oy

Th1rd1y, missing med1an RT were est1mated accord1ng to the method

PR

described by W1ner (19d2, p. ZBK) for a‘three-factor_exper1ment.,1Eacn %5ﬁ2JY;%

missing median RT was estimated, wtthin each\S; over the.factors.of t ?,f,

memory set size, movement cues; and responses. The 288 median RT weéelt" o ?‘

then submitted to a four -way ANOVA with Ss serving as a fourth d1menswon
The summary of the ANOVA on the RT data is contained in Table 4.

) \n.».‘.(;
None of the maln f&c S (i.e., memory set size, movement cues, and

responses) nor 1nteract1ons reached the o = .05 lfvel of s1gn1f1cance,
: Mean RT for memory set size of 1, 2, and 3 movements were 704 20,
740.52, and 591'02 msec respectively. Although an 1ncreas1ng funct1on
was observed the ]1near component of the set size effect was not ~
significant (F (1,22) = 2.304, p > .05)." .
Pos1t1ve responses tended to be, though not. s1gn1f1cant1y, faster
. than negative responses. Actua] mean RT were 726 60 and 763. 2? msec for
pos1¥1ve and negat1ve responses In add1t1on, there was a slight
tendency for mean RT to 1ncrease as a function of memory set size for
both positive: and negat1ve responses (see Figure Sr .
Concern1ng the movement cue effect, actual mean RT are.contained
in Tab]e 5 and the re]ationships between movement cues and memory set
size are 111ustrated in F1gure 6. -\Mean RT for d1stance+10cat1on,
d1stance and end Tocation Cues are somewhat more similar to each other

as compared to mean recogn1t1on RT for starting location cue (see:

Table 5). - o | | oy
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Table 4 |
fSummary of the anaiysis of variance
onfthe reaction-time data of Experimént I. .
i ) . \\ N
Source - “ sS df MS E_ |
Subjects (a) . 19.069 1.7
) Memory set s#ze (i) -+ .365 2 183 1.186 :
a x J : 4; ’ 3.386 22 .154 : - >
Movement cues (k) - ..780 '3 .260 2.017
axk S 4256 33 - .129
<Responses ay - w0 1 100 .573
ax1lo 1.921 1 175 |
Xk .593 S 6 099  1.610
a x'j x k 4.056 66 .061 |
- s _ o
ix1 | S 022 2 Lo .035
axjx1l | - 7.127 22 - .324
Kx 1o 381 3 27 1.450
axkx 1. 2.890 - 33 . .087 :
jxkx1. . .80 - 6 347993
axjoxkox  6.538 44 149

]Twenty two dégrees of freedom were - substracted from the 66 df of the
mean square error of. the three-factor interaction due to the 22 median \
RT that werﬂ est1mated as a method of rep]acement of the m1ss1ng median

RT
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2 as a function of memory set size.: . ' : :



Mean reaction time“(in msec) as a function

of movement cue for each type of response

Movement cue : B Responses ' Grénd
: \ ‘ -, mean
\ Positive | Negative
Diétah;e+10cation- - .i 666.78 805.03 ' 735.90
Distance L S s 680.28 704.53
End location 713.75 701.58 - 707.67
'Starfing location S 797.M1 T 868.67 832.89
Grand mean . \ 726.60  763.89  745.25
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Discussion ' i R ‘ _ \'
The absence of any effects on- recogn1t1on RT are probab]y due

to such a high error rate obta1ned in this exper1ment For exampTe,

we have observed the tendency for recognition RT ﬁp increase as a

function of memory set size. At the same time}irecognition’errorsr

increased signiftcant1y as a fnnction of the same factor. If

vrecogn1t1on performance would have been almost errorgess, that 1s

to say sma11 and unswgn1f1cant number of errors at each level of

set size, significant d1fferences on reeogn1t1on hT as a function

of set size might have been obseryed. In this experiment, the

‘procedure seemed to force‘the Ss to adopt fair1y conSistent speed ‘\ﬁ’

kof responses ‘but at the expénse of more errors under certa1n exper;—

menta1 conditions. In other words, SS seemed tO\have adopted"

speed-accuracy trade;offskfavoring speed at the expense of errors.

.The tendency?ofvthe resu]ts‘obtained on recognition RT are

consistent with the results reported in the verbal memory 11terature

For example, we have a1ready nohed the tendency for recogn1t1on RT

to 1ncrease as. a funct1on of memory set size. S1gn1f1cant effects

on recogn1t1on RT as a funct1on of memory set size have been reported

in the verbal memory literature-(Sternberg, 1966, 1969a, 1969b;

- Swanson & Briggs, 1969-'Kristofferson;‘1972- C]ifton-& Tash, 1973) \.”

In add1t1on, we heve observed that pos1t1ve responses tended to. be

s]1ght1y faster than negative responses wh1ch has a]so been constantly

reported in the verba] memory 11terature (Sternberg, 1966; Anders_

et al, 1972; Dardley et al, 1972; Lively, 1973).

1
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However, due to the”error rate observed discussion”about\
‘recognition RT beyond this po1nt would perhaps be too specu1at1ve
‘Therefore the d1scuss1on will now be focussed on the recogn1t1on
'erhor data. | | |

Memory set size We have observed a significant linear re]at1on-

sh1p between recognition errors .and memory set\s1ze This, is .
cons1stent with the recall of- movement 1nformat1on For examp1e§¥'
VWT1berg and Sa]mela (1973) found that abso]ute and varwable errors
at reca]] were s1qn1f1cant1y augmented as a function of memory set
size for setsvof size 2,-4 and 8 movements.’ In a similar way,
Stelmach and Bruce (1970) found that absolute errors were signifi-
vcantly Qreater for'the recalj of three movementsvthan‘for oney o
movement Inhthis respéct;_recognition and reta]] of movementb{nfor4
mation behave in the same way both being similarly affected by R \
memory 1oad.,vThis is entirely consistent'wjth‘the conc1usion$
vpresented by Kintsc“ (19?0) for verbal recognition and recall as tar
as memory set size is concerned. | |

Fa]se;gositive and negative errors. We found that the 1ncreas1ng

' number of recogn1t1on errors as a function of memory Set size was mostly
due -to an increase of false pos1t1ve,errors[ that is to say, an increasing
tendencyito recogntze a distractor as'a'memory movement:' This is also
entire]y;consistent with nhat has been found .in verbal\memOry 1iterature‘

' (Wicke]grenvﬁuNorman; 1966; Kausler, 1974; Cregg, 1976). CregQ:(T976) |
in partitular found that false positives increased as a function of
retention intervals. Concerning mOVement information, we can only

speculate as to why this happens since we have no firm evidence\for»av
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decay'and/or\nnterference explanatjon.of forgetting in.STMM. In the
‘methodology that we have used;‘memorx set size and retention‘interval
covar1ed since time per movement in memory was f1xed Theréfore , @
decax process of the memory traces of 'the movements, 1nterference
'effects among the memory traces, an 1nterFerence between memory traces\
. . and the representat1on of the test moﬁbment 1n the test phase or a

comb1nat1on of those reasons cou]d be respons1b1e for the 1ncrease in

false- pos1t1ves McCormack and

the test phase . The present expei{i‘ ;;'not des1gned to test such
. ) ) ,:.. B \
poss1b111t1es and therefore no conc]usive statement can’'be reached

]

Qsexcept to. acknow1edge the same effect ot\1ncreas1ng fa]se pos1t1ves as

that observed in verba] memory

Movement length. | We found that as movement 1ength 1ncreased Ss .
comm1tted though not s1gn1f1cant1y, 1ess recognition errors Same_
but s1gn1f1cant effects have been reported by Marshall (]972) and. .
Kantow1tz (1974), It is. 1nterest1ng to note the oppos1te trends between
recognition and recall of movement 1nformat10n Concern1n§ reca]] 1t
has been found that the 1onger the movement the greater the ~absolute
error at reca}] (Adams &xD1Jkstra, 1966; Marsha]],_1972) whtle in
‘recoénition, the longer the movement; the smaT]er theinumber of recogni-
tion errors. fn other words,-longer movements seem to'be best recognmied
but most poorly reca]]ed The reasons why this wou]d be so are still
not c]ear. It cou]d just be an art1fact of 1ndex1ng ‘memory performance;
percent of errors for recogn1t1on and absolute-or variable errors for

recall of movement information. It cou]d be due to an effector problem:

that of greater prob]em of execut1ng long as opposed to short movement
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durung the test phase of a recall paradigm. It could also be due to

a real memory prob]em More research are needed on this point.

Movement cues. The highest error rate was observed'for the recogni-

tion of startlng 1ocat1on 1nformat1on Two poss1b111t1es could exp1a1n

such a h1gh error rate for that movement cue. One, it could be that

l ~start1ng 1ocat1on was in fact the most difficult cue to encode and/or

¥

memorize._,Two, it could be due”to a difficu]ty associated with the
procedure that .ps used It mus® be remembered that the question was:
"€é11 me 1f yes or no, the end ]ocatnon of the next test movement
correspond to .one of the start1ng 1ocat1ons of the movements you have
memor1zed before “So Ss had to trans]ate SL into-EL or vice versa

and sub3ect1ve reports as we]] as obJect1ve error rates 1nd1cated\that

1t was the most dxff1cu]t exper1menta] cond1t1on In fact for the

other three movement cues (D+L D, . and EL), there was no such transla-

‘~

tlon ta, dp and the error rates for gach cue were not s1gn1f1cant1y
5;,..

d1fferent from each other Whether such a h1gh error rate for starting

1ocat1on ref]ected a real recogn1t1on problem or a d1ff1cu1ty assoc1ated

w1th-the procedure w111 have to be Aested in future exper1ment

The absence of s1gn1f1cant differences in terms of recogn1t1on

i errors between D and EL 1nformat1on were. surpr1s1ng s1nce)on the basis®

S

of the 11terature on motor reca11 of E- def1neddmovements, recall based

-

~on EL 1nformat1on has produced better performance than reca]] based on

:
.D 1nformat1on (Marten1uk & Roy ,41972; Keele & Ells, 1972 Laabs, 1973,

_ 1974 Stelmach & Ke]so, 1973 D1ewert 1975) Concernang the d1st1nction\

between D+L and EL 1nformat1on, the 1atter has yielded s1gn1f1cant '_ ?_

» greater var1ab1e error than the former 1n a reca]] parad1gm (Kee]e &

E]ls, ]972) h In the present exper1ment no d1fferences were found between'

o

;
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both. It'must\be added that the same trend was found in this experiment

as that“iound in the motor recall 1iteratuhe: recognition'performance

was-slightly worse for D than for EL dnformation which-in turn was

slightly worse than for:DfL"information. However, the trend was not

isjgnificant in the pkesent‘experiment while it mas in\reca]]-studies
Based on the assumpt1on that a recogn1t1on parad1gm can particu-
1ar1y be sensitive to encoding and storage processes, the contsnt1on
that D and EL 1nformat1on do have d1fferent encoding and memory
characteristics (Marteniuk’@t_alj 1972; Marteniuk, 1973; Stelmach et
al; 1975) does not appear to be substantiated in the present exoerjment.

Experiment II

Me thod _ : - ‘ o,
,;‘ﬁuréose./ The purpose of the secondjexperjment was‘to determfne

the eftects if any, of the locus of the instruotion to’ cue on ipecif—

ic attributes of movements. -The aim was to dete;minevif there were -

any differential effects on recognition latencies between giving the

cue before storing the information in memory and after it was stored

(before the presentation of the memory movement in thé former case and .

A

“Jjust prior recognition jn‘the 1atter),

~Stimul - material. Only one memory movement (M = 1) and one

distﬁaetor were se]ected for th1s experime %t and what was the memory
movement for ha]f Jf the Ss was the d1stractor for “the other half .

and vice vemsa SO that across Ss!a movement was used an equal number
'of time as memory movement and d1stractor The nature of the.memory

items, d1stractors and: test movements used in. th1s experiment are

: descr1bed in Table 15 (Append1x A),

-
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Apparatus and task. The apparatus and the task were in all

respects identica1 to what was used-'in Experiment I with the excep-.
tions- (a) that only one memory set size weé used (M ==i) (b).

Ss wer@ 1nstructed either before or after the presentation of the
memory movement which cue was go1ng to be tested.

Design. A2 x 4 x 2, comp]etely crossed,,factoria] design with
repeated measures on all factors was used in this experiment. The

first factor wds the locus of instruction wit? twb lévels: (a) before

(precuing condition) and, (b) after (postcuing condition) the presentation

of the memoryﬂmovement. The second factor was the four types jof cues
\ : .

which were the same ones as those already described in Experiment I.

The third factor was the types.of response with ‘two 1éveTs; either | S

positive or negative,

Subjects. Sixteen male 'undergraduate students. (X = 22.6 y.a.,,

~sd = 2.1) were recruited for this experiment. A1l Ss were-di?ferent"> )

'from,those'Who participated im Experiment'l.\:Since this experiment

. _requ1red only one session of approx1mate1y 70 .minutes per S, Ss were

l

notjpa1d for the1r part1c1pat1on S ‘> R _' ’

Procedure.. Each S performed 16 t?lals represent1ng one trlal for

egch t%eatment comb1nat1on The order{ of the_treatment comb1nat1on

’

.

was randomly se]ected for a]] Ss...

. LY -

N ~

At the beg1nn1ng of ‘the sess1on, s received wﬁftteﬂ instruction

— A

and underwent a series of 15 pract1ce trials with moyemént items

different from those used in the experiment. The written instruction'

was similar, with apptobriate modification to that used in Experiment_

I N . . .

B
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The first instance of a trial was as fo110w§z'.Tne memory movement
. was presented 9y verbally .asking tbe S to ﬂgresp" the cursor and to
:“move“_it_unti1,he hit the physical stop where he was askeé to stay:
for three seconds. Following that period of time he was asked sto
"move back" to the starting 1ocation.?-Then S was instructed as_to

which cue was gOing to be recognized'end the test movement was

presented according to the same procedure. The way of responding

"

"yes

or."no" by pressing one of the two keys at the end of the execu-
tion of the test movement was identical to Experiment I.
In the\second dnstance of a tria], S was nottinstructed before

the introduction of the memory movement The 1nstruct1on was given

JUSt before the ;:. :}af the test movement The rema1nderkof

iRy %
the procedure was hé)samg s that of Exper1ment 1.

Dependent variables. Aga1n, the only two deRFndent variables of

interest were reaction-time ‘data and’ response errors.

. . . a .

"y,

i

Errors scores. The 256 responses co]]ected (correct responses

éno %rrors) were subm1tted to a four -way ANOVA of which a summary is
presented in Tab]e 6. On]y one main effect\ name]y movement cue was

“'s1gn1f1cant AF (3, 45) =4, 992, p<- 01)_, L0c1 of 1nstruct1on (E

“\.

(1 15) =1.771, o > Og types of responses (F (1 15 .018, -
, £ - \ .
:ﬁ'£_> 05) as we]] as a]] 1nteract1on tErms 31d not reach the o = .05

i.
1eve1 of sign1f1cance

N

N

R

iﬁ Tukey (a) test was used to compare,pgjrs of means’ concerning.

"‘the movement cue main effect Onl¥ one pair Comparison’was signiti—"
eant at the o = .01 level, namely starting location versus distance +
»'_flpchtion information:(see: _Téb]eAZO in Appendix.C). Actuabdiean
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Table 6
Summary of the analysis of variance -
on the error scores of Experiment II
Source SS df MS F
Subjects (a) 1.809 15 121
Loci (3) 197 1 197 1.771
a X j. 1.621 15 .108 S
Movement ~cues (k) 3.355 3 118 4.,992*x
2 x K 10.082 45 .224 ‘
Responses (1) .004 1 .004 - .018
a x 1 , 3.309 15 .221
’ Y . . |
ixk o 7230 3 .07 .606
axjxk 5.707 | 45 .127
kx1 ., 1.230 3 410 1.398
*a x k x'1 & -13.207 45 .293 '
jx © 004 1 .004 :032
axjxl 1.809 15 21 '
Cixkx 1 043 &0 . 3 014 109
axJx kxl 5.895 " 45 131 ’
,**>significant:at the .01 Tevel
s . i
’ S
;»" A AR N yO
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values of recognition errors for each movement ¢ie are presenied in |
Table 7 from which it can be observed that Ss committed!fhe 1edst

errors when D+L information were available for rec(z:ition (10:94%)

while they committed the mosf\errors when they had\to recognize

sFartingi]ocation information (42.19%). Recognitioniof distance
r ) '

3rs. The overall error rate for the Experiment was

Qe

React?OﬁLtime data On v reactidﬁrtime ﬁoi?ﬁ§'7;ct responses
were kept; MiSSinq RT (25. 30 were estimated %?ﬁg ding to the method
|32

described by Winer (1962, p 281) for a three—fac or experiment Fach

) RT was -estimated, w1tR1n each S over the factors of loci of 1nstruc-

a}

tion movement cues, and responses Ihe 256 raw RT were then submitted

i“‘

to a four- -way, ANOVA, Ss serVing as a f@ﬁrth dimenSion

Ej

_ The summary of the ANOVA is presented"in Table 8. None of the main’
» . _ ; S v
‘factors nor interactions reached the o = .05 level of significance
Actual mean vaiqgs of the different experimenta] conditions are presented

J\»

"'rn Tab]e 9 5 Recognition RT for EL, D, D+L and SL were respectiveiy of
698 92, 715 92 747.31 and 798. 91 msec. Negative responses (701.02 msec)
tended to be s]1ght1y faster than positive responses (779 52 msec) " The

precu1ng-condition (729.59 msec) produced siightiy faster recognition RT
[N \ . o .. -~ »‘ o

than the postcuing condition (750 95 msec) I (*_w =

‘ Discussion R o o o V'5._ - . RN . .-

‘i. As was the case.in Experiment I, absence'of any effects on recogni-
" tion RT might still be due to a relatively high error rate in this
experiment. 'AIthquh the'overaii errorArQ;e Waf somehow 1ower in this

experiment (25.39%) reiqtive to Lxperiment. I (39. 017), no effects woere
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Table 7\ ¢
Mean percent of errors for gach movement cue ’

as a function of the 1oci of instructions and

% the responses required —
\ , ) ' ‘ -
Movement cue ~ Loci of'instrﬁctions. | ‘
Before - " After
Positive Negative  Positive Negative Grand
response response  response response’  mean
Distance+location  12.50% 12.50% - 12.50% 6.25% 10.947,
Distance ~  25.00%  18.75% 37.50%  31.25%  28.137
~ End Tocation  25.00% ' 6.25% 31.25%  18.75%  20.31%
\Starting location  31.25% 50.00% 31.25% 56.25% 42.19%
Grand mean - 23.44% . 21.88% - 28.13%  28.13% -
‘Grand mean . . .22.66% - 28.13% - 25.397
: ~ e
N "
'I . - <
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Table 8
’ Sdmmarﬂnof the ané]ysis of variance
: ' ! .
b
on'the\reacxion~time data of Experiment II
Source . o SS© df . MS F
| . ‘ \ - Y
| Subjects (a) ; 9.577 15 .638
N i 5y o9 1 029 285
axj | .1.536 15 102
Movement cues. (k) 371 3 124 630
axk B 8.810 45 196
Responses (1) -~ 394 1 394 952
ax.l o 3.030 15 .202
ixk - 290 @ 30 097 378
axjixk '3.156 4 45 .070 '
¥ ~ : ’ A
ix1 . .090' 1 .090 382
axjx1l , .1.005 15 .067 '
Ckox 1 - o072 3 .024 .344
a x kx1 B 5. 147 45 .070 '
Pxkxl N o T207 7 T3 089 165
axixkxl1 = 2.672 45 .059 o
K : 7] . - - ..
jsixty—five.degrees.of_freedom (égu1d be substracted from the 45 df .
of the three-factor error term Yue to the 65 raw RT that were est1mated
as a methad. of rep]acement of the missing data R o



Table 9

81."

Mean reaction time (in msec) for each movement cue

" as a function of the 10¢f,of instructions and the

responses required - ¢

|
Movement cue

Loci of instructioms:~

. Before . After .
Positive Negative Positive Negative, .1
¥esponse "response  respanse response

704 .69 827.56

Distance+location  787.75 655;25;
Distance  678.50  683.50  855.44  650.25
End location = 780.81  697.31  -649.81 - 667.75
Starting location 757.31 *_ 750.81  902.94  784.56
‘Grand\wean"v 750.0§'5fﬁ§bé,08f- 808.94 692.95 |
Grand mean 729.59 750.95  ° 740.27
Y
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noted in. terms of recognition RT. ' Recognition errors will first be

N

c

discussed. -

Loci of instruction. 1In Experiment I,\a;posteufngltechnique was

employed: S5 knew only after they had memorized the movements which -

\ \ \ X : :
cue had to be recognized. It was felt that such technique could -

u

partia11y be responsib]e_for the error rate observed and so the purpose

of this experiment was to compare a précuing and a postcuing cohdition..

The xrecuing condition did not significantly reduce the-numbér of
recognition errors. K |
‘One possible reason could be that in the poétcuing_condition, Ss

encoded all cues {D+L, D, EL, and SL) and were therefore ready for
all ‘ ! v

beingktested on any one of them. Hagman and Franci§ (1975j.have shown -

that Ss are capable of encoding D,  EL, and D+L at the same time and can

immediately reproduce any _one of:them accurate]y. If so, that would "~

exp]ain the eqUiva1ence between precuimg andepostCUing conditions. Tn

a precu]ng cond1t1on, Ss encode on]y the movement attr1bute for which

™~ \

"they are cued. In a postcuing cond1t1on, Ss encode a11 necessary

,attr}butes and are therefore ready to be tested!on any one of them.

Recognition performance was of equa1.aCCUraCy’in both conditions. .

"‘hConsequent1y, reduct1on of the overaTl error rate will have to be

. m

) reached by other means and among them by render1ng memory movements

'\and d1stractors more d1551m11ar from each others

Movement cues In compar1ng resu]ts from Exper1ments [ and II

~

the same pattern of d1str1but1on of. recogn1t1on errors amonq movement

Ques emerges: the least. errorfu1 cle was D+L success1ve1y fo11owed

N

by EL, D, and SL cues with no s1gn1f1cant d1fferences between the first

\ \
- X R \

~
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three movement cues, Concern1ng.D+L EL, and D, anthough there might be
‘some d1fferences in the eff1c1ency of reproduction motor memory depending
on which cues Ss are work1ng w1th (Marten1uk & Roy, 19725 Marteniuk gt
gl; 1972), there do not seem to exist any differences in recognizing»

those cues.

Types of responses. Resuiws of both Experiment I and I were

fairly consistent in this respect: no s1gn1f1cant d1fferences between

'.recogn1t1on errors for pos1t1ve and negative responses

Recogn1t1on react1on-tjme; The same trends were noted between'the
results of.EXperiment I and II: very slight differences between recogni-
tion RT of D and EL information whwch were both s11ght1y faster than
D+L 1nformat1on wh1ch in:turn was slightly faster than SL 1nformat10n : -
'For both recogn1t1on errors and RT there were no s1gn1f1cant differences
between D EL, and D+L for Experiment I and II.
Contrarw]y to Experxment I, negat1ve responses tended to be s11ght1y

faster than pos1t1ves responses. That resu1t was somewhat surpr1s1ng

since a,fixed-set procedure was used in this experiment (the same memory - T
b} ) .
- . - - N
A movement was- used over successive tr1a1s) and only one size of memory
‘ set (M 1) was employed. In such cases positive responses are normally

s1gn1f1cant1y faster than negative responses (Posner & M1tche§§ 1967;
Nickerson, 1973 Br1qgs & B]aha, 19695 M]]ler & Pache]]a, 1973) ‘s’ The
P : °absence of s1gn1f1cant effects of types of responses on’ recognition RT

e, aﬁﬂﬂ]d of course be attr1buted to the high error rate of this experlment
\ . - “?n summary, whether or- not Ss kriew. in advance which cue had to be .

N s/
’ _%:\’ . recognazed d1d not affect recogn1t1on performance of movement 1nformat1on. ’

—

Therefore, reduc1ng the error rate in this type/of parad1gm w111 have

l //

to be ach1eved by a d1fferent means, for examp1e by rend1ng the memory, . \ .
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and the distractor movements more dissimilar* from each others. Never-
theless, considering the overall error'rzte, recognition performance
_ both in terms- of errors and RT were very similar for D+L, D, and EL

1nformat1on

| Experiment 111 y , <A
Method | ' )
| Purgose . The phﬁpose of the third experiment was to determine
,the effects if any, of”a retent1on 1nterva1 ‘on the recogn1t1on process
‘of’movement information. i Part1cu1ar1y, on the recogn1t1oF process
based on, two spec1f1c cues of movement the end location and the
distance covered. The a1m was to determ1ne 1f there wer% any differ-
fent1a1 effects between {a) 1mmed1ate_recogn1t1on, necognition
after an unfilled retention interval, (b) recogn1t1on after a reten- °

tion 1nterva1 f111ed with an attent1on demand1ng task\

’ _,.St1mu1us material. A tota] set of six mouements (1'near—oosik

" tioning movements) entire]y’dﬁfferent from eachlotherfin terms of
their SL, D: and EL were used.in this experiment. A su —setvof

, three.movements was used as.memoryfmovements while .the sub-set of the.
f\remainder three movements‘waslused as_diétractor for half of the sub-
set. For the other half of the Ss, the contents of the two sub-set
were simp]y.interchanged such'that any given movement S rved’equally
often as memory movement and d1stractor Table 16 (App noix A)

. descr1bes the nature of the memory movements, distractors, and test
movements used in this exper1ment. Itican be observed from Table 14,
15, and 16 that‘movements‘whichfconstituted totalnense bles for
.Exper1ment I, II} and 111 were made more: d1ss1m11ar as the research
progressed from the first: to 1ast experlment | |

+
I
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Apparatus and_task. vThe apparatus and'task were in all respect5'~

identical to what was used in Exper1ment I with the f0110w1ng excep-
tions: (a) only one memory set size was used (M —-1), and (b) three
d1fferent types of retention 1nterva1s were presented to the Ss.

Des1gn. A2 x 3.x 2 c0mp1ete1y crossed, factorial des1gn w1th

.repeated measures on all factors was used in this experlment The

f1rst factor was the type of cues w1th two levels: (a)‘ﬁeggggiiieﬂ/

o

based on d1stance\nnf0rmat1on, and (b) recogn1t1on based on end-

]ocat1on 1nf0rmat1on. The second factor was the three types of

ax

woacretention . intervals: (a) recognition after a 0 sec retention inter-

val, (b) recognition after a ZG_éec unfilled retention interval, and
(c) recognition after a 20 sec retention interval filled with a
mental interpelated task. Thé'length of the retention interval was -\

choosen such as to permit comparison with studies on motor recall in
N . - . . \\ - ) .

which a 20 sec retention»jntervaljwas used (Posner 1967b; Stelmach &

-~

‘ \ { Do : :
Walsh, 1973; Marteniuk, 1973). "The interpolated task was a]so iden-»

tical to that u§ed-in many studies on motor recall (Posner & Konick,. .
1966; Posner, 1967b; Keele & El.s,-1972).

. Subjects. -TWe]Ve male, undergraduate students (X = 21.5 y;a.,

= 2.56) were;regruited to participate,@n'a v01qhtary"basis in

~ this experiment. AIT Ss weke'dﬁfferent from those who'pakticipated -

in either Experiment I or 1.

‘PrOCégure. Each S received 12 trials representingvone‘tria1 for

‘each treatment combination The order of presentat1on of the 1?

‘atreatment cond1t10ns was random]y selected for each S Only one

© session was requ1red for each subJect.

i
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At the beg1nn1ng of the testlng se551on, the Ss rece1ved wr1tten

instruction and underwent a ser1es of 12\pract1ce tr1a]s with movements

o~ i

~different from those used in the experiment. The written instruction
was s1m11a(}w1th approprlate mod1f1cat10n to that used 1n1Exper1ment I

| : The procedure used 1n this experiment was 1dent1ca1kto that

used 1n the first two exper1ments with the fo]]ow1ng adaptation. At‘ -

the end of the executlon of the memory movement S d1sengaged h1s

. hand from the cursor wh1ch a]]owed the E tb reset the apparatus

ately f0} the next test movement Fo]]ow1ng\th1$, the E .

":-verbal command "regrasp the cursor" When that command was

:fhen act1vated an interval t1mer wh1ch was connected to
" o

_was to be initiated. There were\thrbe poss1b111t1es (a)

o - |
e on 1mmed1ate]y which 1nd1cated to S Eo initiate the-

' after'a delay of 20 sec during which the ﬁnstruction"asked S to ' R

concentrate his attent1on on the to- be recogn1zed 1nformat1on /(c)

A

rthe tone came. on only after a. de]ay of 20 sec dur1ng wh1ch t;¢ mental

1nterpo]ated task was executed

~ N : . Rt

/
- The 1nterpo]ated\task was- a c0ndensat1on ‘task in wh1ch any d1g1ts
presehted number between 1 and 99) had to be c1a351f1ed as odd or even

~and below or above 50. Numbers, in‘a random orders were. reg1stered

on a tape recorder and presented at a rate of one every two seconds \'
Instruct1on g1ven to the Ss stressed the 1mportance of the 1nter-(
po]ated task and Ss were told that errors made on\th1s task were

recorded.. Results on this ‘task are presented-1n the next sect1on-’

\

'The rema1nder»of the procedure was the same as that of Exper1ment I.
% ‘ E s S P . ?" S : --"

Py

. The resu1t1ng tone 1nd1cated t+e moment at wh1ch the B
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This meant that d”bostcuing procedure was used.

Degendent var1ab1es The two.dependent variables were reaction~
AN

t1me data and ‘response’ errors. - s .

Results , ' : SRR N
: : \ (I
~Interpo1ated task. -On the average, .each S committed 1.2 errors

‘(3;2% of errors) in classifying into one out of four possible categories
all digits presented to them duringfth§,retention intervals. Therefore
it can be assumed that Ss gazd carefu] attent1on to the accomp11shment

v’v'/‘-.

'of the 1nterpo]ated task

Error scores Concern1ng the error frequenc1§s dur]ng the rea11za—
f\flt1on of the mawn recogn1t1on task, 15 97% of all Ss responses were

errors as compared to er?br rates of 39 01% and- 25 39% in Exper1ment I

and 11 respectively. From an analysds of variance of the error scores s
it was found that none of the main effects nor_1nteract10ns reached the L

= .05 level of significance. A summary of this analysis is presented -

in Table 10. |

) In Table 11,.group meahs.forAtheidttferent‘experimehtal conditions
“are pfésehted From thi%'table’itfcan be ohserved a's]ight tendancy
for recogn1t1on errors to increase. as. a funct10n of the d1ff1cu}ty of
the retent1on intervals. Percentage of recogn1t1on errors were near]y
' equa]s for pos1t1ve and negat1ve responses as we]T as: for d1stance and

. , . ~

end’ 1ocat1on information. Figure 7 111xstrates the fact that fa]se

negative errors were Stab1e/wh11e,false pos1t1ve errors,tendéa to
increase as a function of the difficu1ty'of the retentioh 1nterva1s.

Reaction-time data. Only RT for correct responses were kept

'Missing RT (15.97%) were agaln est1mated accord1ng to the method

\

described by'winer_(]962, p. 281) for a three- factor exper1ment
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. Table 10
L <
Summary. of the analysis-of variance
on the error scores of Experiment 111

Saurce | SS df MS F

Subjects (a) 173 -.;f‘saS

Movement cues (3) .007 - ] .007 .054
Lax 1.410 L 1 .123

Retention intervals (k) 264 2 132 .946

a x k - 3.069 22 140 7 - i
~ Responses (1) L0071 .007 .186

ax 1 + 410 1 037 |

jxk a8y 2. w090 .478

axJjxk ©.4.153 22 .189 : i

jx1 .063 1 L0630 673

ax jox 1.021 1 .093 :

kx 1. - 266 2 132 946

a x-kox 1 3.069. - 22 140 :

Fxkxl v, 25 2 -.063 - ..388

ax §xKkox _ s.542 22 - .16

| | N

i\* . “
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‘ | '75;;2 11-‘§§94

Mean percert of errors for each retention interval condition '

as a fun?tiOn of the moyemént cues and the responses‘re_quirédl - “
. Retention - Movement.cues
intervals oy _ L
. . Distance ‘End location
T PosiffVe Negative _ Positive 'Negat{ve Grand
response ‘response response response - mean '
0 sec - 16.67% - 8.33%  16.67% - 0.007  10.42%.
20 sec unfilled . 16.67% * 8.33%  16.67% 25.00%  “16.67%
20 sec filled  25.008  25.004 8.33%  25.004  20.83%
CGrand mean™ 19.44% 13.89¢  13.89%  16.67%
| Gfaéd mean | 16.67% . 15.28% 15.97%
o
s
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' ' OSEC 20SECU 20SEC-F’
_Jetention J‘ntervals; ‘
i$if F1guﬁe 7 Mean percent of fa}se negat1ve and fa]se pos1t1ve errors

.as 'a-function of retention” qnterva]s «Fa]se:negat1ves represent the -

errors that subjects comm1tted by saying "no"‘ hen s1t’ve responses
3 were required while false positives repres nt wh

.. said "yes" when negative responses were requireds ( ‘ i e

20°séc unfilled; 20 sec-F:20 sec f111eq with an 1nterpo1ated task)',.*~
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‘Each RT was est1mated w1th1n each S over the factors of mbvement

cues, retent1on 1ntervals, and responses The 144 raw RT were then _
submwtted to a- four -Way ANOVA Ss serv1ng as a fourth d1mens1on
The summary of the ANOVA is presented in Tahle 12 Only one main

N
effect was s1gn1f1cant That was the retent1on 1nterva1 cond1t1ons'

";(E_(Z,ZZ) = 3. 779,\p-<. 05) No other main effects nor interactions

,reached'theva = .05 level of srgn1f1cance

A Qoster1or1 contrasts tested»by means of Tukey (3) tests revealed

'vbthat on]y one pa1r compar1son~was s1gn1f1cant at ‘the a: 05"Teve1“

That 1s, recogh1t1on RT was s1gn1f1cant1y Tonger after a 20 sec retention .

interval f111ed with an atken£1on-demand1ng task,than after a 20.sec

‘unfiTWed retentionginterval (see~ Tab1e 21 in Append1x C) Group means

K

:-- for the d1fferenf exper1menta1 cond;t1ons -are presented in Tab]e 13
: Aga1n in th1s exper1ment negat1ve respénses (575.78 msec).were found
. to-be, though not sagn]f1cant]y, faster_than positive;responses (648:29n

'msec).

By render1ng memory movements and d1stractors ‘more d1ss1m11ar from

' ”ueach others,Athe overa11 error rate has been reduced to- 15 97% which

AN

'f1s in fact the Howest one observed 1n a11 three ‘experiments: Eqrors

were. even]y dIStr1buted among the d1fferent experTmental cond1t1ons”

=]

since no-maqn effects nor 1nteract1ons were s1gn1f1cant From those

two re5u1ts, it can be cons1dered that the obta1ned RT data are some—

K

"how more mean1ngfu1 than 1n the prev1ous two exper1ments

) Concern1ng recogn1t1on errors a slight, though not s1gn1f1cant

\

:tendency of 1ncreas1ng false pos1t1velerrors as. @ funct1on of retentlon

,b_

interva]s wasn bserved Thatﬁya 'con51stent;w1th Cregg (1976) »f
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 Table 12 |
Summary of the ana1y§i$4n#§varfancz "
. P | © T e
on the reaction-time data of.Experiment 111
Sogrce 'Mé’_ df SS F
 Subjects (a). 7 9618 1 B2
" Movement cues (i) - .084 1 043 .984
ax g . L4887 00N .044 o
‘Retention 1nterva1s ( ) ‘% 1.349 2 ;675n S3.779%
a x k ‘ | 3.928 22 - 179 ,
‘Responses (1) S 189 1 €9 L7 '
2 x1 s S 2.927 18 .266
"j\x ko o 032 - 2 06 . 415 .~
axjxk, . . .746 22 .034 o ’
B _ v o Vo : L _
ix1 7 - . .005 1 ;,005- 174
axjxl . ..285 M ez
kx1 a7 2 -.200 3.087
axkxl 1.487 - 22 068
Jxkx1 it Toer 2. oa Is30
axjx o 0.563. 22 .026 - .
]twenty -three degrees of freedom should be substracfed from the 22 df

of the three:factor érror term due to the 23 raw RT that were est1mated

as a method of rep1acement of the m1531ng data '

*§1gn1f1cantrat'thel,05 Tevel

7

Bl N

v
|

-~
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Mean reaction time {in msec) for each retention’ interval condition

as a»fune;ioh of the movement cues and the responses required

I

- 4 .

Retention . Movement cues )
~ intervals o : .
Distance End location. ;
Il
Positive Nbgative Positive ‘Negative‘ Grand
- response’ response response response. ' mean '
0: sec _ L‘688.17 ~500.33 682.83 421.42~ 573.19
20 sec unfilled  499.00 ~'531.58  527.67  512.83 . 517.77
204Sec-fi11ed . 793.08 764.42 699.00 " 724.08 745.15
Grand ean  660.08, 598.78  636.50  552.78 -
 Grafid mean © 62943 . . 594.64 612.03
‘ _ . _ -~
N 9
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concern1ng the- retent1on interval effects and w1th resu]ts from Experi-
L4

ment I as far as memory Ioad was concerned v In Exper1ment I, load was

‘f}‘1mposed'on memory,by means of the number of movements stored 1n'whi1e

~,

p observed. e S i . ‘ .

N - ~ . T
_in Experiment IIl1, loads corresponded to the.difficulty of the reten-

e

‘tion interval. Whi1e.the’trend was siggﬁficant_in Experiment I, it was -

not in this third experiment probably due to-the much lower error rate

Reaction-time data. In this experiment, movement information have:

o ’ | o 7 | ‘ O .
been found to be rehearsable (i.e. recognition latencies were unaffected

i;b} an unfilled retention interval). Clifton and‘Birenbaum'(1§70) also K

“found with digits that unfi]]ed.retentgon intérya]s.of from .8 to 4.8

sec did not affect recognition RT for positive and negatfve responses.

- Contrary to the fesu]ts'of»Experiment 111, Marshall (1972) found a:-

sign%ficant increase .in recognition errors of movement information as
a function of unfilled retent1on 1nterva15 Houever'he fnvestigated
the effects of much 1onger retent1on intervals, namely 5, 60, and 90
| Kantowtti (1974) also found a s1gn1f1cant increase in recogn1t1on'
‘errors of movement 1nformat1on from 1mmed1ate Jecogn1t1on to recogn1—
t1on after‘a 20 sec unf111ed retent1on 1nterva1 Resu]ts from MarshaT]_
| 1972) and Kantow1tz (1974) were thus not rep11cated ne1ther in terms
of recogn1t1on errors nor in terms of recogn1t1on RT “ o E : >
~In th1s exper1ment EL 1nformat1on has been found to be unaffected

\by an unf11]ed retention 1nterva1 but affected by an 1nterpo]ated

attent1on demand1ng, task which s 1n agreement w1th stud1es OR de]ayed‘d

*reproduct1on of E- def1ned movements (Keele . & El]s, 1972 Laabs, 1973,

/i1974), On the other hand D 1nf0rmat1on has a]so been found unaffected.#;



1 “Ibf)the unfi]]ed;retention interval which is in-egreement with results
.reoorted.by Diewert (1975)»QQt,in desagreement with most stud es'on
delayed reproduction of~E—defined'mermentst(Posner, 1967b; Laabs, 1973/
1974). FurtHErmore,AD information was affected by the interoo1ated
tasktwhich'is in desagneementtwith‘Posner and Konick (1966), Po§her;
'(1967b), Laabs (1973), and Diewert (197%) coneerning'delayed repmodue—

_tion ot D fnfohmotiont 'From,Experiment‘IiI it eould'be concluded that -
D and Ethave idéntha] retention_charécteristicé.
faken co1]ect1ve1y,>results of‘Experiment I,‘iI, and 111, in

B Whjch E-defined movements?were used, indicate that EL and D - \ ‘
infonmation'wou1d have identical encoding'énd retentionyeharactertg_
ties.. Sueh point of v%twaould.he in desagreement with most studies
on reproduct1on of E- def1ned movements {Marteniuk & Roy; 1972 }Kee1e‘& :
“Ells, 197% Laabs ]973 1974; Stelmach- & Kelso, 1973 D1ewert 1975)
ﬁowever that po1nt of v1ew wou]d be in’ agreement w1th stud1es on repro—_

'-duct1on of S-defined movements concern1ng the equ1va]ence of the N
retent1on charactemwst1cs of D and EL- 1nformat1on (Martenﬂuk 1973;
Jones 1974), a]though those and other stud1es in that areé haVe
"_ usua11y found more eff1c1ent enc0d1ng processes for E: re]atiyEﬁto_Dh,w;’
E 1nformat1on (Marten1uk 19/3 Steﬂmach et al, 1975) o |

o - One prob]em rema1ns unso]ved and refers to the quest1on of

‘whether perceptua] or conceptua] codes were stored in the motor short-

’termmétore'andASearched for'doring the'hetrie§a1 orocess. ‘The pereeptu§1

code mightlneter to the‘repkesentation of the movement per se and as . |

‘.we.safdﬂprevjous1y (p;_42);‘wou1d be§specified in termefo?'a set'of

teatunesv(D~ SL, EL)twithin the particu]ak modafity The conceptua]

. code on: the other hand mlght refer to e1ther the. 1nter moda11ty

v
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representat1on of a distance; a spec1f1c 1ocat1on in space or perhaps

. of the total movement p_ﬁ_sg, The quest1on of whether un1tary perceptual

for a given movement or d1fferent conceptua] codeslassocxated with

“movement were stored'in|STMM:remajns unansWered, . ¢
e Perhaps with tne-exception of'EXperiment-I ‘the tasks in"EXperﬁ—
X4
“ment II and IiI were probab1y s1mp1e enough to necess1tate the’ encod1ng

vat the level of a peroeptual code_pnTy As noted by Atk1nson et al
(1974): | R o

' "a greater -eadiness to classify on thé basis of perceptua]

- factors than on other (conceptual) factors is consistent
with the model., Since a test. stimulus will be represented
in the memory system as a perceptual code before it ¢an be
represented as a conceptual code ,strategies that allow
accurate respond1ng by processing perceptua] codes will: be

preferred in -those tasks where response speed is an
1mportant task demand". (p. 134) .

"

T

L Un11ke a reproduct1on accuracy task 1n which response speed is not

1mportant the task that was used here p1aced a great empha51s upon
L response speed This emphas1s ‘may have forced the/Ss\to process

_the information a the 1eve1 of a per%eptua] moda11ty spec1f1c ’f
dcode Therefore the use of a unitary perceptual code fon a g1ven
movement may exp1a1n the equ1va1ence of recogn1t1on based upon D

and EL cues, and consequently the d.ntical encodlng and memory
character1st1cs observed for both cues. | | o

| One 1nterest1ng ser1es of exper1ments to be undertaken in the
area of motor recogn1t1on memory wou]d be one in which Ss wou]d be
forced ‘to process 1nformat1on at the Tevel of cpnceptua] codes - <In
th1s way, “inter- moda11ty 1nformat1on could. be man1pu1ated or
categorles of movement 1n{ormat1on (e.g. short movement) cou]d be N

asked to be recognlzed This wou]d be a means of compar1ng

rec09n1tvon latencies of movement 1nformat1on encoded at d1fferent



. - . Chapter 5
GENERAL DISCUSSION AND CONCLUSIONS

Genera1 d1scuss1on i

"> The purpose of th1s ser1es of exper1ments was to exp]ore the‘
' brecogn1t1on processes in shortfterm motor memory._ Three;reasons

were offered in support of the’d%oice of a recognitioniparadigm to o
| /prse short term moton memory The first one was that motor |
'recbgn1t1on is a major 1earn1ng task p__ se and deserved to be
studledv The second‘reason-was that reCent mode]s.of'motor perfor;
~'vmance have pos1ted an 1mportant recogn1t1on mechan1sm but rema1ned
.'qu1te s11ent as to processes 1nvo]ved The ]ast reason was that a
'\7ecogn1tlon parad1gm can somet1mes be very sen51t1ve to- encod1ng
and storage processes in short term motor memory A very ]1m1ted

v

number of stud1es Wwas found in the 11terature that 1nvest1gated
:motor recogn1t1on memory\and thus the need was felt for th1s ser1es ”
Vof expemments A - . '

- The task cons1sted of s1mp1e 11near poswt1on1ng movements‘
’(left to. r1ght abduct1on of the r1ght arm_in the hor1zonta1 p]ane)
';us1ng a meta] track and a s]1der mov1ng free]y a]ong the track
‘-Each tr1a1 was composed bf twp parts In the f1rst part the subJect

',was presented a movement to- be memor1zed In the second part

';”fo]]ow1ng a f1xed delayd the subJect was presented a test\movement

““-:hnnedlately upon tenn1nat1on of the test movement the subJect had

to respond as rap1d1y as he could by preSSIng one of two keys, whether
or not the test nmvement was the one he had prev1ous]y memor1zed

97




»’error rate and poss1b1y speed-accuracy trade offs embod1ed 1n both

‘$types of dependent var1ab1es, 1t was - felt that recogn1t1on RT was not

"t*var1ance of the RT data Recogn1twon error was, thus cons1deag§ to be

Otherwise he made a negat1ve response by pressing the other key
' Recogn1t1on Tatency was def1ned as the. t1me that e’apsed fromi{:!
term1nat1on-of the test movement to the key press1ng response »37"
Recogn1t1on 1atenc1es from on1y correct p051t1ve and correct negat1ve
responses were analyzed Percentage of response-errors (fa]se p0511;
t1ve and false negat1ves) were aTso anaTyzed i |

»—The purpose of the\f1rst exper1ment'Was to determ1ne the effects

of the: number of movements 1n memory (1 e. the\memory—set size. effect)

- on the recogn1t1pn process of movement 1nformat1on and part1cu1ar1y on’

" the recogn1twon process of three spec1f1c cues -of a movement aTong

n

with a contro] cond1t1on The three movement cues were (a) the

start1ng locat1 n, (b) the end. 10cat1on and (c) the d1stance of a

memorlzed movemevt The control cond1t1on was the recogn1t1on~of a

the test movem'nt were 1dent1ca\ 1n a]l respect
N

An overaTT error rate of 39 0]% was- obta1ned W1t% such a h1gh

\

any more a sens1t1ve and re11ab1e measure of the processes under

7

3scrut1ny As a matter of fact a]l main effects and - 1nteract1ons

Y —

y fa11ed to reach the a = 05 Tevel of s1gn1f1cance in the ana]ys1s of

‘

. U

the main dependent varlable ) :j_;“_,: _bf:;:'u "“.ff

Concern1ng recogn1t1on errors, results obta1ned parraJTed those

:~1 obta1ned from reca]l paradigms perfOHnance was a d1rect funct1on of

; -98.
If it was, he made a pos1t1ve response by press1ng one of two keys.“

‘ nemor1zed move 'nt as a who]e That 1s to say the start1ng 10cat1ons,.




: memoryFTOad"~In termspof the present ewperimenx, it‘méant-that“recogni-
t1on errors were 11near1y re1ated’to memory set 51ze Concern1ng

';movement cues, on]y one. cue: was fovnd to be swgn1f1cantly d1fferentk

ut

”‘f"than the other cues |start1ng 1ocat1on.‘ In fact subJects comm1tted
‘xs1gn1f1cant1y more errors when recogn1z1ng start1ng 16cat1on 1nformat1on b

. 7re1at1ve to the other th movement cues (d1stance and end 1ocat1on)'
. -y .
o and re?at1ve to the: contro1 cond1t1on (d1stance plus ]ocat1on 1nforma-

t1on) F1na11y, it was a1so found that the 1ncrease in recogn1tlon
-:errors as a funct1on of memory set s1ze was most]y due to an 1ncrease ;':IQh'_

in- fa]se pos1t1ve errors, a f1nd1ng repeated1y reported in the verba]
:‘memory 11terature .’ f é'1f~--‘“g”v' R | ‘

| In this flrst exper1ment a postcu1ng techn1que was emp]oyed That_:f-'f
"fh1s to say, subJects were 1nstructed as to wh1ch cue was go1ng to be
--f“ tested on1y after the movement (or movements) was (were) memor1zed it.nj‘»"
. hwas felt that such techn1que was perhaps respons1b1e, at 1east i part
ih for the re]at1ve1y high error rate observed

| The purpose of the second exper1ment was therefore to determlne the
"effects of the 1ocus of 1nstruct1on to cue on spec1f1c attr1butes pf.q
movements Two cond1t1ons were compared A precu1ng cond1t1on in ‘:v

«wh1ch the attr]bute to be recogn1zed was 1nd1cated before the to= be-:

'ﬂlmemor1zed movement was presehted and a postcu1ng cpnd1t1on in which

'1e,;5nnvement as a who]e

‘the attrwbuteswas 1nd:cated after the presentat1on of" thefdf?be memor1zed‘
N movement As in Exper1ment I three spec1fic attrmbutes or movement ‘
”-,cues were tested a]ong w1th a contro] cgnd1t1on The cues were the ‘i_f‘;
- ;startwng 1ocat1on the end locatﬂon, or the dlstance of the memor1zed

‘.f‘

‘?'movement The contro] cond1t1hn was theLrecoqn1t1on of the memor1zed~'i-f'

AT T



“interpreted very caut1bus]y due to the error rateﬂﬁ

b : !
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Again, as in Experiment I, the overall error rate was relatively
high (25 39%) and the ana]ys1s of variance on the, RT data‘revealed no

systematic effects. The RT data, as in Exper1ment 1, have to’be,

s
A

Concern1ng recogn1t10n errors, no differences were found between

" the two loci of 1nstruct1ons Therefore, it can-~ .be concluded that the

-postcu1ng techn1que employed in Exper1ment I wad probabTy not reSponswae‘

'S

for the error rate of that exper1ment. Aga1n, as 1in Exper1ment 1, there
were no s1gnnf1cant differences-in terms of errors between distance-
p]us Tocat1on, distance, and end-location 1nformat1on w1th startnng—
location 1nformat1on man1fest1ng the h1ghest recogn1t1on error rate

The purpose of the)th1rd exper1ment was to- determ1ne the effects

“of'three retent1on conditions: (a) immediate recognition, (b) recogni-

- tion after an unfilled .20 sec.retention interval, andp(c) recognition,

after a 20 sec retention interval filled with’an attentﬂon-demanding

o task: OnTy two movement cues were compared distance “and end location.
- Those®were selected on- the ba51s of the1r apparent encod1ng s1m11ar1t1es

' observed in Exper1ment I and 11.

By render1ng the memory and the test movement more d1ss1m11ar in

a

thws th1rd experwment the error rate was in fact decreased to 15 97%

with no s1gn1f1cant dwfferences,'wn terms of recogn1t1on errors, among

‘ the d1fferent exper1menta] cond1t1ons w1th" 5o cesu]tf in mind, it
_‘was expected that recogn1t1on RT was therefore nove sens1t1ve to ‘the

- effects, if any, of the 1ndependent variables than 1t was in the first

twL'experiments As a'matter of fact, on2 main effect came out s1@n1f1—

'cant and that was the retent1on 1nterva1 ma1n effect. It Was found

that recoqnltlon RT of both d1stance and end 10cat1on 1nfonnat1on were



2

S | ‘\ 101.
»1eft‘unaffected by the'unfi11ed,retention interval but 1en§thed_by the
fetention interval fi]]ed{with'dh interpolated task. In addition to the
faqt Qhat the mévement ;ue main effect was not'signi?icant and’the
absence of a sigﬁificantbmovement cue by retention jhter§a1 interaction
it was ;on¢1uded that both aistance'ahd eﬁd-location‘information had - «

\

identical retention characteristics.

~Two m@jor‘methodo1o§i¢a1 preblems associatéa with this type of

paradigin will have to be resolved before solid conc]usﬁons can be reached.

concerning recognitidn,prdcesses in Short—termgmotor memo(z.; The first
one hés to do with the{difficu1ty of the recogﬁit10n task and the second
one Wffh the form of presentation of the stimu[us.material; _ ' :
‘Concérning thé}djfﬁiculty of the Fecogpitioh fésk; a differeﬁce of
3 ¢cm was adopied in Exberiment T between a.memory movement and\ifs
dist. .ctor (see: 'Appendix A for the rational beﬁiﬁd thinghoice). That
fs to say, Wheh the movémenfé to be memorized had amp]itudes of 1, 7,
or 13 cm; the distractors used to call negative responses had amplitudes
.of 4, {0, and‘]6 cm respectively. équ Experiment,III, thé djffefence )
was set at 6 cm.  When memorized movements had amplitudes of 1, 4,vo(
13 pm, distractors » o amplitudes of 7, ]Q,»and ]9 cm respective]y.
While differer =s adoﬁted for Experiment I wéfe a1re§dy above
just-noticeable-differences fOr‘these types of stimuli (seé:' Appendix_
A) they sti114resq1ted in an overall efﬁér rate of 39.01%. Whi1é these

differences we?e still incréased in Experiment III, thenovéra11 error

rate was relative1y,high with a 15.97%. In'fUtUré exberiments, the over-

" all error rate will hayevto be reduced 'by increasingveven‘more'the

-

differences between memory and distractor movements and by giving
extensive wractice'to the subjects.

®

~
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The second mgthodojogica] problem has to .do with tﬁe?ferm ef |
;:preseﬁtation of the stimulus meteriaI wheh memory Set Size Ie-a factor
ofm1nteres£*\‘yhen this paradigm is used with verbaI material (e.g._'

' d1g1ts, letters, words, and so forth), the to- be memorized 1nformatlon

%

‘are presented $1mu1taneoust, usuaIIy by means of a tach1stascope

. Test informatlon can thus be presented very shortIy afterwh11e:?‘In
Experimenﬁ I, to-be—meﬁofﬁzed movements were presented‘sequentiaIy.
Due to the apparatus and the experimental setting, it took approximately
40~séC’bethen‘the presentatiph‘of,fhe fIrsf hoveﬁent to be memorIzed
‘and'fhe presentaﬂion of the test movement when three.movemenfs‘had to

be memorized. It is possIbIe then that the test movement was being
compared with aIreedy degfaded representations of:memefy,mevementé and
that set size effect ‘be completely confounded with time or decay”effeetsi
In fufure experimeﬁts, care should be exercised such’that presehtatio#

ef\the memorized movements be simultaneous or be as‘cIosed ini time as

possibIe. | |

ConcIUsionv 3 :‘ ' ‘ R o .

1. Despite’en ovekaII error rate'somewhet higher fhaﬁ that normally
reported in the verbaI meho;y I1terature, resuIts from recoqn1t10n |
Iatenciesv1n same cases (e.g.>Exper1ment III) and recogn1t1on errors in:

_ some ofher casesﬂ(e.g,‘ExeerImenef I and I1) par;IIeIed'those from |
seyekaI etudies ih_the verbaI'ahd mptor.memory IIteratere.q It can:
,reasoenanyvbeIcothuded that ébmbtor'recoghition'paradigm, eIIied to
recognition Iatehty'as the maiﬁ dependent variabIe, is a viéb]e tool of
1nvest1gat1on into short- term motor memory, provided that the overaII

A )

error rate is at least 1nfer1or to 16% and preferably Iower
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~ 2. D1stance, end 10cc-,on, and d1stance+1ocat1on 1nformat1on do
appear to have 1dcnt1ca1 encod1ng and retent1on character1st1cs anto
short term motor merory in as far as recogn1t1on errors are concernﬁﬁ
(e g Exper1ment I and II) Funthermore ‘distance and énd-location
1nformat1on do appear to have 1dent1ca1 encod1ng and retent1on charac—
ter1st1cs as . far as recogn1t1on latenc1es are concerned (e g. Experiment
-III) From resu]ts of Experxment III, 1t can also be conc]uded that it

" takes as. much t1me to recognwze dlstance as it takes to recogn1ze end-

3 {ocation 1nformat1on _’\: | ’ :”

| 3. Start1ng location appeared to be the most d1ff1CU1t cue to
encode (e.q. [xper1ment I ind IT);' Whether 1t is a valid obsorvat1on or
is a resu]t of an art1fact from t}e procedure to eva1uate recoqn1t1on

of this type of cue w1]1 have to be ver1f1ed in future exper1ments

4. whether the’movement cues to be recogn1zed are 1nd1cated prior
to or after the memorization of the movement does not seem to affect
the error rate at the t1me of recogn1t1on _ |

5. "Due to error rates observed and espec1a11y to error rate of

Exper1ment I, no tonclusions can be reached concern1ng the modes of = - //7

operat1ons of the recogn1t1on process 1nto short term motor memory, T

/
’ /

whether the process is -serial or: not exhaust1ve or not, and whether there | .

is a search at all of the content of the short-term motor memory storage

system. v . o : : ‘ o o
6. Recognition.errorsvappeared to be a linear tunction.of memory . .

set size largely due to an increase in false positive errors as a.

function of set size. .That isvto-say,‘as memory set size is'inCreased;‘

a greater tendancy to recognize a distractor as a memory'movement is

manifested. ' . A .



O qoa.
ﬁ,p]; It takes as much time to recogn1ze a movement as ‘the correct ‘

one or one that has been exper1enced before as it takes to recogn1ze

a movement as the rncorrect one, or;one that was used as a d1stractor

(e.g.fExper1ment I11).
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‘ Tabls 14
- Stimulus material for Experiment I:
1. Total set of movements from which memoryv

-movements were drawn]’ 2

»
hJ

Movement features

‘Starting  Distance ) End % Functions for
~ location o location - halfi of the Ss
15 Tem = - 16
18 }- 4em 22 o 'mémbfy novement
21 7 cm 28 )
24. s :_10 an “'_34,.' | .- memory movement ?.“
7 % e e | |
Ce 30 6 o 46 ‘rh_ o hemory movement

A)

]Those movements are. mappéd on a linear scale such as a metal track,
graded in centimeters, used for linear positioning movements. ' For
example, the first one is meant to represent a movement of 1 cm
starting at location 15 and ending at location 16.°

2The difference between any two distances is 3 cm. This value is well.

above JNDs since- it was found that a difference of 2.5 cm, for a

movement length of 17 cmy was sufficient to make this movement length

dlﬁferent from. any other-ones (Tannis, 1972).
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Table 14 (continued)

* Total set of movéments from which a test movement

was selected depending on the tybe of cue

Movement features .

Cue " 'Starting Distance End Functions for
location = location = half of the Ss
Distance+ 15 1.cm - - 16 negative response
location 18 - .4 cm 22 ~ positive response
2r 7 cm 28 ' negative response
24 10 em - 34 positive response
-27. < 13 cm 40 negative response
30 ¢+ 16cm | 46 . positive response
Distance \ 10 1 cm 11 . - negative response
only 10 " 4 cm 14 positive response
’ 10 7w - - 17 . negative response
10 10 cm 20 | positive response
10 13 em 23 " negative response
10 © 16 cm 26 positive response
End 10 6 cm. 16 negative response
“Tocation 10 12 cm 22 ' positive response
only 10 - 18 cm 28 negative ‘response
100 24 cm ~ 34 positive response
10 30 cm’ - 40 - negative response
10 36 cm 46 . - positive response
Starting 10 - 5 cm .15 . negative response  °
‘location - 10 © 8 cm 18 - posqtive response .
“only 10 . 1lcem 21 negative response -
10 14 cm 24~ “positive response
10 17 cm .27 negative response

10 - 20 cm 30 "~ positive response
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YTable 15

Stimulus material. for Experiment 1L

119.

I. Total set of movements from which a test movement was selected

!

" Movement features

Distance End ~

Functions for

Cue - -Starting

3 location Jocation half of the Ss
21, . 7 em 28. o o
26 10 cm 234 y. ' memory'%ovement

%1. Total set of movements -from which a .test movement was {

selected depending on the type of match

D%stanbe*i
Tocation -
‘Distance :-
only .

‘End location
“only
Starting
location only

21 7 em 28

. . negative
24 - .10 cm 34 positive
0 Ta 17 regative
10 10 cm 20 - positive
10 " 18em 28 negativé
10 .28 cm 34 © positive
10 “Mem 2 negative
10 14 .cm 24 positive

response
response

response
response

response
response

respdnse

AN

1resporse”
) \

oA
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;Tablevlﬁ
Stimulus material for Experiment III
I. Total set of movemenfs from which

memory movements were drawn

N : -

Movement features

\.

‘Starting . Distance  End - - Functions for
location : , " location _ half of the Ss
- 15 . 1 cm 16 memory movement
21 7 cm N 28 ' o
S 4cm 22 ' . memory movement
24 ' 10 ¢m 34 ¢ '
27 © 13em . 40 . memory movement
33 19 cm - - B2 o
]
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4 ,
\ : »Téb]e 16 (continued)
11, ‘Total_sgt of mo&ements from which a test movement
was se]ected,depending on the type of cue
:Movement features
Cue Starting Distance End Functions for
tocation location . ‘half of the Ss
10 1 cm mo pdSitive resgdnse
10 7 cm 17 negative response
Distance 10 4 cm 14 positive respdﬁse '
. - 10 10 cm 20 neqative response
10 13 cm . 23 positivé response
10. 19 cm 29 " negative response
"0 6 cm 16 vpositive‘respohse
10 18 cm 28 nejative Fesponse
End 1Qcation 10 ~_ J2em. 22 positive response
' 10 - 24 cm .34 negative response
: 10 0 30am T ag positive response
10 42 cm . 52 . negative response
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Written instruction to the subjects of Experiment I

The purpose of this experiment is to analyze the capacity that we
have ot recognizing'd gtven movement as one that we have already |
executed fn the past.  We w111 f1rst proceed with some practice tr1als
‘for wh1ch the procedure is as fo]]ows |

-~ 1. You.w111 f]rstvexecute a movement:‘ invdoing so, try to
remember three characteristics of that movement: (a) its startfng-

.point in space; .(b) the7distance covered; (c) its end-point in spoce;'
' because immediately at the end of the execution of~the‘movement,vo d

test will be administered. o 2 . ‘

2. ’The test wt1 be odministered»in the’to]]owing manner: youb
will execntevé‘test'movemEnt.and at the end, you wt]] have to say, as
rapidly as possible, whetherithe test movement as a whole (i.e. |
ihc]udjng'a11\three charocteristhcs).gr_only one of the threebcharac;
teriStics was the same as in the first movement. ” |

For examp]e, the exper1menter may ask you "te]] me if the.

¢

distance that will be cov

ed 1n the next test movement is the same -
- as the‘one—you~have covered _in the»movement Just executed".. If-so,
at the end of the test movement, press as. fast as yoo;can the-tey B
"yes". IOtherWise, preséhaggfaét as\you'cen the key ”noh."

Therefore, the exper1menter can ask‘you four quest1ons (a) s
the hext test movement as a whole the same as the one Just executed7"

1{'the.d1stance of the next-test movement the same as ‘the one of
the movement jdst eiecuted? (c) is the start1ng p01nt the same as the
‘ ~one of the movement JUSt executed? and (d) is the end-point the sanie

as the one of the movement Just executed a

’
Sy Al
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The‘experimént,wi]1 be cohposed of an'equaj number of trials ' .
fof which the correct answer will be Pyés" and bf tria]é for which the
~correct answer will be "no". Do not foréét‘thatzwhat will bé important
is‘the speed of a cOrréCt answer . |
We will nbw procged with some practice trials. If you have’any
qdestions‘f011owiqg that, do not hesitate to.ask them. Good Tuck.

AN
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Table 17
Lihear'trend”anaﬂyses o? recognition errors

as~a.fUnction‘offmemory set size (Experiment I)

':I.'“Mémory set size main effect

- Source v o .~;  -SS v’ df n' MS . . F
Linear trend = 2.000 . 1% 2.000° = 25.31%*
" Residual. 1741 22 079
: B e \ ; |
I1. Interaction between memory set size
: . .+ and types of responses '
@ — — - : . - —a =

*Linear trend ~ 1.535 . 1 1.53% 5.991*

Residual © . 5.630 - 22 .256.
* significant at thé®.05 leyel § o
** gignificant at the =01 level : o Poe
i Table 18 n

~Linear trendlana]ysis of recognition RT

~“as a function of memory set size (Experiment Ij) °
Source “ ST ss o df Ms T F
Linear trend . 361 1 - 361 2.3
Residual =~~~ = 3.386 22 .154 &
’ ¥ , \
! - \\_ o
L Rt
\ /
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. Tukey (a) tests app11ed to ‘differences between e

9

means of percent recogn1t1on errors for memory set s1ze

,va" -~ and movement cues (Experiment I)
_ o n(/—
~Memory set size (M) ; \i
oMl M=2 M3 ®
~Mean§lv 32.99 | 39.23 4479 - ~
32 99-' T6.20%  11.80%% Minimum difference of
o ~ T sgate - .05 and
39 23 . 5.56 760 at @ .01 -
* s1gn1f1cant at the 05 level

,** significant at the .01 level

Movement cues1
L. D EL SL
. Means 29.17  37.50 37.04 5232
29_]7»,‘£ 8.33 , 7.87 23.15** ‘5M1n1mum d1fference;
< S ; o B _Of 10.70 at, o \
37.50° ~0.46 - 14.82%% . 05 and 13. 38 at
. o .01 :
- 37.04 15.28 -
1 piL Distances location; D Distance: EL  End Jocatien§_SL ,eStaFtihd,

“location

f*‘significant at tke N1 level .
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: Table 20 .
"\Tukey (a) fbst applied ‘to differences between
. means of percent fecognition;errors'fof
movement cues (Experiment II) - -,egrj
| _ .
| Novement cues! _
DL D EL- -SL -
Means . 10.94 28.13 20.31 42.19
"10.94 o - 17190 9.37 31.25**  Minimum difference of
‘ . o 22.34 at o = .05 and
28.13 = ‘ » 7.82  14.06 27.65 at a = .01

20.31 . "21.88

)
|

J-D+L *:Disfancé41océtfon; D = Distance; EL = End location; SL - Starting
“location ' -

** significant at the .01 level

™

\,
\
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Table 21
'\ Tukey (a) tgst app1ied_to differences_bétween means
of Yecogﬂition reaction time for the retention

intefval conditions (Experiment III)

Retention interva] conditions

0 gt 20 sec unfilled = 20 sec filled

. — ~
: ~

Mean 57319 - 517.77 . 745.15 Minimum

: : , difference
573.19 : v 55.42 - 171.96  of 217.09
N : at o - .05

I's
L

517.77 | . L 27 38

,*\‘»signiﬁ'cant at fhe 'Q5 lTevel

f
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