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ABSTRACT

The purpose of the present research wvas to investigate
vithin‘rhe constraints ot a recall and a speeded re-ognition
paradign the functional nature ot the.encdded information 1in
a mpovement stimulus. The two attribures of concern in the
movement were Iocation and distance. In Experinent I, the S
va's requlred to produce a linear movement stimulus
consisting of a start location, a dlstadce apd an end
locatlon. The S wvas then presented with a probe set
consisting of one two or three of these attributes and ;as

A}

to respond as to vhether the probe attrlbutes were the samey,

S
or dlfferent from the stimulus attrlbutes. The subjects
received a directive pre<or post stimulus input cue
"regarding the to-be-remembered iteas. Recognitiqn of
location information resulted in shorter reactiqp times and
lower error scores than those produced 1in recognltlon of
dlstance. Recognltlon of distance information when location
also appeared in the probe set showed reduced RT s and'
incredsed accuracy as opposed to the condltlon vherein
distance was recognized in isolarlon.

In Experiment 11, a recall paradigl wvas used with the
same amultiple attribute input (location and distance) and
cue technlques as Experiment I. For all three 1ndependant
varlables (constant, absolute and varlable error) locatlou
recall resulted in lover error ScCores rhan those for

distance recall. distance recall improved only when a ; .K

iv



location attribute st one of the to—be—recal;ed set.
LgcatiQF information, both start point and endrpo;nt,
emerges as reliable attributes for both recall and
recognition. The indication is that locat;on iqférnation is
available to a deéper level of encoding than distance
information. It is probable that location is)an infeg:al
part of the funétional stimulus for a linear sovement task.
Diétance information because of its primary encoded fori
appears to be integtated vith location inforlatign foé

stofage and has little effect on the functional form of the

movement. stimulus.
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TNTRODUCTI 0N

Fitts (1953f has stated that the problem of optimum
coding 1s central to any study of the inforn?tion
transmission capacity ot a systeam. However, due to a dearth
of studies dealing directly with coding of information from
4 motor fask, felatively little can.b said about the nature
of coded motor information. Consequently little 1s known
regarding tﬁe relevant attributes ot a movement stimulus
"which could fdacilitate learning and/or retrieval.

The coding process (Appendix A) as described‘by coding
theor} is not necessarily an inherent process in the human
performer. However itvis a feature of an infprlatlon
processing systen uhich’requires an interface betwveen the
environment and the system. This interface requires a |
napplng‘of the external stimulus on to an'iuternal
representétion dﬁd hence a transformation or coding process.
The assunbtion of the coding process must then be accepted
1f research is to be pu;sued on the nature of the internal
representation of kinesthetic inforamation (K) within an
information processing model.

The coding process itself may be vieved as a transfer of
information from a short tera sensory store (STSS) to a
short term store (STS) and a lodg term store (LTS) during
vhich there are selected information processing transforas,
(Atkinson and Shiffrin, 1968) the pnature of which is

indicated by:



(a) t nature of the 1ng gt
{b) the con-traints ai . demand. tothe s ROLY
operation (5TH or LETH-, a7

(C) t he out put derands ot‘tr‘ ta: <.

tecently, several stndies have at’ aptedl to QSU thy‘
cod1nyg concept to investigjate lc)tor‘ S_h'ort,r-tﬁrlv“letlolry
(Nacson, Jacger and Gentlle, 1972; Coiby, 197475 ~,’L'ewmr‘t,_"
1975: Hall anl Leavitt, 1977). These sludles h§ve tackled

1 ' . .

the question of whether oO°r not information [xvn‘nqtgr fasks
15 processed centrally.! The ysplication is that 1f.K 15 ‘
centrally processed 1t will de;and t{lc andﬂspaceiln t he
processing sejuence. Also 1t implies that t?e.co¢é usgd to
torm the stored 1nternal representatibn of ;bo,inforlAtlog
1s handled by the ceptrdl procéssiﬁg mechanaisas (CNS} and‘:
not by a peripheral -echanlsn.\Hovever~delln9§txng;th§‘Lﬁcus
ot the coding pro;eés does not\definq the nature pf g’wbibf[:
code. ' 'L’ > }. |

Until recently tbé najor tbeorétic;l positdon réqqfdiﬁ§

‘ DA

K 1s that this type of information 1is. not represenfed
centrally since X shovedvfdrgettinérovét'an'uhfillea;
interval. Therefore K was not considered as viable.’ ot

information for motor recall, (Adams and Dijkstra, 196%;

Posner and Konick, 1966; ¥Wilberg, 1969; Keele, 1973). To

IThe term "central processing®™ is used extensively in the
MSTM literature (Marteniuk, 1973; Diewvart, 1975) and implies
a cognitive involvement in the handling ,0of input . :
informatlon. ' ‘ ‘



g

el aborate, Posner and Konick, (1966) and Posner, (1967a),
suggested that K was not stored by an active process, such
a5 verbal rehearsal, (hénce no verbal code used) gut vas
stored 1n some non-rehearsable form such as an image. This‘
notion of an image 1n Sperlingfs (1963) terms is used to

- refer to an extremely brief aud complete representation of
the stimulus. Posher (1967a) suggested similarly that the
coded information for K would contain all information no£ in
the form ot verbal labels. However, Posner further stated
that it 1is a code containing information availablé in the
task and not necessarily what the ‘'subject 1is subjectively
experiencing or attending to. This implies ttat all the
information available in the K array is not necessarily used
by the subject. The nature of the nominal form of K
information and thé coded fuanctional fogn as an 1internal
representation may be radically different. Laabs (1971,
1973) found diﬁferential recall effects dependen£_on the
type of movement attribute investigated. 59q¢ifically, be
shoved that distance information was spontaneously forgotten
andvthat end location information was ;etained over an
unfilled retention interval. Laabs (1975) suggested that
these two types of movement information be treated
separatel: s  hey appeared to have different encoding and
retention characteristics.

’ As a r- 1t of these various findings theté are several
general hypotheses that could be made regarding the internél

representation (code form) and grocessing of K information.



(a) K 1s not available for central processing
because there is no shor;-teru'storage systea for
that type of information. Keele (1973) supports this
view. He suggests that information that was first
thought.to bé\Stored in STS, is in fact stored in a
sensoryvregister in what he calls a precategorial
form. Further, the infor-ation is available for
recall tor a perlod of approxii;tely 20 seconds.
Keele (1973) re]ects the notion of a motor short
term REmMOrYy proCesS. This in fact negates the
possibility of central encoding of uovenent
"lnformatlon. The use of the sensory register as the
only storage mechanism does not demand time and
space in the centralvprocessing unit (CPU).'This
,further anlles that the code forn,for‘K is primary
or perceptual in nature (Appendlx A). | -
(b} The encoding process ﬁor'K’entails conservation
ofiall»infornation.AThis implies that a direct
representation 1is férhéd for storage in STM. This
viev'suggesfed by ?6§uéf~(1967a) postulates a direct
represenﬁation for the STM process analogous to a
direct visuél representation stored in a short-tera
sensory storage systen (Sperllng 1963; 1967). The
nature of the coded lnforlatlon vould be based on
the phy51cal characterlstlcs of the movement and the

encodlng process vould enta11 appllcatlon of a

phy51cal code. Posner (1967a) terms thlS



representation "a kinesthetic image... which might
include spatial position and other detailed
.information which would not appear in a,verbal ,
description of the stinulus."'(p.268). Therefore he
negates the possibility of a semantic and/or
conceptual code hich in turn .limits the depth of
processing available to the information.
(c)" K information derived from a movement may be
représentéd along Several dimensions characterized
by the attgibutes of distancéy locatidn, endpoint,
~dircction, etc. Each of thes attribuéés néy have
‘different encoding and retenti cpgf;cteristics.
Some attributes hay be availableago deeper levels of
encoding Such‘as a‘conceptual_or semantic encodiﬁg
as gpposéd to a more supetficial physical egcoding
(Appendix A). Thé,quality of -the encoded ingorlation
may change dependent upon»the attributes available
for the subject to encoae and the combination in
which they appear. Laabs, (1971) and Marteniuk and
.Roy, (i972) found that certain cues, specifically
location, were more reliable (i.e. better fetained
in STH) which nay,indic&te'a noréroptinal encoding
process can be c;:bied out on this type of material.
Vﬁen considering these three hypotheées it shauldabé
noted fhat'there is'a raﬁge-of strategies available to thef§
'undet the various eiperilental conditions. As‘Craik (1971),

-has noted, the best encoding procesées are highly flexible



ones and that theladvantage of one encoding procedure over
another may depend on the task demands and the salient
features of the stinulus-as-presented. In other vords, there
1s a distinct possibility that different types of c&ded
inrformation can be developed for the saue_gtimulus event, -
vith the assumption that a given encoding opefationiis

optimal for the specific condition.,

The Relationship Between Storage.and Output

Exaniﬁing the number of efrors as a quantitative neaSufe
of recall performance-in the STM process fails to provide‘
any insigﬂt into the qualitative ﬁature of the sfs}el |
nélfpnction (Schﬁrr, 1973). Errors in recall fron'nenéry may
be attributed to inaccurate perception, intérferenceland/or
loss-while”inbstorage as well as refrieval failure . (Conrad,
1964; Wickelgren, 1965a). Examination of the typés.of input
which result in an errorful perfgplance in a STM task may
provide éoné indication of the effects of mode and character
of thé memory system and retrievaL. . |

It is assumed that in STH operatibns,.e;codiﬁé
stra;egies or the use of an.encoding"procéés optimal for the
'task'degandsfate gnpldyed.-This assﬁnption is sﬁpported by
- fHeAresnlts of Buschke's (1966, 1967) studies which sﬁggest;
that recall,delanas influence the manpner in which |
information is encdded for the siu operation. If his remarks
are interpreted within the Atkinson and Shiffrin (1968) 

B3



memory lddel, 1t would appear that the material stored in
STS during rehearsal for short-tera memory retention relates
the iqpﬁt\to the readout and response. Also the nature of
the information to-be-stored appears to be partially
dependeﬁt on the response’delands of the task. Buschke

(1968) further states that when output deiands are not
available to fhe frer former, the encoding procéss adopted
.W1ll be an optimizing one in which naiimui information would
be encoded to ensure effective retrieial and readout.’

The assumption is that the STM operation is a rehearsal
operation wherein there is a matching of information in the
STS with infofqation or stored abstractions in LTS (Craik
and Lockhart} 1972). The natching results in elaborationvof
the information in STS uhich could possibl} aid retention
{¥arren, 1972). This is in fact a type of'elaborative
encoding-(Tulving and Hadigan,'1970) and the extent of its
use would nost likely be affected by outéut dénaﬂds.'The

<

effectiveness of such an encoding process would also be

influenced by the type and a-ouht of elaborative informatign
available in LTS. The fidelity or degree .of errorless
reproéuction cf the iqput shduld reflect the tobqéﬁness of
the encoded iﬁfof-ation and subsequently the depth of
prdcessing tﬁat tﬂe information has undergone. Depth of
encoding used in this sense implies a greate

coding (Craik and

semantic or cognitive analysis or
. '
Lockhart, 1972).

However, in thi: study, experimental variables which



control depth of encoding with verbal stimuli are not used. -
Therefore conclusions about the depth of.encoding of a
movement attribute, based on this assumption, are ten£ative.
Craik and Lockhart (1972) state thay‘leuoﬁy trace
‘persistence is a function ot the depth of encoding or
analysis in that stronger more elaborate traces are
associated with deeper levels of encoding. As Tulving (1970)
has pointed out, higher order encodings sthld be aﬁailable
- to the subjects after repeated presentatiohs,'This assumes
that the nature of the information allows for ; deeper levél
df processing. Presumably if no semantic or,cqnceptual
counterpart can be found for the infbrnatidq,'the‘robustness
of the encoded information will be depressed. AD.AlterDAté
strategy wvould be té create an analdgous representation of .
the abstracted,infornatioﬁ. However the infornation takes on
the embellishments of that analogy and may be manifested in;

retrieval by a less-than-perfect output repreéentation of

-the output.

(A) Respopse Methods: Recall Versus Recognition
The dependent variableéffound in the”lotor memory
literature are for the most part defiﬁed.ﬁy a method of
;eCall in which reproduction of_thé input (totallyxor in
part) is required. In the recognition method the S must
 decide,§héther or not a given item or probe is»a‘latch,ﬁith‘
‘fhé the previously presented stinulus.”As.Undervoodv(1972)'

suggeSts, in the recall response instance, the S asks "ihat‘



uas‘the word 2« uhereas in recoqnitioulthe‘question is "Is
this that word?w. Functionally the difference betueen the
tvo methods is that recall hecessitqtes operation of a
retrieval mechanism. It is assu-ed that recognition
ellllnates the retrleval problen because the stimulus does
not have to be- accessed (Murdock, 1968). UnderﬁoodA(1969)
turther states that attributes utilized in a recognition
task may not correspond‘to tﬁose in a recall.tésk. He
distinguishes between discriminative attributes, responsibleb
“ for recognition decisions, and retrieval attributes, |

functional-during recall.

(1) Recognition

Few Studies havevbeeu conducted investigating movement
'recognition (ﬂarshail{ 1972; Kantowitz, 1974; Newell ahd
Chew, 1974; Newell and Boucher, 1974; Nevell 1975). Hoﬁe of -
these ‘have collected recognltlon latency data but have
reported on percentage errors, same-different judgelents,
(Kantou1tz, 197&) and on. an index of recognltlon {Newell and
Chev, 1974). This findex 1s ‘difference betueen S's estllate

of his fovelent performance and his actual movement

perforrance. The purpose of these studies was to exanine'the

motoy cosnition process ‘and to draw functlonal

simile .1 < dlfferences betueen thevlotor.recognition
proces = aotor recall prbcess, No attenpt has been
made tc - Y-) techniques of a speeded—recoénitgon

paradic tc -gat  the i ture of stored K information.
; _ -
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In a speeded recognition paradigm (Sternberg, 1966) the

¥
¥

subject must classify a probe stimulus into either a .
positive or negative category‘based on whether the probe ¢

stimulus is the same as the previously presented stinul%s or
is a member of a previously presented array. The subjeJtais
encouraged to make his response as fast and as accurately as
possible. The pnrpqse of this paradign is to produce an |
almost error free performance under speeded response

conditions such that conc1051ons can be drawn on the tinme

needed.to respond rather than the failure to respond

correctly (Sternberg, 19755. “

The major assumptions.of the method are:

1. reaction tiue'(RT) orlthe elapsed fine between
the offset of the.stinulus_and_the onset efﬁ
the response is oCcupied'by a sefies of

- succe551ve'stages vhose addltlve durations
deternlne the length of RT. f

2. thenstages are stochastlcally independent.

'If the stages are independent and if a factor is used

experlnentally which affects only one stage of the multi-

--stage model then the effect,pn RT will bhe independent and

additive since the stageszare'independent and additive.
The four s%ages vhicn‘Sternberg (1969a) proposedeare:
1) encoding stage;'ttansforletion of the stimulus
into an internal repreeenfation‘of-iis identity.

Factofs’prilerily'affecting;thi;&stege gbuld_be ; .

quality, detectgbilty and iniensitY‘of,the stimulus-’

“



1M

qs—preéented.

2) comparison stage: the ptobe itenm is alternatlvely
co-pared against each item in the prev1ously ‘
presented stllulﬁs_array, Assun1ng~as Sternbe;g does

that this stage is,exhaustive,:fhe qajpr‘ﬁactor

vould be”tﬁe size of the stimulus set.

3) Binary decision stage: the decision nakihg stage

(negative br"positive) bé;ed on the resultslof the

 comparison stage. |

u) Tradélation And response organization stage: the

response is selected from the transmitted

information into a motor output. The major factors

influencing this stage would be the S-B coampat-

ibility and the proportionm of pcsitive/negative

responses (i.e.~if fhe pIObability of one were

greatef than the other, a response bigs may be Sef

up and by response’expectancy.reduce the du;atibn of

this stage). '

The najqf concern in the present study is wvith the
encoding stage ahd-ﬁhat the égpendeni_variable (RT) may
reveal about the-natufe of ;Hé encoding-pfocess. In the
éerial-exhauétive scan model?, derived from- speeded—
recognltlon paradignm, Sternberg preﬂlcts no serlal posxtlon
difference for pos1t1ve responses since the -elory scan 1is

exhaustive. In addltlon, conparlson tlnes on sameness and
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difference should he eqhal, However Forrin and Morin (1969)

and Burrows -and Okada (1971) both have shown that the RT for
a p051t1ve response is shorter for an item appearing in the

earlier part of the list. Alsc, Posner et al. (1969) and

" Nickersoan t1973) found a Comfparison with a matched test itel:
faster than a no-nateh'co-parison.

These dlscrepanC1es in the Sternberg nodel have led
other researcherento propose nodlflcatlons (Burrows and -
Okada, (1971),uThelos, (1973); Juola, Taylor and‘Young,
{1974)), which relate iainly to the~enceding stage. Bhrrov5‘
and Okada (1971) in. an attenpt to account for the serial
.9051t10n effect prOposed a."two-state model of
access1b111ty" The state of accesslblllty, ‘would deternlne
whether the search in memory would be self-terilnating or
‘exhaustive- A lov state of acce551b111ty for an 1ten could
'concelvably be a result of a:lack of elaboratlve or
assoclated inforhation.in LTs. There would - then be a 1li. . ted
auount of 1nformatlon on whlch to nake the dec151on. If - o
' 1tem had hlgh accessibility value there should be adequate
elaboratlve information upon- which to lake a judgelent and
”the search vould be self terllnatlng.

Atklnson and Juola (1973), Juola, Taylor and !oung

’(1974),’Hohs ‘and Atklnson (1974) have proposed a model

2serial; because plott1ng RT against target set size, RT
1ncreased linearly and exhaustive; since the slopes of the
RT functions were the same for both target and distractors
(Sternberq, 1969a). L
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‘similar to the previoes one. They assume the search is
optimal with the subject emaploying a Strategy similar -to
speed-accuracy tradeoft. Juola et al. (1974) suggest an
encoding stage that 1nclugee\an analysis of the test

. stimulus and construction 9f a functional stimulus which is
unique. to the form and modality of the input. They term this
the.perceptual code which is mapped in LTS in the
eppropriate location dJenerating a ccnceptual code, This in
“turn generates a fan111ar1ty 1ndex for the itenm based on a
.generallzed activation level thch could be interpreted as
the nunber of associations for that stlnulus. ‘The
famlllarlty index (FI) generated will deterline the
exten31veness of the ‘search. A‘subjective‘cr;terion‘is‘set
'such that if the PI is high (positive match) or low
(negatiQe‘natch) the response 1is initiated uithcut a search
cfﬁmelcry'set. If hove&ef the FI value falls betveep~the.tuo
critefion levels, then 'a scan of thevie-ory set is o N
initiated;vThe ptoberties‘of the decision'based cn the PI

- are an';ncrease in error rates but aJdecrease in decision
time. The reverse holdS'for.decisions,based on extended
search. This nodel would suggest that lnfornatlon not
avallable for senantlc or conceptual coding may in.fact
aluays ;equlre a longer lelory scan. The assuiption in the -
present study is that by conparlson of BT's of the dlfferent
movement attrlbutes it naf be possxble to speculate on the |
type of codlng avallable to the individual attributes. In
support of thls_Vlev Craik and‘Lockhart (1972) considered

<@
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the differ;ntial rate of forgetting as a function of depth
of encoding. That is, the persistence of the nenory traces
is a function of the depth of perceptual analysis or
st;nulus elaboration, wvwith deeper levels of processing {(e.g.

semantic) associated with more elaborate, longer lasting,

and stronger traces. |

| 4
Presumably the recognition of iteas encoded on a deeper

level and with stronger t[aées in memory would be faster and
aiore accurate than the recognition of items with more
superficial encoding ,properties. Cr;ik and Lockhart (1972)
suggest two levels of processing:

| (a)'Type_i processing by which thé items 1in primary

Renory are rehe&rsed at the same level at uhicﬁ they

uéré’initially encoded. This'ptocess of rehearsal

wvould lead to a rapid decay as soon as attention

vould be directed to other iteas.

{b) Type II processing uduld involve deeper analysis

’of the stimulus as fof e;anéle, encoding according

to soné:sepantic attribdfes. ‘

Therefore the speeded'recognition bgradigl should -
produce RT's which are.reflective qf ;hg typéS'of edéoding
p:oceséés carried out on th; movement information. With the
assu?ptiou.thaﬁ the experilental factors laﬂipulated‘only
affect .the encoding étage, variation in the RT ray indicate:

1) type of‘coding‘available for‘ihe inforgatibn and

<~ 2) whether certair attributes of a movesent stilnlﬁs

enhance or detract‘ftoi the'legibility or quality of -

3
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the information available for encoding.
Tt should be noted that the mode of operation in the
rc0lpafis§n stage will intluence the mode of operation of the
éncoding stage (Smith, 1968). Sternberg (1967) hypothesized
that initaally 1n the encoding stage there is a process of
filtering and/or nor-allzing.of the no-i?al stimulus. This
results in a refined representation of the input (a stimulus '
selection process). Therefore as Girouard (1974) suggested,
if the memory representation of the test iten is also a
template oflthe stimulus, then the comparison operation is
in the’forl of template matching. If the memory
representation is in the form of a refined image, then the
comparision operation would be in the form of feature
testing. Pinally, if poth the stimulus representation and
the lelorf Lepresentation are in the fof- of a feature list,
then the resulting operation of’ the COlpafigon staqé might ‘
take the fors of a feature-list matching. Therefore whether
tenplate-natcbing, feature-~ -:t.ng, or feature-list latChing
takes place during the comparison stage will influence the
éncoding processes of either the formsation of a feature-list
or a refined image.

Smith (1968) indicated #hat template matching aay be
"used in fhe instance of Qnan31yzable (poorly organized, poor
legibility) or very infrequent stimuli. Again, task desands -

may control the selection of process.
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{ 11} Recall

The reproduction or recall pdr;dqu has be;n extensively"
used 1n the motor STM literature (Appcndl;\n). Several
reséarchers have used the paradigam specifically to look at
the diLfference in retention characteristics between distance
and locafion cues (Posner, 1967b; Marteniuk and Hoy, 1972
Marteniuk et al., 1972; Keele and Ells, 1972; Laabs, 19737
1974; 1975).

) ‘

marteniuk and Roy (1972), Marteniuk et al., (1972) and
Marteniuk (1973) found that when location or distance plus
location was available to the S, the recall performance vas
superior to the condition in which distance alone vas the
primary cue. Purthermore, Marteniuk (1973) found that active
sovement produced beptér recall than passive involvement 1n
the movement to be reproduced. lie concluded that all
aovement attributes had access to the central processing
capacity, since foréetting 3id not occur until rehearsal was
blocked by the introduction of an.interpolated task. However
each attribute was centrally represented n different
degreés of exactness. v

Laabs (1973), using an E controlled lovenent,'obtaihed
results which showed that dis= .:i:e information decays
rapidly over time while locaﬁion information does not.

Furthermore, when a verbal IT was presented, interference

effects were tfound on the retention of the location

L)

information but there was little effect on distance

information over-and above that of a decay effect. Thus, all
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attributes do not seem to show exactly the same retention
characteristics. This may indicate that the form of the
encoded information in memory is also differemt. Location
information appears to be more stable than distance
information which would be in agreement with Marteniuk and .
Kyan's (1972) findings from psychophysical data. In this
study, judgements by the Ss seem to be made fhrough the use
ot the positional attribute ratber/fhan through the use of
the amplitude (distancé)'atttibute.'

These results indicate that“ﬁﬁe Ss do not attend in an
undiscriminating fashion t¢ all K information that is
presented to them. The §é'seeiﬂto be engaged in an actﬁye
process of selecting and organizing the information which
may be more uéeful, reliable or-repiicable. The Ss may even
coapletely disregard sosme supplénental Kethat is'prdvided by
the experinentor (¥ilberg, 19§3):-Tbis is agreeaent yith
OUnderwvoodt's (1963) nominal vérsus functional stimulus
concept.

Conflicting evidence concerning codability of extent and

~

location information indicates that the external nature of
the movement attributé itself is not the only determining
factor in the prodhctibn of the encoded information.

Laabs (i973) re-eialined the cues of extent and location
studied by Posner (1967b). He e;aninedithe rétention of
these cues without viéipn'o#er'a 12 second retention

interval which was either unfilléd or filled with a backward

counting task. The results indicated that after immediate



reproduction, extent abd location were equally well
retained: Both showed forgétting over the 12 second interval
when the retention interval was filled. However Qhen the
interval was unfilled, only the extent condition showed
significant forgetting. These results suggested that the
kinesthetig‘attributes of extent and location. had ‘different
encoding properties. As forgetting éccurred only for extent
:‘cues over an unfilled interval, Laab's study suggested‘that
only extent attributes are not centrally coded.

As pre?iously stated, Marteniuk (1973) conciuded thaﬁl
boﬁh extent and location attributes gére'codable. Fdrgetting
occurredbfor both attributes over a filled 20 sécond
interval and no forgetting for either attribute w¢ observed
over a comparable unfilled'integval. The conflicting |

findings of Laabs (1973) and Marteniuk (1973) regarding the
central codability of kinesthetic extent information are
énignatic at first. Houéverdvcloseglexanination<of the
 }ethod§ used by these investigators suggestsva reason for
the discrepancy. Laabs (1973), in presgnting the criterion

(C) , had the s no?e a slide with his arm between two ﬁetal
stops thus defining the C for the S. Marteniuk (19?3), on °©
fhebdthét hand, had S make his ow; C. S moved his arn'
throdgh a total distance (T) and back. He was thenvtoldwto
noveba.distance which vaS»sone fraction of T, (t! = movement
represented the C). He was then reéuired to reptoduce,eithér
the end location or the extent of C from a new startin.

location. The fundamental difference betveen:the,tuo
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conditions was whether E or S determined C . When §U
determined his own C it would appear that extent information
vas codable (Harteniuk, 1973) while when C Qas prescribed to
S by E, extent information was not codable (Laabs, 1973).
The results df a study by Jones (1974b) provides Support
for the previous observations. Jones exaﬁined the retention
of the extent attributes uﬁder tbree“nédes of C
presentation: passive, constrainea and activé.,In the
pa$sive and conétrained co;ditions, stops were used to
define C. In the passive condition, glnoved S's arm between
the two stops. In the constfained condition, §_novedAhis own

arm. In the active condition, no =tops were used to define C .

e

rather §.uas instructed\to lake3any movement he wished and
this lovenen; defined the criterioﬂ. In all cdnditions, the
original starting position uéed for the Q_wgs changed and S -
reproduced the extent of.é from the ne§ étarting location.
These'cpnditions vere exanihed dt‘a Zero andn15‘second
'retentidn igterval_uhiéh vas_eithet filled qn_unfilféd. Tpe
results shoued.that the active condition résulted;in ”
significantly less forgetting than the other tuovconditiops
‘at immediate reproduction and-éfter an unfilled,15 second
interval.’ihen‘the interval wvas filled hgiever:.hllvgroups,
exhibitéd a similar degree of forgetting.

C;eaply, it appeérs that uhén §‘is alloved to défine hié'
o¥n ctiterion novénent, (é;g.vuarteniukf71973; Jdnes,.
1974b) , extent of movement isiéodahlé contrafy to the

.

evidence forvarded by Posner \1967b).and Laabs (1973), The



20

question remains as to why extent of movement is codable
only unaer these restricted conditions. It is possible that
uhen.§ actively defines C, a more actite process‘cf encoding
extent information occurs‘in that S is required to:search )
for the extent of the C. In the constrained presentation, a
more passive eneoding process may ensue in uhich S relies oh
E to provide the extent information. This difference 1n
;encbdlng processes mlght be reflected in an. 1ncreased
attention demand for encoding in the active condition which
ma& account'tor the_better retention in this condition. Roy
Jand Diewart (1975) indicated that a major difference in
terms of encodability between the active and constralned
conditions was the absence of strategy during the
constrained conditior. In the Jones' study'(197up)'
reproduction accuracy was comparable under both conditious
'when a strategy was given. They (Roy and‘bieua:t, 1975)
suggest that the codability of extent information is not

.

related to vhgther E or S determines the g'aS'Jones {1974Db)
suggested; Rather, eodab%}itj seens to be related to whether
the §'hae'prior'infornation,about tae to-be-remembered
moveuent regardless whether he or the E deterline'its’
extent.

V‘Fufther.suppbrt of.tﬁis notien is.foun& in a study bx
.Nacson,'Jacqer and Gentile (1972). They found that
‘strategles for grouplng Stllull (i.e. responses to be

recalled) vas also an 1nportant aspect of lotor STu. They

also found that providing the S with 1nstruct19nal sets
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" about a conceptual/rule or plan describing the relationship

among stimuli A(organized into 5 distinct areas or

categories) flacilitated regall as evidenced by absolute

constant erro

error (AE) an '(CE). Furthermore, Ss who did,

not receive verba n were found to generate their
own subjectlve organization of the stimuli, as evidenced by
their;CE scores. The results indicated that they were using
three categories‘és opposed to the five that were enployed
by the‘eipe:iugnters;'

Although many Studies have been done on’ motor §TH
(Appendix B) fewv have used a»directedyforgetting cue to bias
the encoding proéess..ln recall studies 1like the ones
pfgviouslylrevieied, the haturé of théverrors produ¢ed of
what‘is forgotten, may indicaté more thén'ihat i;'
remeabered. Bjork (1972) stated”that t he fidelify.pf
ret%ieval‘is affééted.by the state of the encoded
inforlation.v | o , .

As previously stated. the process of'ﬁaintaining the
informatior _n STM cquld be tegafded aéAah optional ehcoding
process. Active rehearsal may entail application of
informatidn g;eaned from LTS to‘increase the ease of
information in STS. The infornqtioq in'STS wquld_lOSt likeiy
be'encoded in a form with optilél naintenance‘quality. This
view of a STH is cbmpét%blé.Qith Waugh and Nofﬁan's {1965)
primaty dr.vorking memory in uﬁich information is .
consciously given further organiiatipn by incorporatioﬁ of

nevw information into the structure.



Buschke (1968) stated that encoding stratejies nere
partially dependent on task demands. Tne inference could be
made that encoding for recall would necessitate conservation
of all infornation. That information which is unanalyzable
or of -poor quality (Sternberg 1969%a) should not be as
reproducible or show as high a transn1551on rate at recall
as that 1nfornat10n avallable for deeper encodlng. Partlal
‘recall may 1nd1cate on what dlnen51ons the subject is
encoding, espec1ally if the stimulus con51sts of several
integrated attributes, If the functional stimulus or
stimulus~as-encoded is a representation, 1t may only contaln
certaln aspects ot the integrated stlnulus ‘which lend |
thenselves to ease of coding and storage and froa which ‘the
totalixnput could be reproduced. Recall of any aspect in
isolation not contalned .in the functlonal stimulus should
lead to depressed recall perfornance.

If a motor recall task is carried out nnder the
'condition of directed forgettiné,‘the,result errorsAmay
vindicate;tbe attribute(s) used in the formation of a
functional stlnulus in the encoding of an- 1ntegrated

novenent stimulus.

18) Cue Effects ‘4 ' | . o

The exact nature of the coded information cannot be
ansvered by observatlon of the products of a response alone;
Tulv1ng (19638) conclnded that there is a great deal lore

information avallable in lenory but not acce551ble for
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- retrieval and that accessibility of relevant information
depends not onlyvon the content of the store but'also,on_the
'retrieval cues. Therefore, inrestigarion of cue effects may.
in fact reveal the 1nformat10n available fronm the STSS that
is encoded in STM, and in what forn: |

The cue can be'regarded in tvo wvays:
(a) as an 1nstruct10n such as a_cue to attend to certain
elenents Ulthln a stimulus array. Thls cae is usually varied
temporally (:ie. before stimulus presentation or after
stinqlus presenration). | | |
(b).as a functional part of the stimulus array.
Generaily, from the}experiaenters point of viev, one directs
the other. That is, the directive eue should reduce the

nominal element set to which the S has to attend and

possibly limit the choice of a functional cue.

(i) PrecuingyverSUs Postcuing
In a study Sy Hinricks'(19%8), pre- and postcuing
rtechnlques vere used to des19nate partial reports of a
larger set of stimulus Ltens. Better recall perforlance vas
"galned under the. precue condltlon. On exallnlng the nature
.. of the recall errors, he found no effect of cue p051t10n on .
the shape of the recall curve, It would appear that the
precue biased the ch01ce of what was to be rehearsed or
encoded - -

‘In the postcue condltlon, the subject lay have had one

. of tuo ch01ces ‘of strategies:



24
(1) select aspects of; or parts of the stimulus set
to ensure fidelity of reproduction for th.se |
particular items and ei£her dié:egatd or r-2hearse to
.a limited extent the rest of the‘set.
(2) encode the totality‘of the stimulus set,
possibly accepting a pdorly encoded ppoduct‘and

tolerate a poorer reproduction fidelity.

In fhe-Hinrichs“(1968)lstudy, it appears that the Ss
chose the second of the two. This uould_seenlto be the nést
optimal étrategy if all items were equi-prqbable and had
équal encoding poﬁential. Bégnan qnd Francesl(1975)

, -

investigated the effect of precuing the § on the TBR

movemwent. They croséed three precue instructions with two
types of recall. There was equivalent recall perférlaﬂéZ~
betﬁéeﬁ distance andviocdtion infof;ation,vhep the precue
contained the TBR itel..ihen the preéue did not coatain thé
TBR itel;_récall péffornahce decreased on TBR item but
shoﬁed supérior teca;l for the non—TBk item. This they‘ .
,conclﬁded inéicétes that the coding process was biased by
:thg precue. Similar results are found in‘directed-férgetting
experinents.'Nulerbus,stndies (Bjoik; 1912:,Epstein;j1972) '
: indicate‘thdt forget instfuctions‘ggneraliy resulf in.
redu&tion of eliiination of intetferenée fr§n the to-be- -
forgottenﬂ(TBF) items and increased recall perfofnancé for
fhe TBR itens, relative to a control condition iﬁ which the

totallstinhlus set is retained. Homa and Spieker (1974)'and
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Hpuard'(1976) showed similar trends'for'recognition
pérformance viﬁh § decreased RT under the forget cue
cqndition. Hé;a and Spieker (1974) suggested that on the
'basis of serial position~daté the S in the intentional’
forgetting task may engé§e in é.serial self-terminating
memory séarch of the TBR 1items alone..Howard (1976) found
virtually no difference in‘RT between a forget during cue
(précug).aﬁd a forget after cue (post;ue); but showed by
vquesﬁionnaire’that Ss vhd;reported visuai i-agefy or neéning
assdc;ation st:ategies used'the.after cue ies ?fectiveig
than those S's who did not repoft such stratec =- "t has )
been found,(ﬂandler, 1967; Tulviné, 1966) that
organizationél strategieé such as iqaggry and_nean.wgfaly
associationé,lead to very different prbperties Qf the
 respl;ing'uenory4trace.'Hovard (1976) sugéests that this
type of:integtatioﬁ;vould -ake it difficult to functiohallf
segregate the TBR items and the TBF ipens vhén a post‘cue is
given. Accb:ding to Underwvood's (j963¥ ;tinuius selection
concept; the internal reéresehtation after a cue iay qnly
contaiﬁ the functional elements of the stil&hus.

In. a precué condition the.§_is.pre$ented vigﬁ All
‘elements of_thé matrix (X') and is cued to spedifiC‘aspects
bf that‘natfix { X II to X nn). In tﬁis situalion the -
‘encoding.sttategy (ES) céuld be viewved as a function of
precue instructions.or.in qthgr vords a stimulus selection
bias by task_dénands. The'decgding'stratégy {DS) or °

retrieval would be a function of the functional stimulus.



'26
Precued. Response = X'(ES f(precue) ) (DS f (Xnn) ]
In the postcue condition the encoding straxegy'nay have
to be a function of the total stimulus matrix. Retrieval
would then be a function of the task demands as dictated by .

the postcue.

-

Postcued Response = X'(ES f(x') ] (DS f(postcuej}
If the subject adobts a selective stimulus strategy

(i.e. é reduction encoding procees) and the directive

\

postcue| does not ask for those aspects of the stiaulus, the
respdnse\perfornance possibly iay be poorer than if the Ss
a

adopts conservation encodin' strategy. By amnalysis of

\

recall and recogﬁitidﬁ petforménce under both conditions of

cuing, the information encoded for the task demands may be

! 5

delineated. This is assuming that efficiency of coding will
, 4 N .

be reflectied in response fideligyt

(11) etrleval Cue Efflcacy
Tul;%ng and Pearlstone (1966) ‘found that many iteas

available in the memory store that cannot be recalled.under
K . : . . e
noncued recall conditions do become accessible in the

prese 'e‘éf appropriate retgieval-cues. Subsequently Tu1v1ng
and Osler (1968) provided experllental evidence: in support

ok e encoding spec;f;c1ty hypothe51s. Thls'hypothesis

states that no cue however stfongly associated with the TBR v
if/em or othetvlse related to it can be effectlve unless the |

]

BR item is spec1f1cally encoded vith respect to that cue at

VAR

;

/
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the time of its storage. The-inplication is that item A
could be used as a retrieval tag for itena B. In the present
study the stimulus materials is:actually a ndlti-conpqnent[
iutegrated»stinulus array con#isting of two locations.(start
énd end) and dis;ance, It';ayvbe that part of the stimulus
array acts as a retrieval cue for the'rénaining item(s). By
cuing for recall or recognition of a siﬁglé it;n before the
stimulus presentation, the éttributes laf be enéeﬂfd’ 
independent of one another. HoueVér_if the cue appears after
the stimulus, the arrayvnay'be encoded -as an integrated set.
This expetinentally imposed bias can only refer to the
nom;nal stiiulus; |

456130 (1974) ptedictedﬁthat in th; postcue condition, if
functional stlmulus selection was operatlng, cue selection
.would be. a function of neanlngfulness. Heanlngfulness‘(u) is
‘defined in the verbal literature ds the number of
associétiops that the stimulus éliéits (Ellis, 1972). An
yncrease in neaningfuLnes$ would inply‘an increase in
Venéoding potentiai’(sblso, 1974). When an S is.preSented
vith a nultl conponent stimulus couposed of high and low
neanlngful ter-s, the S will tend to select the high A
qonponent as the functional_sﬁinulus and ROre or less
disrégard the low M component (Underuood; Ham and Ekstrand,
1962) . The components of the functional stimulus are most
likely the éoténtiai retriev;l cues. Althougb their
{Undervood et al., 1962)IS§ilulus materials were multi-

modality, there is not reason to assume that the same
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Lypothésisluould not hold for uni-modality coapound stiiu%i.
éubséquent studies (James and Greeno, 1967; Lockhart, 1968,
Solso; 1§68, 1§71, i972) Support the notion tbaf
neanihgfulness is an outstanding factor 1in stimulus
selection. Solso (1974) concludes tgat higher M stimulus
have a gréétet probability of being selected as functional
stimuli. He further states that the S , when confronted with
a stimulus array with different levels of M attached to the
elenenté; vill‘reaég‘by: (a) di%ferentiating Betué%n the
stimuli of the compound and (b) tentatively selecting alpng'e
thén for a functionsl‘stilqlué; This 1is aSSUIiné that the S
is aware that phé response will fractionate thé stimulus
set. | ‘

solso (1974) also con‘c.lAudes that the S will most likely
select the highest M stilélus element during the encoding ﬁ
procesé and that retrieval.Qill be enha&éed if the cue used’
"is thébco-ponent with the-highgsf M. Solso (1968, 1974)
Ofiers>tvo‘explanations of why retrieval cue efficacy is
related to cue neanihgfulness:f'

(i) initially high a-stiluii’are more readily

eicoded into the memory struqturé and helsﬁggests

that sidce'high H_cglponents have multi-associatinn

it is prqbable that lelofy;struétures are more

teceétive to those étinﬁli of éinilar associative

frameworks than to stimuli-of different or

improvished associative framevorks. If the item has
. . T X -

low M value, that may indicate that there is little



29

available in LTS for any type ot elaborative

encoding strategy and storage of that‘lateridl may

be hiﬁdered.

(11) fror the inference that a high M term should be

part of the functional stimulus, the cue consonant

. with the encodlng stimulus .should maximize the

recovery in the same sense that the A:B:A:B transfer

is better than A:B, A:B or A;B;>C:B transfer. Solso

(1974) also speculates that high M stinuli are

recovered with more ease from memory even if low 4

ter;siare as vell learned.
The results and subsegquent hypothesis presented here are
based‘on verbai studies. However, interbreted within the
Afraueuork of coding theory they ba#e definite implications
fdr information derivee from a nulti—conponent‘loreuent
task.

‘The techniques used ie the recall portion of this study
are based on a sthdy byiSolsoiend Biersdoff (1973) 1in uhicﬁ

. : ’ .

they exahine the effects of multiple cuing on retrieval. The

etficacy of the retrieval cue should be reflective of the

encoded product.

In suulary'the major factors examined in the literature
that will aid in the delineaticn of the nature of the coded

movement information a :
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{1) different movement attributes appear to have
difrerent encoding and retention characteristics.

(2) depth of encoding may te reflected Ln’rOCdll and
recognition pertormance. Generally avstinulus

encoded at a Jeeper level will be reproduced witﬁ

more tidéllty\dnd recognized taster than 1 stimulus
uith'superficiAL\encoding rroperties. This phenowena

may be dge to se;érdl factors: nednipgfulnéss of

the stimulus, type og\nelory scan necessdry (serial-
exhaustive vs. self tgrninq;{533'type of comparison
necessary (tenplageﬁéﬁttﬁ/;s. fedture’absftaction).

(3) precuing shoul?xbias the stimulus selection and
subsequent formation of the functional stimulus.
Postcuing may 1indicate the attributes used as
"functional elements and as efticlent retrieval cues.

The puroose of this research, based on these factors, 1s

.tb describe the functional nature of the encoded information

in a movement stimulus consisting of location and distance

attributes,



"THOGDOLOGY

Experiment I

Stinulus'Haterials

A set of twenty-eight (28) movement items were used in
the experiment (Appendix C). Each ¥vas unique in that they
ditfered from each other in at least two of the attributes
of (a) start location (SL) (b) distance to be moved‘(g) and
{c) end location (EL);

For each trial one itéh of fhe 28-equi-probable items
was selected as the stimulus set. The‘probe set (Appendix ﬁ)
consisted of the attributes of the sané'novenent‘iten as the
stimulus in the "match" condition or{tﬂe(attributes of a
probe item different from the stimulus in the "ho—match".

For the "no-match" conditions the probe items were
balanced over trials for their position or nagggtude
relatiohship to the stimulus items. That is, for ;he»
location (SL and EL) "no—natch",proﬁe'sets, one hglf

occurred before the stimulus location was reached on the

-

track and the other -half occurred after the stimulus
location was reached. As for the distance probe. sets, one-
half wepe longer thanlthe‘séinulus set and the other half
iére shorter than the stimulus set. (See Appendix C).

~——

Sub jects

The subjectﬁ (S) vere twelve (12) university students

vith selection linited only by right hand dominance.

31
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Appar?tus and iask-

The S was seated in front of a raised platform (Fig. 1)
which covered the apparatus for the linear movement task. In
front of the S at a distance'of 100ca was a vertical display
board. A Pana~-~ope Viewer (30cm Xx uicm) vas mounted.in the’
display boardad and inétructions for fhe task, photographed
black on white, vere projected onto the viewer using a Kodak
carousel projector. The S wore earphones and a Bogen
Challenger CHB 20A anpiifier and an EICO audio generator
Qefé used to produce an auditory signal indiééting the
initiation and ternination of fhe task phases.

The éxpérinental-task consisted of three phases:

(1) Input Phase:

The 5 grasped a 10cm handle on a slider which'qés

mounted_on'a linear tgack. Both sLidgr and t;acF

(70cm long) were mounted oﬁ a metél frame and

covered by the raised platform.:Attached to the

slider was a light source of a photo cell Sig;a

Model 8L3—115.'Tuo photo reiay receivers, Sigma

uodel*8984115,‘veré nounﬁed'oh a calibrated bar 30cnm

above the linear track. The 5 produced A linear
positioning movement py moving thé slider along'the ;
track. When the S lined up the source and receiver

of the photo cell,ione of two light indicators

hounted on thevdisplay board was activated‘definihg.

a start location (SL). The S again moved the slider
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Fig. 1. Subject's_position in relation to the apparatus.

FngVZ. Linear positioning apparatus,and response keys,

N

33
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aiong the track\end lined up-the source 1ight with
the second receiver which activated tﬁe second light
indicator and defined the end location (EL) and the
Aistance (D) betueeﬁ SL and EL of the stimulus set.
(2)‘Probe Phase:

The S was presented u1tb a novement probe set
consisting of one, two Or three attributes. The.
input of tﬁese probe attsibuﬁes wvere handled in the
same manner as the input of the stimulus set and
presented sequentially in the order of occufrence
within the stimulus set. As the linear movement was
_producea a light indicator defined each movement
attribufe'and a digital millisecond timer (Hunter
Klockcounter, Model 1203) was activeted.‘

(3) Reaction Time Phase: |

"The S‘responded te each defined.novenent attr' ute
by press;ng one of two plex1glass keys which were
nounted on a snall box to the left of. the S (Flg.
2). Tbe key press stopped the dxgltal tller and
1nd1cated eltber a positive or negatlve response by
the S. One half of the sub]ects were 1nstructed that
the left key was a positlve response gnd the

opposite arrangement was used for the remaining .

half..
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Deergn

The experiment was a 2 x 12 x.2 factorial design with
repeated measures on ali factors. Pactor A was the tenporal
'placement.of an attribute cue to indicate to the S as to
uhrch attribute(s) of the nove-ent he 1s to mare.his “-atch?
no—hatchr juddement. The cue was either a pre stimulus set
cue orla poet stimulus set cue. Factor B was the attribute
type and refers to the individual;attributes vithin the
probe eet (PS) consisting of one, tuo‘or’three of the o
eétablished attributes (PS= S (Start Location alone), E (End
Location alone), D (DPistance alone), SE, SD, DE,tSDE)'in all
poseible combipations._rhe individual-attribotes vithin each
pS are referred“to as SL (Start Location Attribute), gL (End
Locatlon Attrlbute) and D (Distance Attrlbute). Factor C wvas
the nature of the Lttrlbute within the selected probe '

elther a "match" or npo-match” to the stimulus.

Procedure

The test. sesslon vas brokeu up 1nto five blooks of
»nlnety six trlals, ulth each block correspondlng to two
lconplete repllcatlons of the experxnental conditions. Tbel
first block. of trlals constituted a practlce session uhereln
-the S was glven conplete 1nstruct10ns (Appendlx C) and
fan}llarlzed with the apparatas. Therefore there wvere eight
replications of each experimental condition. Houever dqe to

the sequential nature of the task, data could only be

collected on four replications (Appendix C). Bach S was

A
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" tested in five séparate sessions with the first' block used
ftor instruction and pfactice trials. The order of the bloéké
vas-randomjized for‘each S and the trial ordef.uithin the
blocks was pre-selecfed on a randon'ﬁasis.
Each trial consisted of +he folloning format:
(a) im the precue condition the §'recei6ed a Qisual
instruction on the Panascopé Viewer as to the nulber 
and type of attribuﬁes to be contained in the probe
!set,(i.e. the TBR‘itels). o -
(b) follqving the visual cue, a‘“ready" audit%?jiﬂ
signal was given. (Ih the post-che condition, this
is the initial step and IteniA occurs in Step ().
This indicated‘to the S to grasp the slider at the
home position either to the:extrené right or the
extrene left'of‘the linear track as indicated by the
E. The § then noved the slider until the light
indicator on the displayfboétd‘triggeréd by the
photo cell connection defiﬂed the start location
( SL). The SL was held for three seconds then a )
buzzer signal ihdicatéd to the S to move the slider
in thefsameudiréction‘to.a’second light indicator
defining the*diStaAge (D) and the end?iocétion (EL) .
The S again héld this 1oc$tion for three seconds
until a buzzér signai to disengage frb- tﬂe slider
vas‘given.._ | : |
= (c)_folloving a five second interval, the buzzer

signal was Qiien to the S to grasp the slider at a
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heutral'position?. In the posfc&é condition, the
visual instructions vwere nov‘giyeh. A signay
indicated to the § to move the slider along the
track until theliight indicator defined the pfobe
item or‘the first iten in the probé'set.AThe method

of probe set presentatipn was essentially the sanme
5\ . . / ~
as the input of the stimulus set. The production of

fﬁé probe item activated the Hunter Klockcountef,
initiating the reaction time phase. v

(dy upon completion of theaprobe iten; ﬁhe S
responded by pressiné the same-or different button.

-

That action stopped the timer and recorded the RT to

P

a e

‘the probe item.

.(e) if the ptobeksgS/Consisted of nxfe than éne
attribute, the S then proceeded with thejslider
along the track until the ensuing pr be.attribute
waé encountered agd'a éubsequeht reaétioﬁ time was
t#kén. ‘ | |
(f) the S then.disénqaged from the abparatus.

Each trial vas'separated by a 10 second interval.

Da%a'Analysis

For each experimental .condition the mean reaction tinme

3 The neutral position was defined to the S as a location
anywhere between the middle of the track and the "home™
position from which he received the stimulus set.

Tk
i
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‘and mean error scote was calculated. The reaction time
scores Qere submitted to an analysis of variance and
Scheffe's post hoc tésf for nultiplé comparisons for
significgnt differences. Analysis of variance Qaé also
pertormed on the mean‘error scores and muitiple éonparisons
for significant differences using the Scheffe's method were

calculated.

ﬁypothesis

bﬁe fo a lack bf previous research in this particular
area of motor STH, it.iasvnot possible to‘forn apj logical
directional hypothesis. It then remained to look at possible
questidns of experimental‘interést that may be answered by
the eiperinent. | | | |

1. What does the speeded recognition procéss'

indicate aboug any individual %}tributeiéf the

movement ip reéaids to the robustness of the.céde'

used?

2. Do anj.of';Qe attributes §f.thern6vement | -

facilifate the quality of the recognition (speed and

'accdracy)vof any‘other“at£ributes of the novénent?ﬂ

3. Do the components interact‘in:téfns of theit_cue‘

efficiacy or do they act independently in the

- recognition process?
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Experiment II

Stimulus Materials
The stimulus materials were exactly the same as in

Expériment I. ' 7 , ‘ ;

,Subjects

The §vweré 12 univérsity.students limited only by right
hand dominanée. None 6f the Ss had been a subject in the
pfevious_experiment.'

b

Apparétus and Task

The apparatus was thevéalé as in Experiment i with ﬁhree
'éfceptionsﬁ | o .
« i) the:RT keys vére removed since no reacfion
times vere required,
( 11) the sl;der vas, attached by a wire pulley
system to a ten turn potentionetér Qhose output uaé
fed into a Pluke 3000A digital multimeter. Therefore
ﬁ;‘/ any movement of the slider along the track vas
recorded as a change in n1111701+s. The
potentioueter was calibrated such that.a 1
‘;iilileter displacenent of ﬁhé slider registered a 1
mv change dﬁ'the Rultimeter digital readout, and
(iii) a photo cell Connectién activated the light
indicator only. o

The experimental task consisted of two phases:

O
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{ 1) Input Phase’:

the §4novedfthe slidet along the track. The linear'
movement was aqaiﬂ definéd by light indicators.
mounted as in Experiment -f.

( ii) Recall Phase;' o

the S reproducedithe TBR iteﬁs of the stimulus set

as dictated by an attribute cue.

Design‘

_ The experlment was a 2 x 12 factorlal with repeated
measures on all factors. Factor A was the tenporal
positioninq ofﬁéﬁ.attribute cué and refers to a pre stimulﬁs
or post stlnulus set 1nstructlons as to what attributes the

3

S would be requlred to recall.

-Factor B was the nature of the cued to-be- renenbered
item ;TBR). Thls refers to ‘the ‘type ‘f the to-be- recalled
attrlbute Hlthln all conblnatlons of the probe set:

(TBR = S, E, D, SE, SD, DE, SDE)

Tﬂe 1nd1v1dual attributes within the probe set are SL (Start
Location Attribute), EL (End Location Att;ibute) and D

- (Distance Attribute).

Procedure _
The testing was bgoken'up in five blocks of forty eigh;f
trials each block cotresponding fo tvo complete replications
of the experimental conditions. Thgg%lrst block consitituted

a.practice session resulting in 8 replications for
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experimental analysis. Each §'uas tested individually in 3
sessions. The first consisted of instructidn on the
procedu:e and the practice block. The other-two sessions
'contained>two blocks of trials. The block order was
randomized for each S and the'orde:‘of trials within the
blocks were preselected on a random basis. |
J Each trial followed the folléwing format:
(af Precué as in Experiment I. |
(b) Stimulus set input:as in Experiment I.
- (C) Foilowing a five second intefval,‘a buzzer

signal vas'giﬁen indicating to the § to regrasp the -

slider at a neutrql position. In the postcue

condition,nthe TBR cue was then giveﬁ. A'buzzer

signal indicated to tbé §_fobmove the slider and

reproduce, ih sequence, the TBﬁlattribute(s)'as

indicafed by the cﬁe. The location ;hd_distancé
reproductions were recorded on ; digital multileﬁer.
The.dependent vériéble;retror'scoresa vere obtained
by conparing.the stimulus set items to the
repfoduced‘iteng. | .
(d) Pollowing the reproducfion.tye §'disengagéd from
the apparatﬁé. |

Each trial was separated by a 10 second interval.

Data Apalysis
Algebraic (constant), absolute and var.able error scores

wvere calculated for each’atttibute reproduction in each
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experlnental condltxcn.‘ Analysis of variance was perforled
‘on =ach 1nd1v1dually. Nultiple conparlsons were carried out

using the Schefte's metirod for comparing all pairs oOof means.

vapothesis
There is ho re5ear¢h on which to base a directional
bhypothesis concerning the outcome of this experiﬁenf. The
design was formulated from the following questions of
expe;iuental'inte;est:
1. What attribute(s) of the lovenent -item is a
salient’refrieval cue?
2. Do the attributes contribute to tﬁe retrieval
’proééss fré-.neloiy'independently or does an
interaction take place?
ﬂThe assunptlon taken here was that 4 sallent retrieval
cue which is part of the nonxnal stimulus set should be a
viable learnipg cue, (Solso, 1974), or part of what
.Unde:vood'(1963j termed the fuhctioﬁal stimulus. Theéefore,‘
the questlons asked within the experlnental design, should
,1nd1cate more about the encodlng of 1nfornat10n fro- a motor

task, in regards to the naturefoflthe code‘and how it is

handled by the sﬁbject.

4

« Note that where attributes were noncued (NR) but produced
with the cued attributes data was collected in the same
manner as for the cued attributes. The data amalysis
included the produced but noncued attributes of EL (NR) fron
the SD probe set and D(NR) froam the SE probe set.



RESULTS AND DISCUSSION

Experiment I

Results

In the qur-iay analysis of variance on the error.
écores, the main eifects of cue (F(1,1i)=15.05) and’
atttibute type jF(9,99)=12.Sé) vere significant at p<.01.
There was a significént interaction (pﬁ.OS) between cue and
attribute‘type (P (9,99)=2.54). Summary of the four way ANOVA
‘is presented in Table 1. Pigure 3 iiiustrates ;he fora of
the Cue i Attribute‘Type interaction. Table 6, Appendix D
shows the mean error scores for each condition. |

A posteriori comparisons using Scheffe's procedure
(p<.05) were carried out on the mean error scorés.45everél
conparis~vs of interest showed siqhificant differences (see
Tablé 8, Jppéndix D fo; sullaty of Scheffe's test). Of the
major comparisons: ) ' ., |
| (a) coddition postcue D, attribute tjpe D

yielded significantly gfeatér néan error

scores than all other conditions.

“(b) condition postcue SD, attribute type D

shéved significantly greater mean error scores

‘than all other conditions except that of téé
previously mentioned édnditioﬁ.

(é) Sggﬁition precue D;'attribute type D

N X
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showed significantly greater error scores than
all other conditiorms except for tﬂé
conditions previously mentioned.

The presentation of any attribute in a probe set was
balanced such that one half of the presentations was a
"match" and one half a "no-match®. If the probe set
contained two or more attribqtes again phe "match - no-
match" attributes were balanced. Therefore if the first
attribute in the probe set appeared with a second ;ttributé
which was a "match" (¢e.g. PS= SL "match™ + D "match") a
‘'subsequent brobe set would present the sécond attribute as a
"no-match™ (e.g. PS= SL "match™ ¢+ D "no-match").

When D appeared with a "no-match" SL the error écor- for
recpgnition was 27 or 71.1% of the total egror.'ihen D
appeared with a "match"™ SL the error scores only totalled 11

~or 28.9% of the total error score. No other condition .
i .

.

producea this trend.
The analysis performed on the RT data revealed that only
the main effect of attribute type (F(9,99)=23.13) reached
significance»at p<.01. éoth main effectsvof cue
(F(1,11)=5.72) and subjects (F(11,33)=2.38) wvere significant
at p<.05 (Table 2). There was no significant difference
between positive and negative responées. The mean RT for
each:condition is shown in Table 7, Appendix D. A graphic
representation of the mean RT's ag a function-of attribute

le-k

type and cue is presented in FPigure 4.
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Or the a posteriori comparions made ,using Scheffe's
method several were significant at p5.01'k5ee Table 9,
Appendix D for all compd;}sons). Of the majcr comparisons
the tollowing differences were“found:

{a) condition postcue D, attribute type D had
significantly longer RT's than all other
conditions,

(b) condition precue D, attribute type Q‘had
significantly longer RT's than all other
conditions except postcue D, (significantly
different at ps.05).

(c) condition postcue SD, attribute type D had
signific;ntly greater RT's than.all other
conditions except for the two conditions
previously mentioned.

Of note were the RT's for D when it appeared in the SD
probe set. Foilouing the trend for the error scores, when D
~appeared with a "match" SL in the SD probe set the mean RT
equalled 375.11 msgp.“Houever when the §L,item was a "no-
matchn, ths R; to Qlinflated to 557.i¢~msec..This difference

in RT was not found in any other condition.
.



TABLE 1

4-WAY ANALYSIS OF VARIANCE

MEAN ERROR SCORES

EXPERIMENT I

46

P i gyl e annih e oo e A nssg g e S g s ool gy

BN

F Ratio

Source S.S. D.F. M.S.
Subjécts (A) 1.057 11 .096 .265
‘CUE (B} 1 9.919 1 9.919 15.050%%
AB 7.256 11 .F59 1.817
Response Type (C) .052 1 .052 .0717
AC .743 A11 .067 .185.
" BC .002 . 1 .002 .027
AxBxC .817 11 074 -204
Attribute Type (D) '70.290 9 7.810 12.580%% ¥
AD 10.781 99 .109 <299
BD 10.227 .9 1.136 ‘2;54*
ABD 44.348 99 .448 1.234
CD 1.677 9 . 186 .585
AcCoD 31.600 99 .319 .879
B CD 2.643 9 .294 .809
ERROR ] 35.931 .363

P e e T T e T T e T T T ]

** Significant at the .01 level

x Significant at the .05 leﬁel



TABLE 2

5-WAY ANALYSIS OF VARIANCE

MEAN REACTION TIME SCORES

EXPERIMENT I

47

e e i e e — - o —

- 1556964.00

** Significant at the .01 level

* Significant‘at the .05 level

Source S.S. D.F. M.S. F Ratio
Cue (A) 45338.90 1 45338.9 5.720%*
Response Set (B) . 5363.30° 1 5363.30 .487
AB ' , 4597.30 1 4547.30 .552
Attribute Type (C) 97383463.00 9 108705.10 23.130*x
AC . 77716.69 9 8635.19 .682
BC 72610.38 9 8067.80 - .608
ABC : 76329.06 9 8481.03 .669
Subjects (D) 120197.18 11, 10925.20 2.380%
AD 47768.25 11 -4342.60 1.310
BD 73604.56 11 6691.30 1.670
ABD '55468.62 11 5042.00 1.670
CD ) 736303.00 99 7437 .41 1.170
ACD . 660960.94 9 6676.37 1.130
BCD 649660.13 99 6562.22 1.060
ABCD 668055.38 99 6748 .03 1.280
E . 15528.21 3 5176 .07 .987
AE 7739.90 3 2579.97 .7171
BE~ 3523.10 .- 3 1174.36 «293
- ABE 28048.60 3 934 .95 «311
CE 159815.19. 27 5919.08 .802
ACE 115721.25 27 4285.97 723
BCE 185632.81 27 6875.29 1.160
ABCE 130086.13 27 4818.00 .919
DE 151483.13 33 “4590.42 «875
ADE ; 1.09571.75 33 3320.36 . <943
BDE 132283.56 33 4008.59 .823
ABDE 99215.81 33 3006.54 «972
CDE 191116.00 297 6367.39 1.215
ACDE 1761272.00 297 5930.21 1.131
BCDE 1752837.00 297 - 5901.80 1.126 5
ERROR 297 - 5242.30 =



~/
y
Fig..J.

Total Errors

50

22

14

100

(sip

DE
(SIDE

(S)E

(E)
s(D)

== — @ S(E)
— —.'-—- — @ S(DE)

1 ) ) !

Cue X Attrinute
score Data

' Pre : . . host -

Cue

48

Type Interaction for the Frror



u9

780 |-

740 - , , Pra Cue
- (‘ ’ ” — —. = Post Cue

RO S | AR
660 |- | o\
620 | joo\
580 [ I
540 |
500 |-

460 |-

;ﬁMear_\ Reaction Time (msec)

420 |

300 - : o o ' : : .
- OJZ L A4 1 ] 1 ] L 1 1
B S. SO} S(E)  S(DE) D (s)p DE E (SIE  (S)DE

Attribute Type

FlLy. 4. Kedn ieaction Time as a Function of. Attribute Type

ar.ld Cue Counditon



50

‘Discussion

As previdusly sta;ed no significant differénce”naslfound
between the positivg and negative response times (positive>?
= 410. 14 msec; negative X = §T1.72 msec)., This is in
agreement with the results of Sternberg (1966), Dardley,
Klatsky and Atkinson (i972) and Lively (1972). However thé
memory scan in the‘pregeﬁtvstudy ¥as limited”to one itea in.
lﬁhe stimulus set. That is, aithough there were th;eg items
in the stimulus set each vere different attributes of the
movement (3L, D, EL). Therefore if there was gq be a
recognition of SL, the reiainder of the set (D and EL) vas .
not scanned. The conparison‘tdok pléce'betqeen two itenms
only, the item in memory ftou the‘Stilulus set and fhe ptobe
;ten. No difference was expectéd betieen the positivé'and
negative responses for all conditions. As a result there
should be pb lengthening of thé comparison stage in thev
fecognitién process due to Sét size since set sizevuas not a
factor. There are éevefal reaSons vhy the RT should vary if
the staging model of sternbérg's model (1966) i;‘acceptéd.
N ¥ previohsly noted fhe‘for- of the enéoded sti-ulus item
may affeét,tbe type of comparison made between the stimulus
‘itén‘and the ptobe item. Presusmably if the stinuius ;ateg}ai
is-unanal}iablev(sﬁith 1968)'telp1ate matching may be used.
- This éonpériSon iethod appearS'léss efficient fhan a featnre;

match method since a teamplate match implies a point-by-point

-
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aatch vhereas a feature match onlybinvolves a match on
sbecific features of the stimulus. The template match met hod
ueuld most likely leﬁgthen t he celparison stage.
Extrapolating from this point, an increase in the comparison
stage length would be expected if the stimulus item was
superficially encoded resulting in a.veak, peorly elaborated
' memory trace (Craik and Lockhapt, ﬁ972);
< ' :
Stage'3‘or the Binary Decision Stage (Sternberg, 1969a),
is largely affected hyithe cent;allproceSsing'uncertainty
{Hc) vhich is deterained by the number of possible outcomes
or responsee available. In the’present etudy only a positive
or- negative (same - different) response vas avallable.'Thué
the Hc was equal to one bit. ThlS vas constant across all
‘condltlons S0 that the effective length of this stage‘vas-ﬂ
‘.constanfland nininal due fo the snall‘cent;al processing
unceptainty; | o |
‘The Transiailon and Response Organlzatlon Stage (Stage
4) 1is inflated by S R conpatlblllty and resf se b;as.
(Sternberg, 1969a). Again any effect on thlS stage vas
constant across all cond1t1ons in the present study. No
:response bias was eetabllshed since the probablllty of
either response vas .50. S '  L
Any increaSe in RT betveen'conditions in this'study
'eould have to be attrlbuted lalnly to the encoding stage
wvhich is affected by the quallty,rdetectablllty and

llntenSLty of the stllulus-as ptesented (Sternberg,_1969a).-

An 1ncreased *T may also he reflectlve of a poor lelory

’
y;
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trace upon which the conparison ef“the probe to the stimulus

item is perforaed.

(a) Attribute Type

The RT for the D measure in the D and SD conditions were
significantly longer (X = 645.51; X = 470.74) than all other
recorded RT's. In addition totai error scores for distance
recognition were highly inflated in cgnparison to those for‘
SL and EL recognitiou. As previously stated when ap probe
item occurred in the SD’conditiQu with an SL- probe iten
vhich was not a satch to tue-stinulus SL, the probe SL lost
‘its reliability asva diseriuinative cue for the recegnitibu
of the subsequent D”iteu.'The RT for D vhen the SL vas a
"no—-atch" 1nf1ated vell above the conco.1tant scores for D -
vvhen SL vas a "natch" This trend was also reflected in the
error scores., | ' |

T he tentatlve conclu51on that could be drawn fron'these
results is that the’ memory trace for distance is weak as
7reflected in the large nu-ber of errors. The encodlng of the
D Stllulu$ 1tem'when 1tvappears in 1solat10n or in
conjunction Hlth a "no—natch" probe location does not appear

/

to have the robustness of t. encoded product for the
/

‘locatzon (SL and EL) items. ThlS suggests that dlstance
1nforaat10n lay only be ava11able to Type I proce551ng
(Craik and Lockhart,’1972) and presunably available for
pninary encodlng only. Conversely the recognltlon of SL and

e-r4

EL resulted in relatlvely few errors reflectlng a strong
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memory trace. The RT's for both locations were much shorter
than those for the D attribute uhen,g'appegred in isolation’
or with an unreliable location cue. This indicates that the
location information may be encoded at a deeper level since
Craik and chkhart (1972) have stated that deeper leveis of -
‘encoding of a stimulus would result in better recall and
recqgnition of such a sti;ulus.

(b) Cue Effects

Differencés in RT's between the precué and postcue
condition vere only signi}icant (p<.01) for D when:it was té
be récégnized alone out of the stimulus set and for D when
it appeared/with‘§gbin the probe‘set. In all;otheq
conditions the;é was no differeqce in the RT to the probe
for either D, SL or QL between the. precue and-postéue
condition. The. purpose of the cue was tovreduce or delineate
the nominal set. It was proposed that by doing this the
efficiencj’of each attfibuteras a retrieval cue could be
observed. SL reCognitiou_under all four attribﬁte;type
conditions (S, SD, SE and SDE) showed no‘sigq}ficant
difference as previously stated;’Theré was a slight increase
between the condition 3 and SD, SE and SDE but this ;as
probably due to an increase in information retained in STS
for recoénition of subsequént atitibutes. In addition there
was no difference (p=.01) between any df the préche-and
postcue conditions. AiSo the error scores for SL did not -

. "
shov any'differenceslover‘the cue factor.



54

The sane trend is evident for the EL RT data and error
scores.‘Unfortunately vhen D appears in the probe set with
§L, the RT is in reéponseﬁto both.factors so little can be
said about either attribute under this condition due to
confounding effect of one RT to both attributes. _However. the

lack ot difference for both locatlon attrlbutes due to cue

effects indicates ‘that the memory traces for the location

.attrlbutes are as equally robust when the S 1is aware that

the locatlon attrlbute vill be in the probe set before
stlmuluslpresentatlon as when the S receives this
information at the onset of the probe set Presunably both
locatlon attributes were utlllzed by the S for storage

regardless of task demands as dlctated by the pre and post

Cue technlque. The dlstance attrlbute vas not treated .in the

Same manner as locat;on. The 1nflat10n of the RT in the
postcue D condition;shggests that distance is well

integrated with the SL and EL and vasvnot available as a

. Separate attribute for recognition. Support .for this is also .
~demonstrated in the SD condition. When the SL was an

unreliable cue ("no-latch"), the RT and the error scores for

D under both cuye condltlons were 1nflated.'The SL appeared

- to be used as the functlonal cue in the storage'of'g. EL

ot

although 1t was not in the probe set for the Sp condition
remains as a viable Cue uhen SL was a "match", It is Guite

p0551b1e that location provides all the necessary

‘information for recognition of a linear movenment. In the SDE

condition where RT was in response to both gland EL, the RT
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and error -scores were less than the RT and“error scores to D
alone. Briggs and Swanson (197C) found that RT vas a linear
function of central processing uncertainty. However in the
recognit;on of bpth D and EL‘Sinultaneously, RT did not vary
significantly from the RT to EL alone._Recognition of two
items should increase the central proéessing uncertain'ty but‘

this was not shown here. It is possible that the S is

o
L

reacting to og ’hly or that the D and EL are

integratéd*an@ 'Oplque 1tel in the probe set.
S

However " th: ,.peculatlve due to the confoundlng
ed &T to uoth attributes of D and EL.
A

‘Reaction time to D in the precue'D'condltlon vas still

effect -of a rec

hiéply inflatec (565.49 msec) in comparison to the_RT's‘for
location. Obviouslyxthe encoded prvduct for distance,vég of
very poor qualiéy'rééulting in a weak memory trace with low
accessibility (Bﬁrrovs anqukada, 1971) . Possibly there is a
lack of elabérative br Associétivé ihfornatibn in LTS vith/
which to maintain the trace in STS. The result vould!bé a
~limited amount of infornation on which to make a-conparison.
Conparlson for recognition on this type of information uould
most likely be a. tenplate latch or point-for- point match in
memory in order to achieve a criterion confidence level on
which to make a decision. As a result thereAvduld-be an
'increaée in the sampling tiie in this stage. The error rate
in the precue D conditiom (15.1%) indicates that the §1§' |
ability to recogﬁize distance even-fion a stimulus set of

one is fairly poor.
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To summarize, iocaticn information (SL and EL) appeAars
to be utilized fairly efficiently by»fhe S for recognition.
The love; RT's for location as opposed to thosé for distance
indicates shorter‘encdding and comparison stages for
location. Since the length of the encoding stége is
dependent upoﬁ the quality, detectability énd intensity of
the stimulus as presented (Stefnberg, 1969a), présunably
Elocatidp has more encoding poﬁeniiai than_distancef Error
séoneé for 10Cation»indié§te that the results of coamparison
to‘a criterion on which to make a decision was fairlj
accurate although less time vaslrequired as indicated by the
RT. Because it is not possible‘fo fracﬁionaté the length of
the total RT into the length of each individ.a. stagéAfor
recognition, it.would only ﬁe speculation as to the locus of
the increase in stage length. However’as previously
‘mentioned thé type of encoding will ihfluencé‘the type of
cqmparison performed on the functional stimulus. The tybe of
encoding will be directly dependent on the quality of the
stimulus as §resented..Anyzinflétion in'the.léngth of the
encoding stage due to a poor quality or unanalyzable
stimulqs shoﬁld also ﬁave a copcdliténf ingrease in the
Leng£h of conpafison stage. Thié would be due to.the'
necessity for to a more co-plete i?tch to feach'a criterion
level of confidence on which to base a yeé-no decision.

The distance attribute éppears to'be‘an unreliible
1$tdrage and retrieval cue. ihén'gtribped of any location 3

tag, recognition becomes very poor in terams of both speed
3 ’
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and accuracy of‘perfornance, It appears reasonable to
Suggest that distance when presented with location becomes
intedrated»w;th this additional information. This should be
expected since it seeas distance.alonetis not handled
~efficiently by the S and thus the S would tag it with
location for optima! nalntenance purposes. If the § is asked
(postcued) to recognize D vlthout SL or EL recognltlon he
may not be able to take advantage .of that cue: assuming that
the S has adopted an organlzatlonal strategy (Houard 1976).d
The resulting memory trace: frop an organizational strategy
would be integrated (#andler, 1597; Tulving, 1966) and have
different pfcberties than if the movement attributes had
been functionally separated initially. Becognition on a
"portion of the 1ntegrated stimulus would then be expected to
be poor. This may result 1f the functlonal cue was not
present or if thellnd1v1dual probe attrxb?te,as encoded did
not have the same properties as the stinuius.in‘nenory.
Because SL and EL data do not conform to the D data it
appears thatﬁxt is upon these atttlbutes that the movement
is stored.,That is, the. 1ntegrated menory trace uould
contain all of the location properties intact, with distance
being recovered érca these tvo attriﬁutes upon decoding.

. Therefore the memory trace for”location vonld contain all
the propertles necessary for succéssful recognitlon of

>

location in 1solat10n. In addxt;on, both the 1ocat10ns (SL
4 . N
: and EL) should be vlable dlscrlllnatlve attrlbutes

..\

12

{Underwood, 1969a) for the recognxtlon of the linear



novement task.

Experiment II

Results
The analysis of the data involved the calculation of
three types of errors scores, constant error, absolute error

and variable error. Each will be treated separately.

(a)'Csttanf error.

The:éénstant error scores (CE) ueréhsubjected to a
three-véy«ANOVA. The main effect of attr;bute type
(F(13;1a3)=u.97) was significant at pﬁ,bl.‘The subjects main
gffecf (P(11,143)=2.40) reached‘significance'at p<.05. The
cue ua%h effect kF(1,11)=1.68) vas non~sdignificant (Table
3{. ) | \

Sheffg's test,forvpost hoc amultiple comparisons was
applied t6 the mean CE eriPr écores amd’yiel}ed several
significént differences. The scotes were divided'into two
categories;vovershooting (pééitive’values) aﬁdlundetshooting
(negative values). Noué of the negative scores differed
‘significghtly.frbu”éaCh other ifcheffg's critical differenc.
=i.43, p<.05). Of the positive scores the Scbeffe post hoc
conparisons indicated that CE scores for D (postcue D) and D

(postcue SD) were significantly greater thapfgll positive CE



'scores for EL and SL except for EL (post SDE), (Scheffe's
critical difference=1.43, | J5=.05), (Table 11, Appendix
D) .

All scores for SL, Q‘and.gg invall conditions were
ranked from the greatest negatiye value fo the lefgest
positiye value. Of aled CE scores obtainedy those relating to
the distance attribute (D) had the largest mean positive and
negative errors (i.e. laréest mean CE - D, condition precue
SD; largest mean negative;CE - D, conditioneDE ). Figure 5
shows ehevlean CE for each .condition and the means are also
tabled in Appendix D, Tavle 10.

(b) Absotute error.

In the‘three-uay ANOVA the uaiﬂ effects of cue
(F(1,11)=34.76) and attribute type (F(i3,1u3)=74.63ywr\ .hed
significanee at p<,07. The subdi~cts main effect (F(1{,143)
was significant at p<.05. . _.= s a siénificant {p<.01)
interaction between cue anc¢ attritute type (F(13,143)=7.11)
(Table 4). Figure 7 is a gre °h- repreScntatizﬁs of fhe form .
of the Cue X Attribute Type interacfion. The mean AE for |
each conditionwisvshown in Figure 6, and is also presgntqd
in Table 10, Appehdix D. .

ThewScbeffe's post hoc.conperisons showed that all theﬁ
AE's for the distance measure (D) im all condltlons except
in the precued SE, precued SDE and the. postcued SDE
condltlons, ‘were 51gn1f1cantly greater (Scheffe's cr1t1cal
dlfference = 1.29, p<.05) than the AE's fo;rall the SL

:‘peasu:es and the majority of the EL .aéasures. End location

o
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“TABLE 3
o 3-WAY ANALYSIS OF VQRIANCE
CONSTANT ERROR SCORES
EXPERIMENT. II -
==========c::==:==:====:====:=:j_:=====;===:================
Source S.S ~ D.P. . M.S. P Ratio
Cue (A) ) ' 4,86 1 ", 86: 1.68.
Attribute Type (B) 425,22 13 71 4.97%k
AB 75.40 13 5.80 1.60
Subjects (C) ) - 81.17 R 7.37 2.40%
AC o  ate2 M. 2,89 " L4
BC ',Q   e40.38 143 4.48 . 1.23
RROR 516.88 143 . . 3,62

A

o Significant at the .01 level  °

* Significant at the .05 level



61

Pre Cue

=— == = Post Cue

SN W N SR S N TS N S R N R T

30
2.5
2.0
S s
w
=
3
£ 10
(@]
(@]
o
[3¢]
s
= 05
0
-0.5
-1.0
Fig. 5.

S S(D) S(E) SIDE) D (S)ID_ (SE) DIE) (SIDIE) E (SD) (S)E (DJE {S)(D)E
Ong 'FNR‘, -

AﬁﬁmneTwm\m,

and Cue Conditon

.Mean Constant Frror as a Function of Aturibute Type

“\'

Nl



62

TABLE 4
3-WAY ANALYSIS OF VARIANCE
ABSOLUTE ERROR SCORES

EXPERINENT IT

SOURCE - S.S. D.F. M.S. F Ratjo
Cue (&) | | 38.94 . ‘1 ~ 38.94 34.76%x
Attribute Type (B) 477.12 | 13 36.?0 24.64%x
AB | o '84.29 j. 13 6.48 7.1 1xx
Subjects (Cc) = - 21.46 11 1.95 2. 14
AC- C 12.39 11 1.13 1.2“*
BC © 114.35 143 .80 .88
Error 130. 34 143 .91 )

*%x Significant at the .01 level

* Significant at the .05 level

.
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(precue-SDE) and g& (precue $D) were not significantly
different from D (pcecuelsD), D (postcue'SDE) or D (precue
D) (Table 12, Appendix D).

(c) Variable error.

‘From the three-way danalysis on VE, tAe main effects of
cue (F(1,11)=16.46) and attribute type (F(13,143;=24.60)
were significant (p<.01). The inferaction of these two
factors (Cue X Attribute Type) (F(13,143)=6.57) was‘also
significaat (pS.O1),.(Table 5) . The form of the interactioa
is shown in Pigore 9.

‘The mean VE for each condition is presented in'Figure 8
and tabled in Appendix D, Table 1OL

Scheffe's a posteriori comparisons on the mean VE scores
(Table.13 Appendlx D) 1ndleate that as u1th the CE and AE
scores the VE error 5cores for dlstance under ‘most Attrlbute
Type X Cue condltlons vere 51gnlf1cantLy larger than the
conconltant scores for SL and EL. '

Spec1f1cally; VE for D (postcue D) wvas sigaificantly

larger (Scheffeis‘crltlcal d1fference=1.56, p<.01) than ady

other VE for D SL, or EL. Vatiable-error for D (postcue

E

DE) D (precue DE), D(postcue'SE), D (postcue SD), D (precue
SD) and D (precue D) vere all 51gn1f1cantly greater
(Scheffe's cr;tlcal d1fference=1.43, p_.OS) than all other

VE scores except for EL (precue SDE). As with the AE

;

measure, t he D VE measure in conditions precue SE, precaue

’

SDE and postcue SDE.were not significantly greater than any

EL or SL VE scores.
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TABLE 5
3-HAY  ANALYSIS OF VARiANCE
VARIABLE ERROR SCORES
EXPERIMENT II
Source S.S5. D.F. M.S. F Rafio
. Cue (A) 24.53 1 24.53 16.46%%
Attribute Type (B) 470.27 13 36.17 24.60%%
AB - 99.28 13 7.64 6.57%%
Subjects (C) ©22.09 11 2.01 .73
AC - 16,40 £ 1.49 1.28
BC 210.90 143 ’ 1.47 1.27
ERROR 265.98 1.16

R T L L S N D S N N T T o E S T o T e T e e e o e o e e o o e i o e e e

** Significant at the .01 level

- * significant at the .05 level
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Discussion’

The three oependent variables measured although.not
mutually exclusive (Shutz and Roy, 1973) reflect different
Characteristics of the motor recall performance. Constant .
error is reflective of a bias tovovershoot‘(positive errors)
or undershoot (negative errors). Absolute error is a-
magnltude measure and reflects the average deviatioﬁ‘from
the target or zero point with no stipulation as to
direction. Vvariable error indicates the coosistenoy‘of the.
subject's recall performance and is calculated as'tﬁe

stahdard deviation_of the algebraic ertor.

(a)%gttribute Type

-Thefe was a significant difference between the CE's fof
attribute type (F(13 143) 4.97). Reproduction of distance
resulted in a larger response bias both positive and
negatlve than the blas found for most locations (SL and EL).
A response bias is thought to be created by the phy51cal
pature of the llnear movenment (Pepper and Hernan, 1970;
Laabs,'1971y. This results in longer moveaents being
undershot (negative blas) and shorter movements being“
‘overshot.xetentvof Brovements in tbis”study were varied to
give an eqﬁEI*EG;;et of 1ong:(greater than 15 cm) and short
A(less than 15cm) movements so overshootlng and undershootlng
was expected The type of blas‘should qot differ between
attributes, Houever,‘the large bias magnitude associated

with distance indicates the unreliability of the stored
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eﬁcoded information. This may be a result of a poorly foried
perceptAét the attribute or a lack of elaborative
.infornatiop stored in LTS. (Craik and Lockhart, 197?); An
alternative possibility is-that only D information i§
sﬁ;jected to the bias of the rénge affect.

vThe results for dbsol&te error conform to most of the

findihgs in recent research (Marteniuk and Roy, 1972a;

4 Marteniuk, 1973; Laabs, 1973). In general, the AE's for D

were much 1arger than those for SL and EL iwndica. .j a’ more
accurate recall performance for locatic: When » rec .l
performance did not deteriorate in the .. ~nnditiva where D

wvas produced but not cued and in tpc 5% condition, distance
appear: to have“been_developed‘fron the location cues and
not as a separate entity. '

Variable grfor_séores reflect the saime trends but
represent a‘cbnéistency score rather than magnitude errof;
Again D attributé‘recallvrésulted in the'largestieEEOr
scores. Host n6£able is the instance uhere D is recalied'in
isolatioﬁ without a location tag. Tﬁe'consistgncyliith vhich
 the S produces the same errors is véfy low (VE=5.64). The
indicAtion is that the menéry traqelfrbn which disfance is
'}eproduced is not very prgcise Qnd that ﬁhe encdding'process
uhiCh’produéed the trace is non;elaborat;ve and ineffiéient;'
Variable etrors for locaﬁidn are significantly snaller as__l
would be expected fronjpteviOUS research or‘iinediaté r;call
of location (Qgrteniuk, 1973{CLaabs,'1973; Leavitt and'Hall,

"1977) . When D is tagged with location (in the SDE and SD)
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conditions, the variable error decreases significantly
(VE(Z 30). Interpretation of these error scores are fairly
Straight forward. Recall perfcrmance as measured by the /
‘parameters of bias (CE), error legnitnde ti2) ead |
consisteney (VE) is much poorer for dis+tance thah for
location.

Hall (1974) has euggested'a more descriptive explanation

of error scoves. He interpreted CE as e measure of a
predeternined error detectio; level; that is a deviation
from zero beyond vhich the output is'deened a error. |
Constant error would be moved closer to zero by the S, the
A]ess error the S is willing to tolerate. Variable error is
interpreted as the index of sensitivity of the error
»de}ection process and AE is thought to be an index of
accuracy of the memory trace. That is, t.e larger the AE the
poorer the state of the trace in memory. Using this

' i : . ' .
framework for the results of the present study, it vouldr
appear that the s, for b'reproduction, is willing to -
tolerate large dev1at10ns fron the target distance; is not
very sen31t1ve to dev1at10ns beyond the error detection
level; and does not have an accurate representation of the;
, dlstance stlmulus in memory. P0551hly these all could resnlt
fron a poorly encoded product for distance. Assuming ..o
elaborative information in LTS to enhance maintenance of the
trace in STS, the code ueed-uould likely be a point-by-point

representatlon of the distance stimulus which is contluuous

in nature and varies fronm any other stimulus in that

»
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category along ghe extént dimension alohe. This type of
coding procégs would be similar to Posner's (1967b)
kinesthetic image ihichvhe stated could not be encoded
sepantically or conéeptually and would result in rapid_
deterioration of the information n memory. ..
(b) Cue Effects . '

The effect of precuing or postcuing the TBR items vas

not significant when reflected by CE scores. Using the

fé result of reproducing the locations on the linear track

scheffe'.pbst hoc test for differences only the CE for D in
precue DE (—.7“) énd postcue DE (+1.09) reached fhe criticai‘
difference level. No explanatlon can be given for thls"
result other than D CE trend follows the EL CE trend in the

reproductlon set. Tha*t is, when EL was undershotfln the

_.precue 'DE condition (CE=-.69) so was D. In the postcue

condition the CE for EL vas positive (+1.Q8) as vas the CE
for D. It appears’that ‘the s néy have * 1 to tag the D
wlth the SL from the stllulus set but thxs 1s speculatlve.,
The lack of 51gn1f1cance of cue effect on CE 1lp11es that
the response bias is not dependent on;the iorl of the

noulnal stlnuluS' that is whether the attributes aré ' _;
s
G

1ntegrated or are functlonally separate.

The cue effect as measured by AE scores vas éignificant

’at ps.01. However the only sigmificant comparisons found by

s

the Scheffe! post hoc method were between D scores undef;the

conditions of D in isolation-and SE where D was produced‘as

o

€
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but was not cued. The,significant diffetepce between

N,
' 4 | - ;
distance recall in the precue D condition and the postcue D

condition indicates that7§5e S was unable to utilize the
-

postcue as an effective forget cue'to reduce the nominal set -

|
|

or to isolate the distance attribute. If as Howard (1976)
| ‘ ‘

has Suggested thi. attribhte is integrated or organized with
location during the encoding process then the p;operties of
the encoded product in memory 'would be different than that :
,of a functional sttinulos presented in 1solation;_This i
being the casepa,poorerﬁreproduotion of Q should be»expecfed
if D alone-were to be recalled froo the stinulus.set Qithout
an efficient retrieval tag (Solso, 1974).
The distance attrioute when recalled with SL in thelsb

#copdition or with boih locations in the SDE oonditioﬁ; was
recalied\equally vell under both condit’ ~f cue as

reflected in AE. It seems that the encc ofmatiodffor D

is integréted with encoded loca;ioq information and althou@h

location cannot be eitrapolated fronm disiance i‘ ruation,'g'

!

\-,‘9;‘

can be’ extrapolated from location infornation. In the DE

e

Gie - N
5cond1tion, D AE’S vere no different with a precue or a
' C s R ' : N

postcue, however the abso{ute error scores vere very high

w

precue AE = 5.04 cm;ﬁpostcue AE = 5.12cm) . In this .

condition the S reproduced D fron a' neutrs k position so that

SL was not a reliable cue. Therefore the end p01nt of the D

did not coincide wiFh the fBR EL. The §‘then produced an EL

/.

'subsegnent to the Q’SO that EL was not a reliable tag f6r D

f . N

either. Even with the EL in the TBR set, location was not

) i
i

| |

&

/

[ ¥
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available to- enhd € the retrieval of D. As indicated by the

ldrger AE score the postcue appears not{o have been
effective. Houever the large AE for the precue condltlon
indicates that the S was also unable to use prior
instructions. Assuming tne S took an integrative encoding
strateg;—;ben preCUed to D and E, reproduction of D and E in

i the 1solated matter required would not be optlnal for that

type of4q%pdtugy andscould acccunt for the 1nflated AE

3

194 "
A 51gnif1cant difference was also found for cue effects

us:!.’ ured by VE. As with AE results, tbe only significant

ML

dlfferences between atfrlbute types due to Cue effectSQ

appear for the dlstance attrlbuﬁg 1n the D condltlon and for
Rt

the distance- attrlbute (non cnedj'lqhthe SE condltlon. The
’ R

A?

assunptlon is thatvln the D condlélon'ghé § did not or could
not utilize the postcue as Qﬁfectlvely asxthe precue to
1solate D for encodlng .and s%orage ;n menor?. rhe VE
reflects an 1ncon51stency .or lack of prec1sfdn of
reproductlon.over trlals.VAs pge&1ously suggested. for the AE

b ‘ 'y.n
results, the large VE nay 1ndi&q;e that the form of~ the_

encoded dlstﬂnCe 1nforuat10n<ahen encoded vlth locatlon is

‘very different’ ftom the form of the encoded D 1nfornat10n

e when D does not have location tags.4Thls suggests an
1ntegrat1ve codlng forn fbr movement 1nfotlatlon. The lack
of cue effect on locatlon (SL and g;) as reflected by VE and
‘the fact that the VE scores are auch lower overall

demonstrates that locatlon is not necessarlly dependent on.

)
PRI
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’

distance information for retrieval. However D appears highly
dependent On tocation for effective retrieval. In the SD

condition D VE scores were fairly iarge {precue VE=4.48cm;
] o :

postcue VE=4.60cm) whereas EL which was non-cued but

produced, dad relatively snall VE's 4precde VE=2.83cna;
postcue VE=2.48cm}; The S's dppear to be acting on the EL-
and §L to produce the distance.'The consistenoy of D
reproduCtion in the precde SD condition is not any gﬁlaterc

than for the distance attribute in the precue D condition,
- ‘

v

However in the precue cdmdltlon, task'denands are available

before encodlng of the stlnulus set. Buschke (1966 1967)

W.r

suggested that recall dem ndskanfluencé'the vay lnfornatloh

o~

Y

is encoded for STH. 90551b1$¥khﬁWQn&oglrj form used was

optlmal for the task demands and therefore some degﬁne of f

-
&

»COn51stenCy should be expeqted ﬁor recall of any 1nfornat10n )

1n“tﬁe precued TBR set.- ; ‘ ,
Pt ' : »>
B 2

‘The con51stepcy of reproductlon (VE) ﬁor ﬁocat onldoes'

Ry

not vary undeﬁ the pastcue condltlon from “the precue ¢
e

_condltlon. If the %pcodlng process does in fact vary foratﬁe

task demands, the encodlng process.gsed with the precue

1

resultedg§§ equal ;eproductlon g dellty to that used ulth
:

Lae post It 15 possihle that- locat ion is encoded in the

sane’ uay regardless’ of the task denands in this sludy Sanef

_dlstance nay be extrapolated from location if it is 1ncluded\.

i

in the TBR set.

L ]
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I3

'”postcued It appears that in this condltlon the distance .

%” P S SEEEN

*.

Lockhart 1972). Dlstance wHen tec
'set containing only p,

'indicating(an iiprdvi

-G

the recall performance for distance. This is reflected in

all three types of error scores (CE; AE and'VE). When
. R W.'.\

distance is recalled from a stimulus set containing location

informat on distance reproduction is enhanced if location

informa ion is reproduced also. If location information is

not re rieved with dlstauce ;‘w
LN
int > drastlcally.uﬂdweveff'

the'reproduction errors

\i‘»«*{

re’ 2val to give a recall performance in the postcue ,

Lt

conditiou.equal to the precue condition.
Since recall was almost immediate, maintaining a nemory
trace in STM should not be a problem for the S. However the

statc of the mémory trace is reflectlve of the encoded

product. Presunably more deeply encoded 1nfornat10n would

o L eit

result in a ﬁore stable and aocurig; trace (Cralk and “N'{f

3 v .’; 'vC'\;f

led frOn the precgﬂd TBR

s recalled Hlth llttle accuracy,

w4

ed,ne-ory trace and an ineffectlve

encodlng pnbcess. Recall for D deterlorated further iheh

J
W,
ks, -4

attrlbute ¥as encoded in an 1ntegrat1ve fashlon with

locatlon. Therefore, the task denands would not have

,

coxnc1deduxlth the type of code or E;e process used to-

encode D unlesé location was retrlegkd in conjunctlon with

s

d;s;ance. ' -



GENERAL DISCOSSION

'1.\'}{;,“ . N ] ‘
The coding concept and its variants, encoding, recoding
and decoding represent the phenomena that between. the

external world and the memorial representation of that

external world there operate specific. processes for}the

)

purpose of translating external information into internal

information. Melton and Martin (1972) have implied rhat the
f ‘ k ‘ ! '

critical determinants of learning and memory are to be

disoovered‘in‘the coding response to an external ewent or

1

sequ%ﬁce of events. That is, if memory includes_the‘use of
, B . j
.specific coding processes, then these processes must have
domains from which to receive information. In order to
N v " ) . . B !

delineate the function of‘the processes, the uature'of the .

‘ ?domains and the interface g%tween tﬁ@fprocess and the input

e o A
N -,:‘ R ,

the delineation of'varlous types of lnforlation ayailable

N !

fron movement and the specific nature of that 1nfornat10n 1n

Tregards to its storage and retrieval potentlal. Researchers
have access to the nonlnal forn of the novenent alone but
S ;nfer the functlonal fora fron the products of. recall lelory

[ .

tasks. Thls functlonal stimulus forns the 1nterface betveen

‘ v p \'

the 1nput movenent doniln and the central codlng processes.
THe purpose of the present tuo experllents Vas to,
( t

1nvest19ate ‘vithin the constralnts of both a reqall and a -

.speeded‘recognltlon paradlgn the functlonal nature of a

ey RN < cLa ey

) |
77 /f

N

¢




’avallable information (Buschke, 1966' 1967) .

- 4. M‘ 0
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I
i)

movement stimulus. The three major assumptions upon which

the preSent research rests are (i) that all the information

‘avallable to the subject is not necpssarlly contained in the

functlonal stimulus but rather the sub;ect uses an.optimal
cue selection strategy (Posner, 1967a), (ii) that the level

of recall or recognltlon perfornance is reflective of the
\\
robustness of the encoded stimulus (this may be 1nd1cat1ve

of the level of encoding the stimulus has reached (Cralk and

Lockhart;-1972)), and (iii) that the task demynds influence @

the type of encodlng processes that are used on the

~

(S35

Several researchers (Laabs, 1973 Harteuluk 1973' Roy
&w

';and Drewart, ﬁ975 &ahl and Leav1tt, 1977) have 1sorated : .

location and/or d;stance lnfornatlon in a notor STM task.

The general conclus

”@n-draun from these varlous results 1is
B -

tﬁat locatlon 1nfo iitlon, in 1ts encoded forn, has

dlfferent characrerlstlcs in t rmszof tesultifig stOrage and

retrieval Eetentlal than tho™ of dlstance information in ltS
encoded fornm. hat is, in general - location information was
reproduced more accurately and prec1sely as reflected in the”f
error scores than was dlstance. The results in the recall :

£ o
expefilent'in thlS study vere 1n agreenent with these

”ffﬁdihgs; Hovever the lajor difference between the ' ,
q

'forementloned studles and the present study vas the lultlple*

'lnput process (SL §Q EL avallable_at 1nput) and the pre

lnput and the post 1nput forget cue. These 1nput/outpdt

"cdnst;aiﬂts in the recall pé%aﬂmgn alloved for lnvestlgatlonA

~
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.of several aspects of the information-as—coded. Specifically
these constraints allowed for the investigation of the

‘functional retrieval cue=s among the available movement cues

v

and the form of the ar “ioncl movement stimulus when

1OCation and-distance c» were available. Distance recall

vas very poor when distance was retrieved in 1solat10n.

However dlstance recall 1nproved ln both accuracy and

stablllty vhen a locat1on attrlhute uas retrleved in

L
tonjunction with dlstance. Location recall performance was

notgaffected by the’presence or absence of the gistance
attrfhhte‘retrieval. The indicafioh.is that the encodedifOrm'

Y of dlstance in 1solat10n 1s not vell malntalned 1n)store nogg

i T
oEs it prov1de apyoha51s for retrleval fldellty. .The

-

-

‘ehcoded forn of locatloa appears to have been developed to

©

deeper level of the encodlng process. The stabllxty of the

«—DJ

[

location regroductaon indicates,a rehearsal or elaborative
strategy, mappihg‘the ihfornation in STS‘ihto elahorative
information in LTS to increase the ease of the data. handllng -
'1n STS. Lockhart Cralk and Jacoby 41976; vaew thls~pr0cess

as further encodlng wlthln a spe01f1c d0lain. They state

1

that it should result gh the fac111tatlwn of the dlstlnctlon
'S l -/’(7
‘betvdeen the TBR item fronm s1n11ar 1tensx1n memory. Perhaps

distance 1nfornat10n cannot gndergo ‘this type of elaboratlve

enqodlnq.- ' 1

=

' The speeded recognltlon technlque has ﬂot been used fo

any great extent in novenent research. The paradlgl enables

one to investigate memory throngh the use of the speed and
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;‘accuracg of recognition.(rn‘tne present study the input and
output constraints of the multiple ensemble stinulus ar’féf‘theu
pre and post cnei:ithin the speeded recognition paradigm
allowed for inferences to be made regarding the length of
the encoding and comparison stages, and subsequently the
type of processes taking place in theSe stages. In addition
the noifnent cues used as discriminative attributes in the
recognition process{could be isolated. The inference was
that these sane attributes uould be included in the;‘
functional stilulus for the recognition of a }inear,
movement.

/Invgeneral the recognitioﬂ;performance fcr location

attributes (SL and ELa was faster and more accurate than the

recognition perf Z for the distance attribute as.

'1dh latency (RT) and mean error scores.

This indicates that location is well distinguished from,

reflected by recogn'

. \

'other 51nilar items in menory probably as a result of
elaborate encoding (Lockhart, Craik and Jacoby, 19?6).

Distance recognition without the benefit of a reliable -

o

location cue uas very poor. The . encoded form of distance in

‘J:uf é

"menory appears to be inpoverished probably conSisting of .a

pr:ary code forl which is highly susceptible to loss fron

. nenory.t‘f"distance inforiation is not available for furtger

Jq .

proceSSing'(eg. application of a conceptual code) nd
faliliarity index (FI) could be gaenerated and the‘
récognition scan would be based on the initial form of the

~encoded distance infor-ation-(Juola et al.,'1974). Presuning
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that location is available for conceptual coding;.an FI
could be generated. This vould account for the faster
recognition time for locarion since a ‘response would be
_@nitiated uithodt a ‘mQmOry search. The deeper level of
encoding would also ensure a more accurate recognition
performance (Craik and Lockhaﬁﬁé h972).~Solso (1974) has-
. stated that iuformatioh which has'elabbrative‘encoding

potentlal would most likely have high neanlngfulness (H)
‘"’«,ﬁ}é‘

value. When a multlcomponent'stlnulus is presented, the s =
(v

will tend to select the hlgh M components as the fuuctlonal

stlmulus and dlsregard the low M component (Undervood Ham
and Ekstrand, 1972; SOlgo(_197u).‘The results of the present

investigation tend to suggest that'the,Location attribute»is’

the main component in the functional stimdlus'for a linear

movement task. The location appears to haye an elaboratlve

- encoding potential and*therefore a correspondlngly hlgh M.

on the other hand the-distance attribute seens to have'a
-J . N ‘)

B

lesser,encoding potential and as a result, a lov H. Very
llkely, the dlstance attribute is not used as an 1ntegral

part. of the fun&tlonal stlnulus.-

I

. The culng technlque derrved from an intentional
forgettlng paradlgn produced sone 1nterest1ng results
regarding the. relailonshlp betueen attrlbutes 1n the llnearé

o vcment tasknfqr both the_recogn;tlon and recall

T . ' R -

experirents.'Tbe pre and pdst cuing technique. is purported

L

tc prel uce sel\ttive rehearsal/ recycllng (Bjork 1970) or a

- selective search during a nelory,scan (Epsteln,iuasaro aqd

Lod



82

nlv

_Hilder, 1972).v ane the TBF 1teus vere dissimilar from the

JT
q

~3ﬁﬁ"

it was cued in isolation. If, a location appeared with

rTBR 1tels produced by the cue it uﬂgwgssuned that any effect

of the cue would be a result of a selective rehearsal'
phenonena. Distance was the ohly'attribute to be effected by
the cue technique. Location (SL and EL) recall.and
recognition perfornancesérenained'stable under both cue
cooditions. pistance information only showed an effect when

distance, the recall and recognition performances for

"distance under the two cue conditions were equal; Presumably

when both distance and location were avaiiable and. the task

.

demands wvere not stated (postcue condition) location ¥as -

as either disregarded'or

strategy llplies that

selectlvely rehearsed anﬁ dlstanc'

only recycled in STS. ng“igmyclln,

the 1nformat10n ¥as held‘%%'nts initial encoded forl,‘3

process similar to- Type I proce551nq (Craik and Lockhart,'

1972). If distance vas . then postcued, the recognltlon and/or

'reproductlon perfornance uould be expected to be poor. The

experllental results support that contention. Postculng on

either locatlon attrlbute should. bg?equﬁl“to the precue
condltlon when seLectlve rehearsal is regu1red. The resplts
of td}s 1nvest£gat10n conflrn that vxev,
When the distanCelattribute wvas postcued, andva.re%iabLe
locatlon Qés 1nﬁiuded in the TBR set, distance laihtained |
> .
its precue perfornance level. Thi's uas lost evident in the t

¥
recognltlon expérlnent. The conclusion “from these results

\

again was that the'location attribute was contained'in the

Y

=

-
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N

,‘1‘# ' T
Phncglonal stlmulus for the llnear movement task and that
distance information could be extrapdlated fron the
functional location information.

Another possible conclusion 1s that distance inforration
®ay not be disreqarded in the forming of the functional |
stimulus but that dlstance 1s 1ntegrated with location.
sccording to Howard (1976) the encoded forl of the =
lntegrated distance lnfornatlon would be different from the
encoded form of distance as a unique item. Recall or -

iR

recognltlon of the unlque item from an 1ntegrated functional

set would result in poor performance as wgs shown. in the

present study. Location appears to be a dlscrete sp%‘1al

iten and may not necessar%ﬁw shou thls degtz%atlon ;g recall

1"‘ "1;\ -

&
' or - recognltlon even it if was 1ntegrated vltﬁrﬂlstance.'

Dlstance houever, as a contlnuous iten can only be well

.’deflned hx locatlon iteas (SL and EL).

In the present study the only dlstlnctlon ngg%‘betueen
o/

the processes of recognition and recall (As that recognltlon

does not requlre the overt retrieval of the stlnulus 1tem.

. &) *
Therefore in recognltlon the S'relles gg?dlscrlnlnatlven

-

 ,attr1buteS wvhereas ln recall it is both tp//?lsérlulnatlve

and retrleval attrlbutes that are acted upon (Underwood

1969a). Undervood 41969a, 1972) states that dlscrlmlnatlve

attrlbutes and retrleval attrlhutes are dlstlnct and have

little overlap. He States that the attribute respon51ble for

dlscrlmlnatlon is 51tuat10nal frequency uhereas the -

-

attrlbutes responslble for retrleval are those linking the

LR
VEY
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;

’stlmulus with the context or the stimuli wlth one another,

The results from the present recall and recognltlon studies

are very similar in that location. emerges as the functional
attribute for both processes.‘There are several explanations
for this result. Brown (1976) has stated that certain | o
features of recognltlon tasks may encourage the use of

recall to mediate recognltlon. If a target is élbedded in a

coherent structure, recall of some -or all of this structure

)

may be required before a decision on the target is made. If
dlstance is 1ntegrated with locatlon and .not _handled as a
dlStlnCt entlty then the enbeddedness feature could have

_been present in the -recognitian task. This vould also

g ! -
ot 1-,» o~

account for the facilitative effect of locatlon in the TBR

set 51nce the:S produces the item to be recognlzed.

v

Several researchers (KlDtSCh 1970a. Anderconﬁand Boueg,

'1972 Brown, 1976' Lockhart, Cralk and Jacoby, 1976) argue

‘ .

that there is no real dlfference betveen~the recall and
'.recognltlon process. Lockhart et al - (1976) assules that

there are two ba51c lodes for both recall and recognltlon.'
‘

The first is a reconstructlon process -in vhlch an L

-approxlnatlon do the 1n1t1a1 forn of the encoded stlnulus is
A ‘ 3 oy

generated in the\perceptual/ cognlt#ve systen. The second

. v

process is sqannlng vhich is the search of recent eplsodlc

A

traces for the presence of a pertinent feature of the probe
item to be retrleved or recognlzed Klntsch (1970a),
Anderson ang Bower (1972) and Broun (1976) purport the

generatlon dlscrlnlnatlon theory in uhlch there are tuo
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bdsic underlying processes, one of which is involved in
recognitien.

The'present studies although not conclusive indicate
that the recall and recognition processes for a linear
mevemedt_task are based od the loeation attributes of the
movement as opposed to the distance attribute. It is
possible that the locatigsdattributes contain those cues

.y
%hat form !he baSlS of both retrieval and dlscrlmlnatlon

. "f"

RO L1

Qroposed by Undervood (1969a- 1972). If such vere the case,

yﬁlt would not be posstble to drau any conclu51on [from these
B

studies concernlng the underlylng 51n11ar1t1es or dlfference

. A

“the tuo.processes. . .

bet i

. sumnary, the pUrpose 6f this study was to investigate
the nat;re of, the encoded dftor information ii a linear

movenent é%ék and by so, dq*ng dellneate the functional notor“

stimulus in tbe task. Locatlon 1nfornatlon, both start point

‘and end point, energe as the rellable attrlbutes fot both

<_/

recalg and recognltlon. It appears that 1ocatzon infornatlon'

is more readlly ayallable for elaboratlve encodlmg andﬁto a
deeper level of encodldg than is distance 1nfornat10n.
D tance 1nfornat10n appears to be encoded in a prllary
fxim, similar to Posner's. (1967b) descrlptlon of klnesthetlcﬂ
image or a point- by~poxnt perceptual representatlon.

The aost probable eneoded foru for the 1xnear noveﬁent

tasl is ‘an 1ntegrated form in vhlch all the 1nforlat10n

'(location and distance) is maintained !ith_locatlon

inforamation acting as the retrieval tejddue-to its encoding
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“a

and retention potential.‘aé an iniéial study using th#,
multiple cue téchniqué and the speeded'recqgnition paradigam,
the results can only be interpreted in light of results frél
verbal memory research. Further investigation into the
;ecognition and recall processes.using such'fecbniques‘is a
nécessity not only to define;the'basis of movement o
recognition but £o inxeétigage further fhe viéble ﬂotipn of

the integrated code for movenment.
| D e SR

e
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REVIEW OF THE COLING LITERATURE
The Concept of Coding : T .

The primary questlon to censider .in elaboratlng the
concept of codlng is vhat advantages are therg to using such

a concept 1n the explanatxon of the processos ot learnlng

and memory? Reynolds (1972) suggests that'a model (as

derived from a concept) should do thtgé'things: -~

1.- simplirfy the exlérnhq explanatxons \ ~

2. support the 9x15t1n¢ emplrlcal observatlons, and

3.forganize the observations with the result that the
ideas may be generated that‘uay no; have occurred without

the model.

'As a‘resﬁlt of the suing from the traditional‘
associative explanations of learnlnq to an approach ‘which
: l
views the 1earner as an actlve procesSor of 1nforlat10n, ths=

-

concept.of coding appears to p:ovide a v1able ‘model which

fplfills.fhe previously stated prerequisites.

1dent1fy1ng the condltlons under which an assoc1at10n was

The earlier attempts to explain Jlearning were quite

Tmechanlstlc and ‘for the most part, research was ained at

established (7 son, 1975). The nature of the-learhing atom

wvas relatively ignored with-the assunption that the -
-

'

vperforler learned tvo-place dlrect relatlonshlps between

items which vere externally defined.

The approach inAvhich codlng theory has flourished,

«



directed at understan ipgbl arning by invesrigating the
mechan;sns'end proEeSs s by \which thevperforaer acquires
1u£ornarions This approach makes no assonptions as to what
is learned and is, theretore, available to empirical
lnvesthatlon. By understanding what is learned leads
dlrectly tb sonme assumptlons reqardlng the processes used by
the performer to acquire that information. So, rather than
'assumlng an association between items, the trend is to
investioate the'organization,6?\Qtens in memory. .With an eye
to the’ organlzatlcnal approach, Lawrence (1959; introduced a
theory of attentlonpro stlnulus cues to account for some
findings 1in P.A. learnipg. This was followed shortly in.1953

by Bousfields' article on clustering of responses in free

recall relatlng the idea of organlzatlon by category. Millar
N ©

(1956) uséd the concept more exten51vely in hls notign of

chunkxng.of 1nfornat10o for storage 1in short-tere memory.
Relying on the coding jargon of communication, ﬁe,stated
that, the input is given in d code that coptains nanyfchudks
and that the:operétor recodes the input into ::;ther code
that contains feuer chunks. - | | |
The flISt appearance of the coding concept in thev
learniqg_;iterature vas in apnother paper by Lawrence (1963)
when  he lirened the stimulus—respoﬁse mediation of the idSE
of codlng. Hlth thlS 1n1tlal applzcatlon of the a

'connunlcatlon theory concept and Undervood s (1963) notion

f



7 eoncernlnq the stimulus-as-coded versus»fhe stlnulus as
bpreqentpd a plethora of reseach -#as initiated applyinq
codiny theory to learning and memory {(Melton,”1973).

Returning to the primary quebtlén of the adyaptages ot
the coding E3ﬁtept, one. of ;he’assulptions inhereif 1n the’
use of a code is ‘hat it 1is an optimizang device; This
dssumptioh is_ in keepihg with the cJE;edt view Oof the
performer as an active participant in the information-
acquisition process. Hei?%rd (1974) staEeS that the
performer uorks on an economy prxnc1ple in that naxxnun data
will bg stored in minimum teras. In other uords;'by“uSe ot a
code the performer may optinize'on fhe infornation'availéble
to him for storage. The notion.of 0ptimization on the p&rt
of the performer 1is a necessary one «hen cbnsideginq the
functional limitations on process and capacity that do

exist.

" To delineate thejconcept of coding still ypcses sénevba-
of a prgg}em. The co é:;t itself co¥yers a wide varlety of
functlonally dlffqrent coding operations, ;he specifics of
,uhich,-uithin the franevork‘of human performance theory,

" still remain to be experinentally determined.
Eoding should be regarded in'a puteli informational way;
as a psychologlcal construct vhlch is not tied to .
phy51ologlcal fact but which hasﬁas a base only experlence

accordlng to vhlch some structural scheme of 1nternal

relations is created. This model of the relationships then

exhibits the required effect in a na;;s?eyﬁst/gigilar to

P
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that of hukan behavior.

.can be conersfed a process; the process ‘being the //

To mdke the concept ot coding more succinct, the

following section will define the term coding cperationally

.
\\Vdnd within the {ramework ¢t learning and memory theory.

N

AN

(a) A Definlition of (odiny

The distinction must initially be made among the terms,

~fcolinq, a code and‘coded'infornation. By in large, coding

/

’

appllcatiom‘af a code ta_available information resulting.in

‘ \
extraction or elaboration of that intormation. The result of

this process is what 1is termed coded information. The use of

the coding constfuct makes no inferences as to the temporal

or spatial propectiég;gf\the process within an information
processing flowv-diagraa of the performer. However, 1t should
. ,' . , /
[
be pointed out that, what can te defined as peripheral

L

coding of the coding processes “i7z:ged in by sensory

" receptors -in’ order to convey information to the central

processors [ cerebellar level] will not be considered. The

.ma jor concern 1is the coding processes which take place

centéally in the human performer.

In the literature, the distipction between code and

cdded.infornati%n is not so precise as previously stated.

—
\

Broadbent (1971), Melton and Martin (1972) and Warren (1972)
define the code as the performer's memorial representation

of the extermal world, or an internal represent%tion of the

N

e



external stimulus event.

The definitidn 1s actually what wi'll be calied, 10 this

!

,otudy, the coded 1ntormation. Using the terminology trom
Johnson, (197.2) a code may be regarded as an opaque
container . That 1s, the code ropresents the i1nformation

tather than beinj the 1nformation 1tself. The 1implication,’

then, is that there is no-Tfeason that the code should

remlect 1n uhy vay the nature of the content it represents. i
Therefore, 1f therfe 1s any transtormation of the intormation
dn the stimulus-as-presented, 1t 3hould be necessary for the

subject to adopt an entirely newvw code tor that information.

By the application of a code to the available

information, coded information results, vhicﬂ‘is the

T

internal representation of an external stimulus. It should

s

be noted that th%:sfinulus-as—coded is not necessarily a

po0lint-by-point reﬁFesentatLon of the'stilulus—as-presented.

In fact, a code is/used on the external information with the

PN

intent of representing it in the silplest; most economical .~

way possible and may be regarded as a jevice for
2 .
organization and possible reduction of information contained

ip the stimulus.
"The coding process can the > defined very yenerally as
the application of a code @o incoming infornqtion for the
purpose. of ttansforming i ingo an efficient coded. fora.
Posner and Boies (1972{ Suggest that the coding proce§§
involves the contact of the external stimulus with the

’

appropriate representational code that is available in
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memory. This explanation can be thrther\élabo:ated by
considering it within the Atkinson and Shiffren (1908) two-
structure model of memofy. They differentiated between the
structura; aspects ot storage and the process of memory, .
postulating a shorf-term store (STS) and a long terﬁ store
(LTS) with the memory processes involving both systems. Hore
specifically short term nemory would involve both STS and
LTS. Under the éssumptions of these two independgnt but
interactinq systems, coding processes could be vieved as
selective alteration and/or addition to the information in
STS, as a result of a search in LTS (Atkinson and Shiffren,
1968) . This then, accounts for the role $f past experience
in the processiung of information, -

To' put the concept ot coding 1into the framework of the
1nformation'processing I/0 model, we can atteapt to brlefly
develop the sequence of.event$ that transforas the
information-as-pfésented‘into the information-as-coded. It
has already been assumed that peripheral coding takes place
in o%dgi for information to enter into a short,térm sensory
storage. The naﬁure of the information can be termed
precategorical or unidentified. The next step is to input
the®information into the STS. This information flow may
entail a process of Categorization and/or identific&tion.in
order to optimize on the nature of the STS. ThisAmay
pecessitate the interactiom of LTS with STS {storage search)
which was previously'defineq as a coding procéss. The nature

of the process will be heavily dependent on both input and



5

output demandsxelicited by both the information itself and
the responée or task requirements. ‘
Although briefly elaboratea, the major implication of
the coding'cpncept in the information processing framework
is the flexibility it briugs to that model. The result is a
more dynamic view of phe berformer who 1s not'the:paun of

environmental stimufation, but rather can selectively

organize and optimiie on that information availablé to him.
(b) Types of Coding Processes

Although there is not as yetka~uelf defiﬁed'taxonomy of
coding process within th;vlearning—memory literature, the
application .of the coding concept to specifiC‘reseérch areas
has delineated three gbecifik fErocesses. The fuhc;ionality
of ;ﬁ encoding procesé was initially-bighlighted by
Underwvood's (1963) work on. stimulus selectibn,uintroducing
the notion ot the tran;fornation of the nonigal‘stimulus
into a functional stimulus. The uncertainty relationship
between thévStinuluS‘aé-presented and the stimulus-as-coded
became more distinct and waé generalized by HM: ;ﬁﬁ (1968) in
his concept of stimulus encoding v;riability. The encoding
notioﬁ is very‘general aﬁd is usuélly defined as
transformation of inforamation fron‘one form or state to
another uithou? alter%t;on in the actual information content

within the humaﬁ organism (Onderwood, 1972; Postman énd .

Burns, 1973; Kulhavy and Heinen, 1974).



The second process, which is functional in ternms of its
implications for learning merory theory, lS recodlng. The
constraints in functlon are more specific for this process,
since the term infers that the information is initially
coded and by the application of d;fferent codes takes
alternate form. Keele (1973) postulates that the recoding is
4.cross-modallty 1n nature and would allow for matching of
stimuli between modalities and for coding a respdnse in a!
different modaiity to-the input; T "5 has been substantiated
in_studiés bx‘Tverskxs}1968) and Pavio aﬁd Beggs (1974) . .
Althbﬁgh this statemé;l may be correct, it doesvnot.
necessarily deséribe the onli type'of recoding that can take
plaéé; Assqmihg that codes have a hierarchical nature
(Bower, 1967a), 1t would be. logical to péstulate‘thqt.any
Changé iﬁ'the code structure of a_stihulus from one leiel on
the processing scale to the next invélves a recsding
process. This hierarchical code scheme concept (C:aik and
Lockhart, 1972; Johnson, 1972) would necéssarily involve
recodlng although this is not fo say that parallel codlng
could not exist (i.e. tuo types or levels of coded |

[y

lnformatlon existing for one stlmulus). Johnson (1972), also

(%

supports this view of recodlng and we uay con ﬁpe that, in
,depth of processing terms, rscoding c;ild (g:zlplace
horizontally, across codes, Shd between mo@alities (Keele,
1973) or vertically between codes.and v1th;n modalities
(Postnan and Undervood 1974; Atkinson, Herrmann and

‘Hescourt, 1974);



The last research defined coding process is decoding..
Johnson (1972) defines it as a process by which coded
information, when recovered, is formed into the information

XY

//lt represents. The cénCept is closely tied to the proéesses
of retrieval and rettievalvcue efficacy (Sol;oi~197ui. Once;
encoding h$s taken piéce and the codéd material has
undergone processing and storage, some type of decoding 1is
gene;ally hypothesized for ‘the infdrmation to bé recalled
(Johhson, 1974; Postman and Bufn§,319%u).

Decoding, houever,\cannot.alvays be’considered‘the
reﬁerse of encoding or a$ Solso (1974) states, the
mechanisné for putting céftain ingprnation into the&
processing system are not necessarily revefsed-uheﬁ~that
ipformation is recalled. In general, éecoding'can be termed
the transformations made on the coded information: for

retrieval®froa memory. | \\) .
x Johnéon (1970, 1972) has applied the conceptqur the -

explanation of the efféctswof serial response learning.

To time-base, in a Very sinplistic manner, these
procésses for a single stinulus_vithin fhe information flow-
tH;ough qugl,‘they would occur in succession, encoding” the

" stimulus in its initial fuhctiogii‘form, then.pOSSible, |

fecoding (horizonially or’veptiCally and»ﬁhén decoding’yhén

necessary for the formulation of a respomnse.

0



(C) bees of Codes .

If we accept thé’assunptiong made by Johnson (1972) ig
his opaque code theory, the exact nature of the code cannot:
be fully defined. However, it/is possible to séy_sonething
about thé types of codes used when the stimulus is stored
based on its various propertles.,a In other Hords” the codes

hemselves are not self-defined, but can be detlned by the
nature of the coded 1nformat10n,‘§he nature of which is
iﬁferred.from experimental 1nvestigatidn of recall fidelity
and recall errors.

An alternate way of clas51fylng tyées of codes 1s:-to
categorize each one based on the process and/or proce551ng
system it is associa ted with. These two systéms of
ciassification are neifher synonomous nor mutually
exclusive, so both will be:reviewed.

"The fir.= classification method gives the codes a label
dependlng on the type of information they are‘fssoc1ated

with. For example,'there have been deflned in the literature

»

physical codes (Attneave, 1972; Melton, 1974), tempora%
codes (Bartlett and Tulving, 1974¢) visual and verbal codes
(Tversky; 1968)_graphonomic and phonemic codeé (Meyer, et
al., 1974) and language or~name‘éodeS'(POSner e; al.; 1969,
Liberman, nattinély énd Turvey,. 1972).

Posner et al., (1969) made a codevclassification based
-on the encoding of physical attrlbutes of the ‘stimulus

]

(phy51cal code) and encodlng ‘on the conceptual attributes of

N



the stimulus, eithet phonet%c, auditory, antiq&latory Or.
llnqulstlc (name code). Hisrstudy indicated thgt'an identity
match based on phy51cal codes (e g., between A and A ) as
measured by RT uas_ﬁaster than an identity ndtch'based on
name codes (e.g., between A and a j-

Posner concluded that a phy51cal code could be handled

or stored in a sensory register and the 1dentity_natch could

be made directly on this information. The identity ma tch

based on a nane code would, be postulated, entail a further

procéss to encode into a verbal label which would take time.
l
This explanatlon ties codes- based-on-attributes to

codes‘based—on?processes. Code types bave been deflned as

prlmagz\nnd secondary (Bouer, 1967a; Galanter, 1967; Posner

et al., 1969). By this schene, the prlmaty code forms the

1

stored representatlon upon which. the- recognltlon process 1s.

based. It 1is also assumed that the prlmary code is based on

,the physical attrlbutes of tbe stlnulus ‘and thelr

corresponding values. This is very Slﬂll&t to ‘the not1bn of

d physical code. The secondary code. appears to 1nvolv \k\ \
‘ C

‘ lanelling or.categorizing'process and seemns to be ‘based on

the more semantic oOr cOncentuel\p:operties of the s imulus
(Bover, 1967a).,

| Juola, Taylor and Young (1974), differentiétin. codes 1n
terms of "the encoding processes. with which, they ar
associated, proposed perceptual and conceptual codes. They
suggest that the perceptual code forls the representatlon

that 1sﬁconstructed durlng the analy51s of the stimulus

-
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(similar to a primary code). The perceptuallcode;is thenﬂ
mapped-to a specific location in LTM with perceptualbcodes
of similar iteas. ?his sapped representation, together with
information stored cross—Categorically,“form the |
conceptually-codeg information, ‘the organization supplied by
a copcepthal code (simila; to a secondary code).

Thf% type of code schenme is aiso supported by Atkinson,
Herrman,and-ﬁescourt (1974) . One of the major assumptions:
underlylng these code schemes is the two—structure model of

memory (Atkinson and Shiffren, 1968) vhich allows for

<

1nteract10n of the STS and LTS in both short term memory and
'long tera memory.

To develop a framework for types of codes for this
study, we yill incorporate both the forementioned code
descriptions. ” ‘

Primary or perceptual codes will be assoc1ated vith
encodlng processes in- memory prlor to STH. However, the
notion of a phySLcal code, as proposed by‘Atkinson, Herrman
and Hescourt (1974), is extended to refer any code utlhmzed gz
in the processing of phy51cal attributes of ~the Stimulus
regardlessvof the encodlng stage.(Hall 1974).\ |

To state that certaln types of codes do not requ1re
central processxng vould be, at thlS tlme, an |
unsubstantlated statement However, Posner's et al (1969)

'results vould 1nd1cate that more‘central proce551ng time

and, perhaps, capac1ty is required for ldentlty latches

based on conceptually coded information.
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The terminology, as described for thisvs%u‘y, 1s
consistent sith contemporary models of memory such as Restle
(1974) and Posner and warren (1972). Posner and wWarren
(1972) postulate that what 1is stored in memory are concepts
and traces which correspond to conceptually and pby51cally
coded 1n£ormatlou. Restle (1974) supports the same potion .
although hlS termlnology for conceptual and physical 1s od
semantic and episodic Hlth reterence to nemory.

(AS was stated prevxously, to describe a type of code,
one must, because of its symbolic nature, rely on inferences
based on the properties of the coded inforlation. In
summary, we may state that code types arevbierarchical in
nature; the level of the hlerarchy correspondlng to the
level of processing in- which the coding process takes place.

piagrammatically, the developnent of code types may take the

" following fora:

. v
) Peripberal Code Qﬂ}
STSS Primary ) E NI
- S Precategorical '
sTS - perceptual Code (Physical)
) + Secondary

LTS ) ‘conceptual Code ) L
: ' (Phy51cal and Semantic) : -
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The Process aof Encoding in the -Information Processing Model

- The purpose of this section is to consider the encoding
process in order to relate it to the functioning of the
‘memoryfstructures of STS and LTS. To determine what is

Q
stored in meuocy, it may be necessary to examine the.

funcflonal 11m1tat10h§ of the processes used to store the
_material and the functional capacities of the systems in

wvhich 1t 1s stored.

(a) Attributes .of the Encoding Process

(’ i). Time based:. , o : o
The encoding process can be time-based. The ﬁinev “
required is not, hovevet, an abéolue value but. will vary
';invérsely with the complexifyi difficulﬁy and type/of
‘ r‘stimulﬁs. Newell (1972) indiéatéﬂ that the time required qu
the'eﬂcodiuc process alone'uouid:be‘minimal énd an internal
representatlon would be avallable several h$ndred B )
nllllseqonds after the stimulus presentatlon Assuming that'
the performer adopts an optinal coding strategy (Welford,
1974), the fime reéuired.uould vary also with task demands.
Busclkxe (1966, 1967), iﬁdicates that recall task-demands
infiuénce,the manner in which iteis are enéoded in STs. If.

the output demands are not known, the subject will adbpt'A

? encbdingistrategiés vhich will include the maximum
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informationvfor retrieval and readout,  (Buschie,

968) . .Time

required. tor processing and amcunt of inform@tion processed

are then directly related.

( ii)AEncoding variability:
Just as there vill.be'variations in the time-base for
the encodlng process, it 1s hypothesized that due to 51n11ar
factors related to the pature of the 1nput and task demands,
there will be varlablllty in the form of the process itself
(dartin, 1973). Bover (1972) supports thxs notion basing hls
vhypothe51s on the stlnulus sampllng theory proposed by Estes -
(1959).‘The ‘variations in the encodlnq process u1llunot be
elaborated upon-here but it is sufficient‘to state ‘that the-
process 1is not fixed in nature bur vili adopt, in an optimal
manner rortie conditiods and,constrainrs Sset by taFk and the

B

. . ' f
external environment." - : )

(11i) Encoding specificity hypothesis: »

',Tulving‘and Thohoson (1971, 1973) hypothesize that the
ef fectivness of cuing at recall is strongly deternlned by
the spe01f1c encodlng of the to-be-remeabered 1ten at the
time of 'storage. That is, no cue, however strongly-'.
associdted with the to-be-rerembered item, can be dn
efrective cue'unless the to-be-remembered item is
specxflcally encoded with respect to that cue at- the tlme of

storage. ‘The results of the Tulv1ng Tbompson study 1nd1cates

a better retrieval u1th ueakly assoc1ated Cues presented

<
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with thegTBR;items at input coﬁpared to stronglj,associated

cues not presented at the input stage.

In'épisodié-melory, (Tulving,/1971) it 1is hypothesized
that p;;perties of_the trace bf a word event are detefmined
by specific enchingloperations performed on the input and
tﬁ;t it is thése propérties that déﬁernine,thg effectiveness
of any given’stinulus ﬁgAa retrieval cue for that event.

~
4 .
-

( iv) Attention requirements:

The assumption is that éttenthgn fgquitemedts infer
conscious operations such as thqseApfobosed?by-Posner and
KLein‘(1973). if a processing operation de;ands attention,
it is assumed ﬁhat it demands, thereforé, patt of the
‘central processing capacity.

To state uhether or not the encodiqg process is a
consclous operafion,‘is not possible except under specifiq‘
conditions; if gé are to assume tbatvenéoding processes.nay
be;‘in-part, s@bject controlled (for gxénple a mpémonic
devicé) or opt;onal, then postulating attentibn rééuirenents
is likély necessary. Houe;er, it {éyéléo_recognized that an
encodihg process is automatic, 1in teras df‘trahsﬁorming the
nominal Stimulus into a fuhttional internal rep:éséhtation..
In this instance, ﬁherevis no‘qecessity for the coﬁponents
‘of the coded inforpation Q;qﬁe cqnscious or reportable
(Meiﬁon and ﬁgrtin, i972; Posner and Boies, 1972).

The attention demands will also depend on the nature of

- the stimulus and the task demands which governs the encoding

-
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‘strategy. Helton’(1973) summarizes this very

)

"The components of the code may be automatic
presumbly based on built-in organismic properties or
highly overlearned specific habits and structures or
information processing skills, or optional, as in
rehearsal and recoding-operations and the generation
and testing of "hypotheses™ tailored to the
béguireipnts of the tasks.™ (p. 509).

(" v) Encoding processes:
Serial versus pérallel processing is one point of debate
which is carried over from research on central capacity and

the limited channel hypothesis (Rabbitt, 1969). As Garner

(1970) states:

"W¥hy must the oryanism do one or the other? Very;
- probably it can do neither, depending on the task
" and the stimuli. And even as likely is that the
organisa does both, not in the sense of doing one
then the other, but in the sense of doing both
simultaneously." (p. 350).
{f, as was previouslj_stated in this review, that codes
are hierdrchiga;lin nature (Craik and Lockhart, 1972) and .
,tgat it is possible to have coded information available

about:the one stinulus at more than one level, then a

parallel processing view cculd .be justified.

{b) Functions of the_encoding process 
Ta restate a point mentioned previously, the coding
. S }
concept is a useful approach to describing the functiops and
: ST v . »

structure of the human performer because it has great
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flexibility. We are able, within the constraints of the

théory, to explain most resultants of the information flow

L
w1

through the systea.

A basic tbeofetical,property of a code is econoay which
by organization allovs for maximum information
represeﬁtatidn in minimum coding terms (Welford, 1974) .
Therefore, by inference, the basic function of the encoding
process would{be organization of available informatiop such
thdtbthe maximal amount of information is.rapreseqted
necessary for the ensuing processes. It appears that the

function of encoding can.onl;\sﬁ described by what is

‘required by the system. Since this study deals directly with

tasks requiring retfieval procésses, thg fgnction under
these task'dénaﬁds will be discussed.

Bellezza and ialkég (f974) stated that the main coding
problels'vill'éppear if information is gd be stored in and
retrieved froa LTS, as there isllittle problenm §f
accessibility froam STS.'ThisA§Oi@t arises fton Mandler's
(1967) distinction between avéilabiliﬁy and accessipility in
memofy systens, Tﬁerefdre; the major functidn of the
encoding pfoces;{ for LTS in particﬁlar, would pe,
orgahization for the-fac;kitation of recall of information,
such that the’neceésary coded information is not only
available (i.e. stored in the -enbry system) but acéessiblé
(L.e. the information ce: be decoded and retrieveq from t@e
memory systenm).

How the function of the process 1is carried out remains
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45 a problem. Various researchers have proposed different
transfornatiodal/organizational processes to describe
éncoding. Bower (1972) views encoding as elaboration while
Fergenbaum (1967) conceives 1t as information reduction. AS
well, prer (1972) contends that encoding can be viewed as
stimulus selgétion, rewriting and componential descrip;ion.
In line with th}g”Iulti—process conception of encoding,
Atkinson and Shiffrin (1968), state that the encoding
process is select dlterdtion'and/or-addition to the
information in STS as a4 resuit Qf search of LTS. Kulhayy and
Heinen (1974) di;iée enéoding into.tuo Frocesses: unit .
transformation and order trausfbrmation. Unit transformation
appears to be similar to Bower's (1972) elaboration and
order trﬁnsfornatiop is the sequencing and grouping of.
v'information. In addition to these, there is the basic view
of encoding as a transférnaﬁion of inforuaflon from one form
to another without alteration in ihe actual information
content (Underwood, 1972; Ellis, 1973).

Actually all of these views can be handled nicely within
/one,classifiéation system, if we consider first that
encoding 1is, in fact, an information processing tasg. Posner
(196&) p;oposed a taxonomy of informsation processng tasks,
‘distinguished on the basis of output reqhirelents. The
taxonoay consists of:

(a) a .conservation -model in which alfﬂsti!ulus

infgrlation is preserved

'h) a reduction model in which a series of data
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points are mapped into one point, and

(c) a creation or elaboration model in which a

single point is -mapped into mofe than one point.

(1) The conservation ﬁodel has as 1ts dbjecfivé to
preserve the information. for complete>transmission. This
wouldvbe most efticiegtly handled by an organizational
encoding‘pfocess essentially‘the‘same as that proposed by
Mandler (1967) in which consistent relationships are
speCified among mgmbers of the sei and when information is

grouped, classified or chunked for ease of data handling

(Millar, 1950).

(2) The reduction model suggests a éelective process of
data handling wherein only certain aspects of the stimulus
are retained.’This is related,-in parﬁ, to research on
stimulus selection in which it 1is hypothegized that the -
subject need not process all aspects of the stimﬁlus array
“{from the SféS) for effective storage and recall, agsuning
khat the processed attributes are relevant cues (Gafner,
1970) « Newell (1972) c§ll$ this interval représegtation.of a
pArt of a stimulus. Deter;indtion of relevant cues may be a

. : A
product of the response deuan&_and_may in fact be related to
respdnse organization (Melton, 1973).:
There is a slight problem .-as a result of Underwood's

(1963)'distinction of the functional (stinulus—asQCOded)

o, ]
v (R

versus the nominal (stimulus-as-presented) stimulus. Some
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researchers (Martin, 1972; Postman and Burns, 1973, Bower,
1972 ) have considered stimulus‘selection as an enco&inq
process leadi: to the forhulatioo of the functionalA
stimulus (Hall, 1974). Yowever, stimulus selection which 1s
in fact a reduction of information should be thought of as
attention process occurring primarily~due to a response bias
or an optimizing stimulus filtering process (Rudy, 1974) .
Elllq (1973) defines the difference betueen stlmulus

selection and stimulus codlng by focuSLng on the nature of

A

what is transformed:

", ..stimulus codlng usually refers to a
transformation of stimulus input into some
hypotheSLZed representation, whereas stimulus
selection refers to the fact that the subjects may
select some fraction or portion ot the stimulus,

, once lt is perceived.'

<

He (Ellis, 1973) further states that stimulus selection

is generally a reduction process with the functional element

being definable. The encoding process, however, was
prev1ously deflned as belng a reductlon, a conservation or

an elaboration process and the resultant product remalns an .

< - -

inference‘in that its propertles retain a hypothetlcal

at (Hall, 1974) Therefore, the strmulus selection
process may. be a result of what ‘the lnfgrnatlon proce551ng
system is willing to receive frosm the external stllulus &
array,“vhereas stimulus encoding is a result of the optimal

manner of handling the data vithin the systen.

“X .

a



(3) The elaborative or creative model suggests a process
wherein information is added to the information selected for
encoding. The tdnction of such a process may provide better
accessibility to that_intormdtion on retrieval. Millar
(1956» suggested that as the number of codeable aitributes
incre%;b§ for a stimulus, (to an optimal levei) recall
_fiifiiﬁj will increase. So this process could be.regardea-as

'vfétrieval facilitation. It 1is necessary to postqlate the.
interacti;e memory stfuctures propoéd by Atkinson and
Shiffren (1968) account for_such dﬁ elabofative encod1ing
process.,

It is no necessary to re  .:zd these proCesses as working
in isdlation. Either'cgnservation or reduc&§9n may be 1in
effect in the tpansfér fro: STSS toASTSJand‘furtherq
élabofétioﬁ 1s then carr;ed out as a rehearsal strategy for
the maintenance of the information for STM operations.
Location of the encoding process -

In thig study peripheral and precatego;ical codingi
processes ‘are disregarded and the discussion is limiteﬁ'£o
encoding processes in,a‘system where retrieval from memory
is imElicitly 6r explicitly‘requi:éd. Thi; 1s not to say
tﬁat eﬁcoding;does not occur in a system:uhen recall or
'recognition 1s not a preréquiéité. Houevér, it is nedessary‘

" to differentiate those proceﬁses required fér nemory from
 those required for perception. Because 6f the flexibility of

the coding systeﬁs there would, undoubtably, be different

3 : o
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funtional aspects:and, perhaps, use ot different structures..
for a4 memory as opposed to a percep£ual task (Gibson, 1967).

Therefore, by these constraints wve cen limi£ the
functioning of the encoding processes to STS and LTS with
the further assumption thatvoperetional demo;y may; in
specific‘instances include the‘use of the central prdcessing
unit (Hunter, 1964).

The interactive but independent systems of STS and LTS
have been breviously described (Atkinsbh and Shiffren,
1908). The encoding proeeSS.uill, then, transform
information (stored in its preé;tegoriqéi state) from STSS
for storage in STS, which could constitute the development
oﬁ the initiai internal ;epresentation:'ﬂelton and Hartin,

S 1972) . | ’

Purther recoding weuld constitute contact of this
initial encoded information with its representation in LTS
(Posner and Boies, 1972)p>§hiCh may -be termed the rehears;l
process necessary for the development of the STM operation.
Warren (1972) %ound that_fhe categery designation of a word
was activated as paet of the verd encoding and postulatesv(
vthat encoding included acfivation of previously esiabliéhed
units in memory. |

kThis Ferminologx,is censiétent‘uith the Posner end
eBoieS' {1972y vieu. Houever,'Kahneman'(1973yfu§es a similar
coneept {unit fornatioﬁ) in-describin§ a pre-perceptual
stage rquiring no attentien or effort and‘reselting in r

activation of a recognition unit.
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So -there is an initial encoding process woperating =
e .
between STSS ‘and STS and a subsequent process between STS

‘and LTS for the purpose of permanent stor%ge (formation of

. »
that stored information constituting the memory unit

actlvated in Harren/s (1972) model).

As tor a séguenclng base for these two sug§ested‘
information transfers, it is possible as Bower (1967b)
suggests that the information is docessible from more than
one storage system at a time. The difference may lie in the
encodlng procedures, since several studles in verbal recall

have shovn that retrleval from STS may operate malnly on a

pby51cal code as ppposed to operatlons on a semantlc code 1in

LTS (Broadbent, 1971). Thls is not to imply that both codes

may not exist in both systems but it appears logical . to

_infer that one code may be more difficult or of optimal |

quality-in reference to one or the other storage systeas

(Girouard, 1974)..

L)
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5.
“REVEEW OF HSTH DROCESSES

-

Theﬂfollov1ng section rev1evs brlefly the major research
conducted on the storage and loss of K information in MSTH.
Each section is categorized by experlmental procedure and
subsequent;;¥fects. T
Ef fects of An Unfilled Retention.Interval.

The questlon of uhethe[ or not K '1s lost as a functlon

"of tlme is a crucial one-for the development of a theory of

'

uSTMM. In this respect contradlctory evidence exlsts. We
v111 Ceview separately those, studles which suppert and ‘those
which do not support the ndtion that a potor memory trace

will decay over time.

4

In studies using sinple linear positioning movele ts,
loss of infonnation has been found for retention inte vals;
(RTI), of_SOjsec‘(Adans and Dijkstra, 1966), 5 anﬁ/éﬁ sec
(Adams et él., 1972) and .90 sec (Burwitz, 1972); Tne Adanms
‘and.Dijkstra study varied RTI from 0 to_129)sec bnt found
that errors at recall:only increesed up to 80 sec. The
‘dependent variable for all studiee vas theﬂabsolute error
}AE) and all nove;ent cues’uere controlled for excepﬁr
distance information and location. Unfortunately, the
dependent measure of AE does not tell the experimenter
anything about theinature of the’'recall errors./ |

In a sirilar task, but with distance as the only
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rel;anle cue,'decrement.pver time has been observed for a
RTI of 80 sec (Montaéne and Hillin, 1968), 30 sec_(Stelmach
and Barner, 1970) and 90 sec (Harsnall, 1972)@ AE va;{the
dependent variable used 1in these studies. In addition,
'Manshall {1972) isOlated.decrement overtime fqn both
moveme -t recall and movement recognltlon.

Flve studies have used a 51mple angular poeltlonlng
movenent. Hlth 51m11ar RTI and the dlstance plus locatlon'
cues, decrement overtime was found by Stelmach (1969Ya;
1969b) and,ﬂontgpmery (1970), In the latter case, a much -
shorter RTI was used (10 eec) énd the significant effect due#
~to time wvas found- for variable error (VE) only, AE and
constant error (CE) not affected by the delay. Using
.dlstance and the only rellable cue, Posner and Konlck (1906)
and Posner (1967a) found decaylng*Effects. In the latter,
thlS effect was .also found for K location cues, although
‘that error measure tended .to be snaller for K location then N
for. K dlstance. Flnally, Stelnach (1970), using K locatloni

L3
only, found a _marked effect due to time;f

Pepper and Herman {1970), in the’second experiment of a
_§erie5'ef four, found a_significént decrement in recall due
to the delay condition; They used application of forces as
the motor taSk to-be-recalled;and effectsvuere:obsenved

s ! .
,using CE és the dependenl measure.
The follovlng studlés— Show no decay over tlne and

provlde contradlctory evidence -for the decayltheqry of

forgetting.‘
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Using a simple linedr positioning task and distance plus
location as the movement cues, Rby and® Davenport (1972)
found no evidence of loss of information és a funcﬁion of
_RTI ot 5, 15, and 50 sec in the former tase and. 15, 60 ‘and
‘90 secC in the latter. Schmidt (1968) and Marteniuk (1973)
obf&iﬂed similar results for an angular positioning task and
lpcation plus distance as the.mofement cueé avail;ble to the
subjéct, Pepper and Hefmanv(1970), in the firét experiment
(force r;productién) found no significant.decfementbin
recall fot‘an.unfilled RTI for 4 to 60 sec for both AE and

CE.

Hughes (1909), Hilberg.(1969) and Keele and Ells (1972)
found no deérement'és'a function of time for RTI of "  sec
in gﬁe first cases and 7 sec in thé létter. In all
'experiments, é,simple rotational positioning movement _was
uséd as the input'and location Qas the pfiléry cue.

Using a complex angular'positioning'movenent for which
distance plus locatiOn'yerejavaildble, Sharp,. (1977},
wilberg and sharp (1970) and Salmela (1972) found no
decrement for anvunfillédiRgE of 15 sec in the first two
céées and'Zd.sec in the latter casé. The'apéarétus used 1in
these gxpériments was a joy;stick (verticél axis), movéable
in two‘dimeﬁsions,'and the experimehtalidesign involved ﬁ%e
serial“learning of eight successive positions with ordered

récall. v (\\

Although the results of these reported studies appear to

be contradictory in their evidence, upon comparison, there
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are definite differences in the procedural methodology that
can account for then.
There seems to be a difference associated with the

4

nature or the task involved in the HsTM experiqents. Simple-
linear or anghlar pdsitibning taSks seem to be more
suScéptible to a decaj_function than do simple rotational or
complex angular‘positioning movements. One explanation could
jf;é that tpe typés of cués available in these tasks were
differentialiy encoded and certain encoded information is
less susceptible to loss perhaﬁs,because it has a more
robust codeﬁwv A | . » _&,
Té élaborate, K distance cue appears tO have ‘a much more-
unatable memory trace than the K locatlon cue' since most of
the studies have used K dlstance found dicaylng effects.
Thls vould glVe support to Martaaluk and Roy (1972) and
'uartenluk'(1973) who found that, averaged OVer RTI, reliance
upon K distance glves poorer reproductlon scores than
reproductlon of K locatlon. It appears that when location
cues are the’ only avallable K cues, K seens to be malntalned'
at least for the flrst 10 to 15 sec. However when distance
- is the only cue avaLlable, loss of 1qfqrmaplon occurs well
within that interval. This also, supports a diffefential
encoding notion, | " %

.Concerning those studies in which both distance and

4

\~‘r\."\

”locatlon Cues are available, 1tqﬁay uell be that the S uses
the most functlonal cue avallable to him which nay be the

location cue. As a result reproduc ic - of both cues as an
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integrated unit nay lead to a reproduction whose goodness is
highly dependent on how well he encoded and stored the

location ifhiformation. o

‘Rehearsal; -

Rehearsal is the process 'that c€an occur during the
.refention interval. On this point, Posner (1967b) mentioned
that: "once the material has been encoded {for verbal
mater;al at least) by the S, it may be practiced by him, In
this sense, rehearsal may be thought of as beinéirelated to
learning." (é. 267). Different attrlbutes can be assigned to
‘reheafsal. Waugh and Norman (1965) see rehearsal as an
epportunity for infornstion in STS to be elaborated with
contact vith associated'informetion in LT8. For some kinds
of tasks where covert speech is not involved’ as a means of
rehearsal, somethlng akln to c0ncentrat10n nay be
appropriate to describe one attrlbute of rehearsal (Posner,
1967h) . Furthermore, one attrlhute of concentration may be
thuught of as .an opportunltj to set up retrleval strategies
or to encoded functlonal retrleval cues needed at the time
of recall. ‘

Conce:ning’motor responses, twvo ﬁypes of rehearsal may
be pdssible:-tonverf rehearsal (like the concentration'
deséribed earlier) and overt rehearsal (i.e. practice trials
eof the tasks to be recalled or time ‘spent on the locatlon to
be recalled). Regardlng the effects of covert rehearsal

(CB), the questlon of uhether not CR fac111t1es retentlon lS
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-‘not easily answvered since it 1s related to the temporal

effects already discussed. Studies which have found decaying
effects during unfilled RTI will be said to support £he
 notion the K is not, or only partially, rehearsable. On the
other hand, studies vhi¢ﬁ have fouhdvthat prevénting
rehearsal by means of an interpolated task (IT) resulted in
a decrgmént at recall wvill Suppoft the contention thét motor
 pesponses are coverﬁl} rehearsable:.

Wilberg (1909),‘for example, found that reproduction
after a'10fsecl unfilled interval ias as good as the
immediate reproductiqn condition. In this study,thevg had no
'specific instruction as to what to do during the RTI, éxcept
to wait quietly. Martemniuk (1973), among other experiméhtal
conditions, had one condition identiéal‘with that of
Wilherg's Eut.he asked the S to think, during the RTI, ébout
the movement they would have to reproduce at the eﬁd'of the
interval;‘He replicatéd tﬂe data obtained by Wilberg (1969).
Iﬁ_both cases,+'it was ‘as if mental rehearsal'vas actingvfo
pdstpone forgetting. Houevef when a distractor'iask
interpolatéd in a retentidn tr;il, the results are not
‘aluays concordant. |

On the othér hand, thefe se?ms to'be*nb déubt.that évert
rehearsél (OR) does facilitate fecall of a motor response,
(Adams and Dijkstra, 1966; Stelmach and Barber,. 1970;
narshéll, 1972) . In these étudies,lretention was found to bé

an inverse function of the number of overt repetitions‘llt

might be of interest £ note that the last two studies used

| S



140

K location as the prinary cue and that such cues were
already found to yield much more viable traces that
¥. ; T

distance.

‘Peéper and Herman (1970) found thatishcce551ve overt
‘Tepetitions (1,3,7 repetitions)dproduced an increase, not a
decrease of errors at recall. Since they used CE and by
stating increased CE at recall they seant decrement of
Undershooting (1.¢. gettiny closer to the target by less
uhderShootihg);'their results are congruent with others
already mentiened.

| Montgomery (1970) cohpared directlx the effect of OR
{holding the handle cf the apparatus,at/the criterion
locatlon for 10 sec.) and CR (rest qu1etly_ig£‘10 sec¢,). He
found no dlfference using AE as the dependent variable
although he found a 51gn1f1cant decrease in CE and VvVt for
the OR condition. In pther'uords, pR produced a better
recall (m. precise and less variable) than'CR.

If an 1nforaat10n model of MSTM holds true, it would be
predicted that the‘effectiveness of a perlod of rehearsal
will depend,mfor the mrost part, dpon the amount of
inforhation and type pf‘inforiatien present in the SIS at
the time of rehear;al (Posner, 1967b); This s: dports the
results of Salnela's (1972) study, in which he found that,
using 2,4, or 8 serlal p051t10ns and ask1ng for an ordered
recall of either 2,4, or all of the criterion uovelents,

retention decrease as a direct function of the information

load.
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Retroactive Interference.

The effect of inserting an interpolated task (IT) into
the RTI of the Brown-Peterson paradigm resulﬁs in either:
(1) an iﬁterference vith the rehearsal process of the
intormation to be recalled or, (ii) the memory trace Qf the
interpolated learning may interact uiﬁh the original memory

trace, resulting 1in an associative interference (Posner,

1967b) .

(a) Verbal IT:

Posner and Konick (1966), Posner (1967b) Williams et
al., (1969) and Burwitz (1972) found thét no difference
exists between an unfilléd RTI and a filled RTI. Since
Posner and Konick (1966) and Williaams ot. al., (1969) found
specificaily that retention of K v&s totally independent of
the amount of information reduction required in the IT, they
concluded that the original KI was not occupying, to any
extent, the central processing &apacity at the time of
rehearsal.-

However, numerous studies hé&e found that a verbal IT
will disrupt rehearsal (Hughes, 1969; Hilbefg, 1969; Pepper
and Herman, 1970; Keele and Ells, 1972; Tanais, 1972; BRoy
and Davenport, 1972;-Har§eniuk, 1973; Laabs, 1973)}

From these studies, only one tried to determine if:thé
~interference effect was related to the difficulty of the

verbal IT, measured in terms of the anohnt’bf‘infornatibn

reduction (Tannis, 1972); She found that the interference
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was unrelated to the difficulty of the IT. Laabs (1973)
found that a vérbal IT pfoduced a strong ihterference effect
on the retention of location information but little effect
on the.retention of disﬁance information over that produced
by the delay. It hay be logical to pdstulate that iocation
may be available to a high@r encoding process such as
semantic ehcodiné vhereas distance information is not.

:(b) Motor IT: ‘ : v

Blick and Bilodeau (1963) reported a study frequently
cited aé supéorting the fact that motor IT does not’\
. interfere with theuretentiou of the primary motor task.
However, since they provided the S with éerbal‘knowledge of -
results at“the end of each exeéutionjof the criterion task,
their results can hardly be compared with ;he remalining
studies in this area. | ‘ |

Stelmach and Barber (1970 ) and Sharp (1971) found ‘that
retention of a motor response vas Rot affecped by a motdr
AIT. Hovever, the results might befaétributébleifo the fact
that the IT may have enéailed a very low attentiénal demand
and allowed for some rehearsal. Circular movements df the
finger of the hand opposite to the one used for the original
tagk (Sharp, 1971) and movements of the same extent‘but in
the opposite direction (Stelmach and Barber, 1972) were used

g

as the IT in those two studies.

€.

Stelmach (1970) used two levels of difficulty of motor -

IT: replication of the same extent of the movement presented
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(0 bits of information reduction) and'addition'of two
movement extents (1;86 bits of information reduction). Hé
found interference effects for tye former only,\indicgfing
thét pre?enting‘rehearsal by means of a motor IT is possible
by unrelated to the level of difficulty.of tLe IT. Tannis
(1972) also found the interference effects tdtally'unrelated
to the level of difficulty of the motor T~. She used ITs |
deﬁanding either 0, 2.8, 4.6 or 5.6 bits of>informapion
reduction. |

Th=re are an increasingly large number of studies, on
the other hand, vhich have founa a motdr IT is a possible
source of interference. The properties of the interference
effects identifigd by all these studies .could be.SunmariZedJ

as follows:

(1) Disengagement from the apparatus. The associated
effects are interbreted'in terms of loss of postural
sef (Boswell and-Bilodeaq,.1964), but have little to
do with forgetting. per se (Nacson and Schmidt,

1971) . Ger’llex:'ally, this factor is well cqntroued in
the experimental procedures of the studies in tﬁis
area.

(2) Reinforcement (number of fepetitions) of ..e IT
;significant}y increase the interference effects

(Pa” "ck, 1971). ‘ |

(. {n. vdﬁction of the IT at the end of RfI is ﬁore

i lenr: -al to recéll than when the IT is presented

A
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o
at'the.beginning of the RTI (recency effect),

(Patrick, 1971; Stelmach and Walsh, 1973). * “\

(4) Recency effects of the IT seem more detrimental

than the number of reinforcements of the IT

(Patrick, 1971).° B

(5) The more active the IT, the greater are the

interference effects (Faust-Adahs,‘1972). This point

should be viewed vitL caution since it contradicts

the following points (6) and (7).

{6) The amount Qf interference is nat dieectly

related to the‘leeel of difficulty ofvthe IT

eeasdted in termsb”f inforuetion reduction (Wiiliams

et al., 1969; Tapnis, 1972; Kantowitz, 1974).

(7) The amount of interference is not directly

relateélfo fhe number of‘diffefent IT (Roylli972).

(8) AE as well as CE on recall are'sensifive to the

effects of en iT {Stelmach andlwilson, 1970; .

' Stelmach\iqd Halsh; 1972; Roy, 1972).

. - )

In sunmery, these studies have hdd; ae their major D
purpose; elucidation of the nature of forgetting of motor
information f_om STM, by manipulating the nature of the
interpo;ated task. Indirectly they could, also, indicate the
‘nature of the ‘encoded infornétion storedvin'the STS.and
operated upon.during tﬁe Sfﬂ pfocess._ﬁouever, the results,

as a whole, are clouded bymmethodologicél problems and any

clear conclusions on the ‘secondary porpose vwould not be
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possible at this time.

Possible Code Forms for K Information.

(a) Primary code: . S P,
This code forms the Sto;ed repfesentatibn upon which the
recognition process is based. For K this would most likely

take the form of what Posner (1967b; called the kinesthetic
: ‘ co : . ! ‘
image and would be represented on the basis of the

tunctional physical properties. Accepting the concept-of a

familiarity index (Juola et al., 1974), and assdming that
certain physical properties are more easily encoded,
~ R . . ] R

~

récognition could conceivably be easiét (faster) based on

that specific information.:

'(b) Secondary code:

To postulate a secondary code for K would be tO’aCCept

the notions of (a) a motor STM process and (b) in the case

of further ehcodiqg process (deeper enc 'ing) a recoding of

the primary code.

This secondary code could take thz ~r. of:

(i) semantic or verbal code:

Some evidgnce of this code strategy has been
observed in several studies (Adalé ;nd Dijkstfa,
1966; Posner and‘Konick, 1966) but this was not

¢

directly tested. Insteéd, it was a result of post
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analysis of reported §'s strategies.

As Posner (1967b) reported, this strategy.did'not»appear
optimal siﬂce perfornance)uith the verbol aid yas not
significantly better than.those who did not use 1it.

’COlby's (1974) stody looked at the effect of:verbally
encoding a sequence of 16 movements arranged in a serial

N
pattern. The task con515ted of 1nsert1ng sequentlally a
stylus in one‘circle ylth one hand and another stylus in
another circle with the other hand. In the first.condition,
the cues for the movement patte;n were aiueys present in the
envi:onoent {the circles were colored and S*'s had to @roduce'
the same movement paftern, but using this time a verbal
stfategy.sThey had to memorize first the movement oattesn by
"right hand, _same héhd other hand, same hand, etc...."..
Using dlfferent S*'s for each of these tuo conditions in a A;
’B, B-A transfer paradlgm, she found that S's hav1ng the
eite ai cues (colored circles) were faster and_nade‘feuer
errors than §'s<§aving to’verbally encode fhe movement
pattern. The ilprovenent over trials indicated that'thel§'s
may be using the verbal labels as mediators. But this still
does not indicate why. -

Shea (1977) investigated the effects of a verbal lobel
on MSTM. He found that thevprovision of a relevant label at
the presentatlon of a criterion position resulted in greater
: accuracy at recall, (CE, AE and VE) as opposed to the

provisions of an irrelevant label or no label at a}l.,ﬂe

also found that he could bias recall in the direction of a
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misleading label.v”

. As Gigouard (14]4) has pointéd out, this veﬁbél encoding
strategy may work well under “specific conditions but would
appear to have littlé value for uell-ihtegrated cégtinﬁous
motor acts where there wouldiappéar to be little time for
retrieval and decoding of vepbally coded infornafion, only

to be encoded again into the K it represents.

(c) Visual code:

Although not preﬁiouSly discussed; a recoding of the
primary K to a visual image'uould deem it a seCondary code.
As an efficient code itself, visual imagery appears to be

superior to the use of K. Por example, vision plus

+

kinesthetic reproduction tasks result in better performance

than K alone (Posher, 1967b;'wilbefg; 1969).vThe-supe;iority
of the fidelity of the visual system»is'also‘épparenﬁ :9 a '
cross-modality matchiqg'task uherénx to }isuél matchﬁﬁ?ére
bettef"thanhvisual to:K (Hcéienents, 1972). |
Both the studies‘(Posner and Klein, 1974); ané.iilbefg

vénd Girouard, 1974) showedta bias ﬂguards available visual

infotmationfover'available_KTinfornatibn. _
'The-visual recodingviay take the form of a nediatidn
code or as a visual image (Neisser, 1967)." -
A study:by Diewart (1975) investigaﬁed the possibili£ié§
of a visual code asSociated vith movement information. Four
diffefgnt types of delay‘inte:;als verevnsed:.(1) immediate

. reproduction, (2) 30 sec., mental rehearsal, (3) 30 sec.,
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motor interfering activity and (4) 30 sec., visual
interacting activity. Por Bofh types of interferring -
activities, a Cbgparftive judgement was used in which the
S's ueré required to judge uhiqh of.the's;andard or the

comparator was shorter. The S's made as many comparative

=

[
judgements as they could during the 30 second retention

interval.

The results indicated that vhen distance information vas

vf?Féanly reliable cue, both the motor and the visual

2

interpolated task interferred with ‘the access to recall of s
the criterion movement but to a much more significant extent
with the motor IT. He concluded that distances ie;e coded in

/

a kinesthetic store only and did not have any appreciable

visual Cong@ﬂgﬁziii;/gf the other hand, since location
information was € most affected by the visual IT, he.

concluded that this type of information we stoted in. an

-7 _

'integrated'store based on both visual and non-visual
(kineéthetic) ;odes.'The :esults were’interpteted as-being‘
iﬁ agreement with Conneliy and Jones (1970) and Millar
(19725 gbo Qypofhesizédithat_some.novenent infornifion can
be coded in a viéuél gnd/or a visual-K store.

- In sunmary,.it may be possible to recode some K with a

visual code, by means of which the original K might be

_retrieved from STS or LTS.
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. (d) Conceptual code{_,

_Thesevt}pes of codes imply categorization and
classifiﬁation of'the‘infornation for ease of'ldcation in
LTS (Warren, 1972). Activation bf the unit (from Warren's
definition) could lead to elaboration of the infofuation in
STS. The fact that movements can be'cLéssified in terms of
some of their physical properties allows organization and
categoriiation of the movement types and use of "conééptual
tags" such as fasf-slqv, long~short; etc., to store them in
‘memofy. This‘follovs Mandler'é (1967) subset menbership
idga;' ’ |

The use of such a code for‘moﬁement vould be highly
dependent on the number of dimensions available in the
moyeﬁ nt set and the o;ganizatiopal proprerties of the set.
NaEEQE, Jacger and Gentile (1972) found that non-
instrdgted' v§'s generatéd their oﬁn subjectivé Otgénization
of_fhe stimuli to bé produced. The major iﬁdicatio; ¥as the
conétant error values which revealed thtee categbrfes_of
movement leﬁgths. In an alfernate:qondition, coﬁceptual
‘rules Qe;ewéivgn_to the . s, yhéfe movenenté were organized
into 5 distinct categories. Tﬁe re#ﬁlts showed that the St's
‘Qere quite effective at using those categories. This study
indicated that a>conceptqal recoding for K should be
nanifested‘in the fora of_the retrieval of the inﬁut,

information as the S's vere free to recall in what they

determined as the most optimal way.
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STIMUOLOS MATERIALS!

3
FOR EXPERIMENT I AND II

L

o — —_—

e e e e e e

Movement Attributes

Movement Direction? start Distance "End
Location3 ‘ (cH) - Locatipn
Left to Right s 18 33
18 oy 27
21 33 54
24 ‘ 6 "30
27 | 12 "'39
30 o 15//\w\ 45
33 30 > 63
. 36v 9 54
39 27 | 66
wé SR 24 66
45 , 2 57
48 15 63
| 51 9 60
54 6 60
%

%
\ .
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Movement Attributes

Movement Direction? Start -Distance End
Location? (cH) Location
Right to Left sy T 36
g 51 9 42
“?d 33 jS
- > IHS 6 39
-&. Y 12 30
39 I 24
36 30 )
35 9 y ‘2u‘
30 o 27 3
217 : 24 3
- 24 - 12 12
21 , 15 6
18 e 15
15 N 6 9

-

1_.

The difference between any two locations or
any two distances is at least 3cm. Tannis
(1972) found that the JND for a movement

length of 17cm wvas approxiﬁately.2.5cm.

. e .
The stimulus material was presented in two —

different directions on the track and was
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initated either from the far left "home"
position or the far right "hoaen position. The
probe set or recall was présented in the same

.

direction aS the stimulus set.

. The location measure refers to the position on

the linear track. Therefore the first stimulus
set would be read as: start location at 15cm
on the track, move a distance of 18cm to the

end location at 33cnm

4

S



PROBE MATERIALS

FOR EXPERIMENT I %,2,3.

STIMULUS SET

154

NEGATIVE PROBE SETS

— — —r

/

start Distance End start Distance End
Location Location Location: Location
15, 18cnm 33 21 12 33
o : 9 24 33
) 15 24 39
a 15 12 27
9 . 18 27
21 18 39
21 ' 24 45
9 12 18
18 9 27 24 217
12 15 27
18 ' 15 -33
18 3 - 21
12 9 21
24 9 33
. 24 15 39
& 12 3 15
21 33 54 28 27 54
’ 15 39 54
21 i 39 60
21 27 48
28 33 60
15 . - 33 48
28 39 67
—_— 15 | 27 42
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povpe

STIMULUS SET NEGATIVE PROBE SETS
Start Distance End start pistance End
Location. Location Location Location
24 6 o 30 27 3 30
18 12 30
24 12 36
24 3 27
30 b : 36
18 6. 24
30 12 42
13 _ 3 21

— s — >

27 33 o 6 39
21 18 39
27 18 .7 45
27 6 33
33 12 45
21 12 33
33 18 51
21 - 6 27
300 - 15 . 45 .36 9 45
" L 24 21 45
30 - 21 51
30 - 9 S 39
36 .15 51
24 5 39
36 21 57
& 24 } 9 "33
33 30 63 39 To24 ' 63
' 27 36 63
33 36 69
33 24 57
- 39 30 6°
27 _ 30 57
. 36 33 69

27 28 51

Ky
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STIMULUS SET NEGATIVE PROBE SETS
Start Distance #nd Start Distance Fnd
Location Location Location Location

30 15 54

36 15 60

36 -3 48
42 Y9 60

30 9 48

42 15 57

30 3 33
39 27 66 45 21 67
33 .33 ' 6

39 .30 : , 69

39 21 60

42 27 69
33 27 60
12 30 72
S 23 21 54

7.

41 24 66 _ 48 18 66

36 30 b6
. 42 27 - 69

42 18 . © 60

45 24 .. 69

36 o 24 60

u5 - 12 57 , 51 6 57
: - “ 39 .18 57

45 ~18 63

45 SR - 51

' 51 T 12 63
39 . 12 51

51 18 69

390 6 45
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STIMULUS SET NEGATIVE PROBE SETS
Start Distance End Start Distance End
Location Location Location Location

48 63 54 9 ‘63
42 21 63

48 21 69

48 9 57 '

54 15 64y

42 15 57

Sy 21 72

42 9 51

r .51 60 57 3 60
45 15 60

51 15 66

51 3 54

57 9 66

45 .9 54

57 15 72

45 3 48

>

54 60 57 3 60 -
48 12 60

54. 12 66

v 54 3 57
60 6 66

48 6 54

57 12 69

; 48 3 51

54 36 48 . 12 36
60. 24 " 36

Sy 24 30

S54- 12 42

6Q 18 | 42

48 15 30

48 24 24

60 12 © 48
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STIMULUS SET NEGATIVE PROBE SETS
Start Distance End Start Distance £nd
Location LoCc . 16a Location Location
S S N N N
_‘-?fn;u
51 9 45 3 R
57 15 %ﬂyQﬂZ
.51 15 s 36
51 ¢8
57 9 48
45 9 36
57 3 5S4 .
45 - - 15 30 f
48 33 15 42 - 27 15
o : 54 39 "15
43 39 9
48 27 21 /
S4 33 21 .
42 . 33 9
54 27 . 271" 4
42 39 "3
45 6 39 42 3 39
‘ ;51 12 39
v 45 12 33 .
- 45 : 3 42
51 6 45
39 . 6 - 33
- 4., 12 - 30
51 3 " 48
.41 12 30 36 - N SN - 30
: .48 18 30
42 18- 24
4?2 6 24
48 12 . 36
36 12 24
36 18 18
48 6 42
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STIMULUS SET

-NEGATIVE PROBE SETS
<

Start Distance End Start Distance End
Location ~Location Location Location .
39 15 - 24 33 9 24
' 45 21 24
39 . 21 18
39 9 . 30
45 15 , 30
33 .15 / 18
33 217 12
45 9 36
36 30 6 30 24 6
; 42 < 36 6
36 36 0
36 24 12
- 42 30 12
30 . -30 0.
42, 30 12
.33 33 <0
33 9 24 27 3% 3 24
' i 39 15 24
- : 33 15 18
© .33 3 30
o 39 9 - 30
; 27. .9 - 18
27 15 12
39 3 36
. 30 27 3 24 21 3
36 33 3
30 30 0 -
30 21 9
36 27 9
j - 27 27 0
24 24 0
36 21 5

—
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STIHGLUS SET NEGATIVE PROBE SETS
Stapt Distance -End Start Distance End
Location Location Location - Location
27 24 3 21 18 3
, 33 - 30 3
) : . 27 27 "0
- 27 18 9
33 . 24 .9
24 24 0
T 21 21 0
' 33 13 15
S il .
24 : 12 12 18 6 12
’ : 30 18 12
24 18 6
24 . 6 18
30 ° - 12 : 18
18 12 6
18, 18 0
30 . 6 S 24
21 15 - - 6 v 15 ‘ 9 6
i : 27 21 6
21 / 21 0
21 9 12
27 15 12 -
15 15 0
18 : 18 _ ¢
27 - 9 18
18 9 . 9 12 . ' 3 " 9
24 15 9
18 15 3.
- = -18 3 15
i S24 9 15
3 ' ' 12 . -9 3
15 15 0

24 3 21
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STIMULUS SET ~ NEGATIVE PROBE SETS
Start Distance’ End Start Distance End
Location Location  Location " Location

15 6 "9 9 3 9
21 12 9

15 12 3

. 15 3 15

21 6 15

9 6 ‘3

12 12 0

3 18

21

Positive probe.set are exactly the same as the
stlnulus sets. '

Note that in the "no match" condition, the
probe set was presented such that there were
an equal number of ™no-match" items that were

smaller in magnitud ;to the stimulus item and

"no-match" items th overe ‘larger in magnitude
than the stimulus 1tem° In all cases, the
difference was greater than one JND for linear
movement as reported by Tannis (1972 . Because
of the sequential nature of the task, to
produce a probe distance longer than the
stimulus distance, or a probe location farther

‘along the linear track than the stimulus

location, the subject must, in essence,
produce the stimulus item first and then move
beyond it. In the majority of the cases, the
subject recognized the probe as being larger
than the stiamulus item before the actual probe
presentation was terminated. Therefore, in
this condition (NM, probe>stimulus) the
Leaction time could 'not be collected since the
probe phase was not terminated. If the ’

‘reaction time, in these cases, was taken at

the offset «of the stimulus iter, the sanme
problea would be created for the "smaller

‘than™ probe items. As a result of the

sé@uentlal nature of this linear task,
reaction time data could only be collected on
one half of the "no-match" trials.:

.
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3. For ®ach stimulus set there are six possible

prob® sets, each one apgropriate for a .,
ample,

speClfjc experimental condition. For ex
‘in the firs' set of probe materials, the set
would e ysed as follows:

a

N — e

Attribyte *

——
—————— e e N e m

Stimulys Set

Probe set

e T e
- :

Type
— T N~—————
SL- 1
EL- 1
D- 1

'

12

SL D EL
15 18 33
21
9
39
27
24
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Attribute $ sL D EL
_ ' - 4
Stimulus Set 15 ' - 18 , 33
Probe Set
Type i
S- D+ 2 21 18 39
9 18 ' 27
;/
S+ D- » 15 24 o 39
' 15 . 12 27
S- D- ' 21 gy 127 _ 33
- S , 9 3 24 33
 S- E+ . : 21 . 12 33
-9 24 33
S+ EL- ' 15 24 ' 39
: 15 - 12 27
S- E+ : | 21" %8 27
' : Y 18 39
5+ D- E- 3 15 24 39
15 : 12 <27
'S- D+ E+- _(Not possible since distance
- end location and confounded).
S- p- E- - . o2 2w 45

9 .12 18
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INSTRUCTIONS TO SUBJECT

EXPERIMENT I

The purpose of nhis experiment is to determine how' fast
end how eccurately people recognize moveneni attributes. The
movement attributes you will be dealing with are location or
a specific point on a linedr ‘track and distance or the
extent of the movement you will make on the,lineaf track.

First of 411 position y0urself in tne cnair eonfortaply'
in front of ne reised platform. Place yourself so that yo

il A
are in liné&/with the_screen in front of you. R ‘h under tle
cover of the platforn and grasp with your right hand the
handle that)is directly in front of you. This handle is
attached to a slider on a linear track. Move the slider v~
Aand down the track as far as bossible. To §Eqr left is a
table and attached to it is a small box with two plexiglas
keys’on it. Place your left hand on the box with yod%?index
finger on the right key and your second rfinger On the left. .
key. These keys will recotd the type of response you make |
and the speed of the reé%onse for recognltlon. Press the
vkeys several times to determlne the amount of force needed
~to depress tben. The leftgriggg ‘key is a positive response‘
and the left/right key a negafive response. |

In front of yeu is a projection screen. Instructions
:vill appear on this screen so keep yonr‘eyes on it at all

times.



165

Each trial will consist of two phases. In the first

phase you will make a linear movement consisting of a start

location, a distance and an end location. Let us stimulate

-

the first phase. Place your hands in your lap. You will hear
a buzzer followed by the command "left" or "rightm™. This
requires yoﬁ to grasp the handle at tﬁe‘fnd of the track
indicated by the veébal caommand. Aqfive second interval will
p;ss.'A second buzzer will sound. This requires you to move
the slider toward the niddle‘of the trac;. Notice the two
vred lights located bn'tbé display boafd. When one of the
lights co;es_on stop the slider. Hhere ydu stopped thé‘
slider is the start location that you have to'renenSer.
After 3 seconds a third buzze: will sound. This requires you
to move the slider in the saﬁe direction. You will move the
slider un%il the second red light comes On. gtop fhe slider
at ghis poin£ and you have made the distance yoﬁ will have
to remember 'and have stopped at the end'location you will
havé toAreme;ber.i§fter 3 seconds a fourth Suzzer vill sound
and this indicates tc voﬁ to retufn your right hand to your
lap. |
v .

Let's do a run through of'%his first phase. .

The second phaée of the trial is similar to the‘fitst;.
Place your left hand on)the-bbx and your fingers on the
tesponse keys. A buzzer will sound fot'you to reérasp the.
slider.vIt is not necessarlly at the end of the track so the
3a51esJ§§§y to find it is to put your hand under the cover
at the/mlddle of the apparatus and aove 1t slovly touards

: J .

&
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the end where you orlglnally started until you encounter the
handle. Then grasp it as before. A buzzer will sound
indicating to you to move the Slider until the first red
light goes on. When this first light goes on you must
respond by pre551ngkon one of the plexiglas keys vhether

this start location is the sanme (positive) or different

h(negative) as the start location in the first phase. A

buzzer will sound after you have responded and this will

. tell you to move the slider again in the same direction

until you see the second red light come on. The second red

light indicates the distance a:r. "e end point..

the sagf as the distance and end iocation in tI8
respond "same" or p051t1ve by pressing the posxtlve key.
either or both are different respond negetive. Be prepared

to tell me which one was different if only one was

‘different. : L

A final buzzer vill sound and you will put both of your
hands in your lap.
You were told that instructions would appear on the-

screen directly in front of you. These instructions will

,indicafe to you what attribute(s) you ¥ill have to

(recognlze.,Some trials you will only have to recognize one

of the three, oh some trials two of the three and on other
trials all,thhee attributes. Half the time }ou uilI.Feceive
tﬁe instructions at the beginning of phase’one'andvthetother
haif'of fhe‘tine at the-bedinning of phaee twvo. Look at the

screen and I will give you &0me examples of the

o
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instructions.

Let's try one complete trial with the inséructions‘at
the beginning. of phase oné aﬁd then one trial with the
;instructions at.the beginning of phase tvo.~

Please reneﬁber ve want accuracy anod speed on the
responses. It is very important that you do not guess but
also Qe would like a fast respénse.\Any questions should be

' \

asked nQv.'He will do séveral practice trials before we

.start the actual testing. Thank you fc' your c.-op=ration..



163

INSTRUCTIONS TO SUBJECT

EXPERIMENT IT

The purposé of thiis experiment ’ to determine héu fast
and hog accurately people recall movement attributes. The
movement attriputes féu will be dealing uith are locaiion’or
a specific poin; on a linear track and distance or the
extentiof the movement you will make on the linear track.

First of ail position yourself in the chair comfortably .
in front of the raised platfors. élace youréelf so that yﬁu
are ;n line vith the sc;een-in front of you. Reachvunder the
cover of the platform and grasp'uith your right hand the
* handle that is directly in front of you. This handle is
at.ached to a slider on a,linearltrack. Move the slider:up -
and doun‘the track ;élfa§~és possible. ’

Instructions will appear on the écréénpin-fIOnt of yoﬁ
so keep your eyes on it at ailltines.

| ‘Each trial will consist of two phases. In the first

phasé yoqywill make a lihedr movement congisting of a start
lloéaéion, a gistance and an end ldcation. Let us stimulate
fhe first phase. Place your hands in your lap. You uill heaf
a buzzer followed by the;command nleft"™ or "right”. This
requires you to grasp the handle at the éhd of the track
indicated by the verbal ébﬁnand} A five second interval uill
pass. A second bhizer ¥ill sound. This regquires you to move

thé‘s}ider toward the middle of the track. Notice the two

n
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1

red llghtq located on the dlsplay board. When one of the
llghts comes on stop the sllder. Where you stopped
slider 1s the start location that you have to remembe.
After 3 ;econds a third buzzer will sound.. This reqhﬁres you
to move the slider in the sahg ditechion. You will move the
slider until the second red llght comes Of. Stop the slider
at this p01nt and you havé made the distance you will have
to remeaber and_have stopped at the end location you will
haye to remember. After 3 seconds a fouith buzzer will sound
and this indicates to you to heturn your right hand to yopr
lap. | , J .

Let's do a run through of this first phase. A buizer
will sound for you to regrasp ‘the slider; Itfis not
_‘nédéSSarily at tbe end of the track so- the easiest way to
find it is to put your hand under the cover at the middle of
the apparatus an& move it slowly toﬁards thG end vhere you
origihally started untll.ycu encoun the handle. Then
grasp it as before. A buzzer will SOund indicating'to you to.

nove the slider to the point on the tinear track which you

feel 1is the ‘same as the start loca;xon in phase one. Once
".you have ostabllshed thls location indicate thls to me by
G
saying -‘™start locatlon“ A buzzer will agaln sound and you

wlll aove the sllder untll you thlnk you have reproduced the

distance from the start location as in phase one and the end

location as in phase one. Once you have established | the

distance and location indicate this to me by saying

ndistance and end location®", A flnal buzzer will sound and%
, Fa

E.
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you will put your hand back in your lap.

You were told that instructions would appear on the
screen direct’'y in front of ypu; These instructions wi_l
indicate to you uQsﬁ aferibute(s) you vi;l have to reqall. _
Some trials you uilz\sh(< have to reeall one of the {h}ée;' :
‘on some trials two of themthree and on other-trials alfa
three attpibutes. Half the time you will reeeive.the
instru¢ctions at the beginning of phase one and the other
half of the time at the begfnning‘of phase two. Look at the
sc:een and i will give you some examples of the |

instructions.

.. Let's try one complete trial wi e instructions at
' the beginning of phase one and the: -ial with the
1nstruct10ns at the beglnnlng of phase twvo.- . <

Please remember that we uant you to re duce the

attrlbutes as accurately as pOSSlble so take yoﬁr tlme.

S - >

If you have any questlons you should ask now. Ee'vlll ; X

have several practlée trlals before we start the actual

testlng.‘ " i L T
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