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- Dedicated to Diamne, my love. - ' . R

For to be sure it.fékes time to develop\apg{eciatiqﬁ,
understanding andylove. Ungortunatély most of us are in too
much of a hurty trailing something called security to realize

* the benefit§‘and gratifiéétions nature béstows on those who
side with her. We spfead ourselves thin and traVél the world's
pathways at a frantic pace; yet_qften we fail to catch up
with the habpinéss so avidly purshed. Wé~encu;5er ourselves
‘Vith possessions to the’pbint\of paralysis, We creatg ugly
scars by tearing'what we want from the good earth' We abinot

- see ‘that the earth would gladly give us much more if we only
-cared -enough to be gentle and to take more time. ‘ S0

Andy Russell ’
RN .



. a . ABSTRACT

Twelve experiments Were cdnducted On‘the influence of'mOVement"
extent ‘movement range and response strategy on' distance reproduction.‘

- -.3

and recognition. -Movements were made with a cursor attached to a .
. ), o SN
_linear slide,-and vision was eliminated. The effect of movement-ex— 5

,tent on distance reprbduction was for short distances to be more

.
-

accurately and precisely reproduced than long distances. Differences_\?r

v

betWeen short and-long distances were also-demonstrated in"distance‘\\\;\\

v

*'recognitioni‘ For same judgements short distances were better recog—
"nized than long distances, but for difference Judgements performance
’was similar for the two moyement distances.

>

The utilization of a movemenr range in distance reproductions
i
produced the performance patterns associated with the range effect

the overshooting of short .distances and undershooting of long dis—~
e

.tances._ It was. further shown that a large number of—trials is- usually

'required for range effect tendencies to appear,;and these tendencies

.

develop faster for short distances than long distances._ These Ebo
characteristics and the observation that subjects show differential

rates in the development of range effect tendencies prompted the con—.”'
: - , -
clusion that the response patterns associated with the range effect

are best employed as general performance descriptors for groups of

subJects being examined over numerous trials.

2

R Y

Movement range was alSo found to influence distance recognition.;

. ~There vas a tendency ‘to’ give Zess than Judgements for short distances

and greater than judgements for long distances when recognition per—

N~ ! .>>-

formance was incorrect. A p0551b1e relationship between the response



tendencies shown fbr distance recognition and those associated with
the range effect was outlined. The relationship of these tendencies
_ N . . ‘ o
to memory, encoding and comparison processes was also disgussed{

An examination: of the acqeleratiohﬁ cbnstant velocity and ‘decel-

"eration phases of criterion-and_reproduccion movements indicated that

rangé effect tendencies are a result of the codstantlvelocit§ﬁphasel .

6f_reproduction movements being adjusted over trials. For short dis-
tances the constant velocity phase was shortenad and for long dis%an-
-ces tﬁis phase was lengthened.‘.The acceleration,and,decelefatibn

-phases of reproduction movements were shown not’' to be subject. to any

.. - . . N . N . . . \ .
- .significant alterations. A model for movement reproduction was pro-

T

.

'poéed‘based on fhese findings.

£ . . B .
Response strategy, in addition to‘'movement extent and. movement .

~

fange; was also found to.modify distance reproduction. hEmpléyidg
. . . . f

bracketing response strategies it was demonstrated that subjects can

be under-estimators or over—estimators and that response strategy

\ : : - 3 t

formatidn‘can'supercede,phe central tendeﬂcieg‘aschiaped wich_ther>
range effect. - Response strategy as defined in- the present research

cpula not be applied to distance fééognit;bn; however;the recognition

distances in several experiments were manipulated according to brack-

eting type response strategies. The‘recoghitionfaistahces were either

physicaily 1esé than,  equal to or'grééter than the criterion disténces.

' The inclusion of these multiple recognitiop distances not only impro-
ved performaﬁce, but reduced the response tendenci::\:>§orted in re- -
cognitiqn:judgements where multiple-récognition distances were not

~

used.

vi
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Much of the recent literature in psycho-motor behavior is devoﬁed

tqlthe short-term ‘recall and recognition of motor items. Recall and

. a » ‘ . o
recogniti@n refer both to memory processes and test situations, but it

° ) '

is generally the memory p;océﬁses to which research and theory are.
directed.';Currently one of the most popular and influential accounts -

of the mechanisms underlying recall and‘recbgnitién is the generation-

disgrimination theory (Kintsch, 1970; Brbwn,‘1976), There are two

A

"basic processes in this theory, however, only the second one is involved
“in recognition. The first process entai}s the generation or retrieval

of items frem.semory storage. Each item'then is subjected to a dis-

crimination or recognitidn test and this test is based on a familiarity

judgémenﬁ_ The item judged most familiar will be recalled or selected

>
-
L

for feéagﬂtﬁéon_in a memory test situation.
, . ;] ) N . ~ .

. The typl al expefimentql;pargdigm for the examination of short-
term retention_is thé présentation of a_criterion item(s), a reténtion‘
“interval which mqg'o;rmay not iﬁvolve amais;fc T tésk, and then recall

. - A
of the criterion item(s). This pafadigm,ﬁas initially utilized by
Brown ki958) and ééterson ana Peterson (19553 in experimentalrpsychology,
but the first st.  w. not conductedvon short-term motor memory gntii’Angs
“aﬁ& Dijkstra (1¢ 1). Fcllowing their lead, numerous{£:searéhérs in-

vestigated-retentA ar interference effects in short-term motor memory

CPoéner, 1967; Ascoli &'S¢hmidt, 1969; Stelmach:, 1969), and more

¥
e .

- recently, the encoding and retention characteristics of movement attri-
butes (Marteniuk, 1973; Laabs,.1973; Diewart, 1975; Hall & Leavitt,
1977).

A major problem in the examination of the short-term reXention of




e

o \ - N
information is that the only method of assessing the contents of memory

'is performance on recall and recognition tests. Since memory as ®mea-

motor memory .becau

sured by performance is also influenced by encoding and retrieval

-

factors, it is difficult to isolate and discuss the variogs short-term

memory processes. This problem is further magnified for short-term

there are both unconséious and cognifive enc&ding
and retrieval facto s particular to motor memofy that may alter the

reproduction or recojpition of the to—beeremembéred item. Unconscious
cémponents-refef to thos aspects of a movemeﬁt that may remain unper-

ceived by the -subject but have modifying affects on short-term memory

@ performance and include movement speed, movement extent and movement

range.

Woodworth (1899) conducted much of the original research on these

N

components. Accuracy of a movement reproduction was found to decrease

as the speed of movement increased. The effect of speed on accuracy. of '<:
4: ’
movement reproduction was less pronounced with vision eliminated. Wood-

worth also showed that when vision was eliminated, faster movement

4

speeds produced movements that were longer than the criterion movement

while slower speeds resulted in movements shorter than the criterion

. o - . ~
movement. .At all speeds the preferred hand was more accurate than the non-

preferred hand, and long movements were reproduced with greatef{_

accuracy than short movements (proportional error). Finally, small

v

movements were regularly exaggerated and large distances were regularly

made too small in comparison to the criterion movement. .This over-—

‘shooting tendency for short movements and undershooting tendency for

long movements has been térméd the range effect (Pepper & Herman, 1970, .



1

‘Extensive consideratio® has been giﬁen to the range effect in the
“

shorf—term motor .memory literature (Stelmach, 1974; Wilberyg & Cirouurd,
'1575). The investigation of central‘tendgncies similar to those
asgéciated with the range effect is not a recent developmeﬁt, however,
and the work of eafly;investigators such as Delboéuf, Munsterberg and
Wundt (Leuba, 1592; Wood&brtﬁ, i899) demonstrated judgemeﬁts of time,
weight, force, Brightnéss,‘area and size'pf angles ‘have the tendency
to gravitate toward é mean ﬁagnitgde. Hollingwop£h (i909,-1910)A
}réferred.to this judgémental shift as the centrai_tendepcy effect. He
proposed that toward ‘the mean magnitude df'a range of stimuli eaéh‘
‘judgement is.shifted by virtﬁe of a méntal §et.correspondingfto the
particular range of concern. The central teﬁdenéy was éonsidered fo‘
be a conceptual process which interferred with thg process of compari-
son and recognition. |

Heisdn‘(1948) incorporated the central tehdeﬁcy effect into é more
gengral theory of adaptapion—level afﬁer further and mote}gxténsi?e
research on judgements, nofms, and frames of referencé.'.The pheory of..:
adaptation-level postulates that when subjects lack any standafd of
comparison they shbjectively establish a range of éxtent‘and a point
‘ within that rdnge which is.peculiar to'tﬁev;ndividual. ‘From fhe neut:aI
point within thevrange, stimuli below it are juﬁgéd asyless than and

stimuli above it are judged as greater thaﬁ. Stimuli are jgdged with

respect to the pooled effect of all stimuli, namely, with respect to
the adapEation level. The.adaptafion—level‘is a region of neutrality

or inc” “ference and the neutral point is the mid-value of this region.

Stimuli at the extremes of the stimulus range are biased towards the:

adaptation-level. The central tendency effect is proposed to be a
: . . B .

i -
. f



special case of adaptation-level theory occurring only when the

methoa of single judgement is emp}oye& or wbgp the standard is with-
“in the stimulus range.

A An‘élternative to adaptation-level theofy, fhe range~frequency
modél, has been'proposed by Parducci (1965). The range-frequency

model asserts that category judgements are a compromise between’ two

principles. One principle i%ﬁ%oncerned with how the stimulus range (

is divided into categories and the other prinéipie with how frequently \

the different categories are used. .Although the range-frequency model

provides a detailed characterization of the relationship between judge-
: ' \ ) .

ment and different features of the stimuluS'contéxt, the theory o

adaptation-level is more simplistic and can more easily account for

the central tendency effect.

The range effect in motor short-term memory has been discussed in
.

terms of central tendencies (Pepper & Herman, 1970) and-adaptation—
tevels (Laabs, 1973). Shifts in élgebréic error in the direction of
the postulated mean Qisfance were attributed by Pepper and Herman
(l§70) to the central'fendepcy effect. Léabs (}973)viﬁcluded the
range-effétt tendencies in an adapfation—le;élbﬁodel basedAép;the

theory of Helson (1948). He proposes a movement is made in reference. ,
' /

'to an average or referent movement in addifion to the memory trace of //

;oo
/

the criterion movement. The referent movement is made up of the com- -/

s

bination of movements-to be reproduced and is similar in concept to

<

the adaptation~level over the set of movements to‘be\reproduced~

(Helson, 1964).

Evidence is now accumulating that the range effect for'movement

information is more complex in nature than existing models indicate.

’

I3



Md#t research suggests that the range effect is largely independent of
the 'short-term memory system (Ascoli & Schmidt, 1969;.Keéle & Ells,
1972; Mafteniuk,:1973)‘sinCC there is little change 'in the tendencies
associated with the range c[fec; over_éh'unfilled delay interval‘be—
vtweén the criterion and reproduction mdvements.. Some'contradggFory
evidence; however, hés beeﬁ reported‘b& Pééﬁer and ﬁerman (1970; and
Laabs (1973). When an interpolated motor act ié inserted during a
délay interval, stroné assimilation ten@pncies<ghh; diminish apyvfang?_'
effects.are produced in Fﬁe direction-of'ghe inte;bqlaﬁed act (Laabs,
1973). These assimilation teﬁdencies are augmeﬁted if the feproducﬁion
phase cloéely'folldws thetinterb61afed;mo§or éct (Qpelméch & Walsh,
1973).. Wilberg and'Girouafd (1975) hétegdemonétfated that thei;aﬁge’

effect can beAsubstantially altered'byGViéual infdrmation that is

~
.

associated with the criterion distance. . Finally, the manner in which
the criterion distances are presented also influ.nces the'range effect.
. o .

Criterion movements actively generated and deéfined by the subject seem
to accentuate the range effect as compared to movements that are experi-

menter defined (for eXample, using a tone or a physical stop to indi-
cate the movement end-point) (Wilberg & Tannis, 1974). 'xx\\x
o 5 .. . ’ ’ )
Movement reproduction must be subject to and modified by a cog- -

~

nitive‘compznent in.addition to thosg factors (ﬁo&ément speed, extenf,
and}rénge) oﬁ wﬁich.subject; may be unayaré. Motor éhort—term memory
v : - .
investigatorsl however, have shown little interest in examining or
contfo%ling strateéies.uéed byvsubjecps'in'memory experiﬁeﬁés. Intro-
speétive reports from subjects indigaté that chh of their time is

spent in formulating and testing various coding and retrieval strate-

gies (Sfelmach,_1974)} Theée\§trategiesAmay take a variety of forms



such as verbal labelling and the construction of spatial represénta-
tions. The adoption of a particular strategy.or the changing of

strategies could certainly alter performance in‘a motor memory experi— -
ment and an endevour must be made to both control and understand the
stfategies and‘rules_employedlby subjects.

The stndies that have examined subject strategies have been pri—
marily.concerned with the encoding of movement information (Roy, 1975;
N. Gomez—Toussaint & N.rChevalier Girard, 1975);and“tﬁe maintaining'of
movement information in short-term memory (Marteniuk 1973 Duffy,
Montague, Laabs & Hillix, 1975) Subject strategies that may influence

” o .
the reproduction of a movement have not been closely‘examined. Never-
theless, some of the research done on timevestimation may ne applicable
to movement reproduction. Alderson (1972) has demonstrated that people
can be overestimators, underestimators or range effectors in estimating
time‘ More recently Buckolz (1974) employing an underestimation/over—
’estimation (bracketlng) response paradigm has suggested that subJects
7canvform strategies producing response biases which'may approgimate
the central tendencies of~the range effect, bnt nothoe related’to the -
stimulns range. | '

Unlike ‘movement reproduotion, yirtﬂally no interest has been
shown to date in the recognition of movement information and factors
that may influence recognition performance; Marshall (1972) employed
both‘recognltion and reproductlon measures to test some prop051t10ns
of Adams' (1971) closed—loop theory."The theoretical-propositions
. received some support from the'experimental results 'but more impor—
.tantly,'several slgniflcant f1ndings were reported for recognition

ke
& . .
performance. Increases in criterion movement length produced increases



' l:y{ - . . ‘ » ~. ‘ K : . :.‘ = .. /
in the mean proportion of correct responses. Multlple (six) reinforcer

|

-ments resulted in. superior performance to one| reinforcement and per-

\

formance decreased as discriminability of the priterion movement from/

alternative criterion movements decreased Finglly, recognition tended
~ \ ’
to decrease as the retention interval between the criterion and recog—

nltion movements 1ncreased. ‘ : ' ’ . . f

) . ‘\ ] \ v .4 /!
Kantowitz (1974) evaluated motor sheort-term memory in a same—/

C .
!
3 r

d%fferent recognition task arguing that- recognitlon measures offer
certain methodological advantages over reproduction measures of‘reten—\
.tion.' Recognition does not‘require the.accurate-generation of a moee—
"ment terminating at a specific locatipn a task which appears to be-
'come more difficult as movement distance 1ncreases (Fitts, 1954).
Furthermore, the criterion and test trials for‘recognition:are identical
but this*is generally'not tne case for'reproduction. The criterion
movement in a reproduction task is‘usually‘ekperimenterrdefined and
favours movement at a constant'uelocity to the end-peint stop. The
reproduction movement is subject-defined and involves a strategy of
decelaration as the movement endépoint is approached. ThiS‘performance
of two different types of movement strategies in a reproductlon task
may nake it unclear what is being tested for retention (Bahrick, Fitts

o

& Schneict‘, 2059).

Kan_ow. 74) found that there. was no decrease in recognition
performar L ment information over a retention interval‘inVOlv—:
ing interpo. : 'ity. This fi-ding is in opposition to‘the re—
'sults reported =11 972) bu =ay be contributable to the dif-:

| ferent cxrerii - ° o sed ir “hé two studies. Marshall

employed = two-Inte . “orta2d-choice o zognition task as opposed to



the sa@e—dif[grent.judgéments‘Kantowitz ptiiizgd; Kantowitz also
demonstrated that performance was best for'dfj]brcnt—ubuw trials and
worst for 3ifjérent—under trials, witﬂ'the same pefformance being ‘
intermédiate! He.;éferred'to this tendency as an';ndershqoting set ,
buf unlike Pepper and Herman (1970), used this r~rm as a descriptive
rafher than explahégory conc;;t.

The'puquée of the fpllowiﬁg sefies ofceﬁperiments was. to investi%

gate some of the characteristics of ‘movement distance reproduction and

e

récogﬁition in.order ﬁo gain an»unde}sgahding of how movement extent,
movement range and subject strategy opera;e in modifying the reproduc-
tion and ?ééognition of a distance. A secondary pﬂfposé of these
experiments was to examine some encoding and retrieval variables thut

are important iﬁ motor éhort-ﬁerﬁ.memofy taSRS'and may interact with
movement égtént, mﬁvementvrangé and subject stratégy to influence move--
ment repfoduqtion and recognitioﬂ: In Exgefimenf 1 the fetention of
movement distange over ;ime was investigated to_determiﬁé if the main- .
tenénte of distgnce information in sﬁort—tefm’motor memory was'aAsig—
pificant factof‘in the preseﬁt regeafch._ P;evious research has pro=

duced Sémé conflicting findings_qn this issue. Mérteniuk and Roy (1572),
ﬁarteniuk (1973) and Hall’and Leavitt (1977) all reported that distance
repr: luction performance did ndt deteriorate over time. Pepper aﬁd
Hermaﬁ%(1970).and Laabs (1973)vfound the spontaneous decéy of distance -
over an uﬁfilled»reténtionbinterval. This issue had to be investigated
.béfére additipnal experiments could be_undeftaken; The}second purpose

_ ofvExperiment 1 ﬁas‘ﬁé EXAmine the‘applicability‘of thé bracketing

response paradigm (Buckolz; 1974) in distance reproduction.

!
{

\



The development and locus of the range effect was the concern of

Experiments Ziévand Experiment 6; Several researchers (Pepper & Herman,
.1970; Laabs, 1973) have reported the central tendencies associated with-
the range effect in short-term motbr memory experiments, but have not
considered the development of these tendencies over trials; Similarly,
Wilberg and Girouard (i975X’have proposed a central encoding.related:

locus for the range effect but additional research was required to
substantiate this proposal

.The‘implementation and affect of response strategies on distance
reproduction was considered in Experiments 5, 7 and 8. Buckolz (1974)
utilized bracketing reSponse‘strategies in experiments on time estima-
| tion andvit was hypothesized that similar strategies would be useful
.for the investigation of distance reprbduction. The influence'ot
{encoding_instructions and type of criterion movement end-point on
distancéﬁreproduction‘were also ‘analyzed in Experiments 5 and 8, res-
pectivcly. ‘With the exception of a study by Wilberg and Tannis (1974)
.on end- point control, research on these variables has not been reported
in the short—term motor memory literature.‘

ihg criterion'and reproduction distances used in Experimgnts 1-8
uere subJect producgd self-paced movements that were either s bJect or

«experlmenter defined. Self-paced movements were employed to reduce

any effects of changing speeds on movement reproductlon (Woodworth

E ~e
2 . ,

1899). The movements were subJect produced since there is evidence T,
indicating performance is altered on a motor short-term memory task
when criterion<movements are passively presented'rathercthan actively
generated by the subject. Marteniuk (1973) and Jones (1974) both have

shown that active movement not only results in better immediate repro—
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duction but that it is also retained better over time than passively

induced movement .
Distance recognition performance and _any response Lgndencieé asso-
ciated with distance recognition judgements were considered in the final
. ¢ : N
N\

four experiments of the present research. The utilization of -a recog-

nition paradigm to examine the short-term retention of movement infor-

mation has been limited to a few studies ' (Marshall, 1972; Kantowitz;

1974) and further research in this arca was regarded - as necessary.

-

These four recognition experiments in conjunction with the reproduction

'3 - ) : !
experiments were designed to provide a basis for understanding how

factofs such as = movement extent, movement range and reSpohsc stratogy
influence movement recognitioh andvreprbduction. Consideration of
these factors sbould clarify some of the difficultiés current]y_gxist;
ihg.in.thé e#amination of to—be¥rememb¢red items in short—;grm‘motor

memory .

10



Experiment



Response Strategy, Retention Interval ~~ 7777

and Distance Reproduction

‘Encoding, the transfofmétion bf infotma;ion within the human pro-
cessing system from one form or state to another, has recently bccnﬁe
a popglar concern in the verbal and visual memory liierature (Melton
& ,Mértin, 1972; Melton, 1973; Ellis,4197j) and, to a lesser degree,
}has been examined ;n short-term WOtor memory (Stelmach, 197L; Marteniuk,
1975); Conceivably the memory for different motor tasks may require.
encoding different types of iﬁfor?dtion eacﬁ with its own unique reten-
tion chafacteristics. The majofity of investigations have examined
distance and location information employing simplé lingar aﬁdvanguiar
movement reproductions. |

‘ Whilevtherfeséafcﬁ‘conducted on location infOrmation hﬁs pfoduced,
'réléﬁively consistent results (Marteniuk, 1973; Laabs, 1973), the
findings for distance informatioﬁ have been-sdmeQﬁat.melguous. Laabs
(1973), Varying the retention interval in a reproduction acéufacy
task, repor;ed disténcé information spontaheouély‘decdys over time.
-Laﬁbs.arguéd, theréfore,.that d%stance information is kinestheticqlly
encoded (not susjecf to cenéral memory processes‘such as rehearsal) .
In contrast, ﬁarteniuk (1973) found thé; reproduc?ion accuracy for.
distance information did not decrease sponﬁaneogsly,.but was influ-
?eﬁced by interpoiated activity during Lﬁe retention interval. Based
onﬁth;se feéul£s.Marteniuk suggested-fhat distance infbrmaniop is
centrally encoded ‘and subject tb such processes as ingerference and
rehearéal. Recently, Jones (1974) has suggested that the conflicting

findings for the reterition of distance information are the cdnsequence



of the methodology employed in the experiment. When the criterion
movement is defined by the experimenter (Laabs, 1973) distance infor-
mation 1s kinesthetically encoded. If the criterion movement {s

defined by the subject (Marteniuk, 1973), distance 1nformation is

' enooded centrallyﬁ _ ’ : 4
Diewart (l§75) in re-ev2mining the encoding and retention charac-
teristic% of movement distance €uggoqtq that Marteniuk (1973) and
Laabs (1973) are both partially correct‘in their analysiq of distance.
He reports that distance iq centrally coded 1in that}it can be retained

over an nnfilled retention interval. Nevertheless,Ndistance‘appgars
to be coded in a non-visual or kinesthetic store. /Thisuconclusion
bwas based on the different effects of}hinesthetic and niSUal inter-
ference on the.retention of distance; Kinesthetic interference had

a detrimental influence on distance reprodnction yhile visual lnter—
- ference tended to prevent rehearsal but did not have a structural
interference effect.

‘Although the exaét nature of the enf i.ng of distance information

is.uncertain, several basic'eharacteris; - of distance reprodhdtion
have been determined. When an interpolated motor act is inserted

during a delay interval, strong assimilation tendencies are produced-

in the direction of the interpolated task (Pepper and Ferman, 1970;

Laabs, 1973) These -tendencies are augmented if the reproductlon -

phase closely follows the interpolated motor act. Moreover, Pepper
and Herman (1970)' Herman and Bailey (1970), and ‘Craft and Hinrichs
(1971) have all demonstrated reproduction errors proport1onal to tho
magnitude of the interpolated movement . Another cohsideration involves

the memory trace strength of the criterion distance. Stelmach and

/)//*“\\



Kelso (1975) contend memory trace strength Is a determiner of ecrror

shifts in reproduction accuracy at recall.

One of the most imporrant characteristics in the reproduction of
movement distance 1s the range effect; the tendency to overshoot small’
distances'and undershoot large distances. Buckolz (1974) emponing a
bracketing response paradigm for time estimation has‘demonstratvd
that subjects can be over—estimators or under-estimators and tendoncies
in.time estimation data that correspond with tangc effect tendencies
may be due to the response strategies adopted‘by the subjects. The
exper imental, paradigm otilized'by Buckolz (1974) was postulated by
the present authors to be a viable alternative to the simple rvprodu(>\\

: {
tion aceuracy task generally employed in distance reproduction research.
It was further hypothesized that the incorporation of this paradigm in
a motor memory experiment might provide some insight into the encodLng,
retention characteristics, and range effect” for distance informathn
In the present experiment the applicability of the bracketing paradigm
in a distance reproduction task was examined. A varied retention
1nterva1 was used to ascertain whether distance inform:tion could be

encoded and ‘retained over time as Marteniuk (1973) and. Diewart (1975)

- contend.
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' ' . T Met hod

Subjects -

Qa

The subjects were six students from the University of Albert@ who

wrote with their right;hand.‘

Design ‘ b . -

Subjects were tested on the :éproduction of a short (5 cm) and
long (25' cm) criterion distance according fo either a jﬁst leSs than
(1 jnd) or just greater tham (1 jnd) response strategy. Theifour

possible response requirements were reproduction of a distance (1)
M ' { N

o v

just less than the criterion- short distance,.(Z) just: greater than the

. ‘ 4 o
criterion short distance, (3) just less than the criterion long dis-

tance, and (4) just greatef than the criterion long distqpéé- The
three retention intervals were immediate reproducfion, reproduqtion'

N

after 10 seconds of rest, and reproduction after 20 seconds of rest.

N .

Therefore, the expgrimental'design was a 4 x 3 factorjal with repeated

measures on both factors. Each treatment condition was replicated ten -

times by éach subjegt. The movement lengths were répdomized within

the retention interval conditions. ' »

-’

Appar;tus and Task

The apparatus consisted® of a 4.0 by 125.0 cm brass bar, used as a

track, mounted on a wooden frame. The track was calibrated in mm. A

metal cursor with a small handle was employed in making the reproduc- .

tions. A second cursor with a screw-lock was employed as a physical

stop to designate the end-points of the criterion distances, The

length of the retention intervals was timed using a Hunter interval



16

8

" . ‘) i
timer (model 111-C). The auditory signal for recall was producéd by

system consistinﬁ of a Bogen Challenger_ampiifier (CHB20A), an Eicé-
audio generato? (mode; 377)2 and'é three inch speaker. The subjects
wére blind%olded and sat comfértabl§ in front of the apparatus mov-"
ing the cursor horizontally from the left to right; The tange'used

on the track was 6C.0 cm.

Procedure

The éubject was‘preséhted aicriterion distance bf having him
acfively ﬁoveft;e cursor frOmhoﬁe of nine ragdﬁm starting pos ons to
‘a stop; Thé:posit;on was held by the subjegt for approximately two
secoﬁds, and then he released hisigr;sp of the curs&f handle. During
the specified'retention’the subject rested his hand oq a bar in front o
of the'apparatué; -The cursor was repositioned to a different étartiﬁg

position during the retention interval thereby making lccationtinfor—

mationyunreliable«fog‘the reproductions. In the immediaté reproduction

condition there was ;o designateJ reténtion intefval, but a two
-_second interval‘(a‘constant for each retention interﬁél.condition)
whHile the curéor-waé”reﬁositioned for.the reproduction. When a tone
mgrkea the eﬁd of the retention inte%val, ‘the sﬁbje;t regrasped the

cursor handle and produced thegappropriate response. After

reproduction the distance: was recorded to the nearest mm.

Data Analysis

Signed constant error ;CE) or mean signed algebraic error; variable
error (VE),-theﬁstandard deviation of the CE; absolute error (AE) or
unsigﬁed error; and;ave;age variation (AV), the standard deviation of

.the AE, were each submitted .to a:separateianalxsis of variance.

K
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Results

For all errorHSCeres response strategy was significant,’FkB;IBO)
= 28.90, p<.01 for CE; F(3,180)*=‘22}20, p<.01 for VE; F(3;180) =
26.15,»p<.01 for AE; and F(3,180) = 21.00, p<.0l for AV (Table 1).
The Duncan test fevealed that-in,each case‘thete‘eas a significant
diffetence (b<.05) between the response strategy conditions for short
criterion distances and long criterion distances.

For retention\intervei CE. and AV failod to reach significenee
(p>.05). Retention 1nterval for the other c¢iror scores was significant,
F(2,180) ='3l.02,-p<.01 for VE; and,F(Z,lBO) 12 31 p< 05 for AE.
Analysis with the‘Duncan,test indicated improved performance for the
1onger retention.intervals compared to immediate reproductionb The

only interaction between response strategy and retention interval was

“for CE, F(6,360) = 11.21, p<.05.
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TABLE 1

CE,lVE, AE and AV for the Response Strategies

‘Response Strategies ' CE - . VE . _AE . AV ’

Short Distance
Less Than -0.52 "1.34 - 1.30 0.85:
Greater Than . 2.34 1.64 - 2.50 " 1.46
Lbng Distance:
Less Than . -3.42 . 3.68 4.29 2.80
Greater Than " 0.59 - 3.74 \7/ 3.09° 2.54

Values in .cm
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Discussion

It wits demonstrated that there was no decrease in distance repro—-
duction performance in terms of bb{h accuracy and prec1sion over an
unfilled delay interval These results suggest distance information
is encoded at a level which allows it to be maintained over short time
periods and that it is probably subJect to rehearsal processes (Marten—
iukv 1973; Hall & Leavitt, 1977). From the presented results it is ~
not ‘possible toddetermine if distance:information was coded in a non-
visual.or kinesthetic. store as proposed by Diewart (1975) |

The bracketing paradigm was found to be applicable in dlstance ’

_
reproduction tasks since SUbJects‘were able to make the- appropriate
reproduction for both short and long distances, corresponding to the
required response 'strategy.. - Response strategy, as defined in the

-

experiment, was shown to he‘largely independent of the short-term

3

motor memor: :ystem since there was no change in response strategy over

~ dn unfllled retention interval. No 1nferences concerning the. range
effect could be drawn from the experimental reSults 51nce the neces-
sary control condition, accurate reproduction of . the crlterion dis~-

tance, was not incorporated as a response strategy.



'Experiment 2

-
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Range Effects for Distance Reproduction

The range effect has been commonly reported’in motor short—term
memory studies employing a movement reproduction accuracy task. A
survey of these studies has produced a more precise understanding of

‘this phenomenon. Most evidence suggests that the range effect is
- largely independent of the short—term'memory system. , There is little
change in the range effect, as meaSured'by signed CE, over an unfilled
.delay interval (Ascoli & Schmidt, 1969; Keele & Ells, 1972; Marteniuk,
1973). The‘range effect 1is "influenced by interpolated motor acts
(Pepper & Herman, l970),{the method of presentation of the criterion
movement items (Wilberg &-Tannis, 1974),‘and the memory trace strength
of the criterion movement items (Stelmach & Kelso, l975) The range
effect in short-term motor memory has been discussed initerms of as-
similation effects (Pepper and Herman, 1970) and adaptation—levels
(Laabs, 1973). The model by Laabs (19735 proposes a moyement 1s made
in reference to an average or referent movement incaddition to'the
memory‘trace of the criterion movement The referent movement is made
up of the combination of movements_to be - reproduced and 1s similar in
concept to the adaptation level over the set of’movements to be re—
produced (Helson 1964) It now appears that the range effect for
”movement information is more complex in nature than existing models
indicate. Wilberg and Girouard (1976) have demonstrated that the
range effect can be Substantially altered hy visual information that is
associated with the criterion distance and viSual information effects
short and long movements differently. The range effect for distance
reproduction is investigated over trials in this experiment to gain a_.

further understanding of how the central tendencies develop for short

and long distances



Method : 6]

Subjects
The subjects were six students from the University of Alberta who -

- wrote with their right hand.

Design

[
el

A single. treatment condition, movement distance, with two levels,
short (5.0 cm) and iong (25.0 cm), was employed. Subjects
feceived 15 trials for.each movement distance, the movement distances

being randomly distributed over the 30 trials.

Appar;tus and Task
A meter éggi(not,calibrated) mounted on a‘degion ffamékséiVed as
the traék on which ghe dist&%&es were prodﬁced by thé subjecfs) A
pléstic cursor with a métal handle‘was_utilized.for»making the various
distances. .The cursor was éttaéhed’to a.lO;turn botentiometer;whose
outéut, after being passed through a ypltagg[amplifiér box was fed .
into a digital ﬁultimeter (Fluké 8000 A);— Theréfore, when the cursor
was.moved, the distance fraversed was recorded by a chapge in the digi;_
taivqutput of the multiﬁe;er (mv) .
The blindfolded subject sat ;omfortably in ffont of the apparatus4
énd moved the éurSor‘from his left to right with the right hand. The
'fénge 3$ed 6nvthe meter‘baf wa; 65.0 cm, all distaﬁcgs being made within
,!Jiqﬁat range. Avplastic distancé_markér and an adjuétable stop were

mounted on the dexion frame, .parallel to the track in order that the

exact criterion distance could be presented to the subject.



Procedure

On each trial the subject had teo reproduce a criterion distance,
location information being made irrelevant with the use of 12 possible

starting locations. The subject was presented with a criterion dis- O
tance by having him move the cursor until it contacted a physical stop.

The subject held this position for approximately two seconds and then

he released his grasp of the handle. The cursor was then repositioned

to a different starting position and immediately a comm: s given

to accurately reproduce the criterion distance. After ti - ct re-
t ' .

grasped the cursor handle and made his reproduction, the di -anc »as

recorded to the nearest mm. The same error scores as those 1in i

previous experiment were computed.

23
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Results
..

CE for movement distance was noi significant (p>.05) with the
short distance condition being‘12.95,mﬁ'and the long discqnce condiﬁion
4 beiné 6.30 mm. Tﬂis recult was not expected since long distances are
generally associated with undershooting tendencies. An examination of
CE over trials indicated an_ordered ef%ecf for long distances (Figure'
1) with an increasingly negativé trend.in CE. In‘addition, it was
" found that fohr of the six SUbjépts weré demoﬁstrating u;dershooting
for long lehgthé after 30 ;riaig, as expeéted.

‘AE fqr movement distance was ' ignificant, F(l,24).¥ 8.59, p<.01l.
For the sh;:txdiétanée AE was 16.13 ﬁm while for the long disfanée it
was 29.25 mm. Tﬁis aifference between the short and long distances is
al;efed if abéoluté error is examined as a propoftion of the ;ri;érion
distance. Absoiute-errof is éctuaLly a smaller proportion of thelldngl
‘criterion distance (.12):than the short criterion,discanéé (.32); vThe
short distance (11.17 mm) was also éignifiéantiy differéﬁt.from‘the
long distance (33.26 mm),vg(l,SA)'='22.25, p<.01, fo¥ VE. ProPdrfional
VE, however, was iess for the loﬁg diétance (;13) than fhe. short dis-
tance (.22). _Finally; the reSulté for AV folloﬁed the same péttérn,‘
F(1,24) = 16.33, p<.01, the short disﬁance (9.70 mm$ being associated
with‘the smaller‘error_(lopg distance, 26.26 mm’. ProportionaleV
waé again less for the long diéfanée'(.lO)‘than tﬁétshort distance-

(.19).

Subjects werevgiVen a questionaire following the>experiment and
reported difficulty in determiﬁing the movement'range.(two criterion

distances). Estimates of the number of criterion distances varied from

2-5 with subjeéts usually reporting an iﬁtefmediate distance.
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‘Figdre 1. CE over triéls for the short and long

distances.
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Discussion

A large number of trials, in the present study over thirty, is
nsually required'for subjects to determine the experimental movement
range -and produce-the characteristic central tendencies. The con-
sistent_overshooting of short distances may be- shown prior to the
consistent undershooting of long distances. Two subjects in this study
failed to produce the central tendency for the long distances after
thirty trials. This finding and the fact that subjects show differen—
tiai rates in their determination of the movement range lend support
to the contention of Buckolz (1974) that performance patterns des-
cribed by the range effect are just general descriptors, and may not
be useful in attempting to predict individual performance |

Corresponding with previoos\research (Pepper & Herman,bl970 Laabs,
'1973), short distances were more accurately reproduced than 1ong dis~
tances for AE and VE. This seems to indicate that thedinformation from
long distances is not as availabie‘for the executionfof accurate and
precisevreproductions‘as~is'the-information from short distanaes.
:However, while the‘numeriCal.size of the errors (VE, AE and AVY) vss
‘greater for the long distance, the perceptual size of the ‘errors ma&\
.have been no larger. The proportional size of the errorsvwas smaller
for the‘long'distance than the short distance. These results suggest
the encoding of distance information may ‘be on some sort of relat e

magnitude basis (Henry, 1976) and information from short and long .

' l
distances is equally available for distance reproduction (Diewart, 1975).



Experiment 3
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Distance Estimation
° .

A characteristic usually ‘associated with movement reproduction is
. . - . o

)

the range effect, the tendeﬁcy to overshoo§.short_movements and under-
shoot long movements. ;;merous studies (Pepper & Herman, 1970, Laabs,
1973; Buckolz, 1974) have reported the central tendencies of thé range
effect, but it is only.recently that this éhenomenon'has been given
’detailed consideration. Thé development of the‘range effect was exam-
ined év;r trials in Experiment 2. The consis?enf overshooting of short
distances was demonstrated prior to the consisterit undershooting of long
distances, and a large nuﬁber of priéls ( 30) was required before 'sub-
jects }etermined the experiment movement range and péoduced these cen-
tral teqﬂenc;es. Moreover,'éince subjects showed very>different‘ratesv
in the development of'the‘range.éffect; the authdr céncluded‘that
performance patterns described by the ranée effeqk are genefal deécrip- 9
tors, and may not be.usefdl in attempting to.predict individual perfof—.
mance .

’Severalustudies ﬁave prdducedvevid;née Sugges:ing the range egkect
_méy ge-related to encoding processes. w;lberg énd Tahnis (197451demon—f
. strated that the type of criteri;n movement end-point influénces the g
appearance‘qf the range effect. The overéhOOting‘of short movemerits
and'underspooting of 'long movements chqracterized the reproduction of
c¢riterion movEmenFs terminated~%y a physical stop and gound'qff but
nbt movemegzsfgerminated'by the subject or with sound on. Wilberg
and Girouard (1976) showed{that the range effect forfﬁovement‘infor—

mation can be;éﬁbstantially.altered by wvisual information ﬁrovided at

the same time as the criterion movements, anq'this visual information
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reffects short and long movements, differently. The authors concluded

that an important .source of the range effect may‘be central, encoding-

\

related processes. .,

The.purpose of the present study was to further consider the
de;élopment aﬁd lo%ps of the range effeét for movement utilizing an
estimé;ioﬁ task rather than the ;on?entional technique of movement
reproéuction. Subjects Wereirequired to éstimate short and long dis-

' ,tances‘fromrmemory. It wasghypothesiéed that‘if the.range‘efféct is gen-
erated by central, ;ncéding—related processes the perfo;mante pétterns;
associéfed.with the range. effect would hot be produced in the presen§
expériment since fhe processés involved in ;hé acqpisition and . com—-

parison of movement information would make a minor contrib:v fon to

performance in a distance estimation task.




Method

Subjects

The subjec¢ts were eight students from the University of Alberta

who wrote with their right hand.

Design

Two estimated movement distances, short and long, were utilized
in the study. Each movement distance was replicated 15 times by each

subject, the movement distances belng randomly dlstributed over the

+

30 ‘trials. Subjects also received 6 test trlals for each of their
criterion short and criterion long distances.

Apparatus and Task . . |

[y

A meter bar (uncalibrated) mounted on a dexion frame served as
the track on which distances were produced by the subject. A metal

‘cursor with a handle was utilized'for'making the various distances.
The cursor was attached to a 10-turn potentiometer/yhose output

o

- after being passed through a voltage d1v1der/amp11f1er box, was

connected to both a PDP-11 computer and a Fluke BOOQA digital multi—'

" meter. Therefore, when the cursor was moved, the distance traversed

#as recordedfby'Hoth the computer'and multimeter as.a change in mv.

A Bodgen Chailenger CHB 20A‘amplifier, an Eico audio generator, and "

a speaker were used to produce tones 51gnalling the start of the
testingsand the completion of trlals. A lighg 1nd1cated the start

of a trial and both the tones and llght were computer programed

" The subJect sat comfortably in front of the apparatus and moved

™

30
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vthe cursor trom his'left to right with the right hand. The subjects'
vision of the slide and cursor was blocked by a raised platform that
covered the apparatus. Along the front and side edges of the plat-
form was a short fringe cloth. Mounted parallel to the metal track
was a wooden track'calibrated in mm." An extendedvmetal cursor was
moved along this wooden track by the experimenter and the cursor\

-

\:§@ted as a physical-stop for the presentation of the movement range.

Procedure

-

A movement range of 0.0 - 30.0 cm was initially preseﬁf@d to
each subJect by hav1ng him move the cursor between two physic%l stobs.

AThe subject was next*requested to proce a short distance apd & long
. \ .

fdistance within that range. »The.subjecthwas told these tWwo distances

) were ta be his criterion;distance, for the remainder of the experi-
‘_ment;‘ Thedsubject was given practice producing his two criterion
fdistances according to the following format. The subject'produced
his criterion short distance, his ct1terion long distance, and then
moved the cursor to avphysical stop set at the midpoint (lS 0 cm) of
the original- movement .range. Distances were produced from six differ-
.ent starting points to make location 1nformat10n irrelevant
Follow1ng the practice session the subject was examined over 12
trials ‘on’ his criterion distances, producing first_the short'distance
and then the long cirterion distance. The subJect was then tested
over 30 trials -on estimating these short and long distances with
o

their order being random. Each trial consisted of the subject grasp—

ﬂ'ipg the cursor and producing the distance requested by the~experimenter

1..: ,
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for that trial. Again six different starting points were utilized to

make location information irrelevant.

‘Data Analysis

Algebraic error (CE), variable error (VE), and ‘absolute error (AE)"

were calculated and velocity was meaSured for both criterion and re—

production movements.

Results ) , '

T

Movement distance for CE was not significant (p>.05)vbeing 0}7 cm
for the short'distance and 1.7 cm,for_the'long distance. As indicated
in Fignre 2,'no‘significant changes were demonstrated in CE over trials
for either theﬂ;stimated short or long distance. - Variable error for
estimated movement distance'was significant, F(l 98) = 8. 81; o< 01.
. For the short distance the variable error was 1 21 cm while for the
long distance it was 3.10 cm. AE for estimated movement dlstance also
failed to reach significance (p>. 05) with the error for the short dis—i
tance being 1.1 cm and for the long distance‘being 2.7 cm. The esti-
mated short and long distances were 51gn1ficantly different for average
velocity, F(1,98) = 11.07,. p<.05. Ihe average velocity for the short
_distance was 4.5 cm/sec vhile the average velocity‘for'the long dis-
tance-vaSiQ.Q cm/sec:

There vere no significant differences between tne respective
criterion and estimation distancesb(p>.05)J’ The average crifEfion
short distance was 5;3 Cm.and the_average estimated short distance

was ‘5.9 cm. The average velocity for the criterion short distance
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‘was 4.1 cm/sec while the average véiocity fos the estimated shsst
distance was 4.5 cm/sec.” The average production times for the criterion
anﬂ éstlmsted_short,distances were identical, 1.3 sec. Ths average
criterion long distance was 27.i~cm with a production time of 2.6 sec.
The average estimated 1ong‘distanc¢ was 28.7 cm andeas\hade in a

time of 2.9 séc. The average velocity for the long sriterion'distance
was 10.4 cm/sec while the average velocity for the estimated long
.distance was 9.9 cm/sec. Subjects,were very consistent af'producing

the critsrion distances when examined ovef tﬁe 12 test trials. The
standard deviatioss for the short criﬁsrioh:distance ranged fsop 0.4 - -~
1.2 cm shile the stsndsra deviations for phe 1oﬁg_cri£efion &istanse L

ranged from 0.6 - 3.5 cm. . o .

Discussion ) -

.The reprodusfion of a range of*distanées is generally characterized |
by ‘the rangereffect, and evidence in several studies (Wilberg & Tannis,
1974;‘Wilberg'& Girouard, 1976) suggésts an énsqdiqg;rslatéd.locus.fsr
this bhenomenon.‘»ShoFt snd loné dissances’yefe estimatgdbfrom memory:
inﬂpheApresest experiment and it Qasxshown sﬂat inﬁthis situationsths
centfal»tgsdenCies associated with the rshge'effect-failed to develop

over trials;» These results support a perceptual/;ogni;ivg 1oéus for

z

=

the range'effect; Response pfocesses do not'sppear to'Be s’SOdrce.for .
s the dévelopment.of cent;al téndencies'in reprodustion‘performance
thsince the response'réquiremen;s in the present experiﬁéntlsﬁd those in
previous,distasce reprd&uction experimsnts‘(Expsriment ?) wsfe

higﬁiy similar. Furthermore,'fhese tendencies also are largely inde-

Q
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pendent of motor memory since there is little change in algebraic
error ovef an unfilled‘retention interval (Keele & E}lé, 1972;>Martehiuk’v,
1973; Wilberg & Qirouard,71976). | .

"The central tendency effect not only develéps when a range of
'lmovementg are reproduced? but is dem?nstrated in such aréas of experi- .
menﬁal péychoiogy as magnitude estimation, reaction. time, stimulus
generalization, thrgéhold meaégfemeht and probability~asseésment
(Poulton, 1974). Helson's.(l947, 1964) adéptaticn levél phéé?y hasvbeen
extensively used to 'explain.the central'teﬁdéncy effect. The basic
| | - ‘ : .

concépt in this theory is ;Hat the pg:ceptuél judggment of a stimulus
depends upon its relaﬁionshiﬁ’to thg adaptation level, and in the‘caée
of sihgle judgementé, its relationship to the standard. A subject _v
produces a movement in relétionéhip té the ériterioﬁ movement (standgta)
Von each trial of a movement.reproduction éxperimehf, and éccording to
adaptation-level theory movements at extremes of th stimu}us range
, éhould bg biased towafdé ;he adaptation—levél, therefore producing the
bvpefférmanCe patterns.assoéiafed with the range effect.
s; .In the presenf'experimeﬂt thére ;as no Criterion distance pre?
~sented for reprodnction. A sfimulus range éf percei?ed distances for
| which an adai)tation level could be e.stabblis_hed -was also not "an‘zaila’ble_.
It would appear;-therefore,fthat in the.present expéfimént an impdftant
'précessing stageﬂnpf fequired was the cémparisbn of‘the_pfoduced dis- N
" tancé to a standard and édaptatiqn ievel. The subjects simply made
distances from memory. When the range eéfecﬁ‘ié demonstra£ed‘inyan
'exberiment,}the stage for the comparison bet&een‘the repfoduction ;nd

criterion movements may b& subject to change over trials, the result

being the overshcoting of short distances and the undershooting of 1ongv
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distances. Changes in this comparison stage could be altered by the

" manner in which the criterion .and reproductions movements are encoded,’

as suggested by the research of Wilberg and Girouard (1976)

Previous research (Pepper & Herman, 1970, Laabs, 1973) has shown
short distances are more accurately reproduced than long distances
and Marteniuk (1973) suggests this difference may be linked to dif—
ferential central processing capacities for movement length 1nformation
When distances are produced from memory as in the present experiment
longvdistances -and short distances are made with similar accuracy.
Furthermore, when proportional errors are examined for movement repro-
duction,'differences between short and long movements disappear

(Diewart, 1975). These results 1ndicate that various movement lengths

A

are endbded and processed in the same manner and are equally available

in memory for the production of distances; Differences reported be-
L :

tween the reproduction of short and long distances may be due to the

encoding of distance information on some sort of relative magnitude )

ba51s, as suggested in the previous experiment.

=

‘Marteniuk, " Shields and Campbell’(l972) found that subjects used
the same relative velocity of movement for both criterion and- repro-
duction movements. Since velocity of movement also correlated poorly
_with the accuracy of movement Teproduction, they concluded that velocity

has 1% ttle influence on movement reproduction Average velocity of

th criterion and éstimation distances for both short and long movements
B /

were not signiflcantly different in the present study Consequently,
velocity may also play a minor role in the estimation of distances

from memory,similar to that demonstrated for movement reproduction.

s .
- . '
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Reproduction of Visually Presented Distances

Several-researchers (Wilberg & Tannis;ul974; Wilberg & Girouard,
1976) and the findings of.Experiment 3 suggest that thevrange effectr
is.related to encoding‘and comparison processes and.is not ‘affected
by memory and response’processes. .Therefore, provided accurate
encoding of the criterionjdistance is possibie, the cEntral.tendencies
assoclated with the range effect should appear in distance reproduc-
tion experiments regardless of the method of presentation of the
criterion distance. ‘The purpose of the present experiment was to.
examine any range effect tendencies nhen the criterion distances to
be reproduced were presented visually'rather than kinestheticaliy.

Previons motor memory‘studies incorporating visual and kinesthe-
tic informationvhave generally entailed the presentation of the cri-
terion movement.in both modalities (visually guided mopement) but
reprodnction in only the kinesthetic modality (blind positioning
movement). Posner (1967) found no significant difference in accuracy .

.of*immediate‘reproduction'between kinesthetic-and visual plus kines-
thetic conditions. The pfesence of nisual information howeVer, can
disrupt the acquisition of kinesthetic information 1if the two types
of input are conflicting (Kleln & Posner, 1974). Performance also
seems to be biased to visual information under such conditions.

Annett (1970) reported the marked overshooting of movements‘when
visual information was amplified over klnesthetlc info*mation (approxi—
mately a ratio of 2:1). Simllar results were demonstrated by Wilberg |
'and Girouard (1975) in their investlgatlon of range effects. Using

: kinesthetic—visual disparity it was shown .. a: “hen visual information

38



was short at the time of presentation, kinesthetic information was
undershot at recall. When visual information was long, kinesthetic
information was overshot at recall. Therefoye, 1t is possible to
reverse the tendencies associated with the range effect‘by an assimi-

lation process ~with visual information. The,réﬁgﬁ>§£i;gt; neverthe-

-

less, seems to depend.on the reproduction modality since it was also
found that the range effect was much more pronounced in the kinesthetic

than in the ‘visual plus kinesthetic modality.

39
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Method

Subjects

. The eubjects were eight students from the University of Alberta

who wrote with their right hand.

Design : ' L

The experiment consisted of a single treatment condition, movement
distance, with two levels: short (5.0 cm) and long (25.0 cm). Each
movement distance was replicated 15 times by'eaeh subject, the two

movement distances being randomly order.

lApparatus and Task

A meter‘har (uncalibrated) mounted on a dexion frame served as the”
track on which distances.were produced by the subject. h metal.cursor
with aAhandle was utilized for making the various distances The
cursor was attached to a 10-turn potentiometer whose output, after being
" passed throuOh ‘a voltage divider/amplifier box, was connected to both |
a PDP-11 computer and a_Fluke 8000A digital multimeter. "Therefore,
when’the cursor Vas‘moved, the distanoe traversed mas recordedfby both
the computer and multimeter as a change in mv;- A Bodgen Challenger
‘CHB 20A amplifier, an Eico audio generator, and a speaker were used
- to produce tones signalling the start of testing and the’completion of‘
trials. A light indicated the start of a trjal and both the tones and
light were computer controlled. Criterion distances were presented on
a Statham 700- l70 osc1lloscope by the: movement of a dot of ‘light (1.6

mm diameter)-from the 1eft-to(the right of the viewing screen. The
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/distances presentedlon the oscilloscope were‘computer programed.
lhe.subject sat comfortably in front of the apparatus and moved
the cursor.trom his left'to right with the right hand. The subject's
vision of the slide and cursor was blocked by a raised platform which
conered the apparatus, Along the front and side edges of the platform

was a short fringe cloth

Procedure

A trial was initiated by the onset of a light. At this signal
the subject grasped the”cursor7and focused his attention on the dot of
‘light on the.oscilloscope screen.. Following a 5 sec delay interval
that started w&th”the onset of-the_signal light,:the dot on the screen
moved from the,left to right the criterion distance (5.0 cm or 25. 0.
cm).. Immediately following the presentation of the criterion distance
v
the subject attempted to accurately reproduce this distance on the
‘slide. A tone signalling the end of the trial was produced when the

'subject completed his reproduction - Six different starting points were

used on t* lide. The distance reproduced by the subJect was recorded -

©

in mm.

Data Analysisl
,Algebraic error (CE), variable error (VE), abSoluteberror (AE)

and average variation (AV) were calculated over trials Subjects

* were also asked seve;al questions about the experiment.

41
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" Results

»

Movement distance for CE was significant F(1,98) = 15.14, p< 01.
QThe short distance (5.0 cm) was l 10 cm and the long distance (25.0 cm)
was‘—4.44 cm. CE for the'short and long distances over trials is
shown in Figure 3. Tﬁovement distance was also significant“for VE,
F(1,98) = 17.76, p<.0d, the short distance being 0.94. cm and the long
distance being 2.18 cm. Similar results were found in.the-other two
error measures. AE was-significant, F(1,98)‘= 6.97, p<.01, the shortd
»and long distances being 1.54 cm’and 5;78 cm, respectipely. Movement
distance for AV was significant' F(1,98) = 13. 23 p<.01.’ The short
distance was 0 80 cm and the long distance was 1. 89 cm.” - » '

» In answering.a questionaire following the experiment subJects

reported no difficulty in rapidly assessing the movement range (two

distances) but indicated a lack of confidence in their'performance;

-

Discussion
The central tendencies associated with the range effect are

generally reported in experiments involving the reproduction of a range

-

"of movement distances 6;35§EE\\\J§rman 1970; Laabs, 1973) The work

b6f previous researchers (Keele & Ells, 1972; Wilberg & Girouard 1975)
and the findings reported in Experiment 3 indicate that the ‘range

effect is independent of memory processes. Results provided by‘Trumbo,

. 9
Milone and Noble (1972) and Experiment 3 further suggest that response

mechanisms play a minor role in range“effect tendencies. 'The range

.-effect is probably related to encod1ng and comparison processes

I

(Wilberg & Girouard 1976) It may ,be that the stageJTor the compar;son
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* between the reproduction and criterion movements may be subject to

change over trials with the result being the'overshooting of short
distances and the undershooting'of 1ong distances.

It was.hypothesized in thisjexperiment that_if-the range effect
is related to encoding and conparison-processes the method of pre—
sentation of the criterion distances should not alter- the appearance

of the range effects. The’ present'results lend support tO‘thiS hypo-

thesis. Reproduction of visually presented criterion distances

_demonstrated the overshooting of the short distance and the undershoot—‘

\

ing of tae 1ong distance. . Therefore, provided accurate encoding of
movement distance information is pos’sible,o it would‘appear that the
locns of the range effect ma& be the conparator stage for the criterion
and reproduction movements. if a comparisonlbetween criterion.and'
reproduction distances is.madeidifficult hyAthe presentation.of con~
flicting criterion movement informatlon, then the tendencies assoc1ated'

o
with the range effect can be altered (Annett 1970; Wilberg & Girouard,

'\’j" 1975) .

In Experiment 2 it was shown that a large number of trials is
usually required for\subjects"to'determine the experimental movement

range and‘prodnceothe characteristic central;tendencies'of the range
effect. These central tendencies‘were present after only five trials

in the present experiment -as shown,in Figure 3. Moreover Zabie
~LTOr Was lower for both short and long distances in this experiment '
~zn in Experiment 2. This indicateS’that the central tendencies

‘zvelor ' “he present experiment were more stable than those pro-

ducea : . ve*i'?nt 2. The rapid onset and greater stability of the

°

'range effec: 'encencies in this experiment is probably a_result of the
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visual presentation of the criterion distance. Subjects reported being
able to ascertain the range of movement after only a few trials and

usually this is not possible when criterion movements are kinesthetically.

presented.



Experiment 5

A
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Encoding and Response Strategies

-forlDistance

While there appears to be a great deal of coding flexibility in
motor memof& (Marteniuk, 1975); research has p;oduced considerable

“ knowledge conéerning'hqw,individuals éctiv@iy manipulate inpu£ infor-
mation for the purpose of storing it.iﬁ'ﬁégﬁfy,’and recognizing or
recalling ;t either immediaﬁely or following}a short refention period.
lDisténpe and 1ocatioﬁ iqu;mation are both reproduged more accurately
when the& are éctively'rathefﬁthan péssively presented (Marteniuk, i973;
Jonés, 1974). The uSu;l interpretatiﬁn given to this finding is that

efferent'informgtion‘aboui where a limb‘will be moved is more reliable

and useful"than'information about where a limb'haé gone. Efferent

informaﬁion refers to information arising from'thé in;tiél mbvemenﬁ
:commahd as this commahd lé;ves the higher néfv§us centers and travels
to the muscles. Efferenge coﬁy'can be considered as a stored fepré—
sentation éf,prior sensory éoﬁsqugnces (Adams, 1971).°
' Présélection of a mo;ément is anotﬂer'ihput variable that has - \

ﬁeen'the subject of recéht ithétigatién. ‘Jones (1974) contends that

when ‘a subject is allowed to‘ﬁoluntérily preselect a movement the‘A A\\
effefende Fopy is centrally monitored.” Under constrained moveméﬁt \\\<
~conditions (for example, an experiﬁenter/definéd stop) the subjecﬁ \\
has no prior knowledge‘df the movéméﬁt éxtent and the efferent commands
initiated cannot prbyide an azcﬁrate efference copy;' Hence, reé;of
'ducéion perforﬁance decreases as.a_fesult of monitoring a less precise
| efféreﬁt'output.- Stelmach, Kelso.and Wallace (1976) geﬁerallyVSuprrt
the findings of Jonéé (19i4) for the éﬁperiofity of ﬁreselécted move-

ments over constrainedvmovements.‘ They suggest, however, that the
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superioritybof Preselected reproduction may simply be'because subject—
defined movements are more natural to the subject who makes them, or
lpreselection facilitates the encoding of proprioceptive information '
rsimilar to the concept of corollary discharge in the nervous system.
The presentation of instructions related to the encoding of move-

ment information may also be an important input variable altering per-—

formance on a reproduction task Movement‘reproduction accuracy seems

-strategiesl(ﬁascon Jaeger & Gentile 1972). 1In contrast instruc—
’tions to focus on_the kinesthetic sensations of a movement are not
effective as an encoding strategy (Gomez Toussaint & Chevalier-Girard
1975) One of the purposes of the Ppresent study was to look at the
effect of varying the position of the reproduction instructions with

- respect to the presentation of the criterion distance Instructions
as to the type of reproduction required on a trial were given before
n.or after the Presentation of the criterion movement.

Subjects may actively manipulate ‘their responses ‘and these changes
' can also have a large influence on reproduction performance. Response
strategies employed by subJects in short ~term motor memory experiments
.however,_have not received much’ consideration in the past. In the
ipresent experiment the strategies associated with the bracketing para—.
digm (Buckolz 1974) were employed. These response strategies were
used since subjects demonstrated the ability to successfu]ly apply
bracketing response’ strategies to distance reproduction in Experiment
'l; Therefore the second purpose of this experiment was to examine in

more detail the affect of bracketing responses on distance reproduction.
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| . . Method

Subjects

fﬁe subjects were the  same as those who participated in Experiment'

Apparatus and Task

Thevapparatus and ta:sk wefe.identiéal-td.the ones eméloyed in the
éécohd experiment. . a
'vbesign'
| The expe;imen§al dés;gn was a 2 x 2. x 3 factorigl witﬂ repeated
measurés on éll factérs. The first factér was two 1evelé»of:movement
’ distance, short (510 cm) And Iong(ZS.O cﬁ); VIhe second faCtof was two
levels-bf instruction p?eéentation:.inspruqtions fbr.thé'gype qf re-
sponse strategy to be.employed in reproaucing the criterion distance
wés given to the subject either~bef§re’or.after £he ~-acsentation of |
the critérion distancé.' The third factor was three lcvels»of feéponsé
.strategy: reproduction of a_diétancé just leés than‘(l jhd) the f
criteglon‘dis;ancé,vaccurafe rgproduc;ion(pf a dist;nce, qéprdddction
of a distanée just grea#er tﬁ;n the criter&bn,distance.i_Experi@ent 2
acted as the control condition for.thevresponse st:afegy conditions of

. the prgseht experiment. ‘Each subject received 90 trials, the experi-

mental conditions being randomly -distributed over trials.

- Procedure
The general pro¢edurg was the same as in Experiment 2 with the
fbllbwing exceptions. On each trial the subject had one of three

pbssible response strategies to. execute. The instructions as to which
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typé of response strategy to follow were given to the subject juét prior
tu the presentation of the criterion distance, or‘as the cursor was
being repositioned for the distance reproducfion. The ingtruétions
were sim;ie two word phrases. :The;éfore,"on each trial the subject
Qas presented a qriterion distaﬁce and required to produce the appro-
priate‘requnsé; a movement éreater than‘the criterion, equal to the‘
criterion of less than the criteriom.

TheAinitial instructions stressed the importance of pe;forming the
.‘required response strategy to the best of the éubjecg's abilit?, there— l
by hopefully eliminating any teﬁdency to overcompensate in the'juét

‘less than and just greater than conditions.

Data Analysis °

The error scores examined were similar to' those utilized inithe
previdus'expériments. The fréquéncy of the CE scores were plotted for

the short. and long distances.

\\\

\\,
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Results

' Movement distance for CE was significant:in the present experif
ment, F(1,105) = 25.63, p<.Ol. lhe short distance (5.86 mm) demon-
strated 'the overshooting tendency and the long distance (-4.92 mm)
the undershooting tendency. Response strategy for CE also proved‘to
be significant, F(Z,lAO) =.91.42, p<.01. Further analySis with the
- Scheffé test inditated that the three response strategies of less than
(—18.48 mm) , equal to (0.56 mm), and greater than (24.13 mm) were
significantly different from each other. Response strategy was also
51gnificant for AE, F(2, 1405 4.57.. With‘the Scheffé testﬂit'was
found that the greater than (30.33 mm) and equal to (24.13 mm) condi-
tions were significantly differentv(p<.055, but that the less than
condition (27.55 mm).did not'differ from the other two . ‘Resnonse
strategy for VE and AV failedvto demonstrate significance (p).OS)., As
shown in Figure Q, the movement distance by response strategy inter-
action was significant for CE F(92, 140);= 15 74, p< 01. 'While a gradual
CE-shift from undershooting to overshooting occurs for the short move-
ment lengths over'theﬂcorresponding response strategy conditions, there
is a large_positive CE-shift for the long movement lengths between the
‘accurate and greater than‘response strategies The movement distance
by response strategy interaction was also significant for AE, F(2, 140)
- 13 28, p<. 01 and AV, F(2,140) = 3 59 ‘p<. 05 Again a difference be-
tween short and long distances for the response strategies waS‘evident
Instruction presentatlon for CE and AV failed to reach the conventional
ievel of significance (p>. 05) For AE instruction nresentatiOn was

significant, F(l,lOS) = 6.78, p<.05. The same pattern ofAresults was
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found for VE, F(l,lOé) = 5.54, p<.05. In 5oth cases instructions
before the criterion distance (AE = 24.99 mm; VE = 2i.97 mﬁ) resulted
in a better performance than instructiogs fdlloding Fhe ériterion
distance (AE = 29.67 mm; VE =.27.56 mm) .

In o;der to obtain a clear un&erstanding of the relationship be-

nce and response strategy, the 'distributions ,of

tween movement d sta
) I s "y ) :
the error'sc q three response strategies for both the short
e« ] , ‘ : '
o RN Ty i (0 ,
and.longfdipfa;_ 1'Jestggated. The three response strategy
distribﬂf}; oY short movement distances were found to be very
similar with the-scgres being concentrated around the subject-

determined zero point fof‘each strategy. The distributions for the

long movement distances were very di’ -~rent for each response Strategy

and characterized by a wider dispersion of scores. The responée stra-

tegies of CE for the short movement distance appear in Figure 5 and

those for the long movement distance are shown in Figure 6.

“ b
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Discussion

A comparison of Experiment 2 and Experiment 5 reveals similar

(&
performance patterns for movement distance, There is a tendency for
short distances to be overshot and long distancés to be undershot for

accurate reproduction of the criterion distances. The most important

result of-this comparison is that the range effect appears to be

independent of instruction presentatjon and response strategy as

‘defined in the present research. In addition, movement distance repro-

duction performance in the present experiment appears to be better #f

the response strategy instructions are given before, rather than foi;.
} .

lowing thg presentation ‘of the criterion distance. Preéenting the

©

instructions before the criterion distance probably facilitates the

Jencoding of information into some type of framework that 1s utilized

for making the reproductions. This may be similar to elaboration as

discussed by Bower (1972). When the instructions for the reproduction

-y

are presented following. the criterion movement the type of coding in-
volved may be reconstructive (Ellis, 1973)

' Subjects vere able to produce ‘the required response stratégles
indicating that response strategy formation can supercede the central

tendencies associated with the range effect. Subje!is can be under-

\

estimators or over—estimators, and, tendenCies in diQtance recall data

that-appear to correspond with range'effect~tendenciee»may ‘be due to

<

the. response strategies adODtLd by the. subjects.

The distributions for the erroA? scores provide some ind{ication of

how subjects approached the(task of distance reproduction for_the
Lo ' H s T T /,/.
various response strategies. When reproducing short - distances ,- sub~

- -

jects dppear to have approached the task in much tbeﬁsame manner

- -
L »
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regardless of the type of response strategy being employed. The some-
what decreased variable performance for. the less than condition sug-

' o~
gests subjects were better able to establish -and consistently incor-

[N .

porate in their response strategy, a zero point when making reproduc—
tions under this conditibn. With respect to long distances, the three
different distributions suggest the subJects approached the task of

distance reproduction in a senarate manner for each response strategy
£

Finally, there is a definite difference between the nature of repro-
C- .
ductions for short and long distances regardless of strategy.
. . | ,
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Distance Reproduction, Velocity and

‘ the Range Effect

The previous experir-nts in 'ais series have examined the repro-

" duction of movement di:tance “ocusing primarily on a characteristi'

'Jr

referred to as the rang :t, the tendency to overshoot shorn dis—

tances and undershoot long distances.“ ShOrt distances were shown to

be more accurétely (AE) reproduced than long distances, corresponding

o

»nith_previous research (Laabs, 1973). The céntra; tendencies of the;
range effect.appeared to be reiativelyia stable characteristic‘off. |
dfstance‘reproduction; nevertheless these performance patterns are
general descriptors and not very'useful in attempting to predict

individual performance. An*analysis of the distribution of the'error‘
1‘
scores for thebe tendencies over various reproduction strategies indi—

cated a difference Between the‘nature of the reproductionspfor ehortl

and long‘distances. In an endeavour to nnderstand_these‘differences

it nas,decided in‘the present experiment.to investigate the'reproduc—
on of distance oper time,‘which reduteé;to a time—dependent pariable

3

such as velocity. -
. " '\i

'Althongh the correlation_of'dispiacement(hjth time has been recog-

.

Iﬁized'as an important attribute for movement reproduction (Tomlinson,
1972), research has generally been cOncerned-with-other types of move-
ment information. Time-dependent variables have usually been.examined\

within the context of movement control. Woodworth (1899) conducted

much of the early/work in this area and found speed of movement has

e

little influence pn movement accuracy._ He also reported that faster

speeds result in;movements longer than a criterion and slowar speeds

1

" in movements shofter‘than a criterion.' Bahrick, Fitts and Schneider

£~ .
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(1955); examining the reprodnction of simple triangnlar and circular'
" movements with a control stick, shoWed that damping (increased torque)
ahd increased,mass facilitates:rate‘and acceleration discriminations;
In addition,~Fuchs (1 62) demonstrated‘that with:practice trials sub-
jecta‘prOgressively htilize velocity .and acceleration information in
producing controlled.responses, |
fhere is also considerable data oh the movement of a hand tewards
a target. An acceleration phase; a central phase of uniform velocitv‘
and a deceleration;phase in movements-of this type was distinquished
" by Woodworth (1899) Several researchers (Taylor, 1947 Taylor &
lBirmingham, 1948; Vince, 1948) have concluded, however, that there is
" no period of constant velocity in approach moveme1ts. Furthermore,
the relative sizes of the acceleration and deceleration phases seems
to depend on terminal accuraCy.-,Movements of an approximate'entent
have symmetrical patterns while accurate movements tended to have
1onger deceleration phases (Taylor, 1947; Taylor: &'igghingham 1948;
: Edwards, 1965). Recently‘it has been,demonstrated that symmetrical.
approach’curves'are produced for accurate movements if high movement\
"speeds'oranaive'Subjec;s’are tested (Howarth; Beggs & Bowden, 1971;
Beggs &‘ﬁowarth, 1972); With practiced subjects most of the' movement
time is\spent close tofthe targets.j The approach involves a fast
movement to the target area followed by a slow terminal phase (Annettz
Golby & Kay, 1958 Beggs & Howarth 1972) The accuracy of movements
to a target with vision eliminated has been shown to be 1inear1y

related to distance and also affected by movement speed (Beggs,

Andrew, Baker,‘Dove, Fairclough & Howarth, 1972).



61
. In researén more‘directly related to mbyement reproduction based
on Eime—depeﬁdehﬁ aﬁtribupes, ﬁarteniuk, Shields and Campbell (1972)
found that subjecfs used the same relative velocity of movement for
both éri;e?ionnand reproduction movemenﬁs. Correlationé_bétween error
- scores fpr movemen; reproduction and average velocity of the criterion.
éndvreproduction move@ents were very low. A similar patfern.of results
was found for timing accuracy (méasured by the meanvdifference limens

of time reproduction). 'Thgﬁgﬁpreq?it was concluded that\velocity and

timing ability play a minor role in movement reproduction. .

-
'

P

”
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Method

Subjects o B
The subjectn once more were six student volunteers at‘the

University of A]berta. Each subject was, paid $2.00 per hour for their

participation.' The only participation requirement was that subjects

wrotevwith their right hand.

_Apparatus'and Task

A meter. bar (uncalibrated) mounted on a dexion trame served as the'
_traek on which linear movement distaices were produced by the subjects.
" The subjects made these lengths by moving a'plastic cursor with a_ -
metal handle. The cursor was attached to a‘io—turn potentiometer whose’
'output;bafter being passed through a voltage divider/ampiifier box, was
connected to a digital multimeter (Fluke 8000A) and a XYY' recorder
(Honeywell 514) . Therefore, when th@fcursor was moved, the distance -
_ traversed was recorded by.a change in;the digital output of the.multi—'
meter. ‘in addition, the distance moved was plotted on‘the XYYi're— ﬁ
corder agdinst a ;imé base (0.5 cm./secl). Thd'digital output of the.
multimeter was in'mv’and the‘voltage divider/amplifier‘boxrwas set ati
a constant vaiue (1:1 ratio)tthroughout the experiment;
The subJect sat comfortably in front of the apparatus Wearing a -
blindfold and moved the cursor horizontally from the left to right with
. the right hand.~ The range employed on the meter bar was a maximum of
‘65. 0 cm, all distances being made within that range. Mounted adjacent_
to the track on the dexion frame was a plastic distance marker, calib—
rated in mm, and a metal bar with a moveable wooden stop. The stop .

°

waS’utilized in the presentation of the criterion distances;
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Design

The experiment COnSiSLLd of a single treatment factor movement
distance with two levels: short (5.0 cm) and long (25.0’cm) Sub-~

Jects received 15 trials for each of the randomly presented distances
W

At the&termination of the testing the subjects were given a question—

naire concerning the distances employed in the experiment and the
types of reproduction strategies they implemented.

Procedure
-

On each trial the subject‘reproduced the criterion distance,
location information being made irrelevant with the use of 6 different
.starting positions. Thevqriterion distance was presented by having

u',.» .

the subject move the cursor until contacting the physical stop. The
cursor was then repositioued to a new starting position and the sub—

ject attempted to accurately reproduce the criterion distance, After

the reproduction, the distance was recorded to the nearest mm.

Data Analysis‘

k The four dependent measures examined in therrevious experiments ‘

were employed in the present experiment- CE, VE AE and AV, Velocity,ff

acceleration and deceleration for the criterion and- }eproduction dis—.

tances were calculated
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Results

As reported in previous range:effect experiments CE for movement
distance was significant, F(1,89) = 4.28, p<.05. All subjects demon-
strated the tendency to overshoot the short distance (3.0 mm) and,
with one exception, all subjects produced the typical undershooting

of the long distince (—4.0 mm). VE was also signlficant F(1,89) =

'5.87, p<.05, the reproduction of the short-diétance (10.0 mm) being

v

less variable than the long distante (40.0 mm);

-For AE and AV a similar pattern of ‘results was found The shor:

%)

distance was associated with a significantly smaller AE (10.0 mm)

than the long distance (36.0 mm), F(l,89)_=,107.15, p<.01. In addition,

AV for the short distance (7.0 mm) was considerably less than for the

long distance (23 0 mm), F(1, 89) = 5.76, p<.05.

The average velocity, acceleration over the initial 0. 5 seconds,

and deceleration over the final 0.5 seconds of the‘short distance

condition were not significantly different for the criierion and re-

RIS

production movements (p<.05). The average velocity curves for

the 'short distance are shown in Figurs 7. Average velocity and

;acceleration (over the first second) also failed to be significantly'

different for ‘the criterion and- reproduction movements of the 1ong

distance condltion, (p> 05). However, deceleration over the 1ast :

: sEcond of the movement was signlficantly different for the. criterion

and reproduction movements, F(1,45) = 7.74, p<.0l. The average

deceleration for the criterion movement was 2.5 cm/sec/sec and for the

reproduction movement:'2.0 cm/sec/sec. The average duration for the

‘production of the long distance was 7.0 seconds. The average curves

for the long distance are shown in Figure 8.
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A comparison:between the short and long distance conditions re-

vealed very similar average velocities. ‘There was, however; a differ-
ence between the average acceleration,.F(l,AS) = 12.94, p<;01, and
average deceleration, F(1,45) = 13.05, p<.0l, for the rep: duction
'of the‘short and long distances.blAn order effect for the rate of
deceleration was’found for reprodnctions of the iong distance; the
average deceleration over the final secoud of the movement heing 2.5 cm/
sec/sec for the first five trials and 1.8 cm/sec/sec for the last
five“trials. Correlations'between the average velocities for the
various short and long distance conditions were very high‘ranging
vfrom +0.82 to +O 98, but the correlatwons for these average veloclties‘

with the different error scores were T.e low, —0 44 ¢ ’}ChsL; The

only ex%%ptions were moderatelg high negative correlaLions between
CE f»AE for the long distance and the average 'velocities for the -
criteriontand reproduction long'movements? —0.583to —6,70. '

In order to comnletely investigate the eentrsl tendencies of the -

v

rsnge effect the criterion.and reprodnction movements were.divided

into chree'sections. The initial 0. 5 sec of a short move andll 0 sec
of a long move were designated as section A The‘last 0.5 sec of.e'
short move and 1.0 sec of.a long m0ve were designated as section C.

) The middle portion of‘the nove wéé oonsidered to be'section B', The
correlations betweenfthe'everage'velocities of the three sections

for the short movements and the varlous error scores for the short
'distance ranged from ~0. 53 to +0.29. Only slightly higher correlations
were found between the .average velocities of the sections for the long

movements and the error scores for the long distance, —0 72 to +0.63.
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The correlations of greatest interest were between the respective
movement section distances for the criterion and reproduction moves.
For sections A and C of the criterion and reproduction movements for

. .

both distances the correlatiOns were from +0. 90 to +0 97. For the B

section of the criterion and reproduction movements for the short

5. distance the correlation was +0.74, the middle section of the repro-.

duction movement being longer (+2 5 mm) than that of the’ criterion

movement. The correlation between the B section of the criterion and
S

‘reproduction movements -for the long distance wus +0.7 For those

subjects demonstrating an undershooting ¢ _he long crite ion distanced‘

there was a slight decrease_in the.middle . o rion of 1he-reproduction

- movement compared to the middle sectic of the, critérion movement

)
-

(1. mm) The subject who failed to develop the range effect for the

1ong distance constantly made the B’ section of the reproduction move-

ment . greater than the B-section of-the criterion movement.

When subjects were given a post~experiment questionnaire concern-
ing the type of strategy they employed for making the reproductionsv
their preference was for counting while attempting to maintain a
‘constant rate of movement with the cursor. The same reproduc ion
strategy was utilized for both short and 1ong distance‘ The number ’

“of different criterion lengths utilized in the experiment was generally

' estimated to be three or four, the subjects reporting the inclusion

of some "medium" ~distances. R - o ' e




' ‘ Discussion

The results of previousxresearch (Experiments 1, 2, 5)-on the
range effect'were replicated in the present experir. .. Several pro-
minent findings warrent mentioning. ‘Long distancas : not as»accura~ i
tely and precisely reproduced “as short distar ,'and the undershoot—
ing tendency for long distances takes more practice to develop ‘and is
a less stable characteristic of distance reproduction than the over-
shooting tendEncy for short diStances in additlon the performance -
.patterns described by the . range effect should be" considered as general
descriptors and may not be useful in attempting to predict individual‘
performance. A |

The criterionvandireproduction movements were shownzto'be similar
with respee& to/averaée velocity, corresponding with Marteniuk Sheilds
and Campbell (1972) There was also no difference between criterion and
reproduction movements for the acceleration and" deceleration phases in
the short distance condition.b Since velocity of moVement correlated_
poorly with the accuracy and precision of'movementireproductions it
‘_would appear,'as previously reported (Woodworth 1899; Marteniuk Shields
H& Campbell 1972), that movement velocitythas 1itt1e influence on move~
ment accuracy and precision in movement reproduction tasks. Moreover, .
this finding can be’ extended when the relationships between the various
sections (A B, and C) of the criterion and reproduction movements are‘v
examined While there were rather low correlations between the average
movement velocities of the different movement sections and the accuracy

of the reproductions, the respective sections of the criterion- and re-

production movements were highly related in terms of average velocity
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i

In the previous_experiments it was suggested that short and long

distances may be dealt withﬂdifferently during a reproductic . A

comparison betveen theIShort'and long distances in the pPresent ady
.Indicates that there is little difference in the way they are handled
when accurate distance reproduation are being made. There was some
difference in the average rate of acceleration and deCeleration for.

the.reproduction’of the two distances, but no difference in the velo-

city of movement . Furthermore, the respective sections of the move-
‘ments tor the two distances were_highly correlated. Finally, although
subject introspection may be suapect, subjects reported{utilizingdthe
'same counting Strategy for\the reproduction of the short and long -

distantes.

There have been various studies (Taylor, 1947 Vince, 1948)

demonstrating there is no period of constant velocity in movements to

3

a target. A constant velocity stage was evident in the present experi-
ment for both criterion and reproduction movements however, movements
in this experiment were to a physical stop - a subject determined

;end—point,and'not a target. Vision was«also eliminated in the pre-

sent experiment whereas movement accuracy studies generally involve a

visual component. Comparing ‘the various phaqes wica respect to dura—

L3

. tion was not'pOSSible in ‘this experiment’since the durations of the
three phases (A,B,0) were experimenter defined Moreover, a decelera—

tion phase may be absentein criterion movements made to a physical

o
. stop (Bahrick Fitts & Schneider, 1955) making such comparisons dif—

‘ficult unless subjects anticipate tHe location of the stop,and this'

. ( K
V_may have been the case for the long distance in the present experiment

EE=A
P
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With practice subjects'tend to. utilize time—dependent informa-
.tion in producing controlled responses (Bahrick Fitts and Schnei(’r,
1955; Fuchs, 1962). The high correlations between the corresponding
. movement sections for the criterion and reproduction movements indi—gbl
cates suhjects were using acceleration and velocity. information dur—
ing the task in the present study. "More importantly, the relation—
_ship of the criterion and reproduction movement‘sections, especially
w;ph respecttto distance, suggests a locus for  the performance patterns
associated with‘the range effect. When reproducing ‘short distances o
-subjects tend to increase the‘middle (B) section of the movement.

This would account for the general overshoot of short distances

.
when making accurate distance reproductionr 8 ne long distances,
) . 2

R

‘the characteristic undershooting appears to bc N result of the inter—

X

o action between the middle and final (C) sections qﬁ movement.

‘,» M .

‘ iHsually the middle section of the criterion and repro dtion movement3~ﬁ;;‘”

- P ey .
T are approximately the same length, but over trials the middle section'
' : BN el

of the reproduction.,mof"M

nt tends to decrease in length as compared -

e Y \ci\w_‘ . .
“ to- the criterion movement. Generffly the final section of the repro~.;'
duction movement also shows some eduction in Length thus augmenting

A

_the range‘effect. For thosp cases in which the typical undershooting ‘

_ of 1ong distances 1s 2ot evidenced the middle section of the repro—'.l,t .
~duction movement seems to be increased in length This effectively
- BT
Lv counters any decrease in length of the final section of the movement

that may develop. o ,' f'i@’a '

s
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° estimation or under—estimation) did not differentf%lly influence the - A
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Distance Reproduction, Velocity

% } and ResponSe Strategy ‘

The‘r#production of a set of distances tends to produce the per-
formance patterns referred’ .to as the range effect (Pepper & Herman,’
19703 Laabs, 1973). "In the present series of experiments‘iﬁjhas been

shown that the ranggreffect takesmtime to develop andfdevelops un-
equally fast. in short (S.O‘Cm)”and lomg (25.0'cm)'movementsl For short

movements the.overshooting‘tendency is demonstrated within a few trials

after thirty oF more trials Both Bucké!z (1974) and the present

.‘)\"q‘,‘ ./ v «

-research have demnnstrated that the central tendencies associated with‘

4‘\,«, ‘ A

the range effect may simply be dde to the response strafegies adopted
w-g,, - N S

by the subject Response strategies refer to subjects deiiberate ovar-

' estimation and under estimation of reproduction items, including time :

S g 5. 4 :
and distance. Rgsponse stratggy formation“in such instances supercedes
‘\;u . L~ & .41

any range effect téndencies o J : T . \

The bracketing paradigm uti' ; ;1h the previous experiments to-

" for movement distance indi—

3 .
inves,t@e response strategy format O1

-

5 -

o -
eated several reproductipn characteristics. Subjects varied their‘

approach to the reproduction of distance depending upon both the re-

sponse strategy and . distance employed. Response strategy (over-i

-~

~» task in the- reproduction of short distances.' It appeared however,.

in the reproduction of long distances that subJects handled the task

l\. B

in a separate manner for each r%sponSe strategy. There»was 1so a

definite difference betweem how- subjects approached -the task/of re-
producing short and long distances, regardless of strategy.

; - : R b R

~ but the undershooting,tendencyﬁkbr }qu mo#ements may not appear until,“
Lr. .

'.

)

&



- The previous bracketing experiments investigating response

strategi s considered errbor scores (algebraic, absolute, and variable

error) ad the distributions of scores. To ‘gain further.insight

g e

int > differences océurib@*iﬁ,g;iféhce reproduction with the impli- )

.mer . ion of variods-response strateéies, the -present experiment
o : . o
attempts to extend previous findings by examining the distadce/time

componeht for movements produced using different strategies. This

time<component reduces to a time-dependent variable such as velocity.

-
3

r

W
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& S

-5



. -"5‘“ L

Method

Subjects

‘The subjects were 6 students from the University’of Alberta who
were pal_ at ‘a rate of §2.00 per hour. The only participation re-

quirement was that subJects wrote with their right hand

Apparatus and. Task

The apparatus and task were the same apparatus and task as employed

ar
’

in Experiment 6.

Design
- L

The experlmental design was-a 2 x 3 factorial w1th Trepeated
LN B

of moge.ment distance, short (5 0 cm);and long 25 0 cm) The secenfm

factor,response strategy,consisted of three levelS' reproduction of a

distance just less than the criterion distance_(l jnd), accurate

/’ v AN
reproductlon of the cfiterion- distance; and reproduction of a, dis—
. (.—- : .

_tance just greater than the criterion distance Each subject re-

G
lceived 10 tri s on each treatment condition and the total of 60 K
~ < . .
trials Were randomly presented ’ o Ca
s v . :
) . ' t - \B‘. ‘ “. B . . r
Procedure S S '

.
4

' - The criterdon distance was presented by having the subject move

the cursor until contacting the physic&l stop. - The cursor was then

A - N
S ?J, i SR ,..,A.J [

'rEpositioned to a new starting p081tion and the subJect attempted to

reproduce the criterion distance according he appropriate response
iﬂpt

~strategy Location information was made irre;evant with the use of 6

Ly
i

measures on both fac%&rs - The flrst factor consisted of two- levels o

"y

b

L]
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different starting positions. The instructions as to which type‘of
response strategy to produce were iven to the QUb19Ct juqt prior to
‘the presentation of the criterion distance The instructions were

simple two word phrages (less than, equal to or greater than). ' R

Data Analysis
Algebraic error (CE), variable error (VE), ab4olute error (AE)

and average variation (AV) were each submitted to- a separate analysis
NI e

of - variance. ~Velocity (cm/sec) for the crlterion ‘and reploduction

distances was also calculated
‘Tv.;:. : & w ~ W . 5

N7

A
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Results

The results obtrine . in tie previous experiments for the various

. eTTOr sScores were rep.icats in the present experiment. _Short'dis—

14

“ tances weré'%vershqt.(S.UU um) and long distancesv&ere undershot (-1.71

mm), F(1,135) = 5.05, pQ.OSI " AE was also significant for movement

distance, F(1,135) = 32%2%, }<J.01,,’}t13'e' short distance (14.69 mm) being
. < . . ST T o i

N S " - . : i
H more accurately reproduced than the long distance (30.46 mm).l There

was- less vériation in. the réﬁfodﬁgtion of the Bhortxd%stancefthan the

9 4 . : g u
“long 'diStance. Fo% the short and Tong"di

stances’ VE'was 14.38 mm and

o 4

30.41 m, F(1,135) = 19.75, p<.01, and AV was 12.46 mh and 23.47 mmg

4

v 3

. . . ‘2‘ . i4 .‘1,, - ’,; . \ " . » . \ . ..
.(““;:é‘;(l,lBS) = 16.53, bp,<¢O},\\;&resp,ectivel-y. CE -for response.strategy was
h B Significahf;-F(25I§5);?710.30;3p<,01; thg‘value$ being -11.13 mm fory,

?

the ZeBs"tﬁgn sﬁ£§£§g§,‘6u43‘mmxféf‘éccuraﬁe‘iépfoductién, and 15.73 mm.
:.fér the g?%gtervthdﬁsétrapegy. It was.in&icéted by further analysis

A

with the Scheffe test that'éhe thrée-responéeﬂstrategieé were signifi-
cantly aifferent‘(pé.Oi). AE for response strafegy demonstrated a

’ . 2 .'Q*./. t ’ ST '49 - )
similar pattern, F(1,135) = 4.95, p<.05% Tha@cheffé test ‘indicated °

that“the Zess %han'strétegy (20.02 mm) was significantly different from
, ' .. ' % ' ] 2
- the greater than strategy (28.03 mm) while the accurate reproduction

'strateg& (25.70 mm) assumed an intermediate value (p<.05). Response
: . C - o 1 .

StrategyffoerE'and'AV failed to reach significance as did all the

<

. -
.interagtions (p>205).
. & - / . ' " .

¢

‘1 Although average error is actually a-smaller proportion\of the long
distance (.12) than the short distance (.29) CE and AE are the appro-
priate iﬁdicators'of;reproduction'aCCuracy in the present experiment
*‘since'qistance reproduction characteristics are being examined, not
perceptual/memory functions. ‘ X .

N
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“"In order tonully analvze the differences in response.strategies
the criterion anﬁ}reproduction movements were divided into three'
sections. The initial 0.5 sec of a short move and 2.0 sec of a long
move were designated as section A. Theétuﬂ:O .5 sec of a short move
and 2.0 sec of a long move were designated as sectionAC."The middle’
pdrtion of the move was‘considered to‘be section B.

Average velocities for the various movement sections were cal-
cnlated and the average‘velocity curves for the short and long dis-
tances are shown‘in Figure §'and Fignrelo, respectively. For the A

. and B movement sections the criterion and reproduction average velo-
cities were, similar (p< 05). There was avsignificant difference be-

~

tween the criterion ﬁﬁd reproduction average velocities for the .

‘-':nl > ~\/.

section of the move }'f(l 90) = 16.27, p<. 01 The average velo—_

cities of the three response strategies failed to reach significance
for any of the movement sections (p>.05).
Correlations between the average velocities for the,swo movement.
l distances and the different error scores were-—0.03 tof0.64b~regard-

less of. response strategy In contrast, ‘the: correlations between the

-~
[

short and long distances for averagéfvelocity were much. higher +0.95

L

‘for the less than strategy;+0{9l'for”the-equal to strategy, and+0. 94 L~

‘ior‘the;'rEatér than'strategy Similarly, the response strategies

.were highly correlated with each other,+0 92 to+0. 98 When the f
average velocities for'the movements sections were examined; the short
and long distances were correlated with valuesAranging from+0, 80fto

| +>0.96.- Moreover, the response strategies followed the same pattern
with values of+0 79 to*O 98’ over the three movement sections

Of particularxinterest were the comparison of the A, B and'C

Cumdy
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reproduction movement.
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movenent gsections. TFor both the short and long distances and over all
response strategies the A and C sections were highly correlated for ~
average velocity,+0.92 to+0.98. The correlations for the A and B

sections were lower,*0.23 to+0.73, while a compariscn.of the B anc C

sections prbduced intermediate .correlations for the short distance,
+0.27 to+0.80, but highe;/éerrelations,for the long distance, 10.50 to

+0.94. The A anéiﬁ/sections of. the ‘movements had the lowest corre-
lations with the B section for the iess than'resgonse;strategy,+0.23

A9

‘to40.50;«and the highest ehrrelations for the greater than response
strategy, +0.62 to+0.94. For all strategies this trend was consiaer- :

ably more evident for the 1ong distance. - = ¥
The final analysis concerned ‘the distanres produced i.er the A, Q
’ - < @ %"- ‘A
B and C movement'sections for the criterion anﬁ fepfeduq;ﬁbn movementa‘
%) , ., .

There were ng significant differences found for the A’ section (p> 05)

. The criterion and reproduction movements were signif}cantly different

.

for the‘B section of the short distancel F(l“lBS) =.}_\ 1,. p< Ol, the

- differences- (CE) for the separate response strategies being -5.1 mm
b U

. fpr the less'than strategy,gﬁ.o mm for the accurate strategy;;and 9.9

mm for the greater tégnestﬁhtegy. A complimentary patternof results

- RO . .
ver the response strategies was reveale§§!§r the -B seetion dfrthe

’

lon Stance, F(1, 135) =4, Ol p<.05 The values for the respbnse

A -

strateg}es wer& =4.2 mm for the less. than strategy, ~-1. l m for

accnratehreproduction, and 18.7 mm for the greater_than strategy. :
Oniy‘for the 10ng distance wasithere any,difference between the - | Il

,;criterion and reproduction movements for the C section, F(l 135)

" 9.01, p< 01. The differenbe values of the three strategies were -3, 2 mm

for the less than strategy, ~0.8 mm for the accurate strategy, and

[+

~8. 4 m for the greater than strategy.
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Discussion

Previous experiments (Pepper &vHerman, 1970 Laabs, 1973) and
this series of experiments have demonstrated that the reproduction of'
a set of distances tends to produce the range effect, overshootingof
short distances and undershooting long distances The implementation
of a ' bracketing response strategy{ however, can supercede the
‘central tendencies associated with'the range effect. Subjects are_
_capable of purposefully over-estimating or under«estimating distances

and may. simply adopt response strategies that simulate the tendencies

of the range effect. These general conﬁiysions were replicated dn

the present experiment In addicion, the findings of Marteniuk
~r“

_ShieldsAandACampbell (1972), that movement velocity has little in- -

> P

fluence on mpvement accuracy and precision, wene demonstrated The

criterion and reproduction movements were found to be siﬁilar with\‘ \

© respect.to average veloc1ty, but velocity of movement correlated
poorly with the accuracy and precision of movement reproductions.'e

These correlations remained low when the relationships between the

average velocities of ' the varipus moVement sections (A B, and C) and ;

the different1error scores vere. examined.

. the reproductions. For the less than strategy the middle section of

-the reproduction movemént was. reduced in length. compared to the middle

T N : A vm /
section of the criterion movement. The opposite situation tended .to

~ : - N ) . )
B . . : . . . L
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be demonstrated for the equaZ to and greater than response strategies

The changes in length of the middle section of these reproduction

-

movements corresponds with the alterations in reproduction 1ength

~ required by the particular response strategy executed. ' The initial’

(A),and final (B) sections of the criterion and reproduction'movements

b.were highly, correlated and appear to play a minor role in differences

. L :
WY 54
R

. "("3

)

%&ﬁ‘;

By b

L TEeL e

assoclated with the var‘i*l response strategies.
‘Thé differences between the response Strategies'fOr the long' e <

distancelseem-to be of a more complex nature. The middle section of

v

the reproduction movement&)varied over strategies in a manner/simifarfv )

Y

- to that found for the corresponding reproductionsﬂof the short “dis-

| tance. For the Zess tkan strategy the middle section of the repro—-

8.

Accura@é)reprbduction resulted in some- reduction in the 1ength of the -

:), ‘(,

: middle section. These differences in the middle section of the repro—.'-*

: three response strategies all séowed a decrease in length of the final

duction movemeﬁts for the response straﬁegies were confounded however, -

with differences in the final (C) ‘sectioné of these movements 'The
" >

»
B

d‘;‘

section af the reproduction movement in relationship to the: critErion ‘o
¢

movement. Therefore, at least for those response strategies producing

an undershooting tendency of the long distance, this tendency appears
s

to be ‘the consequence of an interaction between the middle and finél
. ' N c . 1—(‘7
sections of the reproduction movements, as, designaaed in the-present

-

‘experiment o : - K R B - ;
- yl

It was previously suggested that subjects handle response str

AN

' gies differently for short and 1ong distances.- Furthermore, requnse

/

‘ . Vo . 7

B " . : . E * . !': . ’
1 N o . : / - . [
o Sl . " e X - . R . - E
. . . - . . N : . .
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strategies for short distance reproduction appear to.be approached dn

a similar manner while tRose for long distances are not (Experiment 5)

The present experiment supports these conclusions The reproduction of

a short distance primarily involves adjusting the extent of the middle

section of the moveﬁ‘nt to correspond with the requirements of the

response strategy. Changes in both thé middle and final sections of a, -

.

movement may interact to produce the desired response strategy in the

reproductipn of a long'ﬁistance. ~Moreover, the amount of ihteraction

- »

between the S&ddle and final movement sections tends to vary with the~

V"{ .

: type of resgﬁhse strategy for a long distance The middle and final

sedtions are much more highly)correlated for the greater than response'ﬂ

D . ~ -
3 RIS

3 st:rategy than the Zess than response snategy L

.~ g : c
- - . . »

. . ~ “ X doom . - ’ N
A . - . . Ty . -

i
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. the range effect weré‘prpduced within a reproduction movement. The

a ' 86

Distance Reproduction, Velocity and

Fnd-Point Control

The reproduction of movement distance over time was examined in

Experiment 6 and it was reported that movement Qelocity has little

influence on movement reproduction accuracy and precisinn. In addi-

tion, when the criterion and reproduction, movemc .cs wer. d wided into

three sectio?s (A, B, and C), "the respective se t1. ' 2 criterion
anq reproduction movements were highly related iu of average
velocity. The relationship of the criterion and reproduction movement

sections also suggested how the performance patterns associated with

overshooting of short distances was due to the extension of the middlé™

(B) section of the reptoduqtion moveﬁent. The undgrshooting of long
distances was a result of. an interaétién between‘the\middle (Bj and
final (C) reproduégion movement séctions. Generally béth the middle
and final sections demonstrated a decrease in length.

-~ These findings'df Exferimeﬁt 6 for movement.reproduction were‘.
repiicated in‘Exﬁeriﬁént 7 and extendedIto\reproductioﬁs-made.utilizing
bracketing response sfragegies. The three response strategies were

best reflected by the differences in the middle (B) section of the

reproductions for the short distance. The middle section of the re-

.

‘production movement was reduced in length for the less than strategy.

» . The opposite trend for the middle sectien was demonstrated for the

accurate and greater thancstrategies.r The middle section of the repro-

‘duction movements for the long distance varied over stfategies in a

complementary manner to those of the short distance. The middle -sec-

]



I

tion of the reprodhction movement was,decreased in- length for the less
than strategy and extended in length for the greater than strategy
Accurate reprodugtion resulted in some reduction in the length of the
middle section.' All three~respon$e strategles also showed a decreace
in length of the final (C5 section of the reproduction movement in
relat:on. i{p to the criterion.

The tindings of Experiments 6 and 7 indicate that the middle (B)
section of a movement reproduction for a short distance and both the
middle (B) and final ) sections of a movement reprodnction for a
long distance are altered over trials to produce the range effect ten—
dencies and modifications in distance reproductions based on bracketing
response strategies. In Experiments 6 and 7, however, the A B and C
.movement_sections were experimenter defined based‘on the XY recordings
vof criterion and reproduction movements.- Consequentiy the A, 2 and C
movement‘sections,were only approximate representations ofﬂthe positive
velocity, constant velocity andlnegative velocity sections of a move-
‘ment , respectiveiy. This approximate determination of the three move-
ment sections based ‘on changes in veloc1ty may account for .the inter-
action of the middle - (B) and final (C) movement sections for. the long
distance.. One purpose of the present experiment was to accurately
‘determine the acceleratlon, constant velocity and deceieration phases of the
criterion and reproduction movements utilizing more stringent procedures
in an endevour td ascertain the nature and development of range effect

. and response strategy tendencies, and replicate the general findings of

-

Experiments 6 and 7.
In the previous experiments in this series the criterion distance

end-point was a physical stop.. This factor of end—point can be clas-
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sified as a task variable (Adams, 1961) and can influenée gﬂé ;epro;
duction of a distance (Wilberg & Tannis, 1974; Marteniuk, 1975).
Wilberg and Tannis (1974) employed fopf typea of end-pdints:'éubjéct
detérmined, physical stop, éound of £ aéd soﬁnd on.'_Tbey found ghdg
the type of end~-point &ffects;the accuracy andipf;éision of,'distance
reproduction, especially for Aistances exc¢eeding 10-cm. Reproduct;on
was most accurate with the physical stop, while an undershodting teﬁ;
dency was associlated with the subjeet determined vﬂd—poinf and an
overshooting.tendency was aisociated with the two a@ﬂitbr& énd—points.
Réproduction was least Qariable for the subject determined énd—pointﬂ
and most —ariahle for the sound onfend—pqint. Wilberg anA'Tannis also
‘repdrted that the type of end—po}nt influencesAﬁhe éppearance ofxihe
range effect. The central tendencles associa?ed with the range effect were

a

qnly.found with criterion‘mOVements to a physical stop:or'with sqund,on.
Thé second purpose of the preSent study was to investiggte distance
reproduétion over time when the criterion digtance end-point was subject
determinzd light on, sound on or a phySical.stop rather than just the

.f latter, whith was utilized exclusively. in the prévious experiments' in

this serieé.
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Subjects

:

The hubjects were 12 studentb from the Univerbity of Alberta who

wrote with their rlght hand.

Aoparatus and Task C.
o . -

-

‘ A meter. bar (uncalibrated) mounted on a dexion frame served as the

.t

track on which distances were produced by the subJect A metal cursor -
with a handle‘was utilized for making the various distances. The
'cursor was- attached to a 10-turn potentiometer whose output, after being
passed through a voltage divider/amplif1er box, was'connected to both
‘a PDP-11 computer and a Fluke BOOOA digital multimeter Therefore:
when the cursor was moved,‘the distance traversed was recorded by both
the computer and muItimetervas a change in mv. The duration of the
‘movement (msec) was also recorded by the computer. The internal com-
puter”clock monitoring‘data acquisition was p{ogramed for 100 ticks per
second.

. A Brodgen Challenéer CHB 20A ampllfier, an Eico audio generatorA
and a .Speaker were used to produce tones 31gna111ng the start of a

i © ’

testing se5510n, the end of ! testlng session, and the end—point of a
criterion movement in the sound on condition. A white light iudicated
the start of a trial and a red light marked the end—point of a criterion
movement in’the_light on condition. All tone and liéht'signals were .///
computer programed and con(rolled. Mounted adjacent to the metal.track

was -a second linear slide (wooden)_calibrated in mm. Attached to the

cursor of this linear slide was a metal bar that extended over the
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track -on whico subjects produced movements. This bar acted as the
physical stoo for the criterion movements 1n the appropriate condition.
The subjects sat Comforfabl§ in. front of the appagatus and moved
the cursor from his left to right with the right hand. The subjects'
vision of the slide snd cursor was blocked by a reised platform that
covered the apparatus. Along the edges of this platform was a short
'F:inge‘cloth ‘ Both the” signal 1ights and speaker were attached to the
'plnrform_ditectly in front of the seated subject. . The range employed

on the meter bar was 60.0 cm so all merments were made within this ‘\\\.\\\\

range. o - -

Design

The oesign was a 2 x 3 x 4 factorial wieh repeated measures on:all P
factors. The fi;st:factor wasvmovement distance with>ewo levels{ short |
(S,O cm? and long (25.0 cm)i‘-The second factor was response strategx\\\
consisging of three levels: reproduetionvof a distance just less tﬁen, f
,(l jnd) the criterioo distanee,'accurete reprodqctioo ofvthe c?iterion,
oistance, and reoroductioh of a distanee jost greater than the -
criterion distance. The third factor was foor levels of criterion .
movement'end-point subJect determlned physical stop, light, and tone.
bThe order of the experimental sessions, categorized according to the
pre of end-point employed, was randomly ordered over subjects. With-
io individual sessions random treatment orders‘wete estab;isoed'for
the factors-of movement oistance'and resoonse-strategy. Eaeh treafment_

\

condition was feplieated 5 times for'each.subject.

c
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Procedure

On each trial‘the criterionvdistancc was presented by having the
‘subject grasp the cursor and move 1t until reaching the tjpe ot end-
point being utilized uithin the experimentpl session. Tne subject
either determined his own criterion movement end-point, terminated the
criterion'move when a red light was switched on, terminated the.move
when a tone came on, or moved until contacting the physical stop. The

subject then removed his  hand from the cursor and the cursor was Te-

positioned to a new starting position for the distance reproduction

On a command from the experlmenter the subject regrasped the cursor .
and attempted to reproduce the criterion distance according to the"
response strategy-required on that trial. Six different movement
start-point locations were utilized\to meke location information'
irrelevant.t The instructions as ‘to which type of.response strategy

to produce were given to the subject just prior to the presentation 5%
“the criterion .distance. The instructions were simpie two word phrases
(less than, equal to, or greater'than).

For the.seSsion'in whichlthe subject determined his own criterion
disténce end—points'the‘subject was_first presented.with a short (5.0
cm) distance and then a long (25.0 cm) dlstance'by mov1ng to a physical
stop The subJect was told these two distances were approximately the
‘lengths he should make his criterion distances<during the experimental

a

testing. The subject then produced six short and six long distances.
This procedure was repeated three ‘times. Next the expErimental test-
ing was initiated with the subject-%eing'requested to either ptoduce his

short or long criterion distance on a given trial. Regardless of the

criterion distance made by the*subject on a trial, this acted as the

3



distance to be reproduced for that trial. The subject was requested to

vary his two criterion distances as little as possible over trials.
. i : 5 .

Data‘Analysis

Algebraic error (CE), absolute error (AE), variable error‘(VE) and
average variation (AV) were - calculated and each submitted to a separate
andlysis of variance. Velocity (cm/sec) was also computed for both the
criterion and reproduction distances and the analysis of variance for
velocity included the f ctor of movement set.

\

"Results

The basic measures of this:eiperiment,were the four error scores.
Movement distance for CE was significant, F(1,55) = ZAtlZ, p<.01,-the
IShort distance being 3.04 cm and the.long distance being 1.13‘cm. |
, Response .strategy was also significant for CE, F(2,665’? 33.13, p<.Ol;
Further analysis with the,Scneffe test indicated the less- than conditipn
(~0.68 cm) was significnntly different (p<. 05) from the greater than
condition (4.80 cm), but the equal to strategy, (2.16 cm) was not sig—
nificantly different tron either of the other -two conditions (p>.05).
.End ~-point for CE was also significant F(3,77) = 32.63, p<.0l. Analysis
with the Scheffe test revealed that llght (4.38 cm) and tone (4.49 cm)
were not significantly different.(p>.05). A similar situation existed
between physical.stop (-0.22 cm) and subject determined stop (-0.77).
However, both tone.and light were significantly different from physical
stop and subject determined stop (p<.05). No interactions were signifi--

cant for CE (p> 05), but in the three way interaction the central ten-

dencies associated with the. range effect were evident. The short dis-

hs s
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tance was overshot (0.76 cm) and the long dis}an‘~ was undvfshot,(—l.OO
cm) for both the subject determined stop and physf?;T_::;p in the qual
tn’resﬁbnse strategy condition The relationships between movement
distance, response strategy and end;poiﬁt for CE are given in Table 2.

Movément distance for AE was significant, F(1,55) = 5.07, .<.0l.
The short distance was 3.85 cm and the long distance was 4.67 cm.
Response strategy was also significant for AE, F(2,66) = 36.84, ;<.Ol:
The values for the less than, equal to and greater thar straicgles werc
3.47 cm, 3.72 cm and 5.61 cm, respectively.‘ The interép;idﬁ betwein
movement length and response strategy proved to belsigniéicant, F(2,66)
= 5,25, p<.01, with the.diffefenge between ;he.short and long distqncos'
occurring for the less .than response stfategy. Also significant for AE
in this:analysis was end-point, F(3,77) = 14.24, p(.Oi; AE was gréateSt
'for tone (5.40 cm) and light (5.15 cm) andilowest forAphyéioal stop .
" (3.50 cm) and squect determinéd stob (3.02 cm). Botﬁ the interéctions
bgtween movement distance and end-point (Figure 11), F(3,775 = 7.38,
p<.01, and response strafegy and end-point,“F(6,110) = 10.02, p<.01;
were significant.  The three way interaction failed to rgachvthe con~-
veqtional level of signific&nce,(p>.05).» |

The'ptesent énalysis_showed a,sigpificant effect of movement dis—;
tance for VE, F(1,55) = 14.39, p<.0l. As with CE and AE, VE was less
for the short distance (l.68vcm) than the longvdistance (3.85 cm).
Also éignificant in this analysis was'?espon:e.stratégy, F(2,66) = 3.62,
p<.05, for VE.; Further analysis with &he Sheffe tést indiéated thaf
the Zéée thdn (2;57 cm) and equal to‘(2.69 cm) strategles were similar

while the gredtér than strategy (3.71 cm) was significantly higher than

both of these other strategies (p<.05). End-point failed to be signi-

i
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8 ‘. TABLE 2 . | T

. ST
The Relationship Between Movement Distance, .= \
SRS

Respohse Strategy and End~point fOfL“EfF

SR N
o ‘ , e .
Movement Response . a%@nd—poin; .§%
Distance Strategy o 2
Tone ,\iLight & Physical Subject
Stop Determined
— . ,
Short Less Than  2.81  2.99 -0.75  -2.47
Equal To - 5.71 5.76 1.58>~ -0.07
Greater Than  8.53  7.16 3.29 1.88
Long  Less Than -0.10 0.54 -3.34 -5.43
° Equal To 3,13 3.21 . =140 ~0.58
Greater Than 6.87  6.61 1.96 2.06

Values in cm
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Figure 11. ' The inté:action between movement
distance and end-point for AE. ",
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ficant for VE (p>.05). The only 1ntéraction for -VE to reach signifi-
cance was between movement distance and end-point, F(3,77) =.13.76,
p<.01, and this interaction is illustrated in Fffgure 12.

-

‘Movement distance for AV.was significant, F(1,55) = 34.08, p<.01,

3

with the short distance being 1.59 cm and the long disténce being 2.99

cm. Both response‘strategy and end-point failed to feéch the conven-
tional 1evelv6f Significance (p>.05). The oﬁly interaction chét was
significant was between movement distaﬁcé"and end-poant, F(3,77) = 4.07;
p<.05. . |

In .addition to the error scores, velocity data was also subjecfed
to anvanalysis of variance.o Movement set for velocity was found to be
significant, F(1,55) = 21.06, p<.01, criterioﬁﬂdistancesqbeing produced
faster (9.72 cm/sec) than reproduction distances (7.58 cm/sec). Also
'éignificant in this anelysis was movement distanée, F(l,SS) = 18.55,
p<.0l. The short éistance ;as médg co;siderably slower (7.81 cm/gecf

ghan'the long distanqé (9.48 cm/sgc). THe interaction betwecen movement
set and moveqédt'distance also proved to be significant, .F(1,55) = 19.47,
p<.0l. The present an;lysis élso showed a Significaht effect for end-
point,'F(3,77)'='9.02, p<.01. Higher velocities Qerevaésociated with
tone (9.49,c§/sgc) and light (9;22 cin/sec) while lower velécities were
found for, physical stop (7.12 cm/§ec) and'Subjéct-determined stdp (8.55
vq@/sec): There was én interaction, however, between qusment';efﬂ;nd
eﬁgr;pint,‘§(3,77) = 18.20, p<.01,‘aslshown in Figure 13:. The inter-
‘action between mermenE distance and end-point also was signtficént,
F(3,77) = 22.80, p<.0l. This interactionvis depicted in -Figure 14.

‘Response strategy for velocity failed to reach the conventional level

of significance (p>.05) and all other interactions were found to be
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97



100 |-

VELOCITY (cm/sec)

120 B

8O

6.0 -

®——@ CRITERION
20}-  O— —O REPRODLETION

R

| \ " I
O‘
LIGHT PHYSICAL SUBJECT TONE
STOP DETERMINED

ZR.T”RION MOVEMENT ENDPOIi '™

Figure 13. The interaction.between movement
set and end—poin;: for average velocity. -

J:)

.98



VELOCITY (cm/sec)

o
o

2.0

Y
o

@——@® SHORT
- . O— =0 LONG

L ! I |
LIGHT PHYSICAL SUBJECT TONE
STOP. DETERMINED

CRITERION MOVEMENT END POINT

Figure 14, The interaction between movement
distance and end-point for average velocity.

o J

99



100

non—significant'(p>.03).& ‘ -

| Previous studies (Marteniuk, Shields & Camnbell, 1972; Experimenr
6) have shown that movemenr velocity has* little influence on movement
accura;y and precision.‘ The pr..ent analysis revealed similar results.
The correlations between average Qelociry and CE for the.ehort and long
distance conditions were +0.32 and +0.60, respectively. Over response
strategy conditions the correlation between average velocity and CE
ranged from +0.45 to +0.49. The correlations for the end—noint condi- ’“'
' tions were +O;67 for tone, +0.66 for light, +o;29 for the physical stop
A’and.+0.22 for the SUbjecr determined stop. Substanrially lower corre-
lations were fdunn between average velocir? and AE. The correlation
for the short distance was +0;08'and the eorrelation for 'the long dis-
tance was +0.60. The correlations over the rnree respense Strategies
for average\ueiocity and AE were only +O 38 for the less than condition,
+0.21 for thefzqual to condition and +0.38 for the greater than condi-
tion. Over tne.four end—point conditions the correlations ranged from
~+0.18’to +0.59. When the relationships between average velocity and '(
either VE or AV are examined, the size‘of thevcorrelation Coefficients |
continue to decrease, not exceeding‘+0.25 ior any of- the conditions,
of movement distance}~response strategy or end¥point. For all four
error scores the most-prominent trend was for average velocity‘and
reproductlon performance to be most highly correlated over the end—
points of light and tone. Low positive and'negative.correlations were
fonnd for the physical.ﬁtop and éubject determined stop end-points.

“The correlations between the criterion and reproduction distances

"~ for average velocity were reported to be very high in Experimenrs 6 and

7. Similar high correlations were found in the preaentlexperiment. Asi
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shown 1n Table 3, theéé correlations were lowest for physical stop and
. higheég for subject determined stop. The correlations were also higher
for the short distance than the ldng distance. Over the response
strategy cénditions tbe correlations between the criterion and repro-
duction distances ranged from +0.86 to +0.91. |

2 . : .
The positive (A), constant (B) and negative (C) velocity phases of N
the criterion and repréduction moveménts were éxperimenter—defined in
Expefiment 6 ‘and Experiment 7+ These three velocity phases were more
agcuratél§Tdetermined in thé preséﬁ£ experimé;t. The average Velocity
curves of the short and long cfiterion diétanées for the vafious end-

points'are'shown‘in Figures 15 and 16, respectively.  There was no

significant difference betwéen the tone and light end-point conditio

and:a’éingle average velocity .curve representé the two conditions
(p>.05). Thé average velocity curves of the short reproduction dis-
tance for the different end-points is depicted in Figure i?,.and the
corféspoﬁding vélocity‘curves of the loﬁg.reproduction dista;ce‘in
Figure 18. "As in the case ofﬁthe cri;éiron disfances, the light and
tone end-points were not'significantly différent (p>.05) and are plotted
asvone velbcity curve. The primary difference between the Qritérion
and reproduction cﬁrves was théé for the 1ighf, tone and physical stép
criterion distance end—poinﬁs.there was nO'négétive velocity phase<as
dgmonstréted for reproduction. ‘This was due.to the instan;aneous loés /
of velocity<registered by the computer when these criterion}end—poiﬁts S
"wgre reached. * ‘

| A éogparison of Ehé,acceleratiéniana déceleration pﬁéses over éllv
treatment cdnditions prodﬁced a high correlatioh (+O.86i. The correla-’

tiqn between the acceleration and ‘constant velocity phases was +0.5%4, whiie.

3
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TABLE "3

The Correlations Between the Criterion and Reproduction Distances

for Movement Distance and End-point

Movement Endrpdint

Distance = . Tone . Light Physical Stopj} - Subjecdt Determined
. A

Short ‘ 0.91 0.94 " 0.90 . 0.95

Long 0.90 0.91 0.80 Q.92

bAll'correlations were positive
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the correlation was even lower between the degg}efation And constant
velocity phases (+0.45). There was no trend %or higher rorrelatiqns
between the three vélocity phases be associated with the gfcufcr
than strategy as reported in Experiglent -7. The adjustmentéiin?hqvc—
- ment distance over the thr?e resp6nse strategies were produced in the
* .
constant velocity phase of the movement for both short and long dis-
tances. Movement distance, however, was a factor in the correlations
between the Qarious velocity phases of the reproduction movements. |
Correlations over the response strategies for the three velocity phases
were somewhat higher for the short distaﬁce (+O.63 to +0.91) than for

)

ﬁhe lqng distance (+0.41 to +O.78fr
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N Discussion

Wilbetg and Tannis (1974) reported that the type of_criterion
movement end-point utilizod‘in-n distance reproductlon experiment.
\\f\////affects the accuracy uf the reproduction performance, lspecially for
distances exceeding 10 cm. They found that performance.most accurate
with the physical ‘stop, while the Suund end-points were ds;ociatcd with:
an cversnooting tendency and the subject determined stop with an under-

N

shooting tendency. Criterion movement end-point was alsg found to
influence reprdduction accuracy in the present experiment'and this B
effect was_most,significant~fcr the lung (25.0 cm) diétnnce. Reproduc—
tion performance was most’ accurate for the SUbJECt determined suop
and'physical stop and ledst accurate for light and ‘tone, generally
éupporting the findings'of Wilberg and Tannis (1974). There was, in
"addition, an overshooting tendency associateq yigh the light and tone
end—points. This tendency was ptobably.the result of subjects' atterf)\
tion being uiesed tc‘the light ‘and tone slgnals in deterrance to the
production of the critetion movehents: Such an attentional bias would

be analogous to the conditions producing prior entry in temporal order

judgements (Sternberg,”Knoll & Gatee, 197t; Frey, 1975) and cause'a

[y
i n

positive CE-shift in the judgeﬁénts of ctiterion'movement end-noints,
In essence, due to the attentional bias subjects would perceive the o
. criterion distances to be longer than the actual defined lengtﬁs (5.0
S A o _

and 25.0 cm). Reproduction performance, therefore, would demonstrate

" an overshooting tendency in relationship.to the defined criterion dis- -
1 . . ’

tances, but this tendency would be an artlfact of the experimental

ﬂtask; Functionally, end—point should not influence reproduction per—

4

1
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formance and there was no affect of end-point in this experiment on the pre-

cision (as measured by VE and AV) with which reproductions were pro-

duced.

>‘1W11berg And Tannis (1974)>§rgue that criterion movements actlvely
generéted and definéd by the subject seem Co accentuaté.the range
"effect as compared to movements that are experimentgrfdefined; bué.thé
present results indicate no such trends. The pérformance patterns
assoclated with.the'range effect were equally evident in boih criterion
hovements made-to a physical stop or a subject determined Stoﬁ.

While end-point does not appeaf tolbe an‘important factor }n re-

- production performance, response strategy can modify pgrformancevto a
considerable degree. Previous research (Buckolz,.L974; Experiments 5 -
and 7) has shown that‘resbonse strategy formation can supercede the_f‘
central tend?ncies usually deménstrated in distance recali}éata. Sub-
jects can be over—estima;ors o? under—éstimators and:the present re-
'suLts support this conclusion. AlsoarepliCated in the présent experij

ment were the prevalent findings that short distances are more accurately

and precisely reproduced than long distances (Laabs, 1973; Experiment 2)
, . o

'

_And range effect tendencies are generated with the accurate reproduc-
tion of a range of distances (Pepper & Hen@an, 1970; Experiments 2 énd

' 4). These are éenéfal characteristics of distance reproduction, however,
| and may not be reliable in the<predictian of individual pérformancé.

The resilts %or averagé'velocity, similat to those ﬁpr the 2rror

. scorés, éenéraliy suhported precédiﬁg research (Marteniuk, Shields,&

bampbell, 1972; Eiperiments 6 and 7). The criterion'aﬁd réproduction

movements were produced at similar avé;agé velocitieé wben the cr#terion '

movement was made to a physical stop or subject dete Also
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no significant changes occurred ih average velocity over the three
response strategles. Disparities in average velocity that were demon-

strated between the movement set and movement distance conditions
1) .

appeared to be related to the light. and tone end-points. , Regardless,

1

however, of the-end-point, ,responée strategy or movement distance

© examined, velocity of movemén. correlated poorly with the accuracy

and precision of the distance reproduced This,indicates that movemen t
. /
velocity,has little influence on movement accuracy and- precision.

Several of the priorﬁexperiments'in,this serie% have been concerned
with how movement reproductions are adjusted tg‘produce range effect
and'response strategy.performance patterns tExperiments 6 and 7). Such
an approach ‘involves dividing thevcriterion'and;reproductfon,movements
into acceleration ;A), constant velocity (B) and deceleration (C;.phasee.
These\three phases, however, arg not always present in approach move=
,ments. Experimenter defined movements to physical or signal (light
and tone) end-points do not have a decelerntion phase eince there
is instantaneous velocity loss at the'terr'n1 ion of the movement.
Several of tne criterion movements employed in the present experiment
had this characteristic. In movements made to a taﬂket the period of
constant velocity is not usually demonstrated (Taylor, 1947; Vince,
1948). Also. the relative sizes of the'acceleration and deceleration
phases depend on terminal accuracy (Annett, Gobly.& Kay, 1958) . The
greater the accnracy of the movement the longer4the deceleration

phase. The velocity curves produced in the présent study and those .

reported in Experiment 6 and 7 were characterized by a long constant °

i.

. . . ]
velocity phdse, with the acceleration and deceleration phases being

short and of sinilar dnrationsf The type of response strategy employed



probably best accounts for the constant velocity phase in criterion and
rcproductionbmovcments and ‘the elimination of this phase In movements
made to a target. Kantowitz (l?lé) suggests that reproduction tasks
favour a strategy of moving at a constant velocity. Both previous
research (Marteniuk, Shields & Campbell, 1972) and the present study
sustain this contention. Embloying this strategy{ adjustments in the
movements would simply entail alterations in the length of the constant
velocity phase (Exneriments 6 and 7). This would‘definatel? be the
most appropriate Strategy for criterion movements made to an exberimen;
ter—defined stop because a period of deceleration is absent in

these movements. Moreover, to intensify tnis strategy the acce]eration
and ‘deceleration , ohases would be abbreviated,as shown in.the pre-
sent experiment. In contrast the optimal response strategy for move-
ments made to a target seems ta bbya fast acceleratlon phase

followed by a slou terminal phase in order that maxima] accuracy is
realized (Annett Galby & Kay, 1958 Beggs & Howarth, 1972)

It was proposed in the two foregoing studies (Experiments 6 and 7)
that the constant velocity phase of a short movement and a combination
of both the constant‘velocity and deceleration phases of a long
-movement are adjusted to produce range effect and response strategy
berformAnce patterns in distance reproductiuns. Thi's conclusion can
now be modified based on the current findings Only.the constant
velocity phase is lengthened or shortened in both short and long move-
ments. The interaction between the middle (B) and final. (C) phases of
the long reproduction movements found in Ekperiment'6 and Experinent 7.

was likely due to the over-~estimation of the deceleration phase.

The' last 1.0 sec ‘of a long movement was defined as the deceleration-
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PN .
component of the movement in these efperiments, but the present results
indicate this phase is a conside;able shorter proportion of the total
reprbducfion time (Figﬁre\lB). Consequently, a portion of fhe constant
vekscity phése was confounded with -the deceler;tipn phase produc—

jing the spurigus interaction. No such problem was evident in the e#am—
ination of the‘short regroduction movement éincé thé defined décel—‘
eration phase was 0.5 sec, a closér approximétion to the actual dura-
tion of this bhase.

Altﬁough the perfofmance patterﬁs‘associated with the bragketing
_response strategies are generated by changes in the’constant;velocity
‘phase of bothlshort and long movements, éubjects do appear ;o‘handie
‘reeponse~s£rategies'differéntly for shorg and long distancesf Tﬁis

conclusion is intimated by the different error score distributions of
the shért and loﬁg distances for the three résponse strategies iﬁ
Experiment 5. It is further suggested in‘the presént studf by the

higher correlationsAbetween‘the three movement velocity phases for the

112

short distance than the long distance over the various response strategies.

N

'There is not at the present time, however, a satisfactory explanation

"

for‘why“subjects should demonstrate this tendency to'haﬁdle response

strategies dif%erentfy for different movement' lengths.’
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Recognition of Short and Long Distances

The recognition of stlmulus events involving verbal materials has
been a popular subJect of 1nvest1gation however there has been llttle
eonsideratlon glven to the recognltion of movement 1nformation Mar-
shall (1972) reported detrimental effects of delay on the recognition

of kinesthetic information, but Kantowitz’(1974)vfailed to.support

-this,conclusion. The different procedures employed in the two studies

may possibly account for the,conflicting findinés. 'Marshall nsed a
twojinterval forced—choice recognition parad:om while Kantowitz .

employed same—different judgements. Kantowitz‘(l974) also demonstrated
tbat for kinesthetic information recognition accuracy increased with. |

the amplitude of the movement . Furthermore, performance varied with

the type of reeognition judgement made by the subject'(same or different).

.when&the distance to be recognized was shorter than the criterion.

\ %Ke present artlcle extenés the examlnatlon of recogn1t1on for
movement information w1th both short (5.0 cm) and long (25. 0 cm) dis-
tances’ belng tested' The reproductlon of short and lopg distances has
been examined extensively (Pepper &‘Herman, 1970; Laabs, 1973 Wilberg
& Hall 1976) but Previous recognition studies (Marshall 1972 Kan—

towltz, .1974) have con51dered only long dlstances (movement lengths

' exceedlng 13 0 cm) ‘The present exper1ment ‘also 1nvest1gated the

Occurance of any central- tendencies in dlstance recognltlon Judgements

which were not reported by Marshall (1972) "and Kantow1tz(l974) bUt have

usually been demonstrated in distance reproduction studles (Pepper &

Herman, 1970; Laabs, 1973; Wilberg & Hall, 1976)
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Method

Subjects
The subjects were six students from the Universitylof Alberta,

Each subJect received $2.00 per hour for: partlclpatlng in the experi-

ment. The only Participation requ1rement was that subjects wrote with

thelr right hand.

Apparatus and Task

track along which the subJects produced linear movement distanCes by
moving a plastic cursor with a metal handle. The cursor was attached»
to a 10-turn potentiometer from which the ©utput ‘after passing through
- a voltage d1v1der/amplifier box, was connected to a digital multimeter‘
(Fluke 8000A) “When the cursor was moved, the dlstance traversed was
recorded in mv'on the digital multimeter. The dig1t1zed voltage was

then converted to.its movement distance equlvalent in mm

'

65.0 cm, all distances-being made within that range. The experimenter
set the length of the distances with an adJustable stop that was -

mounted adjacent to the track.
Design ' .
There were two criterion distances short (5.0 cm) and long (25. O

‘cm).  The subJects were given 40 tr1als Presented 'in random order with 20

_trlals for each of the two criterion dlstances
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Procedure

A criterion distance and then a second distance (termed the recog-

nition distance), which the subject judged as being Zess'fhan, equal to,

or greater than the critérion distance were presented on a trial. The
distances were presented by'having_the subject graép the cﬁrsor.énd
the it until contactigg the physical stop. Thebcriteribn distance
and'recognifionndistances had different start-point locations sb sub-

jects .could not utilizevloéatiqn information in making their'judgements.

Six different start-points were used in thé experiment. For all trials,

the criterién and recogniﬁibn distances were of equal length but the
subjects were uninformed of this‘situation. However, it Qas séressed
that the occurancés of the ;hreevpoésible yelatioﬁships betwéen the
c%iterion and recognition diéténces’were not equally probable in order
to reduce any reséonse biasing effects” (Parducci, 1975). P;ior to the
‘acthal testing‘session eaéh subject fecéived aiﬁractice séssion cqnsis—
tingyof 60 trials. “he‘practiceAsessién was givgnVSO that subjects
would. become familiar with.tﬁe:mOQement fange and therefore more
clearly demonstréte any central tendencies in théir recognition judge-

ments during the experimental testing. ‘ ¢
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not developing over trials as evidenced for the less than judgement

: ' 117
Results

The prabability of judg&ng’the fecognitioﬁ distancé as less than
equal to or greater than the critefion distance for the sh&?t (5.0 cm)
length over trials is depicted in Figure 12 Over 20 trials thé proba-
bility of making a correct response (jﬁdging thé criterion And.recog—
nition distances as equal) was only 0.54. When making incorrect
judgements subjecté moved from a greater than to a less fhan judgement
set over the forty trials. This trend corresponds ﬁo'that associated

with the range effect. During the testing, as subjects develop an

overshooting tendency the recognition distance would have to be extended

. in order to maintain the relatioﬁship between the judgement probabilities

established during the initial test trialsﬁ Since in the'bresent‘cxperiF

ment thg criterion and'recognitfdn distances were always equal, the

predicted trend would be for an increase in less than judgements over

trials, as demonstrated.

In Figure 20 the reéognitiqn judgement probabilities over trials

for the long (25.0 cm) criterion length are shown. The probability of

- making a correct judgement (0.31) is substantially less for the long

‘distance than the short distance. The higher probability for judging

the recognition distance to be greater than the criterion distance
corresponds to the central‘tendency of the range effect for long dis~

tances. This tendency is apparent from the onset of the test 'session

,

tendency associated with the short distance.
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‘Discussion

In addition to the present 1 sults, the results of research by
Marshall (1972) and Kantowitz (1974) involving different procedures-
‘support the conclusion that movement distance can be accurately recog—
nized. One substantial difference in the‘present study was that the
accuracy of performance was- considerably lower'than in previous studies.

The probability‘of @ correct judgement did not exceed .60 1in this

‘expériment while both’Marshall (1972) and Kantowitz (1974) values
over .70. A possible reason for this difference‘is that hav ‘ake
a directional decision (less than - greater than) 'in addition { =~ s~ A

different decision reduces performance accuracy The basis of thi.
'arguement comes from the research of Blick (1969) ‘in which sthects wer-
»required to recognize varlous lengths that were v1sually presented.
Subjects made same- different Judgements in the first part of the experi-
ment and both same- differenoeand longer shorter judgements in the second
part. of the experiment. She found that adding a longer- shorter decision
to the same- different dec1sion already required depressed the- -accuracy
of the latter. Since success in the same- d1fferent décision did not-
adequately predlct Success in the longer- shorter decisfon, it was pos-
tulated that the decision process takes up space in short term memoryv
¢ .

so that accuracy 1s decreased by addltions to the dec1sion process

Recognition performance was substantially less for the long dis-
tance than the short distance.in the present stUdy. Kantowitz (1974)
employing Fitts' ID in a same—different recognitlon paradigm reported
an 1ncrease in recognition accuracy for greater movement lengths. The

different findings demonstrated in the two studies may be the result

of the different responses required, the | separate performance measures
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vmployea or because the shortest amplitude in the Kantowitz study was
16.0 cm compared to the S.O;cm distance uéed in this éxperiment.

‘The central tendencies associated with the range effetg are
generally demonstrated in ﬁovement reproduction studies. .Fdr short
distances Pepéer and Herman (1970) term such tendencies an overshooting
set while for long distances an undershooting set is demonstrated. The
results of the pre§ious experiments'in‘this series indicate that the
range effects are related to the comparator stage for the criterion

and reproduction movements. Since comparisons between criterion and

reéogﬁition distances are required in. the present.experiment, it is
reasonable to assumé.that_tendencies similar to those associated with
thé range effect may be demonstrated. The present results do show this
type of perfofmancé péttern déveloping over trials. There was a high
probability of judging the recognition distance to be g;eater than tﬁe-
criterion for the iong movement condigipn. This bias in judgemenf’
would be evidénced if an undershooting set developed since the criterion
- and recognition mévéments were of equal length.v To evoke an equal to
or less than respohse in this situation the recognition distance would
had to havé been shqrtened, ;Hereby dofre3ponding to the under-
shooting tendency shownlfor léng diétancés.in reproductioq‘expérimeﬁts.
A complimentary'patterd of results was evidenéed for the short criterion
diséance. When making incorrect judgements subjecgétmoved from a
greafer than td-é less than - judgement sét over tfials; ,This,trend,_
however, is sloy to develop and may be the'result of.theihigher recog-

nition performance for the short criterion distance as compared to the

long criterion distance.
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Modified Movement Recognition

The majority of short-term motor memory studies-have employed
movement reproduction rather than movement recognition to examine
variouslcharacteristics of motor memory. Recently; however; several
researchers‘hayé utilized recognition paradigms to circumvent several
of the problems associated witn the typical reproduction task (Marshall,

1972; Kantowitz, 1974). These problems include difficulties in the

.production of accurate movements (Fitts, 1954), differences in criterion

¢

(experimenter defined) and reproduction (subJect defined) movements
which make it difficult to ascertain what is being tested for retention
(Bahrick Fitts & Schneider, 1955), and uncertainty concerning which
error score (CE VE, AE) is the\most appropriate for measuring repro;

| N
duction performance. The use of movement recognition paradigms, how-
ever, also poses some inherent difficulties One such difficulty iq‘
that different recognition tasks can produce conflicting results.
Marshall (1972) using a two-interval forced—choice recognition paradigm
found detrimental effects'of retention interval (unfilled) on diatance
recognition performance. 'Kantowitz (l974)‘failed’to find any decre—‘

ment in distance recognition performance over either a filled (inter-

polated tapping task) or unfilled retention interval employing the

" more conventional same -different Judgements

’ <

Since both movement reproduction and recognition present some

innate problems when employed in ahort—term motor m%mory experiments,

i

it might be beneficial to utilize both techniques id the same experi-

ment. Lockhart, Craik and Jacoby (1975)jsuggest that examining the

consequences of recognition for subsequent retrieval may be a worth-

123



while épproach to analysiqg recoénition itself. Thé present experi-
ment examines this suggestion using a procedure that is referred to
as modified movement recognltion. . This proceduro first involves the
szijc Judging the relationshlp between a criterion movement and a
recognition (test) movement similar to the.procedure utilized in the
previous experiment’ If the subjectijudges the‘recoghition movement
to be different from the criterion movement the subjecc‘modlfieb or

adJusts the recognitlon movement in an attempt to make it equal to the

criterion.
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Method

Subjects

N

The six subjects from the ninth experiment again participated
y :

N

receiving $2.00 per hour.

Apparatus and Task X ‘ e .

[ -
I

The apparatus and task employed in Fxperimeﬁt'9 were used in this

\ -

experiment.

N

Desigﬁ Co AU
wa criterion distances, a short (5.0 cm) and a long (25.0 cm),

were presented to the subjects.. Each subject was given 20 trials for

each of the two criterion distances and these trials were randomized.

.

.

Procedure

The procedure was esséntially the.samg as that employed in Experi-

~

ment 9 with the qdditibn of a 'boss}ble movement- adjustment in the’

recognition distapce follpwing the recognition judgement. If the
criterion and recognition diéténcés were judged,to be different, the.

o

subject endeavored to make an equalizing movement adjustment for the

‘recognition distance. 1In order to allow the subject to make aﬁyy

alteration in the length of the recognition distance, the end-point

+ . t ‘. : = ’ «

stop was rif?VEd it the completion of the recognition move. Thus,
N .

free movement of the cursor in either a left or right direction at

this stage of a trilal was possible. As in the/previousuequriment

5

the subjects were instructed that any of the three possible relation-

ships (less “han, equal to, or greater than) between the criterion and
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recognition distances could occur on a given trial. It was stressed
«that the occurrance of the three reldtionships_were,not equally

‘likely. Unknown to‘the'subjects; the two distances were alQays equal

!

in length. A

Data Analysis

' _Absclute error (AE) aﬁd signed constant error (CE) were calculated

, A .
for the movement adjustments.
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Results

The probability of judging the recognition distance as less than,
cqual to or greater- the: ;hé criterion distance for the short moyemenﬁ‘,m
* length (5.0 cm) is shown in Figure 21. The probability‘of making.a
correct response was 0.45. Thg probability of méklng a greater than
- response- was 0.24 and the probability for making a less than response
was 0.31. 'For the long movement length.(ZS.O cm) the probability of
a correct responsé.ﬁas 0.28. The probability of giviﬁg a greater than
response was 0.48 and the érobability responding less than was.0.24.

Tﬂe three types of responses‘plotted over trials are éhown in'Figufe'ZZ.

An énaiysis of variance perforhed on the m;vement adjusta;nt data
showedja s;gnificant difference bétween the'adjustements made_fof the
short and long distances. As indicated by absolute error, thermagni;
tude 6f the‘préceived error (ﬁhe'differenée between the criteriqn and
recqéﬁition 1eﬁgths)'was 1arger for the long distance (19.4 mm) than
fthe short distance (7.5 mm), F(1,194) = 13.91, p<.0l. Algefraic érrdf_
;orresponded-with‘the‘teﬁdencies of the rénge effect, F(1,194) = 5;38,
p<.p§t *Generally subjects tended to increase the'recognitipn,movément

for the short distance (2.0 mm) and decrease,it for the 1ong.distahce

(=7.1 mm) after making a difference judgement.
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Discussion ) {

Modifiéd movement éetognition reduces the probability of a correct
recognition (judging the criterion and recognipion distances to be equal).
‘Thé prObabiiity of judging the criterioﬁ and fecognition distanées as
equal for the sﬁort critérion distanpé was 0.45 in this experiment
compared to O.Séiin.Experiment 9. The‘;fobabiiity of a correct judge-
‘ment for the'long criterion movemeAt distance was 0.31 in Expériment 9
but énly’0.28 iﬁ the.present-experiment. The reseafch.oﬁ Blick (1969)
on the recognition of visually presented lengths predicts
such trends in recognition performance. She proposesfthat~the addi-
tion of decisions to be made in a recognition tésk concerning the re-
1ationship between the c;itérion and recognition items depfesse; per—
formance by taking hp space in short-term memory.. The addition of.
adquting the récognition movement to equal the.criterion,movement-in
the present“exﬁeriment would‘certainly involve s;ch an additional de-
.cisibp over the basic recégnition judgement; namel§,'detefmining the’
size éf‘the'adjuStment. ' | : -

The probabiliﬁy éngiving a gréater than response in the 1dng
;riﬁerion distance conditiops and a less than response invthe,éhqrt .
cfi£erion distaqée conditions-was’aléo accentuated Qith the modified
movement recognit'on technique over those fesults.found in Experiment
9.f The effect was most significant for the short critériop distance
" . condition in that;aft?r 40 trials the probability of a less than
response Qas equal t§ that of makiﬂg:a correct jﬁdgement. The move-
ment adjustmenﬁ.data aléo reflect this tfeﬁd. The adjustments for the

'short distance (2.0 mm) were a much larger proportion of ‘the criterion
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distance than fﬂe adjﬁstments for ‘the long distance (-7.1 mm). If
fhe cOmpa;atér stage for the criterion and test distances is respon-
sible for‘the development of response‘biasing tendéncies in repro-
duction a;d regoéniFion-experiments as postulated in Experimént§ 2,
3 and 9, then the findings_of &he present Experiment indicate that‘

required adjustments to recognition distances will act to modify this’

stage and accentuate any such response tendencies:
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"~ Regponse Strategy and Distance Recognition

Bracketing response strategies“have been employed by Buckolz (1974)
and in se&eral experiments (1,5,7 and 8) of the present research in the"

examination of movement reproduction. It was demonstrated that sub-

-jects can form :trategies producing response biases which may approxi-

mate the centrai tendencies of the range.effecfg but not be related to
the stimulus range. Subjects have, also been required Eo make bracket-
ing type reSponses.inlrecognition studies. Blick (1969) had subjects
make voth same—different‘judgementsvand longér;shorter judgéments in

the recogﬁitionbof various visually presente& lengths. Adding a ldnger—‘
shorter decision to a same—differéﬁt,deéision already reqﬁired de;reased

recognition performance. Subjects judgements when required to make -

. both directional and same-different decisions also show certain re-

"

‘three possible'relationshipé occﬁrred.

_sponse tendencies,as demonstrated in the previou& two experiments.

‘There is a higher probability of giving a less than judgehent than a

gredter‘thgn.judggment f$r a short criterion distance when a judgement
of equal to is correct. The rever;e ié the case for long distanéeé in
a movement ?ange. There is a greé;er probabiliﬁy of giving'; greater than
than a less than judgementvwhen a judgément of equal to is correct. It.wés
postulated in ﬁhé present eéperiment'thét maﬁipulating the recoénition

distances according to bracketing type response strategies might also

be useful in the examination of recognition performance for movement
'Q:~ . 3 . . . .

disthnce.’ Therefore, in this experiment the recognition (test) dis-’
tance on a given trial was physically less than, equal to, or greater

than the criterion distance and subjects had to judge which of the
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Method

Subjects .

'The subjects were six students from the University of Alberta.
Each subject received $2.00 per hour for participating in the experi-

ment. The only participation requirement was that subjects wrote with

their'right hand.
‘Apparatus.and Task
The apparatus and task were ldentical to those emnloyed in Experi- .

ments 9 and 10.

Design

Two criterion distances vere utilized 5. b cm and 25 O.cm.. Tt
recognition distances for each of the two criterion distances were
labelled as follows for the short (5.0 cm) criterion distance the
recognition distance was Zess than (3.0 cm), equal to (5.0 ecm), or
greater than (7.0 cm)'this‘distance; for the lbng (25 0 cm) critericn
.distance the recognition distance was less than (20 0 cm), equal.to.
(25.0 cm), or greater ‘than (30.0 cm) dhis distance. Each subJect
received 7 trials for each of the six different conditions and the

42 total trials were randomly ordered. ¥

Procedure

The ptocedute‘was similar to that employed in Experiment 9. A
critetion distance and then a second distance (termed the recognition‘
distance), which the subject judged as being less than, equal to

greater thqn thetcriterion'distance, were presented on a given trial.
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The criterion and recognition distances had different start-point lo-
ca£ions so subjects coula not use location i@formatioﬁ‘in making their
judgements. Six different startépoints Qere used in the experiment.

On a given trial the recognition distance could be less than, equal to
or grgdter than_the critérion‘distance. Althougﬁ there were an equal
number ofA;he three types of recognition distances thé subjects were

*. told that the occurrences of the three possible telatigﬁéhips betﬁeen

the criterion and reéognition distances were not equally probable;
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‘This was done to eliminate any response biasing effects (Pafducci, 1975).

- : Results

The recognition judgement probabilities for the shért (5.0 cm)
distaﬁce are shown in Figure 23. The probability of a correct recog-
nition is considerably higher in this exﬁeriment.than iﬁ Experiment 9.
The probability 6f making accurate judgements on the lesg thqn and
greater than tfials_were 0.78 and 0.73,‘feépectively. The probability.
of making a chrect respopSe when the cfiterion and recognition.dis—
taﬁceS'wefe of equal lengtﬂ was 0.74.’ Moreover, the response .tendency
aésociatéd with the shbrt distance of‘giving less than judgements when
idcorrectly juaging criterion and recognition distanceé of equal 1enéth
virtually_disappeared Qith the‘incorpofation of thé three movement
distanéés. |

An examination of Figure 24 1nd1cates that for the long (25 0 cm)
.distance subJects continued to have difficulty correctly Judglng the
criterion and recognition distances to be equal even though less than

and greater than recognifion distances were p..s¢ :ed. The probability

t
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of making accurate judgements on the [.'5¢ than and greater than trials
were O.gé and 0.83, respectiveiy. The probability of making a correct
reseonse when the criterion and recdgnition distantes were the same
length was only 0.43. Furthermore, the frequency with which the recog-
“ion distance was judged to be greater than the criterion dist&nce on
these trials demonstrated the continued presence of this . -previously

|

reported response tendency (Experiments 9 and 10). ‘ N \

138
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Discussion

©

The prsbability of a correct recogniFion for the short distance
.'is considerably higher in th{s é*periment than in Experiment 9. The
definite increase in the progability of cof?ectly fecqgniziqg the
criterion and recognition disfancesias being equal wéuld seem to be

a consequence of iﬁcluding the oﬂher two recognig}on distancesf Pro-
bably subjects were betterﬁéble fo formulate whag conscitu£éd a'mové
less than or greater than the criterion and thus more accurétely.' ge

~
5 *

the different relationships. The reduction in the respofise tendency

v

to give less than judgements for incorrect decisions in the e&ual to

v

condition for the shor; distance supggrtsAthis assumption. The same.
“egfectlwas dembnstratéd to a lesser J;gree for the long Aistaﬁce.
égbjects continued to havé some‘difficulty correctly judging Ehe
criterion and reéognition distances to be equal in this condition.
The improveﬁent in recognition performance with tge inclusion df
’thfée rgcognition distances éo;?esponding ﬁo thé three types of fecog—
~nition judgements has several possible éxplangtions. "Some studies
have demonst;ated what apbears to bevpositive effects of organization
: S , ‘ )

on recognition (Jacqby, 3972; Mandler, 1972); Perhaps with the
addition of the less than and greater'than.recognition disténces sub~"
jects ;eré better able ta éategbri#e ér implement sSome other form of
_‘organization bvaﬁich to_judge the'relationship'of the crigerion aqd
" recognition distances. . k -

': A second explanation comes from the levelg ofcprocessiﬁg moael_

{ . 4 .

proposed by Craik and Lockhart (1972). " This model cénters’around a.
continuum of perceptual analyges. Stimuli are encoded and subject to

¢

¥



S - - ' 140

L

u

analysis at three different levels or domainsi phyaical,wphonemic and
_eemantic}’ Further proceasing is also'possible within' a particular
domain and this is termed elaboration kLOCkhart Craik & Jacoby, 1976).
A level of processing interpretation of the present data would as'sume
that the increase;in recognition performance was.a~fnnction of elabora-
tion within a domain. Elaboration enables the\preceiver\to‘distinguish
the target event from other similar events. ‘Therefore,hincreasing the
. ' — ,
number of recognition distances would permit further analysis of the
stimulus items at the same processing level and provide for a more
accurate relationship judgement of the criterion and recognition,dis—
tances. |
Recognition performance was significantly lower in the équal to
condition for the long distance’ in this study. Kantowitz (1974) found

an increase in recognitlon accuracy for longer movement lengths These

nconflicting findings are difficult to reconc11e, especially in view of

\

//P\;the very accurate recognition performances demonstrated in the less
v than and greater than conditions of the present study. The differences

may be attributeable to the two types of paradigms and performance

o

measures used in .the two experiments. Kantowitz employed Fitts' ‘ID _

in a same-different recognition task. Furthermore, in the Kantowitz

»
experiment a more restricted range of rather long movements (16.0 - 25.0

-

cm) was utillzed compared to the 5.0 and 25.0 cm distances of the pre-

sent study.
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Distance Recognition, Response Strategy

~and Movement Adjustments

R

The examination of movement . recognition has recently been under-
taken by Marshall (1972) and Kantow1tz (1974). " Concern in these two
studies focused on recognition performance for movement distance over
filled. (1nterpolated) and unfilled (rest) retention 1ntervals The
recognition of movement distance has also been investigated in the
present series of experiments with consideration being given to the
influence of various types of .response conditions on performance
(Experiments 9 10, 11). The response modes 1ncluded combinations of.
both directional (longer—shorter) and same—different judgements, the
use of multiple recognition (test) distances and a procedure termed
modified movement recognition. This procedure first involves making
a same—different decision and then an adJustment in the recognition
. distance to make itdequal to the crlterion dlstance if a difference
decision is reached

Modified movement reproduction was shown to reduce the probability
of making a correct distance recognition in Experiment lO - The re-
sponse biasing tendencies associated with the equaZ to conditign were
also accentuated with modified movement recognition - The 'reverse
trends in recognition performance occurled with: the incorporation of
three recognition dlstances in Expériment 11, especially for the short-

diStance, The probability of a correct recognition increased while

the response biasing tendencies diminished. The purpose of the present

experlment was -to examine how modlfled movement recognition and multiple
recognltion distances would interact to influence dlstance recognition

performance when both were incorporated in the experimental paradigm.

.,



‘Method

Subjects

The squects were the same-subjecté that participated in Experi-

_ment 11.

Apparatus and Task

The apparatus and task used in the present experiment were

identical to the apparatus and task used in experiments 9 through 11.

Design ' o - ( o ;

Thé design was a 2 x 3 faqtoriai with repiifgg/méasﬁres_on both
facto;s. The fifst’fattor was mpveménffdis%dgée conSisting.of two .
levels, -short (5.0 cm) and long (25.0 cﬁ). The §econd factor was re-
cognition distance of which there was three levels: less than the

criterion distance, équal to the criterion distance and greater than

' the criterion distance.- Each treatment condition was replicated three

times by every subject;

Procedure .

A criterion distance and then a second distance (termed the recog-

- nition distance), which the subject judged as being less t.anm, equal

to, or greater than the criterion distance, were prz=sented on a given

trial.” This was accomplished by the subject grasping tlie cursor and

.moving it'until contacting a physical stop. - The expefimenter next

repositioned the cursor to a new start-point location and the subject

repeated the procedure. Six different start-point iocatidns wére

143
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utilized to make location information irrelevant. On a given trial the
recognition distance could be less than, equal to, or greater than the
criterion distance. Three recognition distances for each of the two

cpiterion lengths were labelled as follows. For the short (5.0 cm)

criterion distance the less than recognition distance was 3.0 cm, the

-

equal to recognition distance was 5.0 cm and the greater than recog-

nition distance was 7.0 cm. For the long criterion distance -(25.0 cm)

the less than recognition distance was 20.0 cm, the equal to recogni-
tion distance was 25.0 and the gréater than recognition distance was

30.0 cm. Although thére were equal numbers of the three types of recog-

nition distances it was stressed to the subjects that the occurrance of .

=3

recorded in terms of'algebraic errof’(CE) and absolute error-(AE).:~If \

 the c¢riterion and recognition distances were not the same length and \_

three possible relationships between the criterion,and,recognition dis-
tances were not equally probable. This was done to eliminate any

response biaéing effects (Parducci,‘1965).

Data Analysis' -t

. Any movement adjustments made to the recognition distances were

\
\

judged not to be equal by the sdbject! the difference between the move-
ment adjustment (perceived error) and the actual difference was also

calculated for bethICE and AE. -



145

Results

The probability of a correct response for the short criterion dis-
tance was‘0.78.in the less thnn condition, 0.59 in the equal to condi-
tion and 0.70 in the, greater than conditidnb As' indicated in Figure 25,
there was no significant tendency to give a Zess than response over a
-fgreater than response when an incorrect judgement was made in the equal
to condition. The probability of a correct response for the long cri-
terion distance was 0.91 for the less than condition, 0. 49 in the equal
to condition and 0. 92 in the greater than condition As with the short
‘ criterion distance, no significant response tendency was demonstrated
for incorrect judgements in the equal to condition (Figure 26). |

| A2 x 3 analysis of variance with repeated measures was performed
on the movement adjustment data; There was no difference between the
short (5.0 cm) and long (25.0 ¢m) dlstanoes for algebraic error (p>~05)
However, absolute error was significant F(1,46). ; 13.92, p<. 01, the
short distance being altered by 1.3 cm while the long distance was’
altered by 3.4 cm, For both algebraic error [F(2 58) 9.36, p<.01]
and absolute error [F(2,58) = 7.41, p<.01] recognition distance was
significant. When the recognltion distance was less than the criterion
_ distance subjects extended the length of the recognition distance
(short = 1.3 cm and long 4.2 cm). When the recognition distance was
greater than the criterion distance subjects decreased the'length oi
'thevrecognition distance (short = -l 5 cnm and long = —4 0 cm) There
were no significant 1nteract10ns (p>. 05) ‘

- The differences between the adjustment movements.and the-actnal

physical/differenceq for the three recognition distances were also
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subjected to a 2 x‘j analysis of variance with repeated measures. The
only significant finding was for criterion mnvement length, F(1,46)
8.46, p<.01l. The differences between perceived errors and actuai dis-
tances for the short and long criterion distances were 0.7 ¢m and 1.6

cm, respectively. Although no other‘significant differences were .

found, subjects tended to underfestimate‘the actual difference between

the criterion and recognition distances when making any adjustment}

Discussion

Modified movement recognition was found to.decreaseArecognition
fperformance and aecentuate response biasing'tendencies in Experiment

10. The inclusinn‘of multiple recognition distances corresponding

to the tppes of judgements subjects were required to make had positive
effects on recognition performance in Experiment ll.. Recognition per-
formance in the present experiment was found to be between these two

'extremes'. The probability of 4 correct response was not as high as -
‘in Experiment 11 but the response b1a51ng tendenc1es shown in Experi—
ment 10 v1rtually disappeared Consequently, modified movement recog—
nition and multiple recognition distances‘seem'to interact to produce
“an intermediate recognition performanee.b

The,analpsis of the{distance data indicates that the subjects’.

were falrly accurate at.making appropriate adjustments to equalize
reeognized'movement distances. However, these adJustments were more
‘accurate fer the short distance than the long distance. It also
appears that althongh appropriate.adjustments in distance_were attempted,

these 'adjustments under-estimated actual differences between criterion .
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and recognition distances, thus producing absolute recognition dis-

tances corresponding to those response tendencies reported in Experi-

ments 9‘and 10.



GENERAL DISCUSSION

+ ‘ ‘ +
Performance on a short-term motor memory task 1s governed.by the

strength of the memory for the stimulus information and by

several factors not related to short-term memory processes including

movement extent,. moOvVg ge and subJect strategy. Since these

) and recognition, thgy‘should be

accounted for }p] : ,’on‘on the short—term retention of move-

N

ment information;‘ _only posénble 'i{f researchers.are. cognizant
of how ‘these factors oper;%e.v .The purpose of the present series of
experiments was to 1:Jestigate the relationship between : these fac-

=

tors. and the reproduction and recognition ¢ distance information.

“The effect of movement extent on distance reproduction has been*

reported by several researchers (Pepper & Herman, 19703 Laabs, 1973;
_Marteniuk, 1973). Short_distances are more accurately and precisely

reproduced than long distances, as measured by absolute error and

variable error, respectively. This result was replicated in the pre-

" sent studies; however, while the numerical size of the- errors was

greater for the long distance, the perceptual'size of the. errors may

150

" have been no larger.- The proportional size of the errors was actually

_smaller for -the long distance.than the short distance. It could be
therefore, that the encoding of distance is on some sort of relative
‘»magnitude basis‘(Henry, 1976) and informatlon from short and long
movements is equally available for distance reproduction (Diewart,»
‘vl975). | _

The research on distance recognition has also demonstratéd

definite but inconsistent: perlérmance differences for short and long

©
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movements. Kantowitz'(1974) found that recognition performance
improved with longer distances. For same judgements short distances
were better recognized_than‘long distances in the present study, but
for difference judgements performance was similarifor.the two move-
ment distances. Consequently, it appears performance for both disf
tanceﬂreproduction and’recognition is sensitive to changes'in move-
ment length, and modifications in performance due to movement exteht
must be separated from those due to changes in the memory trace in
|

investigations of the short —term retention of movement information.

‘The utilization of a movement range in a distance reproduction
experiment also can alter performance, produc1ng the central tenden-
cies associated with the range effect (Pepper & Herman 197G; Laahs,
..1973). Such.shifts in algebraic error in the direction of the mean
movement distance have been discussed in termsuof assimilation and
adaptation—levels.(Laabs, 1973) but there is increasing evidence
.that these 'tendencies are moré complex than existing models indi— ’
cate. The present ‘research demonstrates that a large number of trlals
is usually required in a distance reproduction study for subJects to.
determine the experimental movement range and produce the central
" tehdencies of the range effect. Moreover these central tendenc1es
develop faster for short distances than long distances These two
characteristics of the range effect and the observatioh that sub-
jects show differential rates in the development of range effect
vtendencies makes it difficult to utilize the range effect in the
prediction of individual performance.. The response patterns associa-//

o

ted with the range effect #re probatly beSt'employed as generaldper-
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formance descriptors for groups .of subjects being examined over

large numbers of trials.

The pfesent réseafcﬁ'suggests.that movement range can influence
}distance tecognition as weli‘as distance reproduction. ' There is a
fendency to give‘Zess than judgements for short distancés and greater
than judgements for.long distances whenfrecognition'performance is |
incorréct. Although these résponse tendencies are opposite to the"
central tendencies associated with the range,efféct, ;ﬂey @ay be
rélatea to the c&rrgsponding response sg;s of the r#ngg effect in
the following mannerf An_overshootiﬁg set for short distances woul&
favour.Zess than judgements if tﬁe eriteribn and recoénition distan-
~ces were of equal length, as was the:caée in the,pfesent recqénitioh
experiments. To increase the probability ofvqual to or greater than

judgements,‘the recognition distances would have to be lengthened in
pfdportion to ;ﬁé build-up of the overshootiﬁg seﬁ. The reverse |
situékiqn Qou;d oécur for long distances.‘ The development of an under-
éhooting Set,with xhé increased‘probébility of greater thqn judge-

- ;mentg would rquire the cOrresponding:sthténing of the recognition

distances for. the aﬁpropriéte compensation to occur. While in the

'present résearch there was no endeavor to demonstrate this possible

[

relatiohship betwgep7recognitibn perfdrmance tendencies and the re-
sponse sets of the range effect, the influence of movement range on
distance recognition performance is certainly suggestiﬁe of this

‘type. of reiatioﬁshiy

The present discussion thus far has donsidered how short-term

L1 ) .
motor memory performance is a result of movement extent and movement
. ‘ RN " . . t . ) .

N



range, in‘addition to the strengtn of the memory. _ Thcﬂaccura
acy and precision of distance reproductions and theuprobébility of
correct distance recognition judgements vary‘over different movement
Vlengths. ' The range of movemerits in g distance reproduction.orVrecog~(
| nition experiment produces certain response tendencles;, and these
tendencies ere not permanentfbut develop for each new movement range.
The frequenc& with wnich these tendencies have been reported has
_prompted‘research on.the locus of the range effect in short—term
memory taskst Previous studies ‘(Ascoli &‘Schmidt, 1969; Keele &

Ells, 1972;'Marteniuk 1973) have indicated that the range effect is
largely independent of short- ~term memory since there is little change
in the‘tendencdes.essociated»with the range effect over a retention
intervalf Further evidence for this conclusion was produced in the
current research.n The performance patterns of the rance effect uere
notideveloped over trials whén distances were made from memory. Range
'.effects were . demonstrated, nowever wnen either kinesthetically or

N 1

visually presented distances were- reproduced. They also og¢cur when

[\

“both visual and kinesthetic information is availsble during‘the_pre—
sentation"of}the‘criterion/mo;ement (Wilberg & Girouard‘ 19755} The
 range effect‘ therefore, seems to be independent of memory and is v
probably related to encoding and comparison processes.

Encoding becomes- a factor i; the development of range“effect'
tendencies when stimuli contain conflicting cr inaccurate irdformation.
Wilberg and- Girouard (1975) made both visual and kinesthetic infor—
mation aveilable_during the presentation of criterion movements.
v.They found that the presence>of conflicting visual informaédon'couid_

-

disrupt the acquisition of kinesthetic information,vandftpai the

s
v

v . _— : .-
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central tendencies of the range effect could be reversed by an assimi-

lation process with such visual &nformation. Subjects were provided

with inaccurate information in the present research Light and tone.

signals were utilized to'identff§ criterion movement end-points and

. D " - . . o
these end-points created the perception of movements longer than the:

< . . .

actual criterion movements., The range effect tendencies also'failed

to be demonstrated in this situation. Other variables influencing

-

the encoding of information, such as instruction presentation (Experi—

)

_ ment 5), can alter reproduction'performance but not influence the
4 . R . ! .

i
>

range effect. o . S C —T
i - Co . ’ .
~The comparison betwéen the criterion.and-reproduétion movements
’ ey
. would appear to be the other process related to the developmen. of
. Ao
Z}:he range effect. Generally on each trial o : movement reproduction
. .

experiment the reproduction movement must be c)mpared to the criterion

movement,- Over trials, as the aubject 3erceivms the movement range,

" the performance patterns associated with he range effect are demon—-

. ‘ - s

otrcted‘ When no criterion distances are presented for reprqduction

'rxperiment 3) and subjects make movemenfg from memory, the response

tendencies associated wfth the»range effact are not produced There—'

fore, the comparison stage for the eriterion and reproduction move—

" ments would seem to be critical to the development of range effeet
tendencies. ' o e

While this comparator stage would .appear to be a L!

s P

¥

A fe

g‘ bility, or the actual cpmparator mechanism maycbe ubJect to modifi- .

: catidn over trials. ‘pne‘characteristic of this transformation that’

P ', N Coy ) . R . -
E . . . . A L !
[P . ~ - PO

mined ' Perceptual biasing of the stimulua info fion is one possi-'
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has been demonstrated concerns visual dominance. The visual presen-

tation of criterion distances produces an accelerated development and
4

greater stability in the range effect tendencies than the kinesthetic ,

presentation of criterion distances. In addition, subjects report
"being able to ascertain the movement range aftervonly a few trials
with visual presentation of the criterion distances anc - _.ually this -

is not possible when the criterion'distances are kinesthetically pre-

sented. T e T o
: t P ‘.v‘ |

'Given that'theﬂresponse tendencies associated with the range effect
. . p\,k " .

'are related to encoding and comparison processes, the’ next concern
evolves around how movement reproductions are adjusted to produce

. A

these teﬁdencies.l The present research - indicates that both criterion

_and reproduction movements are made” in a similar manner. These move~'

ments usually have similar average velocities on a given trial and

consist of an acceleration, constant velocity‘and decelcration phase.
: ; , e ‘ : e

.

The constant velocity:phase is the section of the reproduction move-—

: ment adJusted to generate the central tendencies associated. with the Y

range effect. This oF 2 is.lengthened over trials for the repro—
dUCtion of short distances and shortened over trials for the repro-

{

. ) /
duction of long distances. The acceleration and deceleration phases

’of both criterion and reproduction movements represent a small pro-
i ! 4"',

portion of the complete movement, and these two phases sustain only -
minor adjuStments during movement reproduction.

The type of movement strategy employed by subJects may best
\‘L.

“account for the constant velocity phase being adJusged during dis—

3

tance reproductions._ Kantowitz (l974)’suggests“that reproduction
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‘tasks favour a strategy of moving at a constant velocity.- The  re-

search by Marteniuk, Shields ~and Campbell (1972) and the present

experiments on movement velocity support this contention. Criterion

and reproduction movements -~ a giv:.. trial are made at about the

same average'velocity, an{ the atceleration, constant velocity and V‘;;;
2celeration phases of cri and reproduction movemeﬁts are hﬁﬁ&%y

related. Therefore, given this type of movement strategy, the develop-

ment of range effect tendencies should correspond with changes in the

[
N

duration of the constant velocity phase of reproduction movements,
~and this relationship was demonstrated in the current research.
A model for. distance reproduction based on the three movement

phases and the above response strategy could have the following fonm

£

The acceleration ,and deceleration phases of the movement would be :5\
»
% > '

constants and contain no significant information. They would serve g
. i r . /*\

only to initiate and terminate the movement reproduction. The con-
Stant velocity phase,wo d consist of the memory trace for the cri-

terion movement and the p formance patterns associated with the range

R

\ YN

ef® T, Therefore, the constant velocity phéﬁé would be the meaning—

'ful section of the movement, but it would be difficult ta«analyze due
_to it reflecting both memory trace’ strength and range effect tenden—
cles. This analysis might be possible however if the effects of"

memoxry trace strength and movement range on performance were consid-

ered additive t:"

.Responseastrategy, in addition to movement extent and movement -

. : J » : : _
range, can also modify distance reproduction performance. Bracketing ¢
_féesponse strategies/ the under-estimation and Oover-egtimation of "
{ . B
v . i 7 - .
L
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criterion distances, were employed inbthe present reproduction experi-
ments. It was found that subjects can accurately adopt response
strategies and that responsejstrategy;formation can supercede the

P : .
central  tendencies associated with the range effect. These findings
correspond with those conducted on the reproduction of time (Buckolz,
1974) Subjects can be underjestimators or over—estimators, and -
tendencies in distance recall datalthat appear to correspond with
range effect tendencies may be.due to the ?esponse strategies adopucd_
by the subject. |

Response: strategy-'as definedhin'the present research cou1d~not
be appropriately applied in the'current examination of distance~re5[
cognition; hosever; the recognition‘(test) distances in severalgﬁt
experiments were manipulated according to bracketing type respoﬂse
strategies.‘ The ‘recognition distances were either physically ‘less
than, equal to or greater than the criterion distance. . The inclusion ‘
-of thesefmultiple recognition distances not’only impro$edirecognition
performance' but reduced the response tendencies reportgﬁggn recog-
nition judgements where these recognition distances were not employed.
There are yarious possible_explanations for this improvement in re—
cognitionhperformance.b.Jacoby fl972) and Mandler (1972) have shown
shat‘seems to beypositive effects of.organization on recognition,
and perhaps with multiple recognition distances subJects were better
,able to categorize or implement some other form of organization on
which to base recognition judgements. An alternative explanation

comes from the levels of processing model ‘proposed by Craik and Lock~

hart (1972) In this model further processing can take place between

..



. cognition judgemernts.

_test and this test is based on a familiarity Judgement Thenitem
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or within three processing domains; physical, phonemic and semantic.

. Further processing ;ithin‘a domain. is termed elaboration and facili-

.tates the distinguishing of a target item from similar items in

memory (Lockhart, Ctaik & Jacoby, 1975). Therefore, in the trame—

work of this model; employing multiple recognition distances in thc»
present research could permit further analysis of the stimulus move;
mentS»at the same'processing level and pfovide for more Aaccurate re-

Ty o
. th«d =t .
There has been no attempt in the present research to compare the

_possible processes underlying recall and recognition, This has been

‘a popular concern, however, in experimental psychology.. The genera-

tion-discrimination theory (Kintsch, 1970; Brown, 1976) assumes there
are two basic processes involved in the retrieval of items from mem-
ory, only one of which is included in recognition. The first process

entails the guided generation or retrieval of items from'memory stor-

u"‘ 4

age. Each item is then subJected to a discrimination or recognition
WF.
judged most familiar will be recalled or selected for recognition.
Lockhart, Craik and Jacoby (1976) in their levels of processing

model propose that two basic modes exist for both recall and recog- .

nitiOn - reconstruction and scanning. Reconstruction is an operation

4
in which some approximation to the initial encoding event is generaf%d

in Qhe perceptual/cognitive system. Scanning'involves the examination

\ Lo <.

of Tecent episoﬁiCﬁgraces for the presence. of some salient feature of

the retrfeval probe. i’ Since the same two retrleval modes exist for

. both recall and recognition ‘the authors argue that recall and recog—

.‘ - 2

nition are ba51cally the same process.
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The present research, although not suggestive of distance répro—
duction and recognition being essentially the same proéess, does'indi-
cate that both distance reproduction and recogni;ion are influencedAin
a éimilar manner by_movemeﬁt distahce and movement range. Follbwing
_ the precedgnt.set by experimentation in verbal memory, it is likely,
howevér; that compariéqns §f reproduction and fecognition procesées»
~ for movement iﬁformétion will be attempted.v This will prove to be
difficult due to the paucity of investigétions on distance recogni-
tion! In édditiéﬁ, reseérchers must be éognizant'of those variables
such §s-movement extent, moveﬁent range 'nd response strategy that
alter reproduction an& recognition performance but are notfrelaged

to short-term memory processes.-

[
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