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ABSTRACT

The control bf movement hés been a traditional cdncern’in
the‘psychomotor domain, In order to explain how the mechani sa (s)
nnderlying moveueﬁt.control function,.the effects that numerous
novement parameters fé,g., target &mplitude, moéemeat velocity,

etc.) have on the motor system have been examined, This t?be of

‘investigation led to a ﬁe:ipheral-central motor control

dichotomy, Recent interest, however, has shifted fromjthe node
of motor control to movement preparaiion cr motor progranme
construction, Accordinqu, the partial advance informatiom
paradigm was refined and the moveuenijprécuinq'technique ¥as
developed as a method of studying the movement preparation
process. Several theoretical consideraiions have not been
addressed in the movement precuing approach. As such, the
present studies were undertaken in'an aétempt to gain a‘nore
complete understanding of the motor programme consfruciion
process, More specifically, the movement precuing technique.may
be subjected io two major criticisms. The first stems from the
use of coloured circles as reaction stimuli, The coloured
circles may not have been highly compatible with their
associated responses, If not, a non-motor decision |

(sﬁimulus—response translation) confounded the reaction time



measures. Since ieaption time was considered to reflect the
\response.proqralminq process,'qny theoretical interpretatioas
drawn from the research nust'be'guestioned.,Secondly, before any
movement preparation may begin, the stimulus must be detected
ahd'identified. Therefore, programming time estimates ﬁay have
been confounded with stimulus detection/identification time. If
further progress is.tg be made in the,coﬁpxehension of response
progrénaing, the hon-iotor contaminating~factors need to be
ébntrolled. Therefore, ige'present inéestigation was undertaken
to provide high étimulus;iespohse compatibility ﬁnd,separate |
estimates of stimulus identification and response preparation
times.

Since the movement precuing approacﬁ necessitated that all
mbvenents be performed without visual~féedback, Experiment 1 wmas
designed to determine if Fitt55 Lav remained unchanged for
non-visually guided movements, It is possible that the
pre?aratibn of a response ﬁay not be conmpleted before moiement
initiation, Changes in movement time may signai-ihconplete
reSponsé preparation during the reaction time. If this is the
case, the relationships outlined by Fitts' Law nust be examined
in the absence of vision, When these relétionships have been
determined, conclusions regarding responge preparation after
movement initiation may be‘made. In Experiment 1, subjects \
performed a reciprocal tapping task with three different indices

of difficulty. A statistically significant correlation of .724
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was found bétwéeﬁ movement time and index of difficulty. The
reéults indicated that the relationships between movement tinme,
target width, and movemént amplitude were maintained for
movements without visual feedback. |

Experiment 2 altered the movement precuing technique to
furnish separate estimates of stimulus identification and
response preparatioh times. Stimulus ideﬁtification time for
direcfion ¥yas eétimatéd to be 202 mseé and résponse preparation
time 22 msec. The times for extent were 210 msec and 2 msec
respectively, Further, aﬁiesponse progtamﬂing analysis revealed
a differential programming effect betveen direction and extent.
~ The mean RT for\diréctiou was 224 msec . Extent on the other
hand had a much shorter mean RT at 212 msec, ¥With respect to the
different values of a feature, no differential ﬁroqraaminq
effect was noted, The results from the first experiment were
employed in a movement time analysis so that any closed-loop
aspects of the task could be identified. The results from both
the identification and programming analyses aeie discussed with

reference to the motor programme construction process,
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Chapter 1

INTRODUCTION

The origins of psychomotor learning and performance
research, while being difficult to identify, are also eitremely
diverse in nature (Irion, 1969; Singer, 1975). .In spite of the
divehsity, research‘cpnducted on motor s#ills has been traced
back to the nineteenthfcghtury (e.g..‘Bryan & Harter, 1897;
Dénders, 1869: Janes, 18@0;.¥oodwor£h, 1899), .Accordingly, three
early traditions have coﬁiribntedvSignificantly to the /
deve;opnent of learning and performance theory since the
beginning of this century, The Connectionist or
stimulus-response (S-R) tradition believed the conditioned
response was the basic unit of learning (Hull, 1943; Pavlov,
1927; sSkinner, 1931; Thorndike, 1931)., Complex behaviour was
believed to. be a chaining together of the conditioned responses
(s-B bonds). The second tradition, although concerned with S-R
bonds, pladed the importance on the temporal rélaiionships
between -the stimulus and response (Watson, 1916), .This
Contiguity (Behaviourist) tradition considered all other factors
as being irrelevant to the S-R relationship. One of the problens
ofienﬁinherent with S-R theory is the failure to account for
cognition between the stimulus and response, Since man is |
complex thinking organism, cognition must play a role in any

learning or performance theory. The Cognitive tradition has



‘based its theofies on the preCeeding premise (Koffka, 1935;
Tolﬁan, 1948) ,

The reséarch produced by eachvof these traditions must be
- complemented for their additionms to the understanding of
; behaviour, The inability of‘any single theory to explain
differing results in the study of motor skillslprompted
investigators to take\an infornation-proéessinq'(performance)
approéch to explain th; ﬁnderlying meéhanisus of behaviour. at
this point, it/is neceségry to make the distinction between
learning theory and perfdfmance theory, Performance theory
treats a subject as an information prbcessor composed of several
different mechanisms designed for the detection, recognition,
storage and decision of appropriate action based on inconming
information (Bernstein, 1967: Marteniuk, 1976a; Massaro, 1975;
velford, 1976) . The study of human performance provides an
understanding about the current state of an individual's
information processing capacity while, learning theory has
attempted to determine hov these mechanisnms chﬁngé with time and
practice, The information-processing approach assumes the
performer?'s centrallnervous system actively operates on the
sensory inputs it receives (Bernstein, 1967; Marteniuk, 1976b).
The input, once transformed, is passed on &o subsequent stages
for further processing, | | |

Figure 1 represents, in diaqramatic form, a set of

processes which are hypothesized to underly human performance.
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.Bhile\otherbprdcesses haVenheen proposed, three major central
neéhanisms involvéd in the prdcessinq<of‘environmenta1 stimuli
have been identified here, These déal with perception, the
inteqration of perception into the decision of appropriate
action, and the organization and coordination of the action
(Fitts & Posner, 1967; Keele, 1973;’narteniuk, 1976a; Sternberq,
1969; Welford, 1976). | A

Contemporary reséarch haS»cnncenirated primarily on ihe
‘perceptual -and decision \mechanisms. The perceptual mechanisa
organizes and classifies\;énsory information according to inpui
speqifications and past experiences or memory {(Bernstein,1967;
Marteniuk, 1976a; Welford, 1976). .Information regarding the
perceptual experience is transmitted to the decision mechanism '
where, a plan of action is selected to fulfill the regquired
goal, Reaction time has been the dependent measure most.
fregneﬁtly associated with the investigation of perception and
decision, Factors that produce a delay in performanCe, as
measured by reaction time, are attributed to the iimitations of
one or both of these procesées._

The same rationale may be applied to the response or
effector mechanism, Knowledge ‘about the operation of this
mechanism remains relatively incomplete. The effector mechanisn,
which has received the speéified plan of action, is believed\to '
select, organize and construct the required motor commands

(Beinsteiq, 1967; Welford, 1976), In order to understand motor



command_structﬁrinq in the éffector mechanism, the different
tyées of motor control muét be distinquished {e.g., open vs
.closed-loop control),. Open-loop of prograamed motor control is
control in which the response commands are prepared before a
movement seguence begins and, the movement sequence, once
started, is carried odt uninfluenced by peripheral feedback
{(Keele, 1968; Ke156.8}5telmach, 1976; Veiford, 1976) . Feedback,
eithef interoceptive or exteroceptivei, is a prerequisite in a
closed~-loop or peripheral control system, Closed~-loop control is
a self-regulating system\as deviations from the intended |
movgnent, signalled by feedback, are corrected automatically
{Adams, 1971, 1976). In general, studies developed to inspect
the effector mechanism fall into the closed-loop or peripheral
control classification. Although recent research has questioned
effector operation in programmed (central) motor control,
methodological problems appear to have hindered the progress of
research in this area (e.g., simple reaction time,
stisulus-response compatibility). An understanﬁiné of this
process is a necessary prerequisite for the total comprehension
of human motor behaviour..

The major objective of this thesis will be tp develop an

~understanding of motor command structuring by the effector

DD A s s A D D W D S .

1 Feedback classified as interoceptive refers to movement
generated feedback coming from within the body (e.g., muscle
spindles, joint receptors), Exteroceptive feedback refers to
externally supplied information about a movement (e.q., vision,
audition).



mechanismn iﬁvprbgrammed control., A second, and perhaps equally
impbrtant, goal is the revelation of a new technigue for the
estimation of stimulus detection aﬁd recognition time. Keeping
these in mind, the following sections will briefly discuss the
current theories of movement control, task parauetérs réquirinq
programming, and the different techniques eﬁployed to |
denonstrate’responsé preparation. This révieu will synthesize
the résults from several areas of reseérch and’provide>the,baéis

for the proposed experimentation. .




Chapter 2
REVIEW OF LITERATURE

Concepts of Movement Control

Theories on movement production or motor control héve
generally been classified under tvo distinctive headings; the
first based on peripheral feedback and the second based on
central factors, A brief review of these dxfferent rodes of
motor control is necessary at this point. Consegquently, the
emphasis in the follouinq1revieu'vill be'placéd on the

differentiation of the two theoretical positions while

demonstrating the necessity for central control at some level of

novesent production,

A peripheral or closed~loop system of control is built on
the premise that three key elements are present in the central
nervous system (Adams, 1976; Chase, 1965; Sokolov, 1969)., A
closed~loop system reguires feedback, an error detection
mechanism, and an error correction mechanisnm (Adamé, 1976). .
Bovement control is a result of the central nervous systen
receiving feedback so that the ongoing response can be coapared
with a reference (e.q., perceptﬁal trace). If an:erfor is
detected, it is corrected to minimize the deviation between the
current state of the responSe and the desired response outpui
{(Adams, 1971, 1976 Keéle,-1968; Klapp, 1978). Aqain, a

closed-loop system is self-requlating since these compensations



for discrepancies from thektefereace occur automatically.

| The fact remains, however, that even in a closed—loop
systes, a movement pust be retrievéd fron storage or prepared
before initiation is possible {(Adams, 1976). To this end, the
processes involved up to the point of moveaént initiatibn must
be open-loop, .Even though response preparation must be
open—loop,-closed-lbop theories giveﬁan excelleht explanation of
feedbéck-hased nove ment corrections."ﬁeverfheless, ciosed-loop
control ‘advocates cannot escape this argument or some version of
this arqument.”Therefore;na closed=-loop systen cénnot account /
for the total control of movement. As such, programmed or
open-loop control becomes increasingly more important.

Feedback, a prerequisite for closed-loop control,‘is deened
unnécessary for the preparation of movement in programmed or
open-loop control systems (e.g., Kelso & Stelmach, 1976) . It is
assumed. that the higher structures of the central nervous systen
already possess all the information necessary for response
prograaming, Programmed or open-loop control tﬁen; is control in
which the response commands are prepared before a movement
sequence beqins.,rhe rotor programme, bnce started, is cgrried
out uninfluenced by peripheral feedback (Keele, 1968; Kelso &
Stelmach, 1976; Welford, 1976).

Two possibilities exist in explaining how movement commgnds
are availahle before movement execution.'First, the complete set

of commands may already be stored in long-term memory and only



retrievaliiévréquiréd beforé execution, In contrast, only
'qeﬁeralized.plans of action are stbred, vhile, retrieval of this
plan and the ensuing‘structuringuof compands are required in.
aGVaﬁce of movement initiation (as reflected in programming
times), While the first choice appears to be extremely plausible‘
on the surface, behavioural research has refuted this
alternative.,Behavidu;al research oa res§onse prbqramminq hast
demonétrated choice reaction tinme effécts attributed to
programming fail to«diSS§pate even in well learned respounses
(Klapp, 137u, 1976; Rose#haum, 1978). .If ionq-tera memory was
the‘nediato:‘of response progqramming then the choice reaction
time effects would eventually disappear Hith practice.  Since
programming takes time, long-term qeiory has encoded the
‘response information into a form which is not readily accessible
for program#ing (Klapp, 1976, 1977). .Clearly, another
explanation is warranted. The second hypothesis is the one
accepted here and it seems to have a sound theoretical base in
Schmidt’s (1975) Schema Theory of motor skill Acgﬁisition
(further explanation may be found in a subsequent section). .
Futhermore, several assumptions underlying amn
information-processing approach of motor performance are in
accordance with this hypothesis.

The effector mechanish noted in the information—processing
model in Fiéure 1 is hypothesized to have several functions.

First, the motor commands associated with the selected plan of



action Bust be brqanized<in£o a sequential ozder {Bernstein,
!96?; Welford, 1976)..Second.>the motor commands need to be
completed according to the task requirements. Finally, the
response must be initiated, These functions reguire the plan of
action (motor prograamme) to be incoaplete. Open-loop control,
for at least the first portions of a movement, is an underlying
assumption of the iﬁfqraation-processinq-approacﬁ.,

A Hybrid systesas of}motor control are also possible. .Both
feedback and proqramaed\gontrol operate in a hybrid systen
{Keele, 1968; Keele & Snn;ers, 19763 Klapp, 1978); that is, thé
first segment of a movement is under progranmmed control and, all
subsequent segments are dependent on the feedback from the
preceeding segment, Nevertheless, some portion of the movement
must be progranmmed, . Programmed or open-loop control then, has an
.inportant role in human motor behaviour., As such, the evidence

for open-loop control reguires careful consideration.
Historical Background-

In order to experimentally verify the concept of préqrammed
control, two different approaches have been employed..The first,
which emphasizes the lack of feedback criterion, was first
proposed by Lashley (1917).‘Lash1ev devised the motor prcqra&me
as an explanation for accurate motor control in a patient‘uho

had no'afferent input due to a gunshot wound of the spinal cord.

10



Lashley (i951).rea£firmed his position on central control via a
moior programme although, expérimeatal'evidence for his position
was minimal,. | n

Since that time, numerous studies have sought to support
Lashley's {1951) position within this lac§ of feedback |
framevwork. The techniques commonly associated with this approach
are deafferentation and rapid movement. éoth attempt to |
eliminate the use of feedback and yet; both are not without
their difficulities.

Many studies have~d§ionstrated that novemént sequences aré
uaiqtained after surgical renovai of kinesthetic feedback in
animals, Wilson (1961) severed all the afferent nerves, which
send information about the wingbeat, in a locust. The pattern of
wingbeats remained while, the overall rate of beating had
sloved, wilson (1961) concluded that these results could only be
.explained by central control. In a similar experiment by
Nottebohm {1970), the afferent nerves from a bird's vocal and
auditory systems vere cut, Nottebohm reported ihai the bird‘'s
song still remained, Further, one side of the hypoglossal nerve
innervating the~vocal system was also severed. Upon the loss of
‘these efferent nerves, portion's of the bird's song dropped out.
The segments of the song which were possible staved in the
proper time seguences. Aqain, programhed control was ruled tie
only explanation since missing kinesthetic and auditory feedback

was not necessary for the generation of the remaining portions

11



of the soan_Konishi {1965) , after deafening young birds exposed
to adult song, found the sonq'pattern continued to develop with
no decrements in performance, If feedback was required for the

song pattern, performance would have been severely hampered.

“Konishi (1965) concluded that some type of central programme was

used to generate the song,

Since motor coﬂtgol in anpimals far doun the evolutionary
sca1e>may be extremelyfdifferent than ihat of humans,
experimentation on highég order animals, such as ﬁonkeys, has
been conducted (e.g., Bosgon & Ommaya, 1968; Mott & Sherrinqtoﬁ,
1895; Taub & Berman, 1968; Taub, Perella, & Barro, 1973;

Twitchell, 1954). The problem with the majority of these studies

ié the failure to account for visual feedback. Frequently,

visual feedback hay be substituted for kinesthetic feedback and .
provide quidance for the deafferented limbs. The visual gquidance
problem was resolved when Taub et al.  {1973) deéfferented/and
blinded neonatermonkeys.QReasonably.accurate and coordinated

per formance was still possible in several actiiitiés after
birth, Although vision was removed, several researchers have-
questioned Taub's deafferentation process (e.g., Bossom and
Ommaya, 1968); the criticism being that a few afferent fibers
may have remained intact. Even so, the results of surgical

removal of feedback in higher order animals cannot be discounted

'since'converginq research reqularly points to the central

control of movement, As much as these results indicate open-loop
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control, animai functions'may‘be different than that of humans.
| Dbviously, deafferentation in humans cannot be performed. .
Thus, different approaches, such as the pressure cuff (nerve
compression block) and Xylocaine nerve block, have emerged,
Sensory feedback below the point of application of a pressure
cuff is assumed to be cut off due to the occluded blood supply
{Kkelso, Stelmach & ﬁananaker, 19743 Lazlé, !966;*ﬂatthewé, 1974)
while, the motor nnge§ are believed io be unaffected. .
Interpretive probleas hhye appeared with this type of
experimentation {20 Je sy Kéiso. Stelmach & Wanamaker, 1974; Kelsé.
Hallace, Stelmach & Weitz, 1975). .Kelso et al.,  {1974) tested the
ulnar and median motor nerve conduction velocities and the
amplitude of muscle action potentials above the point of
application of the pressure cuff. Both the velocity and action
potential amplitude shovwed extreme decrements. Thus, motor
impairment was a confounding variable with this techaigue. The
'iylocaine nerve block suffers from a similar problem since the
experimenter cannot control the anaesthetic frbm épreaﬁinq to
motor nerves, Provins (1958) for exaample, discovered that there
was a small decrement in finger tapping with this technigque and‘
claimed support for the notion of central motor control. Motor
nerve impairment could also be a confounding factor in the
Xylocaine nerve block, Hevértheless, the trends suggest that\

programmed motor control is viable. .
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Anothéfvmeihéd of renderinq feedback useless is rapid
aovément.,rhe rationale behind this approach is that the
response is completed before any‘féedback associated with the
movenment can be of any value for corrections. Behavioural
studies have reported the time required to react to kinésthetic
stiauli was approximately 100 msec or greater (Glehcross, 1976;
Keele, 1968). Evarté and Tanji (1974), hbuever. have shown that
monkeys nake correctioﬁs in 30-40 msec;vThese appear to be .
spinal reflexes while lﬁgg-loop-corrections require
approximately 80 msec, F:;n these times, one would assume that
corrections made at the spinal level are not under cognitive
control, The motor programme must contain a form of information
that allows large deviations from the intended response to be
altered at the spinal level. Long-loop corrections are thought
to be based on proprioceptive information (Evarts & Taniji,
1974) . It appears as though the majority of the studies wishing
to eliminate feedback through rapid movement may have had
movement duration times which were too lengthy;1A1£hough these
studies do have procedural difficulties, they lead to the
conclusion of programmped control. If programmed control can be
demonstrated behaviourally, then perhaps programming times for
various components of movements can be estimated through the
study of reaction tinmes, | | \

The preceeding studies emphasized the lack of feedback .

criterion as evidence for programmed control, A secord, and
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converqinq,>nethod of asseésinq programmed control has
coﬁcentrated on the'Structurihq and prepérationfof commands
before movement occurs (Klapp, 1978). .Reaction time (RT)
differences are considered to be evidence of prior structuring
of commands, since, they are proposed to be a function of the
nature of the response to be made (Kerr, 1977; Klapp, 1978;
Rosenbaunm, 1978).”Tﬁis approach has enabled researchers to study
the pieparatian of motor responses and the properties of the

preparation  process. . \

Response Programming as Assessed by Reaction Iimes:

The study of motor response processes with reaction time
peasures appears to have a contemporary origin -in the "Memory
Drum” theory of Henry and aogérs {1960) . .Henry and Rogers {(1960)
measured the reaction time of subjects for three movements of |
different complexities, The movements were (1) a simple finger
lift off of a switch, (2) reaching forward andtup'to grasp a
tennis ball, and (3) a coiplicated‘series of movements and
movemenf'reversals which involved hitting a héll. pushing a
button, and hitting a second ball. All movements were triggered
with an aunditory go signal and reaction time was found to
significantly increase with the complexity of movement.vThesé
results.were.interpreted in terms of a memory drum theory of o

‘peuromotor reaction. Specifically, a more complicated pattern of
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movement reQuired a>lonQernlatent time because "of more
coﬁplicated.circulation of neural impulses through the
coordination centers® (Henry & Rogers, 1960). This
interpretation is analagous to that of respbnse prograsming or
open-loop control. By holding perceptual and decision variables
constant, changes in reaction time are interpréted as varying
degrees of response programsing, If the motor programme %as
sinplf stored in long-term memory, a §reater ncirculation of
neural impulses" aouldjﬁgt be reguired. The time necessary fo
select a motor proqramne\éhould-be fairly constant. Therefore,/
response programming must occur in a memory state other than
lonq—ferm memory {i,e.,, short-tersm amemory). Henry (1961) stated
that a aore complex response necessitated a larger programme.
Thus, reaction time is longer since more time is needed to
complete the programme, This research provided one the first
indications of programmed control which was not based on:the
lack of feedback criterion,

Other inquiries on the effects of task pafaméters.on
reaction time in programmed control remained sparse umntil the
1970's, Eriksen, §ollack and Montague (1970) spurred further
study in this area when they investigated the role of task
parameters on the reaction time of verbal responses, Choice
:eactionntine was found to‘increase with thé number of-syllasles
to .be p:onounced.,ns the number of syllables increases, the time

to read and percieve these was postulated to change
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appropriateiy {Eriksen et al., 1970), Klapp, Anderson and
Berfian {1973) guestioned whether the preceeding explanation was '
appropriaté. In a pr;qramminq experinent a simple vocal response
{yes or no) was made as to whether a visually presented word was
an animal or an object, The number of syllables failed io
produce any changes in choice reaction time. If the differences
in reaction time are a function of the perceptual process,
ﬁiqhef response initiaiion times should have been present. .
Clearly, an alternativexgxplanation may be needed. The syllables
to be proanounced must be frogralned between stimulus onset and/
the start of the articulatory response. Hence, variations in
reaction times may only be attributed to the programming of the
articnlatory Tesponse (Green & Shallice, 1976; Klapp et al.,
1973}.;It.appears as though reaction time can- be used to
desonstrate programmed contro}.,lf this is the case, are these
results congruent with current theoretical positions on movement
generation and learning. .

The use of :eactidn time to assess proqraﬁmed control seeas
to have a sound theoretical base in Schmidt'!s (19795) séhema
Theory of motor skill acquisition. Schmidt (1975) has postulated
tvo memory systeams for movement; the first kpown as a recall

- schema, and the second called a recoqnition schema. The recall
schema is responsible for the generation of movement while, £he
recpqnition schema is the memory state responsible for the

evaluation of incoming feedback produced by movement. The recall
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schéma is the memory statevihich is relevent to response
prégramminq._xt is hypothesizédAthat'there are generalized motor
programmes stored in the recall'schena {Schmidt, 1975).,  The
generalized motor programme requires detailed responseb
specifications (e.gq., movement duration, movement speed, etc,)
that determine how the proqramme is to be executed. Respanse
specifications are determlned accordan to the initial
conditions (e.g., current limb position) and the desired
outcone._TBe response spgcifications are the parameters
requiring programping and‘may be assessed and possihlykestimatéd
by reaction time.wriqure‘z from Schmidt (1975) demonstrates the
hypothesized movement generation process described above,
Reaction time also appears to have sound theofetical
implications in related research on mental processes. In fact,
Eany menory models assume that RT reflects memory reirieval time
{e+ 9., Sternberq, 1969). Sternberg (1969) demonstrated that RT
increases linearly with the number of items to be searched in
memory, Pachella {(1974) has provided an excellént-reviex on the
varying uses of RT for the reader interested in the possible

- interpretations of RT research. Since the use of reaction time
haé a strong theoretical base {e.g., Henry & Rogers, 1960;
Schmidt, 1975; Sternberg, 1969) and has been used to validate
programmed control,-carefui consideration of the experiment%l

techniques employed becomes necessary.
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Figure 2. A schematic representation of the movement
generation process (adapted from Schmidt,

1975).
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A subtie difference exists betqeen-the pethod of Henry dnd
Rogérs {1960) and those of the researchers involved with verbal %
responses., .¥hile Henry and Rogers (1960) used simple reaction } |
tine, the data presented on articulatory response programming
are based on choice reaction times. The aforementioned |
distinction may seem relatively insignificant but, two schools
of thought have enefggd on the proper experimental technique for
examininq programmed C6ntrol through réaction time. The
following sections uill‘present these methods, their
shortcorings, and denonstfate why a new approach may be

necessary. :
Simple Yersus Choice Reaction Time A Q

The use of reaction time for the investigation of
perceptual and decision processes has been a common practice for
many researchers, Since the study of response prcdtanminq
through reaction time is a relatively new concépt,'a controversy
on the pr&per experisental approach has surfaced2, Choice
teactian time, rather thﬁn simple reaction time, appears to be
favoured by the majority of researchers. Klapp (1976, 1978) has
been the pfinary advocate of choice reaction time, while, Henry

- e i i ——— . > -

2§hile numerous reaction time technigques have been developed to
study human motor behaviour, only a few are discussed. The
reader wishing a more extensive review is referred to Pachella
{1974) and Taylor (1376).
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{e.d., Henr# & Rogers, 1960) has suggested that simple teaction
timé'be used. Rosenbaum (1980).seems to have mediated this
‘,controversial topic by combining the benefits of both. What are
the differences between the two approaches and what are the
benefits of each? |

The time at which the subjeét i§ informed which response is
to be produceﬁ is what differentiates simple and choice‘reaction
times, A subject performing in a simple reaction time paradigm
has been told in advance\uhich response is to be performed
before some form of "go¥ éiqnal is presented. In contrast, the
"go® signal also informs the perforaer which of several
responses is required in a choice reaction time paradigm. The -
decision of which response to make is completed in advance of
the start signal in simple reaction time. In addition, the
response may be prograammed prior to the start signal. Choice
rTeaction time, however, is a function of the
detection/recognition, decision, and response processes as all
operations are started once the signal to beqiﬁ exécutiOB is
presented, Difficulties with both{of these techniques may be
identified.

In a simple reaction time paradigm, motivated subjects
utilize the advance information and programme the response prior
to the execution siinulus.”Sinple reaction time will be shoréer
than choice reaction time for the same situation (Klapp, 1978).

If subjects are not motivated to use the advaance information, no
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.differencesbhetweea simple énd choice reaction time will be
obsérved._also, the differences which may‘appear due to
prbgramainq cannot be distinguished. Table 1 from Klapp (1974)
iliustrates these points. Subjects were required to press a
telegraph key for two different durations of time, 2A shbrt press.
corresponded to a Morse code "dit" and the longer press was a
®dah", The mean simﬁle reaction time of 2&5 mSec. Was much
fastef than the 370 asec for the choicé reaction time paradigm.
If sigple reaction»tine*gas eeployed by itself, the programming
effect demonstrated by ch&ice reaction time would be nissed; |
Sihi;arly, subjects lacking motivation need not use the advance
information. As a result, programming effects become dif ficult
to interpret.i
Klapp {1976,1978, 1979) has advocated the use of choice:
reaction time in the study of response programming with simple
reaction time serving strictly as a control.‘Why is sinmple
reaétion time necessary? Klapp (1978) has suggested several
nonproqramming variables can influence both chéice'and,simple
reaction time, Changes in simple reaction time in motivated
subjects could reflect:
1) apparatus activation artifacts,
2) differences between responses involving peripheral
rather than ceniral control, and | |
\3) nonprogramming central processes {Klapp, 1978) ..

If differences are observed in both simple and choice reaction
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Table 1

Mean RT for Movement Duration¥*

Response
Conditions . dit dah Mean
Choice 358 382 370
Simple 246 245 246

N

* adapted from Klapp (1974)
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times, and the,effect on choice reaction time is not over and
above that of simple reaction tine, then the effect cannot be
attributed to programming and an aiternative explanation is
necessary.

Regatdless of whether'sinplé reaction time is used as a
control or not, choice reaction time still has one inherent
problem, Althouqh'chbice reaction time méy be used to show
prbgramminq effects, it cannot be used to estimate programming
times as several researchgrs bhave proposed (e.g., Henry &
Rogers, 1960; Rosenhaum,‘{QBO). Choice reaction time is a | v/ g
function‘of detection/recognition time as well as prograaming
time, The latency times for these processes cannot be separated
using a choice reaction time paradigm. Nevertheless, research
using this technigué has identified several task parameters.
which require preparation., It should be noted that the majority
of factors identified by this approach use wvisually gquided
novéments. In this manner, Fitts? Law (Fitts, 1954) is employed
to equalize the difficulty of different responées.'Further,
responses}under visual control must be compatible with the
stimulus, If not, latency times are confounded by
stimulus-re sponse compatibility, It is now possible to proceed
and examine the task parameters which influence response

preparation in choice reaction time situatiomns.,
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Iask-Factors-Affecting Response Preparation

The pusber of syllables to be pronounced has been observed
to increase choice reaction time (Eriksen et al., 1970; Klapp,
1971,197#; Klapp et al., 1973), Two processes could accbunt for
the differences in reaction times; a perceptual-recognition
p:ocess'or a response preparation procesé.urhe pffect observedf
has beén attributed to the response preparation process and not
the perception of the stimulus {Johnston, 1975; Klapp et al.,
1973). Perception has beeikdi5counted as a plausible explanatio#
since the increased reaction time disappears when pronunciation
is not demanded. |

Movement distance and target width are probably the two
task parameters that have drawn the most interest {(Brown &
Slater~-Hammel, 1949; Fitts, 1954:; Glencross, 1973; Klapp, 1975).
Early work, hovwever, failed to restrict vision and movement tinme
vasroften the dependent measure (e.g., Fitts, 1954). This
amounts to a closed-loop system with the dependent'neasure
overlooking the open-locop aspects of the movement. In the
instances where £his is not the case, choice reactionfti@e.
which reflects response preparation, increased with the phjsical
length of movements (Glencross, 1973; Klapp, 1975; Siegel,

1977) + -Klapp (i975) has sugéested that this result‘only_holaé
forfmovements of minimal accuracy. The increased accuracy

constraints demand feedback control for the termination of -
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wovement. This implies that long accurate movements are not
conpletely programmed before ihitiation. Similariy, increased
accuracy demands (decreased target width) demonstrate choice
reaction time effects only in short movements. In longer |
movements, only the first portion is programmed (Klapp,.1975).
Oonce the feedback from the fi;st portion of the movement has
been examined, cérre&tions may be initiaied. Therefore,‘the size
of the target does not influence reaction time because movement
termination is under peripheral or hybrid control. Results from
similar experiments uhichhfail to find changes in reaction time(
can pe accounted for by the preceeding explanation ({(e.g., Brown
& Slater-Hammel, 1949; Kerr, 1978).

The temporal duration of a movement has also been found to
require programming {(Klapp & Erwin, 1976; Klapp, Wyatt, & Lingo,
1974) . Choice reaction time is longer to a key press
representative of Morse code ™dah" than a "dit®* ({Klapp et al.,
1974) ., Movement duration, although being a sufficient condition
to cause programming, may not be a necessary c&ndifion_for
cansinq\ﬂifferences‘in~proqraaminq time (Klapp & ¥vatt, 1976).
Responses of longer temporal duration rely on feedback er the
conpletion of the response, Movement duration then, should only
require programming if the complete response is to be programmed
in advance, . | _ | |

f'One.of the most interesting studies, undertaken by Klapp

{(1977), employed a variation of the of the dit-dah approach to
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stndy;musclé.specification-as a movement parameter requiring | %
preparation, Klapp had sﬁbjecfs performs dit-dah responses with
the index finger and thumb, .¥hen the required muscle vas left
unknown, reaction times for the dit and dah responses vere
, equivalent, In the muscle known condition, the differeniial
dit~dah programming effect was observed. From these results,
Kiapp (1977)-conc1udéd that the generatién of specific muscle
commaﬁds must occur in a later stage of processing since
programming may bccnf vhgn the response muscle (s) is not
specified. . , . / | “
~Trasks requiring multiple responses or the seguencing of
responses, only recently have been examined (e.g., Kelso,
Southard, & Goodman, 1973; Klapp, 1979). .2 study by Klapp (1979)
revealed that movements of the left and right hands
simultaneously were not degraded when they were identical or had
}harmonically related sequencing periods. Rhythm or response
patferning is believed to be a function of programming {Klapp,
1979; Marteniuk, 1376a). Responses without temporal
compatibility cannot be generated in parallel. Hence, the
resulting interference would be attributed to 1initatioh§ of
response preparation (Klapp, 1979). Data consistent uith this .
expectation have been reported by Klapp and Greim (1979) and
Kelso et al., (1979). Equal ﬁovements‘by both hands tended to\
follow the same temporal pattern (Kelso et al., 1379). As a

result, a single temporal base was hypothesized to control the
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movement of‘both hands., Thé'temporal sequencing of responses
appeared to be an important central process in the structurinq
of motor commahds {(Klapp, 1979;'Ro$enbaum, 1980; Shaffer, 19378) e
Several task parameters have been identified as factors
reguiring programming through a choice reaction time apbroach.
Rosenbaum (1978) has recommended a special case of the choice
reaction tige techniggg_be used for makiﬁq inferences ahout the

response preparation process.

Ih§iﬁﬂ!ﬁ!ﬁﬂ!“ﬂi&ﬁﬂiﬂﬁ“Igﬁﬁﬂiﬁﬂg” ﬁ

A new approach developed by Rosenbaum (1978, 1980) has
eaployed choice reaction time within a precuing or advance
information context (Leonard, 1958), The movement precuing
technigue uses movements that differ in features fes 9., limb,
direction, extent) on orthogonal dimensions (e.g., long or short
movément). Precues qgiving advance information about some of the
features to be performed are presented in advaﬁce of the "go" or
exécutionastimulus {see Piqure 3), The "go" signal identifies
the remaining features by signalling the required response, The
choice reaction time shown in Piqure 3 is considered to include
(1) the stimulus detection/recognition time; and (2) the motor
feature preparation time, Tﬁus, by using different combinatiéns
of precqing conditions, the time required for encoding the

stimulus and preparing the response may be estimated. Rosenbaum
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EXPERIMENTAL TRIAL

L
I
PC ES Mi mMC
RT
MT
PC — PRECUE
ES — EXECUTION STIMULUS
Ml — MOVEMENT INITIATION
MC — MOVEMENT COMPLETION
RT — REACTION TIME
MT — MOVEMENT TIME

REACTION TIME COMPONENTS

RT = STIMULUS IDENTIFICATION + R.ESPONSE PREPARATION

Figure 3. A schematic representation of the movement

precuing technique (adapted from Rosenbaum,

1978).
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{1980) has 5ng§ested that the stimulus identification time is
mininal and therefore, differential precuing effects are
regresentative of motor fedture'pféparation alone. A true
estimate of the stimulas identification and response preparation
times, hovwever, has never been coﬁpleted.,In order to control
the stimulus encoding time, Rosenbaum (1978, 1980) ensured that
no visual scanning 6f‘the stimulus arrayAaas necessary. This was
accomélished through the use of a tacﬁistiscope..Eiqht coloured
dots, each one ﬁefininq\§ different response, were présented
onto the fovea and hence;Keliminated the scanning process..fhe(
percgptive reader may realize that the aforementioned procedure
forced all responses to be performed without vision. .Since all

- yision is foveal, the same procedures are hypothesized to
simultaneously control for stimulus-response (S~R)
coqpatibiliti.unccotdinq to Larish (1980}, this interpretation
is not strictly correct. Coloured dots do not readily signal the
stimulus and reguifed response positions. Thus, S=R
compatibility is low. .Therefore, a colour to pbsifien
translation must be made. .Larish (1980) suggested thgt the
differential programming effects are confounded by this
translation and, may even be the cause of these effects. Another
prdblem vhich may occur as a result of pnon-visually gquided
movements pertains to Fitts' Law {Fitts, 195“).,?itts' Law a;s
deweloped for visuaily quided movements and has never been

tested without vision, Kerr (1978) demonstrated that the
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preparationbof a response does not necessaril& have to be
conpleted before movement initiation, Experiments on response
programming should also aaalyze‘@ovement times since, systematic
changes may bg indicative of incomplete response preparation
during the reaction time, Therefore, the relationship betwveen
movement time (NT) and the index of difficulty as outlined by
Fitts (1954) nmust bé examined without viéion. Then, a total
exanination,of the response preparatién process may continue,
This problem, in fact, vas addressed by Rosenbaum (1980) in his
theoretical review. His discussion'leads to consideration of tﬁe
fact that an understanding of the relationship between movement
time and task difficulty is necessary to Separate programmed
‘control fron closéd-loop control. .Although some problems may
exist in terms of compatibility and Pitts' Law relationships,
thére arekadvantages to this approach. Accordingly, some of the
questions which may be addressed are:

1)  Does it také different amounts of time to prepare
each of the movement features {e.g;. directioﬁ.
extent) ?

2) Are programming times identical for different values
of a feature?

3) 1Is the preparation of one feature dependent on
another feature?\

.u) Are the features prepared in a strict ofder?

5) 1Is the programming of several features performed in
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a parallel or éérial manner?
Still, stimulus identification time cannot be overlooked since
it does contribute to the overall reaction time. A new
theoretical approach which will differentiate these two is
needed, Even so, the results from the movement preciuing
technique do compare favorably Wwith that of choice reaction time
research. |

Research on response preparation via the movement precuing
technique has concentraﬁgd on the programming of 1limb,
direction, and extent of Eorthcominq movements, Briefly, the
data has coincided well with that of choice reaction time
research as all of thesg features have been found to require
preparation (Rosenbaum, 1978, 1980)./In addition, preparation
times were longest for arm, shorter for direction, and shortest
for exten£ iRosenbaum, 1978, 1980). .¥ith the added control for
visual scanning and stimulus-response compatibility, the
movement ptecuing procedure would appear to be the optimal
’technigue.; | '

Since both the choice reaction time and the moveneﬁt
precuing approach have failed to separate the stismulus encoding
tiﬁe from the response preparation time, a task which isolates
these times would be preferred. Through careful inspection of
" the assumptions associatedvuith the movement precuing techniéue,'
these two processes can be differentiated. This new approach has

combined the ideas of choice reaction time and precuing into a
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EXPERIMENTAL APPROACH

no pc | | RT i MT
PC - ES MI
pc A |Ttal RT(ib+ pb) MT
. | —
PC ES M
| { —
PC ES M

RESPONSE PROGRAMMING TIMES

PROGRAMMING TIME(A) = RT(ia+ pa) — T(ia)
PROGRAMMING TIME(B) = RT(ib+ pb) — T (ib)

Figure 4. A schematic representation of the new

g experimental approach for estimating
stimulus identification and response
preparation times.
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single expetimént.,ln so doing, the new technique, while
seéaratinq stimulus identification time from response
ﬁreparation time, will provide converqging evidence for
programaed motor control,

Rosenbaum (1380) has identified five conditions which must
be met if novementkprecuinq is to be successful, These
cqnditions may be sﬁmaarized as: |

| 1) the featufes rust differeﬁtiate possible movements;

2) the dilensibps on which the movements differ must be
psychologicaiiy relevant to the coantrol of movémeni;
3) the possible movements must be discriminable;
4) subjects must not prepare multiple responses based
on the precued information and,
5) at least one feature must be prepared during the
reaction time, .
Fiqure 4 is a schematic representation of the new experimental
appioach.flnvthis technique, a movement which differs in teras
of two features (as defined by Rosenbaun, 1973} oh two
orthogonal dimensions is required. The first measure taken is
choice reaction time where no precues are given. This measure
contains the stimulus identification time and the response
preparation time for both features. In the next step, feature A
is precued before the execﬁtion stimulus identifying the |
;reguired responsét The reaction time following the execution

stimalus is a function of the stimulus identification time and
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the responsé_pieparation time for feature B, If the temporal
dufation between the A-precue and the execution stimulus is
decreased, the benefit derived froﬁ the precue will eventually
dissipate andkequal the no precue case, The time between the
precue presentation and the point of attenuation represents the
stimulus identification process for feature A, Figure 5 is a
schematic representét;on of the hypothesized reaction time curve
for véryinq precie dufations. If the éame process is repeated
vhen feature B is precued, the stimulus encoding time for
feature B can be estimatéﬁ.vaesponse preparation times fcr.each
feature can be calculated by subtracting the identification time
from the appropriate preparation plus identification time (see
Figure 4),

The petceptiva reader may recognize this simple difference
as the Subtraction Method first emplojed by Donders {1869).
Donders estimated the duration of mental processes by devising
siﬁilar tasks that required different amounts of processing. The
duration of each successive processing stage iaé éalculated by
subtracting the time required for the preceeding stages.
Although this technique was popular in the early 1900's, several
criticisms created a loss of interest inm this method as a device
for the inspection of mental processes, Pachella ({1974) has
written an excellent revieﬁ of the criticisms and, as such.\only

a brief discussion is provided here,
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First,'both the experimental and comparison task need to be
similar and comparable, That is, all processes in the
experimental task must be identical to the comparison task

- except for the processing stage of interest. Herein, the problen

- may be located., There is no guarantee that the additional

processing stage uillynot affect the other stages required to
complete the task.,icgordinqu, the taské cannot be considered
as coéparable. Sternbetq {1969) upon.Seeing the benefits of
stage analysis modified\ponders methodology and introduced the
Additive-Pactor Method, Iﬁstéad 6f changing the number of staqés
in gxperimental tasks, Sternberg (1369) attempted to alter the
amount of processing or number of operations within a stage.
This modifiéation still fails to corrects the major criticism of
the Subtraction Method; namely, changing the processing within a
stage may change the processing of other stages. Again, tasks
are not comparable. .

A second criticism of the Subtraction Method is based on
the underlying assumptions of infornation—procéssinq nodels and
research (Pachella, 1974), It is impossible to devise
experimental tasks for comparison without knowing what the
sequence of mental events are and if they actually exist,
Perhaps this criticism was valid when Donders first invented the
Subtraction Method but, it’uould seem to fail now, Presently;
there are several inforsation-processing models with empirical

evidence supporting the existence of several processing stages., .
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One of therbest exanples is the information-processing model’
developed by Theios (1975). -

Theios (1975) has presented five independent processing
stages. .Input and stimulus identification are the perceptual
- processes which detect and recognize the stimulus..ReSpbnse
determination is the processing stage where an appropriate
response code is seiegted from the identified stimulus. If the
stinulus and response are highly comgétible or highly practiced,
the time necessary to de;ermine the response is negligible
(Theios, 1975)., .In contrést, when S¥Rlconpatibility is lou, thé
time required to determine the response code is increased. In
this case, a stimulus-response transformation or tramslation
extends the time necessary to complete response determination
(Teichner & Krebs, 1974), As mentioned previously, the S=R .
compatibility in the érecuiug approach of Rosenbaum (1980) may
have been low, 3 colour to position translation may have
confounded the motor programme construction results (Larish,
1980) » Once the response code has been determiﬁed; the response
programpe is selected and exectuted, The svidence presented by
- Theios {1975) for each of these processing stages has been used
. for similar models {(e.g. Welford, 1976; Marteniuk, 1375y, Thus,
the mental events between the appearance of a stimulus and the
execution of a response noﬁ appear to be documented. \
1ccordipq1y, how does the processing of information occar? If

stimmlus identification and response preparation-are not serial
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in nature, the‘subtraction 6f one from £he other is not¢ v$1i53‘
Tarvey {1973) suggested that the sequence of events between «u;
stimulus onset and response ontpuf may be partially OVeria99§g§
In the information-processing approach, however, various tyéég 
of analyses are performed on the information that passés thrgu;
the nervous system. The operations performed at each successive
stage are dependent on the output from the previous one (Theios
1975). The staqes then, need to be ser1al in nature (Thelos,,
1975; Theios & Walter, 1974). It is still possible though, that
the processing within a‘;tage pay be parallel. Thé researéh b
Sternberg (1969) on processing within a stage has proved to hei
serial, Consequently, this new approach is based'on the
hypothesis that information is processed serially. This
assumption will be indirectly tested by the technique prOposédlfi
to isolate programming time., The position, albeit default in
nature, taken here is that calculations (subtractiqns) resulting:
invpositiwe times does not negate the serial or parallel
processing nbtions. On the othe; hand, neqati§e fimes,would

argue for some type of parallel processing.

The new approach for estimatioﬁ the programming time for
various features of a movement is not subject to tﬁe criticisns
6f the Subtraction Method. The number of processing stages does
not change for any of the éonditions."Similarly,“the number\of
operations within a stage also remains the sane, Since the

processing stages between the onset of a stimulus and the
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execution of a response are known, the subtraction of the
corresponding times should be considered tenable.  Nevertheless,

consistent and converging research is necessary in the future.
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chapter'l

GENERAL STATEMENT OF THE PROBLEM

Several research techniques have been developed to. study
the operation of the motor programme construction-proceés..The
three behaviouralfgpproaches (i.e., simple reaction tinme, cﬁoice
reaction time, and ﬁbyement precuinq) employed in the study of
this process, have a11=failed t0 Separate response preparation
time from stimulus ident@fiCation time., .As such, the reaction
" time measures may be contéminated by non-motor factors {e.q;. j
stinﬁlus-response translation, stimulus'idéntification)..
Clearly, any conclusion drawn from experimentation on the
response preparation process reguireé further examination. The
present investigation attémp&s to overcome these and other
probleas through the de?elopment of a nevw theoretical approach.
In this manner, the motor programme construction coaponent may
be separated from the stimulus identification component
contained in reaction time, . | '

As mentioned previously, response programming may not be
:“completed during the reaction time (Kerr, 1978), If this is the
case, response programming research cannot be fully explained
without an analysis of movement times, Since the precuing
approach necessitated that tesponses be performed without viénal'
feedback, Experiment 1 was designed to determine if FPitts! Law

{(Fitts, 1954; Pitts & Peterson, 1964) remained unchanged for
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movements uithout visual gquidance, Fitts®' Law states that the
movement time associated with a response is related to the
distance moved {(A) and the tarqetvuidth (H).,if the
relationships designated by Fitts? ;aw remain, movement tinme
will be proportional to the distance moved and inversel? |
proportional to the target width. Moreover, changes in movement
amplitude and tarqef width, which exactlf compensate for each
other, should produce no change in moiement time. The index of

difficulty (ID} for any movement is defined as log ., 2A/W. A

2
1inearvcorrelationubetweeﬁ.movement time and ID should be found
if Fitts' Lav holds for movements without vision. Thus, a
reciprocal tapping task (see Pitts, 1954)'3111 be performed over
three different indices of difficulty. Movement times should
increase as the lével of difficulty increases.

once the NMT and ID relationéhip is known, the response
preparation process may be studied and evaluated. Experiment 2
systematically varied the precue duration (foreperiod) under the
precuing paradigm of Rosenbaum (1980). The feaiurés direction
and extent will be manipulated according to the rationale
developed in Figure 4, A response programming analysis of the
Teaction times is hypothesized to reveal a differéntial
preparation effect between features. The reaction times for the
preparation of extent shouid be less than the reaction times\for'
the prograamming of direction (Rosenbaum, 1980). If a linear

relationship between MT and ID is discerned in Experiment 1,
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2z AT

several‘resﬁlts should be éipected in a movement time analysis.
Iniiiallv, nd difference in MT is expected for responses to
targets of egual difficulty reqa:dless of condition. If a
difference is noted, this would suggest the response is not
totally prepared during the reaction time. In addition,
responses to targets of different difficulty are not expected to
have identical noveieni tines;_This aqaiﬁ would signal
incomﬁlete‘response préparation. ?inaily, if processing is
serial as proposed by Theios (1975), manipulation of direction
and extent parameters shoﬁld separate the stimulus |
identification'time from the response preparation time. This
distinction will provide an additional understanding of
programaed motor control as the relaiive coptribution of each

process to the RT #ill be revealed. .
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Chapter &
EXPERINENT 1

Movement time h%s been repeatedly defined as the time from
the beginning to the end of a response, The factors affecting
movenent time, however, have not been'so easily understood. Most
people would assume fhat movement time ié just a'functiqn\of the
distance travelled.;riits {1954) demonétrated that movement tinme
is also a function of'the reguired terminal accuracy. In
general, movement time is\denoted by the following equation‘
called Fitts' law:

MT = a + b log, 24/¥ or AT = a & b(ID)
where, a énd b are constants, A is tﬁe movement amplitude or
Gistance, ¥ is the target width, and ID is the index of
difficulty..?:om this pathematical relationship, the average
movement time for any given response should remain constant as
long as the index of difficulty remains constant. Research has
confirmed that this relationship holds for hotﬁ diécrete and
repetitive self-paced tasks {e.g., Fitts, 1954; Fitts &
Peterson, 1364; Keele & Posner, 1968) . Since Fitts' Law
describes changes in movement time very well, how might it be .
exp;ained?

The most frequent explénation is in terms of feedback
processinq.,ﬁhen a person is moving toward a target, deviations

0of the hand can be detected and corrected. The farther the
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distance or thé narrower’the target, the more corrections needed
(Kéele 6 Posner, 1968)..Conse§uently, increased movement times |
are a function of the number of corrections that are reguired,
On these grounds, the processing of visual feedback appears to
be a prime determiner of movement time., |

On the other hand, what if visual feedhack‘is unavailable
for processing, Doesxgitts‘ Lav remain uhchaaqed when
corrections cannot he made through viéion? If so, then what
processes determine the: functlon’ These gquestions developed as a
result of the procedures enployed in the movement precuing
technique of Rosenbaum (1978, 1980). Since movement time may
signal incoaplete résponse preparation in'the reaction: time
{Kerr, 1978; Rosenbaum, 1980), the expected relationship to ID
must be known for an overall interpretation of response
éroqranninq.nThe majoi»objective of the present experiment was
to detetmine if Pitts' Law explained éystematic changes in
movenent time when vision is removed. .This knowledge will allow
the theoretical implications of movement time io be fully
undetstood in Experiment 2, If the same relationship holds for
ﬁon-visually guided movements, a significant linear correlation

between MT and ID is anticipated.
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. Method

Subiects, Nine Simon Fraser Uﬁiversity siudents {8=nale;
1=female) , ranging in age from 21 to 25, volunteered to
participate in the experiment. A1l subjects were right-handed
and task naive.

Agg_;g;uga The apparatns was conposed of a response panel,
a counter/t;ner, and a five volt power supply. The response
panel (25 x 12.5 cnm) con§1sted of a plastic base with an
aluninum plate mounted on\top. Three pairs of targets,
previously panched from the plate, were also mounted on the
plastic base (see Figure S)..ﬂovement anplitudes and target
wvidths are presented in Figure 6. One electronic switch for each
target was mounted on the underside of the plastic base. In.
addition, a seventh electronic switch was attached to the base
aluminum plate, A five volt electrical current was paséed
thrbugh the subject's body by means of a surface electrode. .
Hhenevervthé subject's index finger contacted é tafqet,or the

aluminum base, a "hit" was recorded on the counter. The total

~number of hits as well as the number of errors was recorded for

any one trial, The subjects view of the response panel for all
trials was removed by means of a blindfold.

Procedure, Upon enteriﬁg the testinq~area, each subject\was'
seated at the midline of the movement range, Before testing

began, subjects were given a brief explanation of the reciprocal
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Figure 6.
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A pictorial representation of the response
panel in Experiment 1 (all measurements are in mm).
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tapping task {see Fitts,’1954).v5ubjects were instructed to move
asvfast as possible while altérnately tapping the two targets.
All subijects were also infoimed‘to move at a speed where they
would not produce errors, On ény one trial, the total number of
taps between targets was recorded along with the total ﬁumber of.
misses, If the error rate for any one tfial was greater than
10%, the trial sés/fepeated._a ten minuté practice session
preceédeavthe testing of each ID condiiion.;ln the first half of
all practice sessions, tapping was performed with the aid of
vision, After the subject had learned the basic experimental
reguirelents, vision was removed for the remainder of the
practice'session.}ﬁhile practicing without visual feedback, the
experinenter provided vérbal feedback to help maintain movement
accuracy, . A serieé of fifteen trials, each trial being 30 sec in
duration, were administered followving all practice sessions. .
Trials one through five were designated as learninq\trials in
“which subjects would discover their maximum work rate. Finally,
the ID factor was counterbalanced across suhjeéts'to préveat an

- order effect.

Design and -analyses, The experimental design was a within
subjects design., 2All subjects completed 15 trials in three
different ID conditions (2.9, 3.11, and 3.32 bits). A regression
equation was developed to détermine if the relationship betwéen"
movement time and ID was linear, The correlation coefficient was

tested for statistical significance and, the error of prediction
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vas calculated. The narrov¥ range of ID was selected because it
closely approximated the difficulty levels employved by Rosenbaun
(1980) , . This would provide an optimal understanding of the MTI-ID

relationship for the programming analysis in Experiment 2,
Results-apd-Discussion

ihe meanh movement times for the iearning trials and test
trials are presented in Table 2. .The associaféd error rates may
be found in Appendix a—1, The highest error rate (5.4%) forvthé
test&trials occured in largest ID condition, Thus accuracy was
not traded-off for speed, The relationship between movement time
and ID was determined through a Pearson product moment
correlation, A statistically significant correlation {(r=.724)
¥as deﬁermined, £(25)=5.24, p<.05, Paralieling the analyses of
FPitts and Peterson (1964), a regression equation for movement
timé was developed where, MT=367.2ID-696 msec. The linear
relationship between movement time and difficuity-may be
observed in Figure 7;_uovenent time increased with the level of
difficulty, Finally, the standard error of estimate for the
regression equation was found to be $51.2 asec.

It is obvious from the results ihat the hypothesized linear
realtionship between HT and.ID was realized, The correlation\of
'.72B,fuhile not being extremely large, empirically justified

Fitts' Law for non~-visually guided movements, Movement time for
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Table 2

Mean MT and Standard Deviations for Experiment 1

ID
2.9 3.11 3.32
Learning Trials X 367 445 477
. . s 41.7 . 67.4 62.9
‘Test Trials X 364 457 518

S 37.1 65.4 79.4
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Figure 7. Mean movement times (msec) for the three indices
’ of difficulty.
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response vithout vision is a functicn of the distance to be
travelled and the tetminal accuracy required. In spite of this
finding, several key compoﬂentS‘oflthe Tesults must be
questioned. First, the mean movement times appear inflatéd.,[f
vision had beemn allowed, the three tapping tasks ﬂou1d>have been
4judged as fairly easy. FPitts (1954) and Fitts and Peterson
{1964) rTeported a'cdngelatian of approxiﬁately +98 for movements
of sihilar difficulty;lThe mean movenént time for an ID of 3 was
‘approximately 280 nsec.ﬁgince the human motor system normally
- relies heavily on visuallinformatipn, the lack of visual |
quidgnce may have produced a situation which was not optimal for
extremely rapid movements, This effect may have been more
pronounced because of the high accﬁxaéy constraints required. -
This may also account for both the high variability in the .
movement time distribationsvand the high error of estimate for
Athe reqression equation, Nevertheless, a significant linear
relétionship between movesent time and ID was found. A key
question arises from this interpretation. How éan'thisb
relationship be explained when vision is remo#ed? The number of
visually based corrections approaéh is no longer tenable, A
- subject cannot make visual corrections for deviations from the
intended movement path when the intended path cannot be seen,
Proprioception based corredtions, bowever, may explain:chanqés
in,novement time. The expected sensory consequences of the

response serve as the intended goal and deviations from the
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inteﬁded goal ére corrected‘(Schmidt, 1975). The impulse-timing
nodel proposed by Schmidt, zéiaznik, Hawkins, Prank and Quinn
(1979) ‘also provides an alternativé explanation. .

- The model given by Schmidt et al. (1979) siated that the
terminal accuracy of rapid or ballistic movements is rélated to
the variability of the initial movement impulse. According to
Sherwood and Schmidt (1980), the initial impulse can be viewed
as thé aggregate of tﬁe adcelerative forces acting in the
direction of the response endpoint. Loqically,-anv paraneter
wvhich increases the inpuiée variability would also increasé thé
variahility of the response. Schmidt et al. (1979) gquantified
this logic by proposing the follovinq relationship;

HeoA/NT
where, ¥e is the standard deviation of responses around a fixed
target, A is the movement distance, and MT is the movemént time.
Therefore, if a subject attempts to.move a given distance {a),
to a target of fixed width at too great a rate, the variability
of the responses (We) w%will be high. By decreasinq'the velocity
of the response, the ratio of A/NT is reduced and the reshonse
becomes more accurate, A large initial impulse means the subject
will cover the movement distance in/a short period of time. A
smaller initial impulse increases movement time and decreases
the response vafiability (érrors). In this manner, the |
relationship between MT, target width, and movement distance can

be explained in the absence of vision,.
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Now thét t he fnnctionai_relationship between MT and ID has
beén defined, the éxpected uo#ement time differences in a
response programning approach ma? be outlined, Before moving on
to the second experiment though, several modifications to the
present experiment might have produced stronger results, A
larger range.and greater number of ID's would have provided more
data and possibly aystronqer linear relationship, Similarly, a
1arqe£ range would haie given -more information Tegarding the
upper and lower limits that suhscribe to this relationship,;The
present experiment also ¢6nfined its scope to that of a
repetetive self-paced task.vFitts' Lav has also been shown to
remain consiant for discrete motor responées (Fitts & Peterson,
1964), If discrete sotor responses had been included, the
generalizability of the findings would be greatly enhanced.
Future research then, should take these considerations and place

them in an appropriate experimental setting. .
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Chapter 5

EXPERIMENT 2

In order to gain an understanding of the motor programnme ,
construction process, Rosenbaum (1978, 1980) refined the partial
advance information paradigm of Leonard (1958). The movement
precuing technique ﬁrgsented by Rosenhauﬁ {1980), however, fails
to prﬁvide an adegquate description of fhis process, The reaction
time measures, which are hypothesized to reflect the/response
preparation process, are_éontaminated by non-motor factors
{(Goodman & Kelso, in press; Larish, 1980). Specificallj. the
reaction time in the Rosenbaunm (1980) research is a function of
a S-R translation and stimulus ideﬁtification. The second
experiment was developed to overcome the difficulties
encountered in the movement precuing technique. The underlying
theoretical assumptions associated with the precuing approach
(seé FPigqure 5) were isolated and manipulated. In this manher, it
was hypothesized that the role of the étimulus:encbdinq process
in response programming could be ascertained. Moreover, the
~ present experiment was designed as an extension and replication
of the Rosenbaum (1980) paper.

The initial experiment examined a question which arose from
the procedures employed in ﬁhe movement precuing technique;-\
naaely,‘whether or not the télationship described by Fitts! iaw

remained invariant in the absence of vision. Taken together, the
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findings frdm the first experiment indicated that MT increases
as the index of difficulty becomes larger.

Movement time analysis is proposed to be an integral part
of the response programming framework (Kerr, 1978; Rosénbaum,
1980), Within this context, movement times have an important
role in distinguishing if motor programming was completed during
the response latencf period. Now that thé relationship between
MT and ID has been delineated, a proper analysis of response
programming in thke precuinq approach may be conpleted. . ¥With
respect to movement time, no differences are expected hetueén
conditions for responses to targets of equal difficulty. If a
difference is found, it is possible that response'preparation is
not finished in the reactién time, Similarly, if movement times
differences fail to appear in responses fo targets of varying
difficulty, subjects may not be preparing the entire response in
the reaction time, .In these situations, the movement is
iniﬁiated and completion depends on proprioceptive feedback.

If the results from Rosenbaum {1980) are écce@tedAas being
ialid, then similar effects would be anticipated in the - |
programming (reaction time) analyses, A differential programming
effect between direction and extent should be noted. . The
response perparation time for extent is hypothesized to be less
than that of direction. similar investigations by Larish (1950)
and,soodman and Kelso (in press) failed to replicate the

Rosenbaum (1980) results when S~R compatibility is high. In
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light of thése results, thé present study will also include 5

replication of these iﬁportant findings.
Method

Subijects, Eiqght Simon Ptaser University students (6 male; 27
female), ranging in age from 22 to 34, volunteered to
partiéipate in the exberiment.hlgain, all subjects were right
handed and task naive. i |

Apparatus, The experimentai apparatus was rather complex,
and as such, a lengthy description is necessary. First of all,
.an Apple II microcomputer was the heart of the apparatus. The
computer collected the data and controlled the entire
experiment, A response panel (25 x 12.5 cm), similar to that of
Experiment 1, was situated 20 cm in front of the subject and vas
interfaced to the computer through a parallel interface card.
Thé home key, a 1.5 ca square, uas.the position from which all
trials started. Four other targets completed tﬁe fesponse panel
{2 forward, 2 behind)._Thevtargets were 7.6 cm and 3.2 ci from
the home key, and had diameters of 3.2 cm and 2.6 cm |
respectively (see Figure 8)., Each targe£ was connected to an
electronic switch mounted on the underside of the response
panel, In addition, the sutroundinq aluminum plate was also
connected to switéh. All targets were touch sensitive when a 5

' volt current was passed through the subject's body. The
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Figure 8. A schematic representation of the response
panel used in Experiment 2 (all measurements
are in cm).
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electronic 58itches have a distinct advantage over the normal
switches commonly used in the~laboratory setting. The switching
time of the electronic circuitry wés less than 1 msec, .
Hechanicalysuitches may take as long asJQO msec. Puthermore,
this time varies from trial to trial, Since the Appie i1
microcomputer has graphic capabilities, a television monitor was
used for the visualkdisplay.vThe visual display was sitnated at 7
eye 1é7e1 approximately 2 meters away from the subject. The
display, which was ideni@cal to that of the response panel,
measured 18 cm by 9 ci.,five hollow circles, drawn on the
monitor by the computer, were positioned to directly correspond
to the response panel;,The required response was siqgnalled when
one of the five circles filled in..At the start of a trial, omne
| of five possible letters (F,B,N,D,X) would appear to the \
immediate left of the visual display (see Figure 9)..The létters
vere 6' cm high by 3,5 cm wide and served as precues for
direction (F=forward; B=backward) or extent fﬂ=near; D=distant). .
If X was presented, the subject was given no aAVaﬁce information
and any one of the four movements was possible. The subiject's
view of the Tesponse panel was obstructed by the use of a
~modified blindfold, After the completion of a trial, subjects
were presented with tvwo other letters in the lower left hand
corner of the television aohitor {either A,B,C,D, or X) « If £he
two. letters matched, the preceeding response was correct, .

Reaction times and movement times were measured by a real time
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i clock (accurate to L0001 sec)‘contained in the computer. .

| Procedure, Prior to the start of the experiment, the nature
of the task was described to each»#ubject..ﬁefore practice of
the experimental procedures began, subjects were given a half
hour warm-up session. In this session, the subject practiced
moving to each taréet with vision untilvhe/she felt that they
had mastered the fournpossible responses; At this point, vision
of the‘response panel =as occluded‘for‘the rest of the
experiment, Subjects then practiced making the responses without
vision for the remainder 6f the half hour. The' concept of | |
advance information:fﬁrecues) was introduced after the initial
warm-up period terminated and, ZﬂevpractiCe trials-uere given to |
familiarize the subject with the experimental paradigm. A precue‘
duration of 1200 msec was chosen for the familiarization period.
This allowed the subject ample time to make use of the advance
information given, .

| fhe subject initiated the sequence of events on any one
trial by touching the home key. The precue uasjtheh presented to
the left of the visual display for 1200 msec. For example, if
“"P" was displayed, the subject knewv in advance that the required
response would be forward. In this case, only extent required
programming during the RT., The subject was instructed to use
this information to help prepare for the upcoming response.vénce'
the,precpevhad been presented for 1200 msec, a movement light

{filled circle) signalled the desired response.. The task was to
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Figure 9. A pictorial representation of the visual
display used in Experiment 2.
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remove the index finger fraé the home key and move as quickly
and accurately as possible to the corresponding target. Subijects
vere also instructed to refrain'frbm guessing which of the
possible responses would be required., Upon the completion of the
240 practice trials, thevdata was plotted by the computer and a
visdal inspection was perforned. If the reaction times had not
stabilized, or if the error rate was qreéter than 10%, an
adéitional 120 practice trials were given, .

| When the warm-up seésion»aad pr&ctice trials were finished,
the remaining experimentai trials were started. The twelvev |
possiblevprecue-tarqet combinations were tested twenty times in
" each of nine different precue durations {i.e., 200, 250, 300,
350, 600, 650, 700, 750, and 800 msec). These times were chosen
from pilot data (éee Appendix B-1) because they appeared to
adeﬁuately cover the reaction time-precue duration curve {(Figure
4), .A random presentation order was determined by the computer
forveach subject. Since the subject controlled the presentation
fate of trials, rest periods could be taken ahén desired. Bach
subject completed three testing sessions approximately two hours
in duration.

Tvo movement features {parameters) were manipulated in this
experiment, If direction was precued by an "F" or "B", extent
had to be programmed duriné the reaction time., ¥hen extent w%s
precured with an "N" or "p", direction has to be prepared during

the reaction time, If an "X" was presented, both direction and
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 vexteat were-programmedkduriﬁq reaction timé.,
| The three dependent measures recorded on any one trial

were: |

1) Réaction Time

2) Movement Time

3) An Error {defined as the toﬁchinq of an incorrect

response tarqet)., |

Severél other types of errors were poséible in the present
experimental'paradigm..A\naxinum RT of 500 msec and a minimum of
100 msec vere set for all\subjects. A RT of less than 100 méec/
aean: the sﬁbject was anticipating the onset of the execution
stimulus, The upper limit was chosen because the RT's for pilot
subjects were all less than 500 msec. If the RT exceeded the
maximum, or was less than the minimum, the trial was randomly
repeated later in the experiment. Similarly, 180 and 10 msec
were the maximum/minimum movement times allowed. The maximum MT
of 180 msec was selected io prevent responses which were started
ih the wrong direction ard then corrected from:beihg counted as
a completed trial, . If MT vas less than 10 msec, subjects were
gliding their finge: to the desired target. Only misses and
responses to incorrect targets were recorded as errors. The
reaction and movement times for eirors were removed from the
‘data analyses, Finally, each subject was constantly reminded\to

maintain an overall error rate of less than 10%. .
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Qgﬁign-ggglggg;1§g§‘;a within subjects design was employed
in‘the present experiment.,Thé data were analyzed so that:
.1)questions regarding response programming could be addressed,
and 2) the time for stimulus identification and response
preparation was estimated. A number of guestions requite
inspection in the response p:oqramming analyses. whén the
subject has enough tine to make use of the precued information,
tﬁo hfpotheses need to be tested., Initially, is there a 7
- difference in reaction=t;ne for the different features
{direction vs, extent) ? sécondly, are there differences befweeﬁ
thellevels of each feature (forward vs. backward and long vs.
short)? An overall test is also required in order to determine
if there is a precue by precue duration interaction. For
éxample, it is conceivable that a longer precue duration is
necessary for the precue "Bf” than “"F?, An analysis of variance,
for each hypothesis of interest, was used to test for
statisfically significant'differenCes. The analysis of variance
tables for all dependent measures may be foundiin'the,
Appendices, Every hypothesis of interest was tested with o =,05,
and was considered to be statistically significant when the
probability of significace was below this value, With respect to
the stimulus identification analysis,-ar for £he precued
conditions and no precue conditions was plotted for ali preéﬁe
dutations. The standard error of the mean (Sx) for the no precue
coﬁdition was also calculated and plotted. Assuming there was a
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linear relationship‘between'the precued-feafure reaction times
at brecne durations of 200 and 250 msec, the precue duration at
which the feature reaction time'deviates two standard errors of
the mean is called the sfimulus identification time (Figure 12
and 13) ., |
B§.§.§L$§ -ahd - Discussion-

gggggggggggggggggigg-gggizgig._Thtouqh an overall analysis
of the RT data for both pfecned features, precue durations of |
700,\750, and 800 msec were selected as the durations where
subjects had sufficient time to preprogram the advance
information given, The precué duratioﬁ of 1200 msec was not
chosen because it was used for practice trials. Since subjects
were not completely familiarized with the task, inflated
reaction times occured for the first few trials. The same logic
, alsb applies for error rates. Over the course of the experiment,
all subjects maintained an error rate less thah the 10%
criterion, As expected, most errors occured for a precue
duration of 1200 msec., The error rates are presented in Table 3.
Careful observation of the tabled values also reveals that more
errors were nade\for responses to target D, The differential
error rate percentage leadsvto the assunmption of a \
speed—aqcuracy tradeubff for all responses to target D. Reaction

times, however, prove this to be a false assumption. In most
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cases, moveﬁents to tarqet‘D had the largest reaction times, The
other error rates do not appear to be large enough to create
interpretation problems with the‘data.

Agg1ggggggg§ time anglyses -~ The four‘movemeht time analysis of
variance tables may be found in Appéndices B=2 through 5-S.EThe
overall analyses will be discussed/first. ¥hen distance was the
precued feature, the main effects of preéentation lette: and
direciion were significant, g{1,7)=516;69 and P{17)=42,21, .
Movement times were shor;er when "Hﬁ (66 msec) rather than upn
(89 msec) was précued; Pofuard.movements {72 msec) vere faster/
than‘backuard movenments (82 msec). The direction by precue
duration interacﬁion vas also siqnificant; F({9,63)=5,89, . Further
analysis revealed that movement times renained constant across
duration for backward movements, while, movement times increased
across duration in forward responses., If advance information was
given on direction, the main effects of presentation letter,
extént, and foreperiod were statistically significant,
P(1,7)=39.57, £(1,7)=471.65, and 2(9,63)=3‘77.:Aqdin, forward
responses wefe'siqnificantly faster than backward responses (67
msec vS 83 msec). Movement times to the near targets (60 msec)
vére shorter than those to the distant targets (30 msec). Post
hoc analysis of precue duration, using Tukey's HSD test,
revealed the simple pairwisé differences displayed in Table A..A'
statistically significant presentation letter by precue duration

interaction was noted, F{9,63)=3,07. Subsequent analysis showed
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Table &

~Simple Pairwise Differences for:Precue Duration (MT)

Precue Duration
ZOQ 250 300 350 600 650 700 750 800 1200

1.7 3.3 1.4 5.4 5.2 3.1 3.9 2.4 2.4 200
1.6 0.3 7.1* 6.9* 4,8 5.6 4.1 4.1 250

1.8 8.7% 8.5% 6.4 7.2 5.7 5.7 300

6.8 6.6 4.5 5.3 3.8 3.8 350

0.2 2.3 1.5 3.0 3.0 600

2.1 1.3 2.8 2.8 650

0.8 0.7 0.7 700

1.5 1.5 750

0.0 800

1200

-Direction Precued (Prepare Extent)

* denotes p<.05
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that movemeﬁt times for foféatd movements remained constant
acrbss durations, where, movement time decreased for backward
movements across all durations, |

Obviously, subjects require time to use the advance
information which they are given., Therefore, movement tine Was
analyzed for just the 700, 750, and Boovmsec precue darations.
Since subjects had sufficient time to prépare the inforaation
preseﬁted. the three durations are tréated as replicates., When
distance was the advancexlnformatlon available, sxqulflcant main.
effects of presentation 1etter and direction were found,
2(1,7)=95.47 and F{1,7)=7.61. Movement times were shortest when
"E" was the precued letter (67 msec vs 92 msec). Forward
'responses were faster than backward responses (76 msec vs 83
msec). If direction was the precued feature, significant main
effects were found for presentation letter and extent,
F(1,7)=38.97 and F{(1,7)=389,07. Forwvard and near movement times
were shorter than backward and distant novement times
respéétively. | |

In general, the results from the movement time analyses did
not differ from what wvas predicted by the first experiment,
Movement times to near targets were shorter than those to
distant targets, Forward movements were also siiqhtly faster
than backward movements.,Thé findings do not appear to indicéte
that response preparation was incomplete during the RT,

B, -Reaction-time analyses - Of special interest in the reaction
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Figure 10. Mean response preparation times for the
: ‘ features direction and extent.
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time analysés, was a possible feature preparation difference.
noré specifically, is there a differential programming effect
between direction and extent.,This’differential effect is of
interest only when subjects have sufficient time for
preprogramring the advance informaiion. Therefore, the 700, 750,‘
and 800 amsec precue durations vere used. Thefanalysis of
variance table may he{found in Appendix é—é.la significant main
effecf for the programmed feature uas‘found'.i(1,7)=11.58
{Pigure 10). ¥hen direct@on is precued, extent must be
programmed during the rea&tion'time and vice-versa. The RT fbr/
the preparation of direction (224 msec) was significantly longer
than the RT for the programming of extent (212 msec).

The next guestion of relevence deals with the different
values {(levels) of each feature., Are there differences between
the tvo values of a feature? For example, does it take longer to
prepare to nové backwards thanﬂforvards? once more, the precue
dnrétions of 700, 750, and 800 msec are employed as replicates,
f¥hen distance is the precued feature, no significaht main
effects or interactions are found (Appendix B-7)..0On the other
hand, when  direction is known in advance, a presentation letter
by extent interaction was significant, F(1,7)=9.13, Further
analysis displayed the’cause to be a decrease in reaction time
for the backward distant noienent (figure 11). . In an overall\
analysis,-ﬁith'distance the precued feature, the main effects of

presentation letter and precue duration were significant,
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PF(1,7)=6.19 éndlg(9,63)=6.58;-Reaction times were significantly
shaﬁte: when "N" was precued (233 msec vs 241 msec). The simple
pairvise differences in preéue du:ation can bhe seen in :Table 5, .
A presentation letter by precue duration was also found to be
statistically significant, F(9,63)=2,41, If direction was the
feature known in advance, a significant main effect of precue
duration was observea, F(3,63)=5.7. .A préséntation letter by
extent‘and an extent by precue duratioh interaction were
discovered, F(1,7)=8.98 apdv£(9,63)=3.56. Simple pairwise
differences for precue duiation are shown in Table 6.,Subse§uen£
analysis of the presentation letter by extent interaction
revealed the cause to be a decrease in RT for backward distant
movements, |

#ith respect to the hypotheses of interest, the significant
differential programming effect for features was identical to
that reported by Rosenbanm (1980)., Reaction times when extent
hadvto be specified were shorter than -RT's when direction had to
be specified in the latent period. Inspection of the subject
means revealed that this trend was true for all subjects but
one, This suggested that the effect was fairly reliable.

The preceeding conclusion was based on differences in mean
reaction times for different features, The results failed to‘
find differences between individual values within each featuge.

This result was also identical to that of Rosenbaum (1980).
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Table 5

Simple Pairwise Differences for Precue Duration- (RT)

Precue Duration
200 250 300 350 600 650 700 750 800 1200

25.9%34.1%43.9%28. 8437, 4%47.7#50,3%51. 7% 37.2% 200
8.2 18.0 2.9 11.5 18.8 24.4 25.8 11.3 250

9.8 5.3 3.3 10.6 16.2 17.6 3.1 300

15.1 6.5 0.8 6.4 7.8 6.7 350

8.6 15.9 21.5 22.9 8.4 600

7.3 12.9 14.3 0.2 650

5.6 7.0 7.5 700

1.4 13.3 750

14.5 800

11200

-Direction Precued (Prepare Extent)

* denotes p<.05
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Table 6

- Simple Pairwise Differenceé for Precue Duration (RT)

Precue Duration

200 250&.300 350 600 650. 700 750 800 1200
24.9 40.4%46,.8%33,1%41.,0%49,5%54,0%54,3% 41,7% 200
0 15.5 21,9 8.2 16.1 24.6 29.1 29.4 16.8: 250
6.4 7.3 0.6 9.1 13.6 15.9 1.3 300
13.7. 5.8 2.7 7.2 7.5 5.1 350
7.9 16.4 20.9 21.2 8.6 600
8.5 13.0 13.3 0.7 650
4.5 4.8 7.8 700
0.3 12.3 750
12.6 800
1200

-Extent Precued (Prepare Direction)

* denotes p<.05

74



¢"viLe

¢ L9t m.NBN‘ﬁ.onN L°LLTZ S"T8Z 8°8S7 8°6SC 7°997 0°7LT7 X
1°697 6°€97 6°SLT ¥°S9C T°LLT ¥°18Z o.oow V€97 17047 S°9LC a - X
m.wom € 992 L°697 Vv €LZ 9°08Z T1°8LZ L 'VSZ ¥'9SZ 8°€9Z Z°0LZ J - X
YAVAY 9'TLZ T°89C v°TLT 6°VLT T'08Z ¥°0ST 6°2ST S°6SC 6°89¢C q - X
L°06Z 8°89Z T'8LC m.mom\m.mmw £°982 17047 S°99C €°TLT L7TLT A - X
3931v] - 9nddi1g
00ZT 008 0SL 00L = 0S89 009 0S¢ 00¢ 0S¢ 00¢

uorleIng andaxd

uorlIpuo) (3axg/itqg o1edoaxd) ondsxd ON dYd UT LY UBSK

L 219el - .

75



2204
. B NEAR
28 4
RT
(msec) 1
208 4
® DISTANT
2004
1
FORWARD e5c£§Ano ’

PRESENTATION LETTER

Figure 11. Mean reaction time for the presentation letter
by extent interaction.
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Table 8

Mean Response Preparation Times

Prepare Direction

1200

215

213

200 250 300 350 600 650 700 750 800

256 242 228 224 238 228 225 222 214 232
267 248 243 226 242 233 227 212 217 233
286 250 243 \232 248 239 237 223 226 241
281 247 240 232 247 241 223 231 226 235

Prepare Extent

273 245 230 225 236 226 214 213 214 231
257 230 219 217 229 221 218 215 212 223
267 246 220 214 234 217 205 200 203 213
261 238 227 215 228 231 223 224

77



Table 9

Mean RT for the Preparation of Direction

and
Extent

PC Direction (Prepére Extent)
Dist Near X
214 .4 209.7 212.1.

PC ExtenttIPrepare Direction)
"For. Back X
219.7 227.6 223.7
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one result vhich vas not expected, was the presentation

letter by extent interaction, The differences in reaction'time.
for near and distant movements was larger when the response was
backwards as opposed to forwards. This result means that the
time necessary to program extent was affected by the.diiection
of movement, Accordingly, this suggests that the specification
of extent was not déne independently of éirection. Inspection of
the s&bject means, however, showed thét the interaction trend
vas true for omnly 3 subjgcts in the overall analysis and just
one subject for precue dafations of 700, 750, and 800 msec.:
thergfore,'th§5'interaction is not entirely reflective of the
actual subject trends.,

| Stimulus ideptifjcation analysis. The mean reaction tinmes
for the no precue conditions (prepare direction and extent) are
presented in Table 7, The grand mean (270.1) and SX(3.02) were
plotted in both FPigure 12 and FPiqure 13. If one assumes a lipear
relétionship for BT between the precue durations of 200 and 250
msec, the point at which the RT curve crosses £ao-standard‘
errors of the mean is called the stimulus identification time.
From the graphs, the stimulus identification times for direction
and extent were 202 msec and 210 msec-respectively. Table 8 and
Table 9 provide the data necessary to calculate the response
preparation times for direction and extent, Following the |
rationale developed in Figure 5, preparation time for direction

{22 msec) was the difference between 224 msec (Table 9) and 202
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nsec (Fiqurév13).,mhe preparation time for extent {2 msec) was
thé difference between 212 msec (Table 9) and 210 asec (Figure
12) . .

From a visual'perspective; there was An amazinqbsimilarity’
between Figures 12 and 13. The 5ppaxent congruency squests that‘
direction and extent are prepared in an identical fashion.
Although the time courses are slightly different, the processing
pattefnawas very similar for both feaﬁures.y

The estimation of stimulus identification time and response
preparation time provi&ed:some interesting results. If thevloqic
that went into the experimental paradigm is considered valid,
then the p:inary.campbnent of the reaction tipe is the stimulus
encoding process, Estimates of this time were 202 msec and 210
msec. The response preparation component of the reaction tinme
was nminimal (2 msec and 22 msec)., .¥hy would stimulus
identification be the major compbnent? In the environient,
stimuli'are constantly changing. In order for a person to
interact successfully with the environment, thé e#er changing
stimuli must be detected and properly identified. Improper
classifications resnlt in a situation where the person will
never respond in an appropriate manner, Therefore, stimulus
identification is an important component in the response latency
period, | | \

Thg very small estimates (2 msec for extent; 22 msec for

direction) of feature preparation time are quite interesting in
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themsel ves. They deménstréteﬂthe same differential feature

preparation effect found in the RT analyses (212 msec vs., 224
msec). These similar and'convezqinq results provide a strong
case for motor programme construction as a component process.

At this time, it will bé useful to explain one 6f the majér
problems with the experiment.wThevnean RT's for a precue
duration of 200 msec are the first and.only points vhich
‘approximate/the mean RT for the prepére both {(no precue) -
condition (Figure i2 agd 13). Another precue duration of 150
msec is necessary to suﬁstantiate the reliability of these
points,,rhe stimulus identification and response preparation
estimates are based on the assumption that mean RT's at the'ZOO'
Bsec ptecue duration are not;different from the prograama both
condi tion, From the trend apparent in Figure 12 and 13, this

assumption should not cause a major problem.
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'Chapter 6

GENERAL DISCUSSION (

" The present research was directed towards gaining an
underétandinq of the motor prpqramminq process., . In this context,
Bosenbgua (1280)-presented,the movement precuing technigue as a
method for studying this process. Within his theoretical
framework, Rosenbaum attempted to explain the motor programme
construction process by eiamination of feature preparation
through manipulation of precues, More specifically, it uaé
hypothesized-that motor proqramées are composed of components
which may be identified and examined (e.g., direction
preparation) . Accordingly, programming could be studied by
manipulation of these components. |

The movement precuing technique studied these component
parts through the measurement of reaction time based on the
premise that different amounts of preparation éhonid be
reflected hyLRT changes. Unfortunétely, Rosenbaum failed to
adeguateiy account for all the non-motor components in his
measurements (Goodman: & Kelso, :1980; Larish, 1980). Therefore,
the results obtained by Rosenbaum need to be re-examined from a
different perséective..Accofdiﬁqu, a new theoretical framewérk,'
developed'through a variation of the movement precuing

technique, was the basis for the preseht experimentation.
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‘A seéohﬂ problen withbthe movement precuing approach
conCerned‘Fitts' Laéb(Fitts, 195&). The hovement precuing .
technigque necessitated that all movements be performed without
vision, .Since movement times aré important in the evaluation of
response programming research (Kerr, 1978), the relationship of:
MT to ID predicted by ritts'_Law needs to be understood for
hon-visually guided movements, In executing a movement, it is
possible for the response to start before it has been completely
prepared (Kerr, 1978). In this case, movementvcompletion is
under closed=loop control..hn analysis of MT's, when the |
relationshié of MT %o ID is known, ¥ill reveal whether the
movement was completed under closed-lodp‘control. Experiment 1
was designed to determine what the MT-ID relationship may be
when vision is removed, A linear relationship was found and used
in the interpretation of the MT analyses in the second
experiment.. |

The major fuamction of the second experiment was to examine
the motor programme construction process hndef thé new
theoretical pérspective._bn analysis of RT's provided results
similar to those of Rosenbaum (1980). A differential programming
effect Setveen direction and extent was found and the reaction
times for direction preparation were greater than those for
extent preparation. .The HT.analysis demonstrated the resulté
expected from the relationship discovered in Experiment 1. .

Movement times were longer for responses to the distant targets.
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As such, résbonée'preparation vas completed during the RT and no
closed-loop control was involved.

The results of the response programming analysis relate
favorably with those of choiceiréaction time research. . Megaw
(1972) for example, created a task where extent and diréction
vere varied. The RT when dire¢tion ¥as uncertain was loanger than
when extent was uaknbwn. Similar results iere also found by
Megaw and Armstrong (1974). .In addition, when both direction and
extent were unknown, RT was no different than the direction:
uncertain condition.,?rom‘these results, Megaw suggested that -
direction was prepared before movement initiation, while, extent
was updated or completed after the movement had begun, Clearly,
the present results have some historical validity and curtent
support in this study and its predecessors.

With respect to the estimation of feature preparation
tires, a differential effect similar to the RT analysis was
noted, The preparation time for extent (2 msec) was much shorter
thar that of direction (22 msec). Estimates of:this nature have
never beea reported before so comparison to felated literature
cannot be made, Preparation time appears to account for
épproximately five to ten percent of the total RT. This is an .
extremely important finding. Small changes in RT, under a
Cesponse programming paradiém, are reflective of very large-
changes in the actual preparation process! If RT is the sole

measure used in a response programming experiment, the actual
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chagqes in £he preparation broceSS are underestimated,
Therefore, pést and current reéea;ch must be challenqed on this
masking effect,

The guestion of parallel/sefial processing of information -
vaS'indirectly tested when the feature preparation times were
calculated, If the~preparatiop times had turned out to be
negatiye, serial prbcessinq of infornati§n could be discpuntedl
Partial support for serial processing was generated, howvever,
when the feature preparation time for direction turned out to be
positive, This finding is in line with Theios’ (1975) model and 
breakdown of serial processing. The small preparation time for
extent (2 msec) ptovided minimal to no support for serial

'processinq. A two msec difference across subjects indicated that
individual differences were both positive and negative. Iwo .
interpretations may be made from this result. . First, the near
zero preparation time may have been caused by parallel
processing of infarnation..siﬁce the body has no reéeptors for
distance, a more likely expianation is that exfeﬁt'is not a
programmable feature, In either case, further research is
necessary to determine what the role of extent is in response
preparation. .

Other researchers have also improved the precuing paradigm
of Rosenbaum (1978, 1380}, éoodman and Kelso (1980) and Lariéh
(1980) failed to find the differential programming effects for

direction and extent reported here. The failure to find this
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effect causéd Goodman and Keléo {(1980) to propose that'the
preparation of motor responseé canaot be reduced into distinct
and separate features, Their reasoning stems from the fact‘that
kinematic features or externally defined movement péramete:s
{fe.q., arm, direction, and extent) may be totally different frosm
the internal variables that affect the motor system. Therefore,
in te:ns of feature preparation and e;ternally defined
parameters, the separation of a movement into its component
parts is an approach who§e validity must be gqunestioned.

This view of the reséonse preparation process is similar to
the beliefs eigressed by Gibson (1966). Gibson perceived the
senses to be "perceptual systems® whose individual fnnctioninq
‘coﬁld not be discerned. This approach has often been termed
."sholistic" since the overall systen cannot be reduced to the
component processes, The position expressed by Goodman and Kelso
(in press) is extremely divergent from the views maintained by
" most researchers, Coaverging reseaich'by a variety of
investigators (e.q., Klapp, 1976, 1377; Shaffet,vi978;ssieqel.
1977) has demonstrated that ndvement parameters do affect
response preparation; the present findings support the component
approach.ghcéordingly, how can_thgse differing results be
explained? .

A solution to the différing theoretical positions may be
foqnd in the experimental procedures, Until now, investigators

enploying the precuing technigque have failed to recognize the
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concept of érecue duration..Tﬁere has been no systematic
investigation of the effects 6f constant precue durations on
response preparation time., When precue duration remains
relatively constant, subjects anticipate the onset of the
execution stimulus, Differential feature preparation effects may
be missed due to the lowered reaction times. Another problem has
been the length of precue duration. Klapp (1976) proposed that
short-tera memory is the response preparation state. If subijects
are required to "wait oﬁv‘the executibn stimulus for an extended
period of time, the value of the advance information may be lost
throudh decay.(éepper & Herman, 1970; Stelmach & Kelso, 1975)..
Although this has never been empirically £ested, RT's are
hypothesized to be elevated because the precued feature must
also be prepared during the latency -period. Again, this notion
is compatible with Klapp's memory model of response programming.
Although the theoretical positions on response preparation
still require clarification, the practical implications of this
line of reséézch are not obscure, If response éreparation is a
component process as the results have implied, then kinematic
features which are programmable become increasingly important inm
the area of motor skill instruction._Therefcre, future research
should be directed toward discoverinq the role of other
kinematic features (e.g., velocity, force) in response
preparation. With this knowledge, the practitioner may direct

the performer's attention to the relevent features of a
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ballistic.mbvement.

In summary, the present éxperimentation found stimulus
identification to be a major component of response latency. .
Response preparation time, on theiother hand, is a minor part of
the total reaction time. From a response programming |
perspective, a differential feature preparation effect was found ]
(i.,e,, direction tobk,lonqer to prepare than extent). The
feature preparation time estimates mirrored this differential
effect, . In terms of parallel/setial processing, partial support
was generated for the serial processing of infbtmation.

- In the future, special consideration should be given to the
concept of precue duration. By so doing, ihe role of memory in |
response programming may be elucidated. If short-term memory is
the response preparation state, systematic variation of precue
duration, in conjunction with other memory variables, may
demonstrate RT effects similar to the properties of short-ternm
menory for movement, Further, additional studies need to be done
on the "wholistic" issue regarding 9rogramminq; Oferall, the
precuing technigue appears to be a powerful tool that needs

refinement and careful iﬁplementgtion.
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APPENDIX A-1

Error Rates for Experiment 1

ID
2.9 3,11 3.32
Learning Trials 7.3 8.8 13.9
Test Trials 5.1 3.8 5.4
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Mean movement times (msec) for Experiment 1

APPENDIX A-2

I

PO
2.9 11 3.32
Subject 352 444 610
Subject 301 360 368
Subject 372 403 448
Subjéct 428 484 541
Subject 347 394 446
Subject 339 515 548
Subject 397 570 586
Subject 351 461 . 551
Subject 388 487 565
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APPENDIX B-1

Mean Response Preparation Times (Pilot Data)

200

Prepare Extent

300 400 500 600 700 800 1200
F ‘ _
D 304 265 261 273 248 252 237 - 229
N 282 227 273 261 246 233 239 221
B .
D 298 249 - 246 277 241 208 228 212
N 289 230 263 266 244 236 241 231
Prepare Direction
N
312 247 249 236 243 227 238 224
352 294 299 271 258 228 242 234
D . _
F 313 291 249 263 237 248 258 243
B 297 278 282. 246 253 229 244 263

105



Overall MT Analysis of Variance Table: Experiment 2

APPENDIX B-2

T

Distance Precued

®)

Source of Variance

Sum of Squares DF

Mean Square

MEAN
S

P

D

F

SP
SD

PD |
SF

PF
DF
SPD
SPF
SDF
PDF
SPDF’

19220095.
19832.
41589.

9599.

1042
563
1591

634

2322
229
3235

00
80
95
60

.98
.44
.69

153.
6675.

384.
1956.

32
77
66
00

.93
2722.

05

.55
.38
.80

1922095.
2333.
41589.
.60
.88
80.
227.
.32
105.
42.

S 217.
90.
43.
35.
25.

9599
115

153

00
26
95

49
39

96
74

v o

.40
.69
.22
.09
.69

.98
.89

.49

]
"W

Subjects, P = Presentation Letter, D =

Precue Duration
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Overall MT Analysis of Variance Table: Experiment 2

- APPENDIX B

-3

N

Direction Precued

Source of Variance

T

Sum of Squares DF Mean Square
MEAN - - 1810130.00 -1 1810130.00 636.47
S 19908.00 7 2344 .00
P 20960.21 1 20960.21 39.57
E ; . 71714.56 1 71714.56 471.61
F S 2672.82 9 296.98 3.77
_SP - °3707.52 7 529.65
SE 1064.44 7 152.06
PE = 102.13 1 102.13 0.46
SF 4960.21 63 73.73
PF - 1151.81 9 129.09 3.07
EF 208.68 9 23.19 0.51
SPE 1531.03 7 218.71
SPF . 2643.03 63 41.95
SEF ’ . 2854.21 63 45.30 .
PEF - 350.81 9 38.97 1.45

.58 63 26.86

SPEF 1692

N
0o

Subjects, P = Presentation Letter,

Precue Duration
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- APPENDIX B-4

MT Anélysis of Variance Table: Experiment 2

.

Distance Precued
Precue Durations - 700, 750, 800

Source of Variance Sum of Squares DF Mean Square

60

.10

MEAN 6794 1 606794.10
S 8712.76 7 1244.68
p . 14780.57 1 14780.57
D . 1450.80 1 1450.80
F - 19.70 2 9.85
SP 1083.68 7 154.81
SD 1334.32 7 190.62
PD 1.84 1 1.84
SF 1957.16 14 139.79
PF 658.77 2 329.38
DF 201.52 2 100.76
SPD 1348.04 7 192.57
SPF 1802.40 14 128.74
SDF 1543.47 14 110.24
PDF 104.47 2 52.23
SPDF 1973.53 14 140.96

[l o8]

.50
.47
.61
.07
.01

.55
.91

.37

T
non

Subjects, P = Presentation Letter, D = Direction,

Replicates
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“APPENDIX B-5

MT Analysis of Variance Table: Experiment 2

Direction Precued

Precue Durations

Source of Variance Sum of Squares DF Mean Square

700, 750,

800

MEAN
S

p

E

F

SP
SE
PE
SF
PF
EF
SPE
SPF
SEF
PEF
SPEF

520974
10694
5870
21867
39
1054
393

24

257

17

38

624.

590

373.
97.
285.

.6
.92
.29

.71

.29
.35
.43
:59
77
.35
.35
27
.39
58
46
19

520974
1527
5870

21867
19
150

56.
24.

18

8.
19.
89.
42.

26

48.
20.

.6

.84
.29
.71
.64
.62
20
59
.41
67
17
18
17
.68
73
37

340.

38

389.

oo

98

.97
07 -
.06
.27

.20
.71 .

.39

€7
nou

Subjects, P = Presentation, Letter, E = Extent,
Replicates

1
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2
APPENDIX B-6

RT Analysis of Variance Table: Experiment 2

Feature Differences

Source of Variance Sum of Squares DF Mean Square

MEAN 9109454 .00

o

OO

| 1 9109454.00  890.
S 71647.19 7 10235.31
P 6460.02 1 6460.03 11.
T . 974.68 3 324.89
R ©1313.51 - 2 656.75
SP 3903.66 7 557.66
ST 12764.50 21 607.83
PT . 3565.48 3 1188.49 2.
SR . | 2953.60 14 210.97
PR 36.34 2 18.17
TR 612.12 6 102.02
SPT 10965.26 21 522.15
SPR | 2510.90 14 179.35
STR 4892.18 42 116.48 |
PTR 1263.83 6 210.63 1.
SPTR A 5419.09 42 129.02

Subjects, P = Prepared Feature, T = Target,
Replicate . ' : '

el
won
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APPENDIX B-7

RT Analysis of Variance/Tabie: Experiment 2

Distance Precued
Precue Durations - 700. 750, 800

Source of Variance Sum of Squares DF Mean Square

MEAN 4800546.00 1 4800546.00
S 29966.95 7 29966.95
p 1496.22 1 1496.22
D 96 .80 1 96 .80
T 879.06 2 439.53
SPp 2266.76 7 323.82
SD 7918.12 7 1131.16
PD 0.88 1 0.88
ST 1715.04 14 122.50
PT 213.29 2 106.64
DT 225.38 2 112.69
SPD 530.63 7 75.80
SPT 2123.36 14 151.66
SDT 1462.49 14 104 .46
PDT 1179.98 2 589.99
SPDT 3131.50 14 223.67

o

N

.62
.08
.58
.01

.70
.07

.63

wn
nu

Subjects, P =

‘Replicates

Presentation Letter, D = Direction,
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“APPENDIX B

-8

RT Ahalysis of Variance Table: Experiment 2

Direction Precued

Precue Durations - 700, 750, 800

Source of Variance Sum of Squares DF Mean Square
MEAN 4315376.00 1 4315376.00 662.68
S 45583.91 7 6511.98 '
p . 526.88 1 526.88 0.49
E ~ 1487.60 1 1487.60 2.12
T - 470.80 2 235.40 0.87
SP - 7404.33 7 1057.76
SE 4895.81 7 699.40
PE 931.76 1 931.76 9.13
ST - 3749.61 14 267.82 o
PT 79.02 2 39.51 0.52
ET 174.04 2 87.02 1.14
SPE 714.27 7 102.03
SPT 1056.33 14 75.45
SET 1060.44 14 75.74
PET 4,22 2 2.11 0.02
SPET 1478.77 14 .62

105

3
[ |

Subjects, P = Presentation Letter, E = Extent,

Replicates
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" APPENDIX B-

9

Overall RT Analysis of Variance Table:

Experiment 2

Distance Precued

Source of Variance

Sum of‘Squares DF

Mean Square

MEAN 17988220.00 1 17988220.00
'S 30041.27 7 30041.27
P 5623.26 1 5623.26 6.19
D - 54.27 1 54.27 0.02
F 65235.00 9 7248.33 6.58
SP 6349.64 7 907.09 /
SD 18060.77 7 2580.10
PD 738.69 1 738.69 2.62
SF ° 69342.63 63 1100.67
PF 2252.43 9 250.27 2.40
DF 830.81 9 92.31 0.39
SPD - 1972.16 7 281.73
SPF 6545.75 63 103.90
SDF 14738.75 63 233.94 ‘
PDF 1927.93 9 214 .21 1.38
SPDF 9712.46 63 154.16

S = Subjects, P = Presentation Letter, D = Direction,

F = Precue Duration '
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Overall RT Analysis of Variance Table:

APPENDIX B-

10

Experiment 2

Direction Precued

Source of Variance Sum of Squares DF Mean Square

MEAN
S

p

E

F

SP
SE
PE
SF -
PF
EF
SPE
SPF
SEF
PEF
SPEF

16347840.
35331.

579
11

11835
7101
2889

93889

4186

00
10

.07
.59
76484.

06

1
7
1
1
9
.03 7
.07 7
.06 1
.88 63
1181. 9
9
7

12

.45
2250.
7993,
8234,

587.
8317.

98

81 63
56 63
80 9
83 63

16347840.
35331.
579.
11.
8498.
1690.
1014.
2889.
1490
131.
465.
321.
126.
130.
63.
132.

00

10

07
59
22
71
43
06

.31

23
15
56%
88
70
31
02

N =

noo

.34
.01
.70

.98

.03
.55

.49

wn
(LI}

Subjects, P = Presentation

Precue Duration
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