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CHAPTER I

INTRODUCTION - .

In the past, reaction time has undergone numerous experiments

and reviews, The reaction time intervaI“has typically been thought to

" contain only cognitive, processes relative to the experimental task, with

it

physiological lag and motor processes being kept td a minimum, Consequently;
a great deal of interest has been generated by the_manipu}ation of various
variébles to affect the reaction time interval, Based on the result of
these manipulations, inferences could be diawn regarding the underlying
cognitive proéesses. This provides a means by which hypothetical cognitive

processes could be substantiated by the experimental manipulation of

variables affecting those processes.

Rationale

. Reoently, several authors, notably Sternberg (1969) (see page 45)

and Theios (1975) (see page 59) have proposed multistage models deséribing

the processes that occur during the reaction time interval. These processes

ot

were related to an experimental task involving the recognition of a stimulus

and the performance of a corresponding motor response.  The pognitive

processés could be divided into three areas relative to the experimental task:

recognition of a stimulus, selection of the response and motor programming.
With the above categorization of the cognitive ‘processes it is

possible to consider variables that differentially affect the first or

second of the two process categories, but not the‘third. An increase or

decrease in the efficiency of the processes would be reflected in a decreaﬁp

or increase in the reaction time. -

e



Statement of the Problem

Specific practice was selected as a variable that might

differentially affect different cognitive proceéses occurring during the
J i

reaction time interval. The experimental tasK was divided into two

'components:' thé stimulus recognition phase d the motor response phase,

Specific practite of the first phase ifivolved recognition of the stimulus

and its association with a specific-response key.‘ fhis practice was-
hypotheéized to involve stimulus recognition and response selecticon
processes. Practice of the second phase involved the repetition of the
motor response, fhis was proposed to incorporate oﬁiy motor programying
procegsesﬁ .
The primary problem was. to study the effects of spécific practiée
of portions of a perceptual-motor task on reaction time. A second problem

swas concerned with the effect of increased information load during

perceptual practice and movement Complexity during motor practice,

Hypotheses

The two hypotheses to be tested in this study are: 1) Specific
practice of either the perceptual or motor components of the experimental
task results ih a decreased initial reaction time relgtive to a control group
which experienced neither type of practice, 2] Increases in information
load or movement complexit? during practice of the perceptual or motor
portions of the task, respectively, results in a decreased initial reaction
time  relative to a contrel group without practice and to the groups
practicing the original pefceptual or motor porticns of the task. 3) Motor
and complex motor practice results in a decreased movement time-and movement

time erxrxor relative to the no practice and befceptual groups.

[



Scope of the Study

&

Ninetyfone subjects were randomly divided into five experimental
conditions.; Group 1 was a control group and received no practice on tRe
perceptual-motor task, The other four groups performea forty practice
trials in their specific conditions. Group 2 précticed only the perceptual
portion (stimulus recognition and response selection) of the task. Group 3
also pfacticed the perceptual portion of the task with the addition of
increaged information load. Group 4 é;acticed only the motor portion of
" the task. Group é practiced ‘a more complex nodification of the motor
portion of the task with the addition of a Pause on a target located
mid-way along the movement pattern.

‘All groups performed ten test trials on the original task which
combined both perceptual and motor elements. Reaction time, movement time
and movement time error were recorded on each trial.

Delimitations

-

The study must be considered within the féllowing delimitations;
1) The subject population consisted of male and female subjects ranging
in age from fifteen to forty years, with a mean age of twenty-three vears.
2) Due to time limitations and the possibility of loss of motivation on
the part of the subject, 'the number of practice trials was kept to forty
and £he te;l trials to'ten. 3) The task consisted of recognition of a
two colour light array and the performance of an assdciated movement

L)

pattern with the non~preferred hand.




Definition of Terms

The following is a list of terms which were used in the study:

’ A N
1. Reaction Time was the time interval from

of the stimulus until the initiation of a motor response.

the presentation

*

2. 1Initial Reaction Time referred to the reaction time on

trials one and two of the test trials.

3. Movement Time was the time interval from

of the motor response until its completion.

-

the initiation

4. Moveient Time Error was the time during which the stylus

<

held by the subject was 6ff the movement pattern path,

™~
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CHAPTER II

R REVIEW OF LITERATURE

The domain of reaction time research has endompassed a variety
of topics. As a conseguence, this review has separated the various studies
into the following areas: a) Fractionation of reaction time into premotor

and motor components, bl Psychological‘refractory period, ¢} Effect of
mévement parameters on reaction time, dl Influence of enforcgd.%otor and
sensory sets, e} Hick-Hyman relationship, f£f) Stimulus~response compatibility,
‘and gl Repetition efﬁgct. Though some of tﬁese concentra?ions may appear
unrelated, other‘fhaﬁ theif use of reactionrpime, they form a necessary

foundation for the models of Sternberg (1969) and Theios (1975) which are

central to this study.

) :

) . ~

Fractionation of Reaction Time into Premotor and Motor Components

The majority-of reaction time research has considered the effect
of different variables upon the total reaction time interval. The
researchg:s\made the iﬁplicit assumpﬁion that variations in'to£a1 reaction
time reflected variations in central processing. 'Thoégh iﬁ most éituatiéns
this assumption was valid, this was not_alﬁays thé case.

During the'past fourteen years a portion of the research has
déal£ with the fracfionation of reaction time into premotof and motor
components, The time interval from the presentation of'the étimulus until
the onset of a mﬁscle action potential (as measured by electromyographyl was

labelled as the premotor time, Motor time embraced the time interval from

the initiation of a muscle action potential to the first sign of tension

L
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uptake in the responding limb (i.e. the first observable movement).

In terms of information proéessing, premotoé-time was assumed
to reflect central processing while motor time reflected peripheral delays
in the musculature,* Both have been féund to be uncorrelated and
independent (Lagasse & H%yes, 1973; Bo?winick & Thompson, 1966; Schmidt
& Stull, 1970)., Premotor time and total reaction time have been found
to have;a high correlation, (Lagasse & Hayes, 1973}, and thus it was
assumed -that in total reaction time reflected variations in premotor time
or central processing,

.Further support was de;ived_from studies examining variables
whiéh have in the past been assumed to affect central processing. Three
variables whose effect on premotor time was reflected in variations in
total reaction time were anticipation, preliminary muscle tension and
practice, Weiss (1965) and Botwinick and Thompson (19665, by manipulating
the foreperiod, found that preﬁotor time had_the same functional relationship
£o foreperiod as did total reaction tiﬁe. 'Motot time, however, was

relatively unchénged across varying foreperiod lengths,

-

Schmidt and Stull (1970] studied react}on time in a situation in
which the subject squeezed a hand gripping device to a preliminary muscle
tension and then reaéted to a stimulus by further increasing the force of
contraction as quickly and as forcefully as possible, With increasing
: deliminary muscle tensiop; premotor timg)decreésed, which supported the
notion that preliminary muscle tension partially initiatéd a motor program
for muscle contraction. Further increases in tension beyond the
preliminary state wefé simpler, thereby shortening the cen£ral processing
time, The motor time was lengthened with increasing preliminary muscle

tension, The slower rate of tension development, motor time, was possibly

. : -



caused by the shortening of the muscle to a state of slightly shorter
" than ‘;esting length!, o

A third variable which was used togsstudy the relationship between
premotor time and total reactiom.time was extended practice. Moris (1976)
demonstrated that both total reaction time and premotor time decreased
with practice. Motor time did not vary with performance across the practice
trials. The decrease in premotor time supported the notion that extended
practice increased the efficiency of central processing.

Several studies haye‘examined the effect of muscular fatigue
on the fractionated components of reaction time but with conflicting
findings, Kroll {1973) found no effect.on motor or premotor time, while
others found a lengthened premotor time (Hanson & Lofthus, 1978) or a
lengthened motor time (Stull & Kearney, 1978; Klimovitch, 1977). Kroll
(1973) used bench stepping and isometric exercises to induce fatigue in
the knee extensors. The levels of strength decrement did not exceed 24%, -
~ which might have accounted for the lack of effect on reaction time, The
other three studies involved-hand grié reaétion‘timé and used fatigue leveis
ranging from 20% to 60% strength decrements., The only procedural difference
appeared to be the use of inter-collegiate athletes (tennis players and
swimmers) by Hanson and Lofthus as opposed to university students.'

In summary, it appeared thgt the vafiablés that affected central
procesgiﬁg such as anticipation 1effects of varying foreperiod), practice
and prel}minary muscle tension, also affected premotor time, It was also

demonstrated ‘that premotor time 255 uncorrelated with and independent of

motor time, but was highly correlated to the total reaction time, Motor



time was shown to be relatively invariant under most conditions except
for moderate to high levels of muscular fatigue. As motor time remained
relatively constant and was uninfluenced by variables that affected
information processing, it was assumed that total reaction time could be

used as a dependent variable to reflect changes in central processing.

Psychological Refractory Period

When a response was executed to each of two stimuli, separated.
by interstimulus intervals of 500 msec or less, the reaction time to the
second é%imulus was usually found to be longer than a single response to
a single stimulus. This phenomenon has been referred tc as the psychological
refractory period (Welfoxd, 1959} .

Expectancy theory and. single-~channel theory were two explanaticns
which have been proposed to account for this ‘effect. According to an
expectancy fheory, the subjéct did not expect the second stimulug {(s2) at
very short intervals following the first stimulus (S1). Hence the arrival
of S2 found the sﬁbject inadegquately prepared and the reactiog time to the
_ second stimulus (RT2] was slqw. Expectancy theory suggesﬁed that scme
miniﬁum period of tiﬁe was requiréd to optimally prepare a response to the
second stimulus. At intervals less than this minimum, preparatién would
be inadequate. As the inter-stimulus interval lengthened, the degree of
pfeparation was increased and the delay in RT2 decline (Harison, 1960).

Single-channél theory stated that somewhere in the processing
system, most typically at some contrel decision stage, thefe.was a

limiting mechanism which must process information in a successive manner.

Thus reaction time to the second stimulus was delayed because the central



decision mechanism was occupieé with the first response selection
(Welford, 1959). -

Many studies have examined the psychological refractory peri;d
in relation to the expectancy and single-channel hypotheses. The féllowing
studies dealt with the nature of the response to 52, different information
levels of S1 and S2 and responses complexity, and their effects on the
response latency ﬁo sl (RT1) and to S2 (RT2), Their results supported
the single-channel theory as opposed to expectancy theory.

Hermaﬁ‘and Israel (1967) examined the effects of different levels
of-informatiéh_pf 51 (1, 2 or 3 bits of information, i.e. aitwo, four or
eight choice paradigm) on RT2., 1In addition, the effects of S2 on the response
latency to S1 (RT1) were compared when S2 signalled a response a) opposing
that being organized for Sl or b} corresponding to that being organized for
S1. The results indicated that under prior uncértainty of S1, S2 produced
either decremental or facilitative effects on the latency of Sl. An opposing
52 response increased RT1l whereas a corresponding response decreased RTl;

It was concluded that a signal reinforcing a selected response reducedqd
~ residual conflict and response latency:

Another series of studies employed a double stimulation paradigm,
In this procedure two successive stimuli were presented, with a response
required only for the first stimulus and not the second. Herman and
.Kantowitz (1969) presented S2 during the execution of the respohse to $l

{after ah overt response to S1 had begun but before the entire response
had been qggp&etedl. These authors found no significant decrements in

response latency to Sl or in errors in responding to S1 when compared with

an independent control group who never experienced the second stimulus.
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Herman (1969} modified the Qouble stimulation paradigm so that
performance could be examined under conditions of certainty and uncertainty.
In this experiment, for two groups, an S2 light requiring no response was
not presented or fol;owed 51 at various interstimulus intervals ranging from
50 to 150 msec. For group 1, two lights were in a reciprocal relation as
Sl and S2; if one flashed on first, the other became the potential‘s2 light.
For group 2, the same two lights served as 51, but a third light was used
exclusively for S2, A third group was never exposed to an S2 light., No
delay in RT1 was observed if two successive lights signalled the same
response, but a delay occurred if the second light was not cleariy associated
with the response to the first light. Herman (1969) concluded that the-
detrimental effect of 82 on reaction time to S1 would be observed under
stimulus~response uncertainty if $1 and S2 elicit competing response tendencies.

Smith (1969) presented three experiments which examined the effect
-of varying information load on the response latencies to S1 and 52, By
varying the number of alternatives associated with the first response and
using a two choicerparadigm for the second stimulus, it was found that RT2
ipcreased with incréasing levels of information of S1. In a secénd experiment
the influence of varying information of S2 on RT1 was examined, It was found
that the latency to Sl increased as the number of alternatives to 52 was
increased. - \\

A third experiment assessed the delay in RT1 in reiation to a change
in setzkexpectancy] or an increase in the amount of attention required to
keep the secoﬁd stimulus in ﬁemory. Increases in response 1at¢ncy were not

found on trials where the subject was expecting the second stimulus but it



11

was not presented, The results suggeéted that some channel capacity was
reqdired fo; the maintenance of the second signal which Smith (1969)
intérpreted as support for the single-channel theory.

Other support for the single-channel hypothesis was reported by
Siegel (1975). Siegel reasoned that the inflation in response latency to
a complext response (Norrie, 1967, 1974; Glencross, 1972, 1973}, reflected
additional internal processing necessary to initiate the appropriate response.
Single~channel and expectancy theories would have differing hypothesises
concerning the effect that an initially complex respénse should have on the
magnitude of RTZ. Single—éhannel theorists would predict inflated RT2 values
because the single-~channel would be occupied by the additicnal time reguired
to process 81, indicated by a longer RTL. Expectahé; theorists would contend
that RT2 should be unaffected by such increases in RT1l, since RT2 would vary
because of the subject's uncertainty as to the arrivalltime of the second
stimulus. Siegel (1975) used a serial response task in which movement

complexity of the first response was increased while the probability of a

N

particular interstimulus interval occurring onlany trial was held constant
(i.e. Fhe expectancy of S2's arriQal was held constant). It was reportea
that reaction time to the second stimulus was longer when the initial response
was complex-as opposed to when it was simple.

In summary, single-channel hypothesis was-supported, RT2 was
increased as the number of alternative S1 stimuli was enlarged. RT2 was
also increased due to an increase in response compl;xity to S1. Stimulus

information level and response complexitffwould_have affected different

processes since the former involved stimulus processing and response
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selection and the latter involved motor programming. Consequently there

Eould ﬁave been two areas of limited channel capacity in the processes which )

occur during the reaction time interval,

The Effect of Movement Parameters On Reaction Time

In the choice reaction time experiment, the signal to respond
informed the subject which of a gsi of possible responses was to be made.

— i
The task could thus be separated into two successive time intervals which

have bee; subsequently studied. The reacti;n time interval began with the
presentation of the stimulus and ended with the initiation of the response.
Movement time began where reaction time ended and terminated with the
comp%gtion of the motor portion of the task. .
Movement time and reaction time have been shown to have a very low
positive éorrelation (Henry, 1961; Mendryk, 1960) and have been proposed
as being relatively‘independent processes (Fitts & Peterson, 1964; Laszlo
& Livesey, 1977). A great many studies, though, have demonstrated specific
relationships between reaction time and various movement parameters such
as duration, distance and accuracy.
There were two difficulties which arose when the research
literature in this section was reviewed. The first was in the diversity
of the tasks used to study the effect of movement parameters on reaction
time; These tasks ranged from limb movements of various magnitudes and
degrees of complexity, to vocal responses. Though comparisons could be made

on the basis of various movement parameters, the wide range of tasks

affected the generality of the findings.
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Secondly, the majority of authors dealt with the effect of
movement complexity on reaction time, as yet, no one has presented a
satisfactory definition of compleiity. The literature cited movement
duration, extent, direction, number of lﬁnbs, temporal sequéncing, and
resistance as factors affecting the 'camplexity' of the movement. Both of
the above impediments have 1imited the degree to which inferences might
have been drawn regarding the relationship between pParameters of movement
and reaction time, Notwithstanding, the assumption was made that the fécus
of their effect would have been in the motor programming pProcesses that
occurred prior to movement initiation.

The following movement parameters were selected for review:
duration, distance, direction, accuracy and number of limbs involved, It
should be noted that many of the variables were studied in conjunction with
each other and their results were subsequently confounded. Several studies
about implicit speéch ware alse included because implicit speech was not
usually interpreted as a motor response and because the researchers were
able to isolate the reaction time effects to the motor Programming processes.
Finally three explanations were considered which have been put forward to

account for the relationship between, movement parameters and reaction time,

Durationg Klapp.and his colleagueé have completed a series of studies
dealing with the effects of movement duration on respeonse latency. These
studies used a morse-code paradigm in which the subject responded with
either a 'dit' or a 'dah'. The initial finding was that in a two-choice
reaction time task, when the response was a 'dah', a longer reaction time

interval occcurred as opposed to when the response was a 'dit! (Klapp,



14

Wyatt & Lingo, 1974). An analogous effect was observed within a known
sequence of two morse code responses for which the duration of the inter-
response interval depended on whether the following response was ;dah' or
'dit! (Klapp & Wyatt, 1976)}. One'would expect tﬂe relationship beéween
reaction time and the nature of the response would be restricted to response
sequences of fairly short overall length. If longer responses were not
completely prerprogramméd in advance, then later parts of a long fgsponse
sequence may have been programmed during the response sequence rather than
before it began. It was assumed that programming required time and could
not occur concurrently with an ongoing response., Such programming should \
have been observable as a lengthening of the duration of the earlier phases
of the response sequence as a function of the parameters of later phases,
Apparently the subjects programmed the execution of the first 'dit! oEwldah'
during the reaction time interval but programming of the second 'dit! or
'dah' was postponed until after the response was initiated,

The finding that responses of longer durations were associated
with longer reaction times was again supported (Klapp & Erwin, 1976).
They demonstrated that small'changeé in reaction time occurred when responses
were varied in complexity and not duration while a larger change in reaction
time occurred when the response duration Qas Qgried. The data supported a
logarithmic relationship between programming and response durat@on.
Therefﬁre, Klapp and Erwin proposed that.an acceptable theory of response
programming must permit programming time to véry for constant response
duration while still accommodating the possibilities that a) programming
time could increase as-a function of response duration alone and b) changes
"in response duration may be a necessary condition for the observation of

large changes in programming time.
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Distance: It should be noted in advance that very few of these studies
controlled for duration. Thus there was a éonfounding of the variables
since longer movements also had longer durations,

Henry (1961} used a simple forward movement to demonstrate that
longer movements have correspondingly longer reaction times. Glencross
(1973) using an elbow flexion task was able to replicate these findings,
Studies using various other movements have not been able to replicate these
results (Fitts & Petterson, 1964; Glencross, 1972; Lagasse & Héyes, 1973;
Klapp, 1975). The difficulty in these replication studies have been the
introduction o? other variables as well as distance, notably the accuracy of
movements te various target widths, The addition of accuracy might have
influenced the subjects' motor programming which would have masked any
effect of distance alone. A study which has shown a different relationship
betyeen response latency and distance was reported by Seigel (1977). Though
not free from confounding with accuracy, a U-shaped relationship between
distance and reaction time was demons£rated. Small movements (less than
50 mm) and larger movements (g;eater than 150 mm) had longer reaction times.

Some insight into the relationship between movement distance and
movément duration can be achieved by considering a study by Schmidt and
Russell (1972). In this experiment subjects were pretrained to make 22.8 or
49.5 cm. movements in exactly 150 or 750 msec. A 2 x 2 repeated measures
design (movement time x movement distance) was used, and the index of
preprogramming (Sclmidt, 1972) was used to assess the degree of feedback
involvement, Reducing the movement time frem 750 msec to 150 msec nearly

doubled the index of preprogramming, implying greatly reduced feedback control
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{(or more preprogramming) in:the 150 msec movemgnt. Doubling the movement
velocity by lengthening the movement distance but keeping the duration
constant had no effect oﬁ the index of preprogramming. It would appear that
in terms of the aﬁount of preprogramming necessary for the‘movement, movement
duration was more crucial than movement distance.

It has beenrsupposed that force might be the determining variable.
Smith (1961} found thaé reaction time wasg highly specific to the limb
involved which might be inferred as support that different masses of the
limbs might be affecting reaction time, In terms of strength though,
Glencross (1973) reported that increasing the resistance needed'to be
overcome for a specific movement did not result in significant increases in

reaction time.
23 o

&

Direction: It too, was not free from confounding with movement distance
Zirec Aol ,

and movement duration, but the re;ults may be summarized as follows. 1In
comparison to a direct forward movement to a single target, reaction time
was found to increase for é movement that reguired a pause or a pauée and
reversal in route to a final target (Noirre, 1967, 1974; Glencross, 1972},
This® was not the case for movements that required a reversal without a pause
on a definite target ({(Glencroess, 1972, 1973).

Several authors have attempted to study the relationship between
distance and the direction of a movement, but without any consistent results.
Megraw (1972) had subjects control a horizontal lever to.track a step input
where the degrees of choice of direction and extent of movement were ’

systematically varied. Increasing the choices of direction of movement from
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1l to 2 led'to an increase in reaction time of between 34 and 40 msec. No
significanF ingrease in reaction time was found as the choices of extent
of movement were raised from 1 tc 4. Kerr (1976) attempted to replicate
Megaw's findings and found that response latency varied with extent
uncertainty but not with direction uncertainty.
Accuracy: The accuracy of mévements has been examined in terms of target
width. Fitts and Pettexson (1964)_using a Fitts law paradigﬁ task fouﬂd
that reaction time was relatively i%dependent of target width., Klapp (1975)
replicateé these findings for movement iengths of 70 mm or longer. Wheq |
shorter movements were used, feaction time was found to increase as the
size of the targe£ decreased, Klapp suggested that longer movements were
under feedback control whereas shorter movements were predominantly programmed
during the reaction time inte;yal, with longer programmiﬁg for more precise
movements, The finding that reaction time was affected by target width was
also supported by Seigel' (1977).

Laszlo and Livesey (1977) used a different procedure gﬁan the
Fitts law paradigm, In their expefiment, subjects were presented with two
rows of dots on a paper strip which moved towards them on a runﬁay. Subjects
were required to cross over a given numbef of éots in sequence with a pen,
following an auditory signal. Reaction time was me;sured from the warning
signal‘until movement initiation. Movement time was measured from the
startipg position to'the first row of dots (MTl), and from the first row to
the second row of dots (MT2), The control group began at the starting
position and simply cggssed over both lines of‘dots after the warning signal

i

without crossing any dots, Group one had to cross over a dot on the first

+
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line while group two had to cross a dot in both the first and second lines.

In this way accuracy throughout the movement was manlpulated by altering
e

-~ ——

the number of dots to be crossed. Reaction time increased from the no dot

to the one dot condition but not fram the one.dot to the two det condition.
Movement time increasgd from the one dot to two dot condition. The results'
suggested that reaction time involved stme programming of movement initiation
and thus was affected by increased accuracy, MovanénE time also included
Some programming of the ongoing response and was thus affected by the

accuracy of the later stages of the movement:,

'y

. i
Number of limbs involved: Henry and Rogers (1960) compared a finger movement

‘

with an arm movement and reported an increase in reaction time of about 20%.
Norrie (1964} using simultaneocus movements found that the reaction time for
tasks involving an arm and a leg was slgwer than for tasks 1nvolv1ng two
arms. In comparison to a-cne limb movement, Glencross (1973) deﬁonstr&ted
that the response latencq increased as the number of responding limbs
increased,

Implicit speech: Studies in implicit speech have added a different dimension

to movement-reaction time research. It was found that choice reactlon tlme
fo? pronun01at10n increased with the number of syllables to be pronounced.
The relatlonship has been observed for printed or pictoral representations
of words of matched frequency (Klapp, Anerson & Berrian, 1973), for.tw0
digit numbers and one to three syllable words_(Exikson, Pollack & Montague,
1970; Klapp, 1971, 1974}, The effect was attributed to pProgramming the

I

response and not to perception of the visual stimuius, since the time

L
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reguired for percepﬁ}on was found to be independent of the.syllableléffect

when pronunciation was not required (Klapp, Anderscn & Berrian, 1973).

Possible explanations: Three interpretation3 have been offered by Henry.

and Rogers (1960}, Glencross {1972) and Klapp and Erwin (1976) to account
for the relationships between-vérious moveﬁent variables and response
latency. These explanations.offered some insight ipto reaction time and

how it was affected by movement, but they fell short in spécifying the
cognitive procesées which were involved.

Benry amdRogers (1960): These researchers proposed a 'memory drum' theory

of neuromotor reactiqn.‘ This theo;yrproposed a non-conscious mechanism.that
used stored information (motor memory) to channel existing nervous impulses
from brain waves and general affefent stimuli into the dppropriate neuromotor
coordination éentres, sub-centres and efferent nerves, thus causing the
desired movement. - The neuromotor details of aldiscrete single movement made-
at maximal spéed were ordered by a stored program which wag released by

the stimulus presenteq; buring the period.that thislprogram was being
discharged to the muscles the response was resistant Fo modification. &

new program; even though it ;nvol;ed different or antagonist;c muscles,

could not begin its outflow until the existiné program has been read out,

and refractoriness should be present dufing a considerable part of the
movement at least. For‘siﬁple movements, neurcmotor diécharge time should

last only a few milliseconds and a stimulus would be able to release a second

program within the response latency of the first response (Henry, 1961).

.
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More complex movements, such as ones which occurred over a long distance

and required maximal force, would necessitate a relatively intricate program.

Glencross (1972): Glencrosst(l972), suggested that response complexity

could be considered in terms 6f tﬁe pfocesses of effector discrimination
and effector organization. Effector discrimination referred to the process ‘
of selecting or retrieving.bgrticular response units, In this case, a response
unit was a muséle, or group of muscles, or a pattern of sensation which was

. o
represented in the brain and could be retrieved, or discriminated, and
combined with other, response units to form a response. Effector o;ganization

~

was the sgpatial-temporal patterning of selected response units.
Glencross proposed that the latency of a response would be related

to the complexity of the effector discrimination and effector organizaticn

processés. Specifically latency would ing;ease as a) the number of response

- ’
-

units that have to be selected increases_and b) the temporal sequences of
the movement pattern became more involved and complex. For a-complex response,
a particular coded pattern of nervous discharge had to.activate scme parﬁicular
set of response units. Tﬁe larger the.n;mber of response units that had to

be retrieved and-combiqfd, the longer it would take the coded pattern of
inervation to travgfse the neural pattern. If the movement involved a number
of .changes in direction and perhaps reveisals, different response units Qould
need to be a;tive in a fairly,precise tempora¥ seéuence. As the temporal
pattern increased, the pattern of enervé;ion would have'glso increased in
complexity and would . take longer to process. The significance of this approach
lay in its ébility to relate processing'time to the selection of a particular

-number of response units, and also to the degree &6f temporal organization

"of the units.
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. © Glencross (1972, 1973, 1976) has demonétraﬁ@&\fome supéort for
— i
this theory, The strongest support came from the expériments which
reported relationships between response latency and the complexity of the
timing requirements of the movement. These findings were as follows:
1} Response latency-dncreased aé the number of timed movement segmenfs
increased (Eriksoh, Pollack & Montague, 1970; Klapp, Anderson & Berrian,
1975; Klapp, Wyatt & Q;ndo, 1974; Klapp & Erwin, 1976); 2) Reaction time
was longer for the longer of the two possible required durations (Klapp &
Erwin, 1976; Klapp, Wyatt & Linqo; 1974); 3} Reaétibn time varied in response
to thé timing Yrequirements for components of the movément (Hehry\& Rogers,
1960; Glencross, ;973; Norrie, 1967, 1974)E 4) Movements that requiréd‘
intermediate pauses on targets rééuired longer to initiate than fhose that
did not, '
‘One of the majo; diffic;lties with Glencross'! theory was the
determination and manipulatigﬁ of the rebponse unit, It was questionable

as to the number and degree of involvement of response units in such
\ R .

manipulations as timing, movement direction, extent and resistance.

v

-Klapp and Erwin (1976): Klapp and Erwin prefaced their argument by stating

*»
that a theory of reaction time must be consistent with the findings for

-

simple reaction time. In the choice reaction time paradigm the signal that
marks the beginning of the reaction time interval also tells the subject
which response‘was required. In the simple reaction time paradigm the

response was identified earljier and the signal marking the beginning of the

’ A

- latency interval served only as a 'go' signal, which did ‘not otherwise

convey any information. Therefore, simple reaction time could be independent

-
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of respon?e parameters that influenced choice reaction time provided that
the subjecés were prope}ly motivated (Klapp, Wyatt & Lingo, 1974). This
would imply that the process responsible for the changes in choice reaction
time couid be completed in advance cof the response signal by motivated
subjeéts who have been informed which response wés required.

A reaction time theory must also be consistent w%&? the logical
consideration that the pgocess leading to changes in choice reaction time
oEcurred even thou%h the responses may have been higﬁly over~learned and
already represented in long term memory (i.e, speech}. Therefore, the time
dependent process must not reflect 'invention' of the respohse for the first
time, .
" Klapp and Erwin's model assumed that programming transformed the
long—~term memory representation of the response sequence intoc a form that
was suitable for the generatioﬁ of commands to the mgscles. They alsé
proposed the existence ;f a short-term memoxy or temporary representation
that was capable of generating moteor commands without transformation, To
account for the independence of simple reaction time from parameters that

-

influence choice reaction time, it was assumed that the transformation was

~performed in advance and the new representation stored temporarily until

the response signal appeared. - Ty

Fhe transformation and temporary storage processes could be given
a tentative neurclogical -interpretation, It was assumed that timed commanés_
to the muscles were generated by neural circuits involvipg multiple synapses
and long pathways which provided time delays between the components of the
response, Such circuits involved loops between the cerebral cortexland

cerebellum (Rich, 1965, cited in Klapp & Erwin, 1976]. As the impulse

S
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‘moved along thts pathway, motor commands were issued when certaiﬁrﬁbigts .

became activated, Since such circuits could generate the regpénse cﬁamands,

they could be identified with the transformed temporary mode of storade, '
This mode of storagt would be used for temporary memory becatse such ‘
circuits would not be efficient for the long=term storage_df'many.responsgg \?\
(Klapp & Erwin, 1976},. Long~term memory was proposed to contain:Zoded

'wiring diagrams'! from which the temporary circuits could be geneFated'by

a transformation or programming process that required time. The long

responses yielded increased choice reaction times because extended neural

v

circuits would be required, Only a small increasé in circuit compﬁexity

would be required to provide for the addition of response elements within

a fixed overall duration. .

To summarize, it was demonstrated that various movement parameters
affected the reaction time interval, The parameters also formed an integral
part of the movement itself, Therefore, it was concluded that the manipulation

of the parameters resulted in an alteration of the motor Programming processes

L'

which occurred prior to movement initiation,

Influence of Enforced Motor and Sensory Sets

- One of the offshoots of the memory "drum theory (Henry & Rogers,
1960) was the hypothesis that the neuromotor mechanism was nonconscious.
Henry (1960} reasoned that any attempt to consciouslx control the movement
would interfere with the nonconscious operating functi;ns of the memory
mechanism., As a result there would be increased reaction and movement times,

In operational terms, enforced sét referred to instructing the

subject to use only one set when performing the task regardless of personal
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preference, Enforced motor set required the s t to concentrate solely

on the movement required in the task, Enforded sensory set required that

the subject concentrate on the stimuli that {were to be presented. Furthermore,

data was recorded only for those t?ials oq which the subjects indicated

"that their attention conformed to the set enforced. It was found that

enforced motor set resuléed in longer reaction times and either slowed the

movement (Henry, 1960) or had no effect on movement time {Christina, 19731;
The effect of instructions to respond quickly to a particﬁlar

colour in a three-qolour recognition task was ;tudied in an attempt to

determihe whether the instructions operated to produce faster perception

or faster response processing, While Henry (1960) and Christina (1973}

used a si&ple reaétion'time paradigm, LaBerge, Tweedy aﬁd Ricker (1967)

used a choice reaction time task. In their study, subjects respopded with

one hand to a green stimulus, and with the other hand to either red or

"plpe stimuli. 'Their results sthed large and.consistent latency differences

between emphasgzed and non-emphasized colours assigned to the same response,

Since differential response bias was controlled in the design, the authors

concluded that the instructed selectivity operated at the perceptual level,

Wriseberg and Pushkin (1976] extended the previous findings by
examining §ésponse complexity in relation to enforced set., Their procedure
inv?igpa’lhree medifications of the response-in a simple reaction time task,

IF/;he first phase, the response involved the raising of the index fingex/

k -’
{

as quickly as possible. The second task involved a horizontal right to
left arm sweep from a micro-~switch to knock down a barrier, In the third

phase the subjéct was required to make spatial and temporal shifts;
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séquentially tapping three intermediate padded targets enroute to the
barrier. Contrary to Henry (1960) and Christina (1973;, Wriseberg et al
'(1983) suggested that motor set interacted with movement complexity.

With simple movements, enforced motor set produced shorter reaction times
while with complex movements it produced lonéer reaction times.

In summary, these studies support the assertion that there are
at least two forms of selective attention, one corresponding to stimulus
selection and the second to response selection.

The Hick-~Hyman Relationship ~

-~

Hick (1952) and Hyﬁan (lQSS}\demonstrated that reaction time was
a monotonically increasing function of the amount of information in the |
étimulus series, The regression of reaction time upon the amount of
information was the same whether the amount of information per stimulus was
varied by altering the number of equally probable alternatives, altering
the reiative frequency of occurrence of particular alternatives or altering
the seguential dependencies among occurrénces of successive stimuli
(Hyman, 1953], It was assumed that the responses of the subject were
completely determined by the stimulus serieé, and the occurrence of
successive stimuli did not alter the subject's knowledge df the statistical
properties of the stimulus series as a whole. . The function that best fitted
this relationship had the general form of: |

RT & a ¢ blogn ° . (Hyman, 1953}

-

where n was equal to the number of equalfy probable alternatives used in

the choice reaction time task.
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The relationship has since been expressed as the information
hypothesis, This hypothesis stated that all other things being equal
{such as stimuls-response compatibility, training, discriminability and
error rate}, equal information conditions must produce equal overall mean
reaction times, A weaker version of the hypothesis would have been that
equal increments in information must produce equal increments in reaction
time,

The linear function has been replicated under\many different
conditions (Archer, 1954; Gregg, 1954; gg;in? Férrin & A;cher, 196); Alluisi,
Strain & Thﬁrmond, 1964;—Kri5651£7{1569). Of more interest to the present
study were instances wheré this relationship failed to appear. Mowbray and
Rhoades (1959) demonstrated that.with sufficient practice (a total of
15,000 trials) there was no %i;ﬁE{;nce in mean reaction times to a two
or a four choice reaction time task. '

Leonard (1959} used a highly compatible stimulus-~response task &n )
which vibrations of relay_armatures were presented to 1; 2, 4, or 8 fingers
seBarately and the response was to debreés the afmature of the finger
stimulated. The results showed a difference between simple reaction time
and two-choice times, but no measurable dif{é;ence in megn reaction times
for the index finger were obtained between 2,‘4, ér 8 alternatives.

Seibel (1959) also employed a highly compatible task where each
finger of the right hénd was paired with a stimulus light. In response to
the onset of one or more lights, the subject depressed the correséonding
key(s). Stimulus sequences consisted of variously defined subsets of the

31 possible patterns and each subset varied in the number of patterns and

in the particular patterns included, Reaction time was found to be highly
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related to the particular pattern involved and independent of the number
of pafterns in the subset,

Several studies have described an absence of the Hick~Hyman
relationship with responses that have a high degree of learning. Davis,
Moray and Treisman (1961) described a series of exéeriments”in which audio-

verbal reaction times were reqorded. Subjects responded by repeating what
they heara, whether it was a digit or a letger. It was shown that the size
of the group from which the siénal was drawn had little effect on the reaction
time to that signal, .
Brainard, Irby, Fitts and Alluisi (1962} compared various stimuli
{(numerals and lights) and responses (vocalizati&ns and finger movements)
under differeht information conditlons., Reaction time was found to be an.
|
increasing function of the average amount of information transmitted per
stimulus~response event for three of the'four stimulus—response_pairings
employed. Response latencies ;btained from vocal responses to arabié,nume&als
were affected only slightly by the number of alternatives in the rangé from
2 to 8. The lack of'a Hick-Hyman effect further substantiated by the:iack
of a reduction in reaction time, resulting from a decrease in the number of
alternatives for English language alphabets (Fitts & Switzer, 1962).
Morin and Forrin (1961) suggested” that the-linear relation between
stimulus information and reaction time cbserved by Hyman {1953) could
have been attributed to the confounding of stimulus, response and transmitted
information. The amount of information per stimul;s in a stimulus series was

a function of the probability distribution of the possible stimulus events.

Response information was also determined fram the observed distribution of
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responses, Transmitted information, on the other hand, depended upon the
bivariate distribution of .stimulus and response elements and reflected the
association or lack of independence between stimuli and responses.

It was proposed that reaction time was a linear function of
stimulus information; expressed in bits, for the speclal case in which
response and transmitted information were each equal to stimulus information.
Bricker (1955) had previously suggested that the amount of information an
organism must process or transmit was the crucial determinant of reaction
time. He contended that stimulus uncertainty, as such, was not crucial and
suggested its relation to reaction time as a éonsequence of iFs confounding
with transmitted information. Some support for Bricker's contentibn was
provided by Morin and Forrin {196l). This study demonstratéd that the
presence of irrelevant stimulus information; which increased the perceptual
demands placed upon the subject but did not alter the information measures,
did not significantly influence the rate of information pgocessing.

Morin and Forrin (1963) designed an experiment to assess the relative
contributions of .transmitted and response.information. The choice reaction
time éask involved a l-to-many mapping of stimuli onto responses. In the
" conditions Qith more than one response per stimulus, subjects were instructed
to select randomly from available correct response alternatives. It was
hoped that this procedure would affect a partial unconfounding of fesponse
and transmitted informatioq. ﬁifferences in reaction time were found to
be more clearly associated with differences in response uncertaiﬁty than with
differences in the amount of information transmitted.

Kornblum (1968) has presented the argument that for a fixed
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number of signgls, the sequence of signals on which evidence for the
information hypothesis was based were constructed in such a way that
stimulus information increased simultaneously with the probability of
non-repetitions (Pnrj. Therefore, the observed increase in reaction time
could have beenﬁgttributed to an increase in Pnr and not simply an increase
in information.' This was ©f special interest since it has been shoyn that

response latencies for repetitions were. considerably faster than for non~
repetitions (Bertelson, 1961, 1963, 1965), The mean overall reaction time
distribution was simply the sum of the means of the reacLion time for

'
repetitions and non-repetitions, each weighted by its own probability of
occurrence. Therefore, an increase in Pnr had the effect of iﬁcreasing the
proportion of slower responses in the overall reaction time distribution
whiéh in turn increased the mean of the over;ll distribution. Kornblum
has supported this axquent with a seriesg of experiments (Kornblum, 1968,
1969, 1975) which have demonstrated that the function relating rgaction
time to the number. of stimulus alternatives for repetitions did not follow
the Hick-Hyman relat}énshiP; Whereas-the reaction time function for non-
repetitions did. Thus, it was concluded that the effect on reaction time
éf increasing the number of élternatives was primariiy a functipn of non-
repetitions,

It should be mentioned that the information hypothesis specifies
equivalent: conditions only under conditions in which the éubject has
processed a;l the information available prior to the occurrence of each
new stimulus, Hyman and Umiltﬁ‘(1969) have asked if the conditlons were
optimal for such anticipatory processing on thé part of the subject in

4 - .
Kornblum's 1968 study. They have suggesfed that since the subjects had to

-
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deal with all eight conditions, they might have experienced possible

jiﬁferference. The extremely short interntrial'interval of 140 ms5ec was
;150 suspected not to give the subject adeggate time to pfepare for the
next trial, Hyman and Umiltd (1969} used only three easily discriminable
conditions and kept the inter~trial iﬁterval ¥Yelatively long. Their'results
supported the information hypothesis. '

In summary it would appear that the probabi}ity of occurrence
of stimuli or responses Qas cruéial in determining the reaction time,
This probability effect would later become an important building block in
the various reaction time models,

Stimulus-Response Compatibility -

Fitts and Seeger (1953) statéd £hat a task involved compatible
stimulus—respbnse relations to the extent that the ensemble of stimulus
and response combinations comprising the task resulted in a high rate of
information transfer. The degree of compatibility was maximum when recoding
processes or traqﬁfonmations of the input information were at a minimum.
Thus, Fitts and Seeger (1953) proposed that man's performance of a perceptual-
motor task should be most efficient when the task necessitates a minimum
amount of information transforﬁation {encoding and/or decoding) or when the
information genérated by ﬁﬁccessive stimulus events was appropriate-to the

.

set of responses that must be made in the task (l.e. the set of responses
was appropriately matched teo the stimulus source). Thus, it would seem

that the rate at which the perceptual-motor system could process information

was a function, not so much of the characteristics of a particular set of
f
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stimuli or a.particular set of responses, but rather of the degree to
wﬂich the sets of stﬁnul;iand respénses fafm a congruent match.

Fitts and Deininger (1954} tested the hypothesis that one of the
conditions of maximum stimulus;response compatibility was that the pairings
of stimuius.and response elements agree with a strong population stereotype.
In this experiment stimulus~response compatibility was a function of the
spatial relationship between the stimulus and the\reéponse. They found
that the greater the spatial correspondence of stimulus and response seﬁs,
the more detrimental the effect of noncongruent stimuluséresponse pairings
on choice reaction time.

Simon and Rudell (1967} used a series of experiments to demonstrate
the existence of a strong population stereotype which affected the processing
of verkbal commands:\rln a chbice reactioﬁ time tgsk, the subject pressed
the riéht— or left~hand key in response to the words 'right' or 'left!
which were presented fo the Fight or left ear. It was found that reaction
time was éignificantl faster when the content of the command corresponded
to the ear stimulated %ﬂan when it'did not. Therefore, information processing
was affected by a cue irrelevant to the task itself; the ear in which the
command was heard. Removing the‘subjgct‘s uncer£ainty‘regarding the ear to
be'stimulated resulted in signifiéantly faster reaction times and reduced
but did not eliminate the effect of the irrelevant directional cue.

Simon (1968) replicated these findings usiné a uni-manual choice
reaction Eime\Fask in which the subject moved a control handle to the right
™
or left from thé midline of the body. Both reaction time and ﬁovement time

were found to be faster when the content of the cammand corresponded to the

ear stimulated than when it did not, The response interference {(or facilitation)
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was apparently unrelated to sensoxry motor connections or hemispheric
dominance since there was no interfgtion between the ear stimulated and
handedness (Simen & Rudell,‘1967). There was also no ﬁ%teraction between
the ear gtimulated and the respondi;g member on either unimanual or bimanual
tasks. ‘

Simon (1962} employed the same apparatus but had subjects résponding
to the right or left depending on the ear in which they heard a 1,000 cps
tone. Reactions toward thé stimulus source were significantly faster than
reactions away. Based upon this and their previpus work, Simon concluded
that the results showed a 'natural' tendency to respond toward the soufce of
stimulation. When the source of stimulation co;responded with the response,

a situation of high-sti ulus-responsé‘cdmpatibility was crea?ed. The result
was faster reaction times.

Anothef area of stimulus-response compatibility dealt with the
spatial relationship between the stimulus and the response, Rabbitt (1967} \

with a simple herizontal stimulus light display, found that signal

discriminability and stimulus-response compatibility interacted in their

#

effects on choice reaction time, Evidently, the lamps nearer the centre of

the display were more difficult to locate than were lamps at the extreme ends,

and the effects of signal discriminability (the lamps spatial order) interacted

with stimulus—responée co&patibility. |
These findings Qere substantiated by John (1969} who used a ten

choice horizontal display in a reaction time £aék. The results supported

an dinverted U-~shaped relationship betwéen reaction time and the position of

the individual stimuli and responses within their respebtive arrays. Thus

the discriminability of the individual stimuli of a unidimensional stimulus

\
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array was.g function of their posifion within the stimulus array and that

in 9eneral, the stimuli nearest the centre of the stimulus array were the

least discriminable as compared to the stimuli at either end. John {1969}

proposed tHat performance in such tasks was mediated by an internalized

representation of the whole stimulus array. Thus, it would appear that

stimuli near'thé'endsibf the array.were easier to differentiate, or in

other words required less intermediary processing between the stimulus and’

the response. lThis would not be true of the stimuli in the centre of the

ar?ay, and hencé?their longe; reacFion'timeg. Therefore, this éxample of

stimulis discriminability could aiso be 1interpreted in terms of stimulus~ .
‘ ; ~__ .

response compatibility,

There.have been many ﬁpplicationsoof the stimﬁluSHQesponsg
compatibility effect, but only two will be considered at preseﬁt. Alluisi,
Strain and Thurmond (1964) examined stimulus-response compatibility and
the réte:of gain of information. Their subjects responded vocally at three -
levels of 'stimulus uncertainty, to visually presented arahic numerals,

Resppnses were paired with the stimuli in three ways to create ensembles

of high, iptermediate and low compatibility. Response latency was found

to.be an increasing linear function of the amount of information tra;qpitted.

fhe degree to which reaction time’was influenced by transmitted information

was found to be an invergg function of the degr;e of sti?uluSHresponse

compatibility, -Thus, the lower the sﬁimuluSnresponse compatibility, the 3

"’L" .
greater the effect of transmitted .information on reaction time, This stands

u

to reason if low compatibility was equated to a greater degree of information

transformation occurring between stimulus and response, Thus, information

-4
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processing of several alternatives would be further.complicated and resgit
in longer response latenciesa

" . In summary, the impgrtance of the amount of ﬁrocessing reguired by
each stimulus-response unit was AEmonstrated. ‘As the number of transformatioﬁs
of information increased, thé reaction time was lengthened, The concept of
transformaéion ;f information from one form to another was an integral part

of the various processes which occurred during the reaction time interval,

The Repetition Effect

Bertelson (196%} used a self-paced two choice éerial responding
task which invelved two neon lamps aé'signals and two response keys iﬁ
simple spatial correspondence with the signals. The purpose of the experiment
was to compare the effects of varying amounts of sequenéial redundancy on

reaction time. His finding, which has since been called the repetition

effect, demonstrated that reaction times to repeated signals:'were faster

than when the preceding signal was different. e

In the original experiment the degree of stimulus~response

.

compatibility was high. Bertelson (1963) compared three levels of

Lot

compatibility with responses to new and repeated signals., Both types of
reaction times increased witﬂ‘decreasing stimulubnfesponse compagfbility

but the effect was larger on the réaction times to new signals. ' This result
was further substantiated by Schvaneveldt and Chase (1969) who found with
less compatible stimulus-response qodes, repetitions facilitated reaction

time in both two and four choice tasks only after two repetitions. With a

highly incompatible four choice task, one repetition was sufficient to
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facilitate reaction time maximally. It would appear that the repetition

effect was greater for less compatible stimulus-response arrangements.
VIn cantrast to the above studies,.experiménts which Qave‘used a

discrete two choice reaction time paradigm have typitally found négat%ve

¢ ! -
recency, that is responses to repeated signals were slower than to new

. ! . 1
signals, Williams (1966] found that the responses to a changed signal were
about 35 msec faster than to repeated signals. A similar small negative
recency effect was also reported by Hyman (1953]).
- .
The existence of the repetition effect has been demonstrated by

many studies and has generated a great deal of research in regard to the

basis of the phencmenon.- Bertelson (1963) suggested that either a) different

* mechanisms were involved in reactions to repeated signals and in reactions

- N .
to qnew signals, or b} the same mechanisms were involwved - -but worked faster in
) % 3

the case of repetitions, due to some sort of facilitative after-effect.
PR : .

©
The addition of the stimulus-response compatibility studies suggested that

. ' . * N .
the reackions to new signals involved processes whose durations depended in

some way on the stimulus-response relationship. The reactions to repeated
éignals, however, could bé organized vi; a shorter process with the duration
independent of the stimulus-response relationship.

The typical stimulus-response paradigm used for demcnstrating
the existence of the repetition effect involved a l~to-l mapping of stimulus
onto response. Thus, during the repeated trial, both the stimulus and its

accompanying response were repeatéd. If it was assumed that there were

separate processes related to stimulus processing and response processing,

_then the repetition effect could have been the result of either repetition

2
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of the stimulus, the response or both. Consequently a large number of
studies have examined independently the manipulation of stimulus and

.

response probabilf%ies Oor occurrence, :
| A specific experimental design wés_employed to study theleffects

of different stimulus and response frequencies upon reaction time. The

desién involved the use of three stimuli and two responses, One response had;

two stimuii associhted_with it while the second response had only one stimulus.

The frequency of.the various stimuli could ke studigd independently of' the

response frequeéncy. “qﬁ\)

Laberge ‘and Tweedf (1964} analyzed a two response colour identification
task. -The subjects Fespéndeﬂ with one hand to a green light and witﬂ the other
hand to either a‘red or a blué';ight. When the red and blue presentation
ratio were shifted from 1:5 to 5:1 the response latencies to these colours
shifted in such a way thét the more frequent stimuli always yielded the faster

o

latency.

Bertelson (1965) compared the response latencies.of repetitions
.Of different stimulus-response codes (different stimulus and response),
identical stimulus~response codes (same signal and same ré;ponse) and
equivalenf stimuius-response codes (different signal and same response).
He demonstrated that thg reaction times for 'different' trials were greater
than for equivaleht.and:identical trialsa The response latency for idéntical
trials was only slightly but consistently shorter than equivalent 'trials;
showing a reliable response repetition effect (Bertelson, 1965; Rabbitt, 1968),

Berfelson and Tisseyre (1966) modified the above procedﬁre t=To)

that stimuli of equal frequency were associated with responses of unequal



frequency. In thls study four stimuli and two responses were used. The

results demcnstrated that the relative frequency of the response did not

affect reaction time. The critical variable appeared to be the relative

frequency of the stimulus.- This fostered the suggestion that the reduction

of the response latenqy was due to the preparation of the early stages‘of

the information processing mechanisms, those concerned with the identification

of the stimulus. Smith (1968) used the same procedure and was able to replicate

their results.

Laﬁerge, Legranduandﬂﬂgbbie (1969) réplicated the original LaBerge

‘andTweedy (1964} study but analyzed the results in a different manner: The

purpose of the study was to explore the possibil%ty that both perceptual and

résponse biasing may have operated in this task., Biasing was produced

principally by increasing the relative frequency of one stimulus ;r response

while keeping the frequencies of the other stimuli or response constant.

Perceptua; bias was measured by subtracting the response ;gtency to the‘mgre

frequent stimulus of one hand from the latency to the less frequent stimulus

of that same hand. Response bias was measured by subtracting the response

latency of the iess frequent -stimulus of the one hand from the latency of

the sole -stimulus on the other hand. Differences in the mean response

latencies suggested the existenge of both perceptual (stimulus) and response

4 - _
effects. Further support was offered by Bederman and Zachary (1970) who used

the same method of analysis.
A study by Hawkins, Thamas and Drury (1970) replicated the

essential features of the LaBerge, Lagrand and Hobbie (1969) study with

the exception that a discrete reaction time paradigm was used. The results
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indicated that the reaction time effects attributed by LaBerge to bias in

the respoﬁse selection phase of information processing may havé'been unigue

to the serial reaction time situation. Along with Bertelson and Tisseyre (1966)
and Hawkins and Hosking (1969}, stimulus rather than response probability was

the major factor producing relative frequéﬁcy effects in discrete choice

reaction time tasks.

Y
In summary, the repetition of the stimulus seemed to account for

LN
more of the repetition effect than repetitig /Sfﬁ%he response, 'The frequency
b B
of response repetition could not be complete%}ndiscounted since in certain
»

\

cases such as serial versus discrete tasks, i;;éppeared to be a large
contributor. Overall, it seemed that the reéé%ﬁfion effect was a stimulus
effect and hence could be localized to oné of the stimulus stages of
processing. One possible éxplanation was derived from the trace decay théory.
This hypothesis held that when a stimulus occurred, the subject first | -
compared it‘to the still present but deéaying sensory trace of the préceding
stimulus. If the present stimulus was identical to the preceding one, and

the preceding one's trace had not undergone extensive decay, then a match

would occur between the trace and the stimulus. Thereforeﬁzthe subjects
- . .
would not have to engage in a relatively long-duration comparison process

to categorize the repeated étimulps, whereas they would when categorizing a
non-repeated stimulu; whose matching sensory trace would be u;availabléf
This argument would lead to the prediction that the repetition effect would
decrease in magnitude_as the time interval between the preceding response
and the repeated stimulus (inter-trial interval) was increased,

A series of studies have investigated the repetition effect with
inter-trial intervals rahging from 50 msec to 10 seconds. Bertelson (196i)

o
4



39

originated the work with the finding that the repetition effecf was reduced
when an inter~trial interval of 500 msec was-used. Bertelson and Renkin
(1966) extended the inter-trial interval to 1000 msec and reported similar
results, Since then, several authors have replicated and substantiated the
original finding that the repetition effect decreases with the passage of
time (Hale, 1967; Smith, 1968; Umiltd, Snyder & Snyder, 1872; Smith, Chase
& Smith, i973).

If the repetition effect was due to the activa?ion of a short~term
trace similar to that postulated to underlie sﬁortaterm verbal memory,
then as the interval between Presentations was increased there would be an
increased fading of the memory traee or perhaps increased interference by
other_traées. As a result there was a greater likelihood that the subject
would initiate a search process to select the correct response. Consequently
with longer inter-trial intervals the difference between reaction time to
repeated and non~repeated events should decline, Sincg there was a greater
necessity of going through a search on each trial, one would have expected
mean reaction time to increase as inter-trial interval was increased.

Smith, Chase and Smith (1973) studied repetition effects as a
function of the inter=~trial interval in a four stimulus/two response reaction
time task. Repetition effects were varied by repeating {on adjacent and
non—adjqcent trials): a) both the stimulus and the response, b) only the
response, or ¢} neither, The response.repetition effect was estimated by
the reaction time difference between c¢) and b) while the. stimulus repetition
effect was given by the difference between a) and b}. An analysis that
considered repetition effects only across adjacent.trials performed by

Bertelso%;(lQGSI showed the occurrence of stimulus and response effects,
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both of which declined with inter-trial interval (Eichelman, 1970). Although
this was consistent with the hypothesis that repetition effects Qere mediated
by a rapidly decaying trace, a further analysig that considered repetitions
over both adjacent and non-adjacent trials revealed primarily stimulus
{rather than response) repetition effects; some of which did not consistently
decrease with inter~trial interval. Smith, Chase and Smiith argued 'that the
results of this more extensive analysis were consistent with the hypothesis
that repetition effects reflected a self«terminating memory search rather than
a trace decay phenomenon. The memory search hypothésis assumed that the
categorization of aﬁy stimulus invoived a sequential search oflshorthterm
memory, where the order in which the memorial alternatives were compared to
the stimulus was probabilistically determined by how recently these
alternatives had occurred (Theios, Smith, Haviland & Traupman, 1953). This
hypothesis clearly accaﬁnted for the adjacent stimulus repetition effect
since the last alternative presented was freguently among the first ones
searched. As the inter-trial interval lengtheﬁed, therg was an increasing
probability that some task-irrelevant stimulus {produced either externally
or bj the subject) would enter short-term memory. This would lower all of
the memorial repfesentations in the search order and conseguently reduce
stimulus repetition effects. " - §9

An alternative explanation proposed to account for the {epetition
effect was the anticipation hypothesis. The subject attempted to anticipate
what the next stimulus would be and retrieve from memory the associéted
response, Then 1f the 'guessed! stimulus did occur, the subject needed only

-

to initiate the response already retrieved which would result in some saving
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of time. 1If, as Bertelson (1963) suggested, subjects tend to check for a
repeated stimulus, then the saving in time would occur more often to
repeated stimuli. Keele (1969} suggested that when subjects anticipate the
stimuli they also retrieve or partially retrieve the correﬁponding response
hence more time is saved.

Schvaneveldt and Chase (1969) have also suggested that the (
advantage of repetition was the result of anticipation strategies, They
found that reaction time was not determined so much by the preceding stimulus
eccurrence as by the Preceding sequenc; of stimuli., This proposal wés
substantiated by Remington (1969) who demonstraéed the existence of the
repetition effect in fifth-order sequences, |

In order to study the anticipation bypothesis, the standard
repetition effect experimental paradigm was modified to include a verbal
prediction of the next stimulus. Thé use of vefbal reports -in a choice
reaction time to stuﬁy the expectancy hypothesis has shown significant decreases
in response latency to correctly produced stimuli (Bernstein & Reese,'1965,

A

1967}. Hinrichs and Krainz (1970) employed this manipulation in the original

three stimuli/two fesponse paradigm. Mean reaction times were significantly

faster only when the stimuli were correctly p;edicted; Reaction times to

an incorrectly predicted stiﬁﬁlus, with the sanme response és the correctly
predicted stimulus, did not differ from the reaction times to a stimulusg
with a different response. The results indicated that the expectancy effect
observed - that correct Predictions were associated with faster reaction
times than incorrect predictions - could be attributed to the correct

anticipation of the stimulus rather than to the preparation to execute the



42

correct response. Thus, reaction time to a stimulus was not improved by

the correct anticipation of the response to be executed unless the correct
stimulgs was also anticipated. This agrees with previous findings that '
stimulus repetition may be the prominent factor in the repetition effect.

A .Though the expectancy or anticipation hypothesis has been supported
by other resgarchers (Williams, 1966; Hale, 1967; Keele, 1969} Schvaneveldt

é Chase, 1969) it was questionable what this interpretation offered. I &\“///
terms of information p;ocessing it was possible that the anticipation of

a stimulus might be related to it having a greater probability of occurrence,
and thus, how it would be stored in a probabilistic oriented storage.' If
this was theleése need we talk aboyt 'anticipation'! per se?‘

The f}nal area of;the repetition e%fect was devoled to a series of
unique studies conducted by Rabbitt. Considered as a related group of
experiments, it outlined several fascinating possibilities of the repetition
effect which have beén relatively ignored by other researchers.

Rabbitt (1965) reported that responses following responses made

.

with the same hand were significantly fagter than reéponses following

reséonses made with the opposite hand. As the probability of alternations

between hands was greater than the‘probability of repetitions of the same

hand, this effect cannot be due to expectations based on the learning of

the transition structure of the signal sequence éresented. Thus, this data

showed that a response repesétion effect may be ébtained when neither a

particular response nor a particular sequence of muscle movements wgs repeated,
r

A sufficient common *feature appeared to be the selection of the limb with

which the response was made. Bertelson's (1963} results implied, thougﬂ:\

~

that this effect could not be related to transient improvements in muscular

/
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tone in a limb which was recently used. Thus, the effect in this case must
depend upon the repetition of only part of a series of decisions in tﬁe
central nervous system, which may collectively be called the 'program', for
the gelection and organizgtion of a response. Further study (Rabbitt, 1966, 1969)
allowed Rabbitt to suggest that the repetition effect, in part, depended
upon the learning of a rule associating signals to responses. When this rule
was unfamiliar or was made more difficult, learning was slower.

Consequently Rabsitt has proposed three different stages at thch
the repetition effect may occur: a) repetition of a stimulus (perceptual
processing), b) repetition of a response (motor programming and response
execution}, ¢) repetitioh of a rule relating members of a common signal set
to the same respbnse. .

Rabbitt (1965, 1967) demonstrated that some repetition effects did
not debend upon repetitions of identical signals or responses. It seemed that
they occurred because some transitions between motor acts were easier than
others. Thus, the sequential effects appeared to be mediated by the repetition
or partial repetition of the motor programming sequence intervening Between
the encoding of the signal.and the a&ggxfion ;f a motor response to it. Thus,
the suggestion of a rule repetition effect.

Rabbitt .and vyas (1973) concluded that neither the complexity and -~

the consequent duration of processes of signal iden£ification and classification,
‘nor the céﬁplexity and dﬁration of processes of response selection and
execution were independent of learned coding rules intervening between these
processes. The application of these rules was facilitated by repetition and

their nature was possibly changed by practice,
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. Rabbitt, Fearnley and Byas (1975) and Rabbitt, Chancy and Vyas (1977}
have'sqggested that the’ stimulus-response connection systems and response
programs were not independent. Thus, it would be possible thaé the level of
activation in one system would affect the level of activation in the other
system. Faciiitation of one stimulus-~response coﬁnection system, might involve
soﬁe correspénding 'facilitation' or 'inhibition'cﬁ;other;.

A feasible comparison seemed to occur with tasks in which subjects
must on some trials refrain from making any response at all while on other
trials they respond to other signals presenteq to them (Rabbitt et al, 1977).

It was possible that the subjects experienced inhibition when they had to make

a résponse to a signal which followed anothgr signal to which they had to

withhold any response aé all. Thus any proposed model must account for 5uah
inhibitiﬂé effects and accordingly must postulate interactions between. stimulus-

response coﬁnection systems.

To summarize, the repetition of a stimulﬁs, a response or the
relationship between the stimulus and response resulted in'decreased reaction
times. The existence of the repetition effect implied that ther® were at
least three areas in the reaction time processes where the efficiency could
be'increased £hrough_repetition: 1) stimulus encoding and identification,

(2) motor programming, and 3) response selection (based on the stimulus-response

relationship).

Models of Reaction Tine

N

The preceding sections of the review of literature have dealt witﬁ

different concentrations of reaction time research. On this foundatiaon,

several models have been proposed in order to specify the nature of the
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processes which occurred during the reaction time interval. Though a -
variety of theoretical po§itions have been proposed, (Smith, 1968), onl&
ﬁﬁo recent models were considered. Sternberg (1969) a:d Theios (1975}
each proposed a series of successive processes which occurred between
,stimulus presentation and response initiation. Both models concentrated
on the method of search used in the response selection processes as the
central hypothesis for their models. Sternberg (1969) proposed a'serialn
exhaustive search whereas Theios (1975) hypothesized the presence of a
self~terminating search. The remaipder of their ﬁodels described similar

pProcesses, but Sternberg's model was viewed as a preliminary step towards

the more extensive model of Theios.

«  Sternberg's Model

Sternberg (1966,'1967) modified tﬂe tradition;l choice reaction
time paradigm to form a new character-classification task. 1In this
experiment the subject memorized a small set of characters called the
poéitive set. On each of a sequence of trialsla charactef was presented
as the test stimulus. The subject made a positive response if the character
was a member of the positive set and a negative response 6therwise. The
size of the positive set was the critical independent variable while
reaction time, the‘depgndent variable,

Sternberg's iﬁitial findings demonstrated that reaction tafie
incréased-linearly with the size of the positive se%_{sternberg, 1966).
The linearity and the slope Af the function implied £he existence of an

internal serial-comparison process, whose average .rate was between 25 and

30 symbols per seéond.
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,5 Sternberg (1967a) modified the above ‘procedure by requiring the
subject/// name the item that followed a test item in‘'a short memorized
list (positive set), Thus, the test item had to be locaté@ in the list
since its context was to furnish tﬁe required response (the name’ of the
item that followed the test item). The results indicated that the ééan
reaction time increased linearly with the size of the positive set. The‘
iinearity_and the slope of the function relating mean reaction time to the
size of the positive set and the effect of the test item's serial position
implied that Fhe test item was located in the memorized li§t by an internal
self-terminating gcanning process whose average rate éés 4 items per second.
Sternberg 11967b) repeated his character classification experiment but.
used test stimuli thaf were either in tact or degradéd by'a'superimposed
pattern. The results indicated thquAegradation of the stipulus influenced
mean ré;ction;time and the slope fﬁéhe'function and its intgrcept.

The results of the above experiments on character classification.

support, according to Sternberg (156751, a theory of high~speed'scanning
in meﬁory. Accordlng to thls theory, the time between stimulus and response
was occup;ed, in part, by two processes relatéd to the recognltion'or . .
classification oﬁ‘a character, The first encoded th; visual stimulus as
an abstracted rep;esentation of its physical'propeftie$. Tﬁg;second, which
may occur more than once, compared such a stimulus representation to a
memory represéntationr producing either a match o? a mismatch. °This brocess
was hypothesized to be an exHaﬁ;tive serialvcoméarison process. A repfesenta—
tion of the test ;timulus was compared successivelf to a sequence of memor&

representations, one for each member of the positive set. Each successive

comparison had the same duration and resulted in either a match or mismatch,

Y

/—--.____/

. .

\
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After completion-of the search, a positive response was initiated if
there was a ﬁatch and a negative respdnse if a mismatch occurred.

) Sternperg‘(1967b1 listed several findings wﬁich support the
exhaustive scanning theory. The mean lateneies of both positive and
negative responses increased linearly with the number of characters in the
memorized set. This fin&ing was suppbrted for séts of up to six characters
with ensembles of digits or letters, The mean iherease in latency per
character was approxima£ely the same for positive as for negative responses,
This équality.suggested that the search w;s exhaustive rather than being
terminated Qhen a match occurred, The magnitude of the laten?y increase
indicated an average rate between'25 and 30 characters éer second. Lastly,
although the size of the positive set -affected reaction time the size of |
the full ensemble did not,

. Mean reaction time (RT) plotted as a fqnction of tﬂe size of the
positive set (s) cou}d be exemplified by the following equation:
"RT = &4 fs ) -
The glope ﬁ represented the mean time-taken by the comparison of the
stimulus representation to the memory representation of oﬁe character

[

{(operation 2), The intercept o measured the mean time taken by events

before and/or after the series of comparisons (operation 1), Operation 1

!
occurred only once while operation 2 may have occurred several times, once

{.
for' each character in the positive set,
The results of the Sternberg (1967b] study showed that degradation
affected operation 2 as well as operation 1, Visual degradation could

influence ' the comparison operation only if there were residual degradation

in the stimulus representation. Therefore, it would follow that the memorial
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representgtion used in operation 2 consisted of the physical Qroperties
of the stimulus rther than its identity or name. Thué, idegtifidaﬁion
need not occur prior to classification.

As a result of the experiment examining the location of the item
in the posdtivé set list (Sternberg, 1967b), a preliminary model was
suggested (Sée:nberg, 196;a). In the retrieval o% contexual information
{(i.e. information regarding location}, the test item must first be located .
in the memorized list, Sternberg suggested that this was achieved by a )
self-terminating process of scanning. The test item was compared
successively to the items in memory until a matcﬁ occurred. When the next
item was to be named, the search was shifted from the test item to the
adjacent responée item. The mean time from the beginning of one comparison
te the beginning of the next, and the mean time to shift were affected by
neither list length nor serial position.

To account for why locating an item in a list took so much
longer than to determine-its preéencé,_sternberg proposed the following
model. Suppqse a retrieval system in which a) the occuérence of a match, .
but notithe location of the item that-produced it, was entered in a register
if and when it took place, b) a separéte operation of checking the register
was required for detecting whether a match occurred, and ¢} the checking
operation was sloy and could not occur concurrently with the comparison
operation. In such a system, self-terminating search would entail a long

interruption after each comparison to check the register. When the réquired

[}
response depended only on the presence or absence of an item, sufficient
information could be obtained by checking the register just once, after

performing.comparisons throughout the entire list. Although this would
. ' -~
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increase the mean number of comparisons on trials requiring positive
.

responses, nonetheless, it could yield shorte£ reaction times than ther
self-terminating search.

Sternberg (1969) proposed a new method for using ‘réaction time
measurements to study stages of information prdcessiné. The @ethod was
called the additive factor method and Sternberg used it to lead to a four
stage model. Donder (cited in Sternberg, 1969) initially suggested that
the existence of successive functional stages between the stimulus and
response whose durations were additive components of the total reaction
time, -With this as an initiai assumption, Sternberg suggested that additivity
épuld be tested for by evaluating the linearity of the function relating
'reaétion time to the number .of elements scanned. The slope of the function
represented the mean time to scan one item and its zevaintercept representeq
the combined durations of all events other than secanning.

Sternberg proposed that when factors influence no stages in
common, their effects on the mean reaction time would be‘independent and
additive because the stage durations were additive, Thus, the effect gf
cne factor would nﬁt depend on the ievels of the other factors. A factor
was ah experimentally manipulated variable or a sdt of two or more related
treatment levels. The effect of the factér was reflected in the change in
the response measure induced by a change in the level of that factor. When
twp factors influenced the same stage, there was no reason to expect their
" effects to add, The most likely relation would ﬁe some sort of ihteraction.

With the additive factor method the search was fér pairs of factors
that ﬂad additive non-zero effects, Whenever two such-additive factors.

were discovered, it was reasonable to hypothesize that there existed a
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corresponding pair of stages between stimulus and response. Conversely,

if a palr of additive factors tﬁat corresponded to a pair of hypothesized
stages interacted, this may be”taken as evidence against'the hypothesis.

A stage in information processing was conceptualized as a series
of successive processes that operated on an input to produce an output and
contributed an additive component to reactioﬁ tim;. The concept of additivity
entailed a property of independence for mean stage durations. The mean
duration of a étége depended only on its input and the levels of factors
that influence it and notldirectly on the mean durations of other stages,
As well as the édditivity among the factors, the patterns of interaction
also yielded information. The subsets of interacting factors associated
with a stage and ghe ways they interacted might suggeét the operations
performed by that stage, posgibly its location in a series of stages and

its internal structure.
iy
Sternberg (1969) has suggested four other features that might be

incorporated in a formal definition of a stage: a) given its input, the

" output of a stage should be independent of factors influencing its duration

(this reguirement would preclude indirect factor effects), b} the stages
in a series should be functionally interesting and qualitatively differenth
and should 'make sense' in terms of other knowledge, c} a stage should be
able to process no more than one 'signal' at a time, d)} stage durations
should be stochastically independent.

The four factors Sternberg found in his studies which had additive
effects were stimulus quality, size of the positive set, response type
(positive or negative response) and relative frequency of response type.

Sternberg reasoned that the stage influenced by stimulus quality was.most

simply interpreted as a preprocessing or encoding stage, which preparéd a

.stimulus representation to be used in the serial-comparison stage, This
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sfage-was proposed as being distinct from serial-comparison because

stimulus quality influenced reaction time without affecting the time per
comparison (slope of reaction time function). The two factors were additive
rather than interactive.. The purpeose of the serialecomparison stage was
thought to provide information for response selection, and consisted of
substages corresponding to each of the comparisons.of the positive set.

The stages influenced by response type and relative frequency of response
type, which depended on this information must have followed the serial-
comparison stage., Finally, Sternberg suggested thgr’éince stimulus quality’
influenced a stage that preceded serial~comparison and relative frequency
influenced a stage that followed serial comparison, these two factors must
have influenced twe different stage;, Figure 1 presents a graphic
interpretation of Sternbergls model,

In‘considering the limitations of Pis model, Sternberg (1969)
suggested several possible restrictions of the factor additivity method,
Although instances of additivity of factor effects led to the poétulation
of separate stages, other considerations were necessary to dete;mine the
order in which these postulated stages occur¥ed. Any analysis‘pf;duced
by this method must be tentative,. If a ne& factor was discovered that
interacted with none of the others then an additiocnal stagel must be
hypothesized, New factors that interact;d with one or’more of the others
may lead to redefinition of the.functioﬂs of particular stages. The additive
factor method did not lead to information regarding the total duration of
a stage,

Several of Sternberg's assumptions appeared to be crucial for

the success of his model. As a consequence, théy have come under considerable
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scrutiny by other researchers, ‘There were three areas where Sternberg's
model had difficulty in accounting for the experimental findings. These
areas Qere_aé foilows: 1) The effect of the probabilities with which
different items of thg positive set were presented as test stimuli,

2) The repetition effect and 3} Serial position effécts.

Perhaés the most critical criticism of Stefnberg's studies was
the possible confounding of the manipulation of t;e positive set size and
tge probability of occurrence of a specific positive set item, The
possibility of a probability effect first/a;ose with the examination of a
serial position effect.in the Sternberg experimental paradigm, Morin,
DeRosa and Stultz (1967) employeé a ¥ecognition task and found that reaction
time was markedly influenced by the serial position of the items. Especially
noticeable was the large recency effect. An éxhaustive search would have
dictated that even though the.test stimulus may have matched a member bf
the positive set, the comparison brocess was perceptual until ;ll'the
positive_stimuli in memory have been evaluated, Theré was no basis within
Sternbefg's theory to anticipate differential reaction times to members of
the positive set. These findings would support a theory with a self-
terminating characteristic in its search.

Implicit in most intérpretations of choice reaction time data
was the assumption that the anticipatory adjustments producing probability
effects in reaction time were dete:miﬁéd b} the informational propert%es of
the total stimulus-response array. Hawkinsad Hosking (#69) varied the
likelihood tha£ a pair of unequally probable étimuli would appear in the

positive set across conditions by manipulating the pattern of stimulus-~

response correspondences, Under these conditions reaction time increased
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with positive set size but was uninfluenced by negdtive set size, suggesting
that only the posf%ive set had been maintained in memory and examined prior
.
to response ‘initiation, In this study the sﬁbjects selectively preattended
to only a portion of the total population of available relevant stimuli
{i.e. the positive set). This strategy may have been optimal because it
minimizes the number of alternatives the subject must keep track of in
memory and interrogate prior to response selection. For probability effects
to exhibit themselves in reaction t#pe, the manipulated items must be stored
in memory, If the size of the positive set exceeded the size of the negative
set, then it wotld be possible for the subject to adopt the strategy of
committing the negative set to memory since this.woula reduce memory load

(Wingfield & Branca, 1970). Thus, membership to positive or negative sets

did not necessarily determine which items would be stored in memory. L

‘Three studies have demonstrated that the probability of occurrence
of the positive set itéms affected mean reaction time. Marcel (1970} varied
the size of the positive set but kept the size of the negative set constant.
Thé Sternberg procedure waé modified by selecting digits based on their
serial order rather than random select;on. The resﬁlts, when analyzed per
group, ‘demonstrated ;;serial‘effect as if the subjects searched the digits
in analogue féshion to their overlearned set order,. T?eios, Smith, Haviland,

Traupmann and Moy (1973) extended Marcel's study by indepgndently varying
probability of occurrence and memory set size, Further analysis demonstrated
that for every mémory set size from two to five, for both positive and
negative stimuli, there was a systematic decrease in mean reaction time with
increases in stimulus probability. This finding was further sybstantiated

. . N

in a study by Theios and Walter (1974) , where mean reaction time to both
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positive and negative stimuli was found to increase dpproximately B85 msec
as stimulus presentation probability decreased from .30 to ,05.
B "

An interesting modification of the Sternberg classification task
which imposeé a concurrent load on long~ and short-term memory, was conducted
by Forrin and Morin ii969).For long~term memory the cléss assignmenE
remained constant throﬁghout the course of the experiment. For short-term
mémory new items were specified on each trial. The functions relating
reaction time to set size for positive and negative responses did not have
equivalent slopes. Consequently, the condition for an exhaustive search
was not met. The results also seemed to support the contentidnlthat the
tworsets of items (long~ and short-term] werg¢ maintained in memory stores

sufficiently distinct that one may be operated upon independently of the

other.

A more serious fault with Sternberg's model was its failure to

account for the repetition effect especially over adjacent trials. If a
subject always tested for all signals, there would be no reason why

4
- reaction times

~

repetition of an identical signal should result in fa
than repetition of an eguivalent signal (Rabbitt, 1968;, Smith, Chase &

Smith, 1973). It would seem that ‘a self«terminatiﬁg routine, would be more
applicable, In this case it could be assumed that the first test of a

series was always for the signal which had last been succes<ively identified.
This notion would be consistent with a self~terminating search in which

the order of the items was probabilistically determined by how recently

the alternatives have occurred (Theios, Smith, Haviland, Traupmann & Moy,

1973).

—.../-.
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A final area of conéern lies with a group of studies which have
usdd different types of stimuli than the conventional lgtters and diéits.
The task was similar to that used by Sternberg (1966). The subjects were
given-a stimulus and were required to state whether or not that stimulus
was present in a\;reviously memorized list. The stimuli consisted of words 7/ .
and pictures, If. the first letter of the word, or of the name of the
picture, was a member of the memorized set then a positive response was
made. This task involved a search of long-term ﬁemory and translation.

Fzr example, if given a picture, the subject had to retrieve the name of the
picture from long~term memory, translate that name to its first lette; and
then transform the letter into a form that could be compared to the memory
set representation before searching for a match. Combining the task so
that words and pictu;es were presented together in random sequence compl%cated
the task to such an extent that it was difficult to separate the effects
(Klatzky & Atkinson, 1970).

Klatzky, Juola and Atkinson (1971) and Gaffan (1977) replicated
the above study but é;g;ented exclusively letters, exclusively pictures or
random sequence of both. It was found that the letter and picture sessions
supported the serial exhaustive search but the functions for the mixed
sessions deviated markedly from the equal slope prediction of the exhaustive
model.

In an exhaustive search the same num%y of comparisons were made
for both positive and negative respoﬁses. Therefofé, the slopes of the

reaction time functions would be equal (or have a ratio of one), In the

self-terminating case the subject must search on the average only one half
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of the memory set before making a positive response, whereas he must search
the entire set before making a negative résponse. Therefore, the slope of
the positive function would be half tﬂat of the negatiwe function (or have
a ratio of two). The data for the mixed_sessions departed from the exhaustive
scan prediction. The analysis of the data per glock of trials yielded a
slope ratic of 1.4 for both picturesand.letters for the first twoe blocks.
In the third‘block the siope'ratio for letters was .97 and for pictures 2,25,
With practice it appeared that letters have.an exhaustive scan while pictures
a self-terminating scan.

| Additional information was obtained from the serial position curves.
A function with a slope of zero (i.e.mno serial position effect) would suppor£
an exhaustive scan model. If the curve had a random starting position a
self~terminating process would be indicated, However, the curves exhibited
an increasing trend which would imply that some self~termination was occurring
even though the slope ratio for qegative and positive responses was close to
unity. This would have suggested that a distinction between self-terminating
and exhaustive scans was artificial. 1In other woxrds self-termination might
take the form of a tendency to end the search after a match has been obtained
although termination need not immediately follow the match (Klatzky, Juola &
Atkinson, 1971}.

To account for the probability of occurrence, repetition effect

and serigl position éffects, Sternberg (1975) has suggested three possible
modificationg/ of his model. 'First, the time needed to form an internal
represefdtation of the test stimulus in the encoding stage-might depend on
how frequently or recently that stimulus had been presented. This woGld

be able to account for the effects of trial sequence and stimulus probability.
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A second modification suggested that when an item that -appeared twice in

the positive set was tested 'and two matches oécurred, the strength of the
internal signal was inéreased indicating a match. Sternberg suggested that
this would account for the repetition effect. Finally, to explain the

varying reaction time with probability of occurre#ce of positive set items, ’

a probabilistic mixture of serial comparison processes was proposed (Figure 2).
On the basis of an early énalysis of the stimulis a branch cceurred so that
the serial comparison process was executed on a proportien, P, of the trials
and an alternative process on the remaining trials, For example,‘in'a fixed-~
set procedure, the test stimulus could have first been compared to a
representation of the previous stimulus. If they matched, the previous reéponse

would be repeated and if not, the positive set would be scanned.

Theios! Mcdel

As a result of the difficulties encountered in Sternberg's model,

Theios (1975) proposed a new model which involved a self~terminating search

e |

‘rather than a serial exhaustive search. This model assumed that the encoded
lrepresentations of all the elements of the set of possible stimuli were
stored in either short~ or long~term memory, along with the codes of their °
respective responses as paired associates (Theios, Smith, Hayiland, Traupmann
& Moy, 1973). The short-~term part of memory was conceived as a dynamic
stack'or heirarchy in which representations of the set of possible stimuli
were changing ‘positions from trial to trial, but were probabilistically
ordered on the basis of recency and frequency of occurrence. The representations
of the more recent and more frequent Stimuli were more likely to be located‘

at or near the top of the memory stack. Infrequent and non-recent stimuli
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were more likely to have theéir representations stored further down in the

.

Ly

memory stack, If the memory store was considered to be of limited capacity,
then the infrequent and non-recent stimuli may not be represented in the
memory stack, but must have their,representatioqs re;rieved from long~term
meQéry. The size of the short-term memory stack ﬁay'have been varia le and
have been deterqined in paft by instructiéﬁs to the subject ang the d nds
of the task. The difference with the Sternberg model was the assumption that
both positive and negaéive stimuli may be rép?esented in the memory stack,
since the contents and ordering of the‘memory stack were determiﬂed by the
sequence of stimulus events, trial by frial.

Theios (1975) began with the éssumption that to differentially
respond to a stimulus, a serial sequence of transformations of the stimulus

information took place before a response emerged, see Figure 3.

. /_,‘.—w
-
- ' e .
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Information Process ) Time

S . stimulation : —
s . Stimulus input ' o T

s-n 3 ,/ identification ‘ Ts

n-r . response determiné;ion Tr

r—-p response program selection Tp

p-R ' ' response output W To

R reséonse

FIGURE 3: Theios! Model of Reaction Time

The overall response latency of response R to stimulus 5 was considered

as a sumation of the individual process times,

Oy
TSR ® TL +Ts + Tr 4 Tp  To 7

[}

I



. . : 61

.The following text offered a brief description of the processes proposed

’ -

by Theios (1975} -~

Stimulus input time: The information in thé form of physical stimulation
(s) was input to the nervous systém and transformed to a stimulus code

(s) which could be used by memory. The input time, (Ti), was a decreasing

function of stimulus intensity and duration, Thus, stimulus input time was
the time it took to registér or encode the information in the stimulus into

the memory sysﬁem in such a Qay that it was possible to identify the stimulus.

Stimulus identification time: In this process, the memory code (s) was used

to identify the stimulus. The identific;Eion time, (Ts}, vielded the name
(n} of the stimulus. Theios suggested that the name code could be thbught
of as the name of the class éf méﬁ;ry codes of which the stim;lus code was
a member: The name code may‘also be conceived as the locﬁtion or address in
memeory where information about the stimulus was stored; After the identification
process, the subject 'knew' what the stimﬁlus was dnd was in a position to
initiate a response, Identification time was inversely ;elated to the clarity
of‘;he physical stimulus, Sterﬁberg (1967)‘presentgd the subject with a
degraded stimulus and suggested that the resulting increased reaction time
was due to an increased time taken to identify (or categorize} a relatively
a.mbiguousr stimulus. . ) ) |

Stimulus ensemble size and stimulus presentation probabilities .
were found to have very little effect on identification time, but it';hould
- be noted that most of the experiments employed alphameric characters or

digits (Theios, 1975]. It also appeared that stimulus identification time I

e
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depended heavily upon the context in which the stimulus was presented. A

shorter identification time was found when the stimulus differed greatly

from the rest of the experimental ensemble (Fraissé, 1967).

Response determination time: After the stimulus was identified, the name

code (n) could be used to determine the code (r) for the appropriate response.
The time to determine the response code was ?r. If the response code (r)
was maximally similar to the name code (as in\Eeading or other highly
practiced skills of high compatibility), then the response determination
time was small and relatively independent of the number of stimulus-response
aiternatives and stimulus presentation probabiiity. If the fesponse code
was not highly practiced or similar to the stimulus name code, then response
determination took longer, and its finishing t%me increased with the number
of stiﬁ#lus—response alternatives and with decreases in the frequency of
occurrence of the stimulus,
- Theios (1975) suggested that the 'slopé of the reaction time
function reflectea the relative position gf the response in a.hierarchy.éf
. response associated with the name code of the stimulus., If the response
was the first one in the heirarchy (as in reading or other highly practiced
e
responses), then the respohse would be fast and relativeiy independent of
the number of other stimulus-response alternatives in the experimental
ens;mble. This would cotrespond to a zero slope. As the response moved
further down in the hierarchj then the slope would gradually increase as

the result of increasing response latency with increases in the number of

other stimulus~response alternatives, Y



Several variables have been proposed that may affect response
determination time (Theios, 1975}, First, the amount of practice of ﬁhe
stimulus~response association was an obvious factor. The more well
practiced assoclatiéns would have correspondingly-lower reaction times.

Second, the fewer the possible ?;;ponses to a séimulus, the faster the
response determination time would be. This was pgrhaps why linguistic stimuli
which have only one associated response, such as reading, result in shorter
response latencies than non-~linguistic stimuli. In the latter case,.several
responses may be associated with the stimulus, such as a picture, where

each response would be valid'ip a given context.

Third, decreases in stimulus-response campatibility (or ipc:eases in
the number of transformation that occui between -stimulus and response) led
to increases in both the slope and the intercept of the mean response
latency as.a functi®n of the number of stimulusarespon;e alternatives
(Alluisi, Strain & Thrumond, 1964). Thus, compatibility also affected \
response determination time. A similar relationship existed for spatial:ﬁotor
compatibility. Where there was a natural spatial mapping of stimuli to a
motor respon;e choice latencies were lower than if‘that trelationship was
made less ;ompatiblé.(Fitts & Seeger, 1953; Fitts & Deininger, 1954). The
lower the spatial-motor compatibility, the larger the slope of the
reaction time function. According to the responsg{Pierarchy notion,
-increased response latency in low compatibi;ity tasks was the result of
the response being low in the hierarchy, due to the lack of practice, fﬁ\hﬁ\\
competing responses, or a required .segquence éf response-~code transformatiens, -

Finally, if the required response was the first one in the response

hierarchy of a stimulus code, then stimulus presentation probability should:



64

have little effect on response latency., If the response was not dominant
in the response hierarchy, the stimulus occurrence provided occasicn for

the response to move up the hierarchy, thus decreasing response determinaticn

time,

Response program seléction time: After determining the cognitive response

appropriate to the stimulus, a motor response has to be selected and
perforﬁed. Sternberg (1969) showed a bias in response reéuirements in
that response latency systematically decreased as response frequency
increased. The following variables should result in a decreased:response
program selection time: a} extended practice, b) increases in responsé
frequency, c] reduction in. the numger of different response alternatives.
Response program sele?tion involved a.transformation which‘was
similar to that which occurred during résponse determination. In that
process, the transformation from the name code of the stimulus to a decision
about task-relevant class membership of the stimulus tock place. In response
program selection there Qas %ﬁpransformation from the 'cognitive' response
code to the actual motor resﬁogge code, f

v

Response output time: After the response output program ﬁhg been selected,
the overt response was executed, The response execution time was reprééentéd
by To and was a function of the specific response involved and most probably
would be a decreasing function of response practice. In most studiés, it
would be impossible to completely separate response output time from stimulus
input and identification time. Thus, input, identification and output times
were typically summed together and called the zero intercept of the ;;action

time function.

! . L4
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The separatioﬁ of response determinaticn process from response
program selection process was based upon the result; of tAe repetition
effect studies {Bertelson, 1965; Rabbitt, 1968;.Smith, Chase & Smith, 1973).
They demonstrated distinct effects for stimulus .and requnée repetitions
as opposed to simple response repetition effects. In the present model,
the response determination proceés was sensitive to repetition of a stimulus-
.response palr, whereas response output program selection was seﬁsitive to
response repetitions independent of the stimulus.

i Clark (1978} also supported the cantention that response programming
was an independent stage from re§ponse selection, She firs?ﬁa$sumed that
stimulus~response coméatﬁbility affécted response determination, while
responée eomplexity affected response programming, By use of the Sternberg
additive factor ﬁethod, Clark demonstrated that these two factors had
additive effects on reaction time and thus affected two different stages.

Much of the support for Theios' model was derived from its ability
to account for serial position effects, probability effects and the
repetition effect, The majority of the research was centered around the
.selfﬂterminating search versus the exhaustive search of Sternberg. As a
consequence relatively little work has been directed towgrds the other stages
of the two models, . g“\\

Sternberg (1975} has suggested two limitations of the Theios model.
The model was limited in that it could not.account in a natural way for
findings from the mare typical procedure where positive and negative set
sizes were unequa;. To make the model fit two assumpﬁions were proposed:

1) positive stimuli were more likely than negative stimuli to move to the

beginning of the stored list after béing presented, 2] when positive set
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size has 'S'! members, searching the list beyond the position S ¢ 1

contributed no add£tional time to the reaction time, Even with these

assumptions the model appeared incapable of producing equal effects of

positive set size on reaction times of positive and negative responses

at the sam; time as-itAprodubed no effects of the negative set size.
Finally, the minimum of the reaction time distribution changed

as set size was;increased. For a self-terminating search process, the

minimum must be invariant with setlsize for the reason that regardless of

set size there was some probability that the first comparison would ptoduce

a match, However, the fact £hat the sample minimum had been found to

increase systematically with set size suggested strongly that the true

minimum reaction time did not have the required invariance property.

Derivation of Hypothesis

Bﬁth.Sternberg's and Theios' models could be subdivided into
processes dealing with stimulus encoding and identification, response
selection, and response programming, (Figure 4). This division of the
models was necessary to demonstrate which processes would‘be_affected by
practice of parts of the cémplete task. Thé ta;k to be considered in this
study was a two chéice reaction time task. The stimuli (red or green
lights) weré associated with a motor response to either the right or left,
Thus, tLﬂ subject would be presen;ed‘with a light stimulus which would
have to.be encoded and identified, Following this the apppopriate response ~

to either the right or the left - would be selected. Finally, thée movement

required for the response would have to be programmed,
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It was hypothesized, that by partitioning the task into two
components, the underlying processes could be differentially affected.
In the first condition the subject was presented with the stimuli and
employed a simple ballistic motion to the corresponding right or left
response keys. It was predicted that practice of this portion of the task
would involve pr;marily stimulus encoding and identification, and.response
selection {i.e., selection of right or left response keys). There would of
course be some response programming but this was kept at a minimum by using
a simple ballistic motion. Because the informagion involved in stimulug
encoding and identification, and response selection, was identical to that
employed in the test trials, if was predicted that this practice wouldv;esult
in an increase in the efficiénconf these processes, This increased
efficiency would be reflected in a shortening of the reaction time,

The motor component of the task consisted of a complex movement

which ‘was also isolated for specific p;actice. In this condition the
-

subjects were told to move to either the right or left, thereby, removing
any response selection processes, The movements were self-initiated to
further separate this conéition from the reacﬁion time paradigm. The subjects
practiced simply the required motor movement to either the right or left
response keys. It was hypothesized that this practice would involve only .
response progr ing prﬁcesses and would result in an increased ef?i;ieqcy
of the‘motor pijjrams used for this task. This would also be reflected in
a decrease of the reaction time as well as the movement time.

In summary, both types of practice should result in a shortening
of the reaction time relative to a control group which had no practice.

i ~
The relative decreases of the perceptual and motor practice conditions might

also yield information regarding the effect of practice upcn the subprocesses

as well as their relative contributions to the reaction time.
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A second purpose of the study was to consi@er the effect of
information load on perceptuai practice and of movement complexity on motor
practice, It was proposed that these conditions would place extra stress
on specific subprocesses thus causing them to increase their capacity. As
a result, a simpler version of the same task.would be processed more quickly
with a consequently 16wer reaction time. The stimuli were kept the same but
the information- load was increased by the addition of white 1%ghts to the
stimulus array., These extra white lights were not associated with the response.
In the motor conditicn, a pause was inserted part way through the movement
which acted to increase its complexity (Clark, 1978).

Although the'mgin thrust of gﬁe study dealt with reaction time,
movement time and movement timegerror were also includéd as dependent variables.
This yields certain advantages. . First, the use of a multivariate analysis
incorporates the relationships among the dependent variébles by taking their
correlations into account and controls type one error. ‘

Secondly,-though the correlation setween reﬁsﬁion time and movement
time is low, the litérature inﬁolving the effect of movement ﬁarameters on
reaction time demonstxatks a consistent relationship between movement and
 reaction time. The low c5§§EE§§;on might be EOnstrued as evidence that the
processes which occurred during ;;hction_time were not ‘the same as those which
occurred during the movement phase. This does not imply, however, that there
is no relationship between reaction time angd mov nf/E;;;? Both Sternberg (1969)

-

and Theios (1975) propose reaction time processels dealing with the selection
L
and control of movement.
# . -

In practical terms, reference to a reaction time task usually

includes a movement phase. Consequently, when discussing reaction time

performance, an analysis of the total movement involved in the skill must also

be made,
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' CHAPTER III

METHOD

Apparatus

The apparétus was diagramed in Figuré 5, There were three
response keys: the starting key and the right and left response keys.
Between the starting key and the response keys was a con%entional stér
tracer apparatus without the mirror. Directly behind the response keys
was a display screen whiéh contained a 6 x 6 light array (Figure 6}.

The screen contained four red, four green and twenty-eight.white lights
which were used during the cognitive practice and test trials. The lights
were presented for a duration of 500 msec.

. Three digital clocks were used to measure the following time
intervals: reaction time (the time from the beginning of the presentation
of the light stimulus until the subject's Egnd was raised off the starting
key), movement time {the time from when the subject left the starting key
until the subject depressed one of the response keys), movement time error
(the time the subject was off the path on the star tracer).

The subject used a metal stylus to follow the star tracexr path,

L1 .

which was-held in the non-preferred hand at all times. The subject would
o

begin at the junction between the two points directly in front of the

starting key. Subjects would then follow the'pattern to the right or to the

left to the tip of the star nearest the respective response key,
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FIGURE 6: Display Screen
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‘ Subjects

Ninety-one subjects, both male and female, volinteered for
the study and were randomly assigned to the five experimental conditions.
Their ages range from fifteen to forty years with a mean age of twenty-

three years. ’ ‘ .

Design

Tpe design was a 5 x 2 multivariate design with repeatedsmeésures
and three dependenp variables, There were five groups in the experiment:
control, perceptual pract augmented perceptual practice, motor Eracéice,
and complex motor practice. Pdrformance scores weré averaged over érials 1
and 27and triais 9 and 10 of the ten test tria%s to yield two repeated

measures. The three dependent variables were reaction time, movement-time

and movement time error.

Procedure
m————— \ )

The motor and perceptual practice groups had forty practice
trials before the‘ten test trials. The control group had no practice trials
and completed only the test trials, B&All suﬁjects used their né;jpreferred
hand and were tested individually: The test trials were identical for all
subjects.

The pérceptual practice group performed forty trials during'which
either a red or green light was presented in random crder. The subject
began by depressing the starting'key with the non-preferred hand. When a
red light was presented the subject reached forward as quickly as possible

and pressed the right response key. . Similarly, when a green light was

presented the subject reached forward and pressed the left response key.
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The aﬁgmented percepipal group follqwed an identical procedﬁ?e with the
additiongph#t during the practice trials the information load was increased.
This was accomplished by théqéddition o£ three randomly selected white ligﬁts
on the 6 x 6 display scr;en.

The motor practiég group also had forty practice trials during which,
in a random sequ%gée, they were told by the experimentex to follow.the right
hand og left hand side of the star pattern. The response was self-initiated
bj the subject so as to avoid any cognitive processes inhefent in a reaction.r
time response. The subjects were instructed to move as fast ag possible but_
to remain on the sFar pattern, The-complgx motor practice group completed
the moter practice'trials with the movement'incrgased in complexity., This

a,

was achieved by placing a target 10 cm to the right and left of the middle

points of the star, (Figﬁre 7). The subjects were required to reach over with
thelr nonnpreferred hand and touch. the target when they reached the clesest
901nt of the star pattern., After touching the target, they would return to
the,pattern whé?; they had left and éonti§qe. This manoeuvre created a pause
in the movement which acted to increase the camplexity (Clark, 1978).

During the practice trials for all groﬁps, féedback was given at
thé end of each trial. For the perceptual practice éroups, this consisted
of their I:ea;ction time. The mo:r;of practice groups received their movement
time and moveﬁent time error, During the practice trials all subjects were

-

encouraged to improve their performance.

1

The ten test trials combined elements of both the moter and perceptual

. practice. (The subject began by depressing the Gtarfing key with the none~

preferred hand. When a red light was presented, the subject followed the

e
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right hand side of the star pattern and pressed the right response key. A
When a green light was presented the subject followed the left hand gide of

the star pattern and pressed the left response key. The green and red lights

were presented in a random seguence and no feedback was given on any of the

4

test trials.

Analysis of Data

The design and the number of dependent variables dictated the use
of a Multivariate Analysis of Variance of the data. This was accomplished
by the use of the Full Rank Multivariate Linear Model Computer Program, -

written by James E, Carlson, Faculty of Education, University of Ottawa,
4

Two post hoc procedures were used to describe the significant main
effects, The first procedure involved the use of the error variances from
the multivariate analyéis of variance. This procedure yields the sign%ficant

contrasts between the means within each dependent variable, However, it

]

¥gdes not describe the relationships among the dependent variables relative ‘fk
ﬁo'the main effects, :

To achieve this second aim a discriminant analysis was performed.
-
For this analysis Carlson's program was used.

A brief description of discriminant analysis follows. This
o
analysis is based on the formation of a function relating several

populations to the variableé on which they were méaﬁured. The fuhiction

W .

is conditional on the maximum separation of the various populations, or

group means,.oh the different dependent variables.
Cooper (1977) described the linear discriminant function as

follows: If there were k Gell—defined populations whose subjects were



i

77

:

measured on p variables,'xl, Xgr XgewesX o @ linear discriminant function Y’
would be the weighted composite,

' o
Y= 1 xl + 5 x2 . + P xp -

where #he weights i are such that the differences among the group Y« means
are maximized. |

When there are more than two groups, there may be a number of
discriminant functions, Some of-these functions may produce a significant
separation among group means; some may ﬁot. The first linear discriminant
fuﬁction is determined by the largest eigen value, Each succeeding non-zero
eigen value similarly determines a further linear discriminant function which

. 5. . . ' .
is mutually uncorrelated (in the sample) with any other function so produced.

. N .

Each successive function is determined so as to maximize the relative
-

separation of the groups after the preceding functions have been partialled -~

out (Cooper, 1977; Tatsuoka, 1971).

Whether or not a particular discriminant function produced a

*+

significant separation among the group Y- means could be tested by the meansg

[y

of a number of statistics. These included Roy's, Wilks, Lawley-Hottelling

and Pillai Criteria and -the appropriate Bartlett V statistic which was

measured on.a‘Chi Squared (Xz) distribution {Cooper, 1977).

L - ’

An indication of the relevance of the discriminant function may
be demonstrated by the discriminatory power. This refers to the proportion

of the total variability of the discriminant function which is. attributable

‘ " _
to group differences ({(Cooper, 1977}, and is usually expressed as, percent,

A

variance, ’ -
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Discriminant analysis is not interpreted in the same manner as the

. . ‘
analysis of variance statistics. A discriminant function that is statistically

significant impl%gs that the separation of the experimental groups‘on thel
discriminant dimension is significant, The dimension, represented by Fhe
function, is a composite of-all the dependent variables used in the analysis.

In geometric terms, the function would\}?fm a new dimension in an n-dimensional °*
space, where each dimension corresponds to one of the dependent variables.

The spatial relationship between the discriminant dimen iqﬁ and the dependent

variable dimensions is based on their correlations. A dependent variables .
having a high correlation with the d\iscriminant f‘unction, would have i sl
dimension lying relatively close to the discriminant dimension. Thus, the
group separations which were maximized on the disdriminaﬁt diméﬁsion would be

reflected to some degree (depending upon the correlation) on the dependent .

variable dimension.
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CHAPTER 1V

RESULTS

The deéig \of, the experiment was a 5 x 2 repeated measures design
with three dependent variables. The data.collected on trials one and two
and trials nine and ten of the test trials was averaged to form the two
repeated measures, In some caseé the thixd of eighth trials respectively,
were used in place of one\of the dtHer trials if there was a mechanical

A ‘
error or the subject was not 3%€Eﬁafh to the stimulus array dyring fhe trial.

‘

Two of the dependent variables gere reaction time and movement time.

The third dependent variable was a ratiq/ f movement time error to movement

time, -expressed as a percentage. Movement time error was found to be

dependerit on movement speed. The g;eatér the.speed of ‘movement, théxspaller

Do _
the movement time error, regardless of the extent of the error ,iir-terms of

distance travelled off the star tracer pafh. The ratio of movement time

‘error to movement time yielded an unbiased indication rplative to movement

1y -

A

= S/

speed of the accuracy of the movement.
N . -~ R

The direction of the response, i.e. to the right or left, was

~
- »

also recorded to investigate .errors that might have accurred in response.

. . . i
-4 . .
selection. The number of errors which occurred during the test trials

"

was negligible and nc incorrect responses were recorded on the‘trials uégd
in the agalysis. o : . \ ‘ %
° *w. B5ix subjects were dfqﬁped;froﬁ the'studf because theigiig;bhion
time performanée on threelor more trials wai‘jftremely large, (See ippendix

D for a frequency distributien of all the subfects for RTl scores.) .
. ) . ' - |
Carlson's 1979 Full Rank Multivariate Lineax Model Program was

N
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-

used to perform a multivariate analysis of variance on the data collected
during the testwtrials. The first three dependent variables (RT1, MTI1,
MTE1/MT1) refer to the measurements averaged over test trials one and two.

The second groups of variablei (RT2, MT2, MTE2/MT2} refer to the data from

. ¢
test trials nineﬂggﬁ_ten. .

All the main effects were significant to the .0l level of

probability (Table 2) indicating there was a significant difference between

the five experimental groups as well as across the repeated measures, There
was also a significant interaction' between the ,group effect and the repeated

measures effect. L '
: . \ . N
1 ’ {/
The post hoc procedure whlch used the error vdrlances of the

4
multlvarlate analysis of variance was computed for each’ of the main effects.

Unfortunately, because of the size of éggr;tandard errors for the various

+
.

contrasts, only one post hoc contrast was significant (Table 3). .The contrast.

- .

demonstrated -that there was a significant difference between MT1 and MT2

for the control group.’
A discriminant anaiysis which has been proposed by several authors

f - -
{Tatsuoka, 1969, 1971,%1973; Huberty, 1975) as an alternate means for studyi?g
. ¢ {

group separation was performed as a follow-up fo a multivariate analysis of
variances. An alternative procedure for the analysis of the RT1 data' is
bresented in Appenpdix B, . '

Table 4 lists the statistics (Roy's Criteria and Bartlett's V

Statistic) and the percent variance for each function calculated for the
N : '
main_effeots.‘ As can be seen, tpere were two funetions yleldnng 51gn1f1cant

separatlons among the experlmental groups. Only one function was found to be

-significant for dlfferences betweeﬁ\the repeated measures, and anocther one for

- . /"‘
- ~ » : ™~
the 1nteract10n between experlmental groups and .repeated measures,

4

r e . . . . 4

[

o
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l( TABLE 2
_ .
SUMMARY OF MULTIVARIATE ANALYSIS OF VARIANCE
SQURCE CALCULATED VALUES JCRITICAL VALUES
* =
Groups A(6,4,86) = .396 .OlU(6,4,80) .?78
5 e = 434 =
(4,.5,39.5) - 434 .01%(4,.5,39.5) -268
(s) - . (s) -
. Y4, .5,39.5) 1.160 c01Y (4,.5,40) -562
o
(s) - * (s) =
' Vi4,.5,39.5) -159 .01V (4,15,40) -454
Reﬁeated " = .429% u = .684
Momenres (3,5,86) 01" (3,5,80)
= * ’ =
®3,.5,41) 491 .01%(3,.5,41) -223
(s) e (s) i}
U3, .5,41) 1.145 oV, }5'4%} .400
- (s) - ' (s) -
v3S). = .eS1* v = .330
p (3,.5,41) . -017(3,.5,40)
) [ * .
-, _ : .
1 = * . =
Interaction 'A'(3,4,86) .655 o1¥ (3,4,80) .721
v 1
' a . * - ) =
W - G,0.41), = .28 .01%(3,0,41) 203
(s) - « (s) -
;o Y(3,0,41) 490 oY k40) -341
[ { -
yis) = o oyt = .286
(3,0,41) . ’ .01" (3,0,40) ¥

Multivariate Statistics used: ' .
Wilks! Lambda Criterion (/™)
_ Roy's Largeé—ﬁoot Criterion, (e} (s) : o

t Lawley -~ Hotelling Trace Criterion (U Shy

Pillai's Trace Criterion ( vi(s) )

Note: Wilks'! Lambda Critericn must be less than the critieal
value to be significant wher'eas the other criteria must

- be greater than the critical wvalue.
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TABLE 3

POST HOC ANALYSIS
USING ERROR VARIANCES FROM MULTIVARIATE ANALYSIS

CONTRAST BETWEEN MT1l AND MT2 FOR CONTROL GROUP

CONTRAST STANDARD POST HOC RANGE

o)

ERROR, CONSTANT
L
. ) +
377.68* 52.72 o A= 6647 © 350.43
0 = 5,01 - * 264.13
ol = 5,97 * 314.74
vish = .62 "t 30,01
, :
=
* p< .0l
]
N
v - . - \
- . (
@
q‘ 4 - .ﬁ,
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DISCRIMINANT ANALYSIS

84

SOURCE  FUNCTION PERCENT _ CALCULATED VALUE ‘ CRITICAL VALUE
VARTANCE
1 ' 66. ) = .434% = .
Groups 6.19 4,.5,39.5)" B3 0194, .5,39.5)" -268
- g )
= * X, =
. v 78.21 oS (243 42.98
2 . ~ .216* = .185
23.73 ©(3,15,39.5)" “218* 93, 5,39.5 " +18
) v = 30.07* X2 = 25.00
. .05 (15)
= = 140
3 7.52 ®2,.5,39.5" "%  05%(2,.5,39.5" 140
a - 2 T
= 9,53 X = .
V = 3 .05 (8) 15,51
. .
[
. . =, * - = ,22
Repeated . 1 84.17 9(3' .5,41) 491 .016(3’ .5,41) 3
Measures . .
2
- . * - . a8
v 73.11 o 1s) 30.5
. 2 3. = . = L1387
1338 00,541 T 0P, 5,41y T 138
= X2 = ‘
v 14.72: 05 (a) 15.51 . ‘
. . . : o
) 3 = * =
Interaction 1 82.{\/6(3.'0’41) . 287 -016(3'0’41) .203
1 N ) 2
, . X -
v =\36.41 o1l a2 26.22
2 12,10 O T 41) .056 05%(2,0,41) T :120 |
- a N '(-"'
7 R
V= 7.26 s ey ¢ l2.59
Statistics Used: . ¥
' Roy's Criterion ( © )
-~

r Bartlett's V S!‘g?::istic (v)
D-\d

-~ - 8

X
(8]
PN
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TABLE 5

CORRELAYIONS BETWEEN DEPENDENT VARIABLES AND
THE DISCRIMINANT FUNCTIONS

T

/

»

‘ —
SOURCE FUNCTION VARIABLE CORRELATION
Groups RT1 L,275
MT1 . 098%
MTEl / ‘ .196
M’I‘l
RT2 -136
MT2 ~-,440
MTE2 y, . 547
-MT2
RT1 -.615
MT1 .302
MTEL / ~.016
™ MT1
RT2 ,422
AY
MT2 .208
MTE2 Y, 157
MT2
3
&,



>~

TABLE &

CORRELATIONS BETWEEN DEPENDENT VARIABLES AND

THE DISCRIMINANT FUNCTIONS

8e

s
- SOURCE FUNCTION VARIABLE CORR.ET.ATION
Repeated 1 RT .517
Measures
' MT K .886"
MTE , X, 365
MT
w
v %
Interaction © 1 RT ~-.106"
] b '
MT ~-,99]1
MTE y .561
w» MT
. |
i\ w E\

k=
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To deteérmine the "relative importance" of the various discriminant

variables in a function, the correlation between -each variable and the

function was used (Cooper, 1977; Tatsuoka, 1971, 1973); see Tables S & 6.

Correlations that ranged in absolute value between .4 and .7_were considered
‘ \
to represent a moderate amcunt of relationship, Therefore, even though a

correlation in this range might be the largest contributor to the ﬁiscriminant
< ‘ . - _

function, the other variables in the function must also be considered as
. contributors to the significant group separation. Correlations of .8 or .9,
absolute value, signify a high amount of relatlonshlp ‘with the diseriminant

function whereas those below .3 absolute value reflect a low amount of -

i)
relatlonshlp.'

The first function that distinguished_gmong the experimental groups

was primarily a "movement dimension". This was suggested because the largest

correlations were from MT2 (~.440) and MTE2/MT2 (.547). The largest
- " - - * . " -
contributor to the dimension was- the movement error term, Ffbures 9 and,

10 show graphlcally the large separatlons/between the experimental é?%ups
on test trlals 9 ané 10 for MT2 and MTE2/MT2 The sigh of the correlation
shows the direction of the relationship. 1In this case as the nunmerical

value of MTE2/MT2 increased so did the numerical value of the disctiminaht

‘function., MT2 decreased'as values of the'discriminaﬁt function iﬂcreased. L
' ’ LS
’
The second functi{ﬁ/tould'be interpreted as primarily -a "reaction

‘time" dimension. The major contributors to this functivn were RT1 ehd‘RT2
. a . .- .
with moderate correlations of —.Glﬁ‘and r.42§, respectively,

The function related.to maximum group separation across the ¢ '
* N - Ay — . r-B
i

repeated meaﬁures had one strong and one moderate contribﬁtbr. MT with a *f?

correlation of .886 was the largest contributor, and~RT with a gorrelation
oo - . v ' ? : . .

I3 -

]
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~ . . .} .
of .517 was a secondary contributor. It was mainly these two variables

: . . ( -
which distinguished among the experiment groups from the beginning to the

end of the test trials. The final discriminant function was feiated to
' & - :

‘the interaction effect, The major contributor to thé'interaction was MT

wft% a cortelation of =,991. An interagtion was also preésent in the

MTE/MT data which had a correlation of \SGI'TFigure 9, 10)..~ ' T
. - . :
- ! I‘
‘ﬂ‘
q I
I -
N
. N
—p .
' ”
. 1 s '
r + ’ !
| _—
' 3 \ d
. " _‘ n - .L
.Y . ' : " .
-, K . ~
' 1)-' gf . .. E)
. N
~
' ~ -
'y :
IS - .
. ‘7 ’ : ' . ' - ) .- * .
Lo \ A . .
) ' 4 . , .
! 4 R LA
. : It
' B . . o
- i & | Y ) ~
' [N *
<5 * .
* \ , Y - .
¢ “ “
. . ¥ ,
- + -




Reaction Time (msec)

600

550

500

450 .

410

89

Control

Motor

Augmented
Perceptual

Complex
Motor

-

Perceptual

10

Trials

'FIGURE 8: Reac%ion Time Across Test Triais

- \\—/\



Hovement Time (msec)

90

3000 _ ’ °

2750

2500

2250

2000

Augmented
Perceptual

¥
Motor

Complex
Motor

Perceptual

Control

10

Trials

FIGURE 9: Movement Time Across Test Trials



Percent Movement Time Error (MTE/MT%)

30

25

20

91

Perceptual

Augmented
Perceptual

Trials

FIGURE 10:7, Movement Time Error Across Test Trials
—_,

.



CﬁAPTER v o | 92
DISCUSSIO&_ |

The three hypotheses proposeé in the study were as follows:

1) Specific practice of either perceptual or mbtor components of

| the experimental task results in a decreased reaction time
relative‘to a bontrol group which experienced neither type of
practice.

2) Increases in infqrmation_load or movement complexity during
practice of the perceptual or motor portions oﬁ the task,
respectively,.results in a decreased reaction time relative to
a control group.without practice and to the groups practicing
the original perceptual or motor portions of the task.

3} Motor and complex motor practice results in a decreased
movement time and movement time error relative‘to the no practice

aﬂd}perceptual groups. .
It should be noted that both the hypotheses stated in the
introduction referred to the performance on the first two test trials. No
hypotheses were stated regarding performance during the test trials since
the effect of the pre-test trial ﬁractice regimen would have been confounded
by a practice effect from the test trials themselves.
Both of the hypotheses were supported by the results of the

study. The reaction times averaged across the first two test trials (see

Tabie 1) contributed to the separation of the experimental groups alo;g the

‘second discriminant dimension. Of major importance was the relative effect

of practice on the reaction times of the experimental groups. The control

© group ha@ the longest reaction time, The augmented perceptual group reacfed

faster than the perceptual group and both of the perceptual groups had
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lower reaction times than both of the motor groups. The complex motor
group had a faster reaction time than the motor group,

Theios! model was used to isolate the locus of the practice
.effect. Table 7 was designed to show the relation between Theios' model
and the practice regimen of the various experimental groups, The
processes proposed by Theios to occur during the reaction time interval
were stimulus input, stimulus identification, response determination,
respohse program selection, and response output. Theios suggested that
the procé%ﬁgi were sequential in time. The éossibility that there was an
overlap between the processes was considered, but the subsequent increase

- in complexity of the model limited its usefulness to this stu&y.

The tfpe of subprocesses thought to occur in each of Theios!
time intervals was classiéieé a; either physiological or cognitive,
Cognitive operation referred to a process which was psychological in origin
and usually occurred in memory or some other cogqitive space, Physioclogical
processes referred ;; the processes involved in the reception of stimuli
(in this case ;isual reception), the passage of electrigal impulses throughout
the nervous system and the initiation of muscle contggééion.

The nature of the physiological processes and the cognitive
operations can then be specified (Table 7}, The physiological processes
were understandably general since any effect of practice could not be
accurately isolated within these processes. The cognitive operations were
derived from Theios' model and consisted mainly of various transformations

" of information in memory.
The remainder of Table 7 describes the experimental task in

relation to Theios' notation (Figure 3} of the subprocesses that occur in

each time interval. In the first stage the light stimulatjion was translated
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a

into a memory code corresponding to the different colours. The second
stage resulted in the identification of the colours as red, green or
white. The third stage associated a colour (red or ggeen) with a response
to the right or left, The response program selection transformed the
'right! or 'left'! into a specific movement program to -either the right

or left, 1In the final stage, response output, the actual movemént Program
was initiated.

The partitioning of the experimental task was necessary in
order to dempnstra£e which‘portions of the task were practiced by the
different experimental groups. The specific practice, experienced by
each group could be directly rélated to the processes proposed by Theios
(1975). Table :8 shows the relationship between Theios' protesses and
the practice régimens of the experimental groups. The control group had
ﬁo pre~test practice, and thus had no previous practice of the reaction
time processes before the test trials. The perceptual group practiced

stimulus recognition and the association with the right or left response.

Therefore, the decreased reaction time relative to the control group must

be due to increased efficiency in the first three processes. The augmented
berceptual practice group also experienced practice of the first three

!
processes, The first two processes, though, were practiced under increased
information load. The capacity of these processes was increased by the
necessity of processing the white lights added to the stimulus array.
Since only red or green lights were associated with a response, increased
information load did not extend into the third stage. It would seem that

increased information load increased the efficiency of the first two stages,

and resulted in the lower reaction time of the augmented perceptual group



1

POOR coPY

Iuguoacw

xatduos asyyosexd

FaT30TIC

321 10vad ou

22131003d ou

. sotaorad ou

anTioeay

I030H

®agcuo]n

aay3avad

satiarad

oor3avid ou

a377orad ou

ant3oead ou

" woiaovad

2030
22730Ex4
[P0l uOoTlrwaojur PasSUaISUT IopuUn
ga7130e1d QU aoriaeid ou 2o13oTad 1rn3doaaag
- i adT3ovad
) [ITIDCEad I3 Paluaubny
20TITRAL
ao130ead ou sor3oead ou oa1300ad astiovad i aat3oead
Tenzdoozag
wUmuUMu.& ou uUuuUBhnm au ou.mu..uﬂhn_ ou UU..nuumuQ ou .uu..-uunhm ou ToI13und

amyl nding um:ommom

auTL

Uor3aa79g werboad asucdsad

AWTL uOYILUTLIDIBG asuodsoy

QUTY UQTIPOTFTIUSPT SNTNUTIS

auty andur sninwils

18P0 P SOTRYL

anTiavid a731o08dg Aq pPo1IDDIIY SOSSV00Sd

g otaca




95

relative to the perceptual bractice group.
The motor group practiced the association of 'right! or 'left'
(Me;balized by the experimenter} witﬁ a movement pattern to the gight or
left, This practice encompassed the last two stages and_also resulted
_in a lower reaction time relative to the control group. The complex motor
practice group also associated 'right! or 'left! with the corresponding
movement pattern, but performed a more complex movement. The increased
movement complexity would affect only the lgst stagé-since it did“not alter
the association between 'right! and 'left' and the response initiated., The
lower reactlon time of the complex motor group suggested that increased
complexity increased the efficiency of the final stage, response output,
The first two stages and the th stage inveolved both

physiological and cognitive processes (T;EIQ 7). In order to isolate the
locus of the practice effect these processes must be examined. In the
first stage, stimulus input, the physiological process consisted of visual
perception. The diameter of the visual column is approximately .5 mm

(Guyton, 1972) which consists of both optic nerves. The speed of impulse
transmission is directly proportional to the size of the fiber (Guyton, 1971},
For the visual column, the impulses travél in excess of 120 ﬁ/sec fRuch et
al, 1965), If this speed was an indication of the .durations of the other
components of Fhe visual system, then it could be concluded that the total
duration must be relatively short, Combinea with the fact that the stimulus,
in terms of visual processing, was relatively simple, the practice effect,

if any, would be relatively smallland would be achieved fairly quickly.
Because the total duration of thistiggggs would be relatively small, it:was

doubtful if a practice effect would be reflected in the experimental

- ' . t- - - -, = :
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obervations, Therefore, it would appear . that increased information load
during practice Qould effect primarily the cognitive operations involved
rn stimulus-input and stimulus identification, and not the physiological
pProcesses, 5.-:

In the fifth stage, response output, the physiological Processes
involved motor neuron transmission and muscle contraction initiation,
Fractionation of reaction time studies have demonstrated that motor time
(the time from the iﬁitiation of a muscle action potential until the first
observable movement) has a relatively constant duration of 38 to 42 msec
(Botwinick &‘Thompson, 1966}, and is relatively uninfluenced by factors

that affect central pProcessing, More specifically, Moris (1976) reported
that motor time dld not vary with extended practice. 'Qhe motor time
interval did not include the transmission of impulses along the motor
neurons, The speed of impulse transmission in muscle nerves ranges from_

B0 to 100 m/sec depending upon the nerve diameter (Rush et ar; 1965),

which supports the supposition that motor time would not be greatly increased

by the time taken for motor impulse transmission. With a speed of 80 m/sec

" and a distance of 1 m, it would take a nerve impulse 12.5 msec to travel

the distance. Therefore, it w0uld appear that the locus of the practice
effect of more complex movements lay in the cognitive operations of motor
program initiation, and not the physio;ogical processes.
. .
Movement time and movement time exror on test trials one and
two were not large contributorsoto the movement dimension. Movement time
(MT1) though did contribute to the reaction time function (function 2) with
a correlation of ,302. Although the coeeribution was not large, it was
seen that it distinguished the two motor practice groups -~ which had lower

movement time’s ~ from the other three groups. Overall, it would seem that

perceptual practice initially benefitted only reaction time, whereas motor
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pradtice initially beﬁefited both reaction time and movement time.

Thelremainder of the results dealt wi%h performance over the
ten test trials, It should be noted that any effects of the pre-test
practicg regimen were confoundéd by practice effects of the test trials
themselves. Since all groups experienced the same amount af practice on
the test trials, these results might have indicated how the test trial
' practice was affected by the pre~test practice.

.The.larges{ contributor to the differences between the
repeated measures was movement time (correlation .886) Which showed the
largest decreases across the test trials. This was further substantiated
by the fact that MT2 was also a large contributor to the separation of
the experigental groups (function l). Movement time, however, must be
considered relative to movément accuracy. MTE2/MT2 was,also a major
contributor to group differences, which éigwéd tha hosE:gro;ps which
experienced large decreases in movement time across the test trials ({control,
perceptual and augmented perceptual groups) also exhibited large increases
in error. The two motor groups which did not show any large change in
movement time, decreased their movement time error. It would appear that
motor practice benefited the movement time and accuracy over the test .:
trials, whereas perceptual practige or no practice did not benefit motor
pexformance. The above explanation also accounted for the large inter-
action of which movement time and movement time error were the largest
contributors,

Reaction time also contributed to the repeated measures function
(correlation .517), 'All groups decreased in reaction‘time and, except

for the performance of the augmented perceptual group, they retained the

-
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same relationship that they exhibited at the beginning of the test trials,
It was unknown whether the performance of the augmented perceptual group
was due to an inhibitory effect of increased information load during the
practice phases or another éffecf not known to the experimenter.,

In summary, a choice reaction time task can be divided into
two distinct components: a perceptual component and a motor component.
Similarly, the processes which occur'during the reaction time inte:val can
be subdivided into those processg§ related to the perceptual ;bmponent and
those related to the mqtor component (Theios, 1975).. It was reasoned that
practice of the perceptual or motor components, in isolation from the rest
of the perceptual-motor task, would differentially affect those processes
related to the two components relative to a no practice control group.

The results of this study demonstrated that previous perceptual
or motor practice produced a decreased initial reaction time. It was shown
that perceptual practiceiinfluenced the first three processes of Theios!
model and motor practice, the remaining_two. 'Within each process,
physioleogical or cognitive processes were specified. It was shown how the
phys#glogical processes could not have accounted for the practice ef%ect ®

. A
because their total duration was very-small. Thus, it was reasoned that
the focus of the practice effect must lie in the cognitive operations which
occurred prior to movement initiation, ;

Excluding program initiation, the cognitive operations were
composed of transformations of information whose relevance to the repetition

effect, various probability effects, stimulus - response compatibility and

the Hick-Hyman relationship has been previously shown (Theios, 1975). It
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wotld now appéar that the effect of various movement parameters would lie
in the program 1n1t1at10n stage since they do not involve the transformation
of 1nformat19n, but rather details of motor programming.

) Indlrectly this study has supported Theios' model- in that it
has shown that the underlylng cognltive processes occurglng during the
rgactlon time interval could be differentially affected by means of specific
practice. It further suggested that perceptual-motor tasks should be considered
as a composite of perceptual and motor procesgses., 1In the past, this has
been an unstated assumption tut researchers have not gone to the next step.
of dividing the perceptual-motor task into its compenents and studying; thet
sep?rately. ) ﬁh

In practical terms, several awgestims regardingqreac%&bn time .
could be made. Though nothing can replace practice of the actual task,
‘prattice and equipment restrictions have forced nmany coaches to cons%der
alternatives, This study supported the‘gontention that skills that irmwolve
reaction time could benefit from practice regimens that do not necessérily
depend upon the sport énvironment. The first task of the coach would be to
isolate those skills that depend to a great extent upon reaction time. Once
this has been accomplished each skill should be divided into perceptual and
motor portions. The perceptual portion would consist oflthe stimuli that -
:

the athlete must react to. The number of alternatlve stlmull, the clarlty of
the stimuli, the speed with which stimuli must be processed and the

L

differentiation of irrelevant from relevant cues should be considered by
‘ ' Y

the coach. Of major importance is the number of alternative stimuli since

this has a direct linear relationship to reaction time, Reducing the stimuli

to the fewest and most salient cues, could result in a reduced reaction time,
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Following the above eonsiderations, the recognitionlof the
stimuli of concern to the afhlete,_could be pract;ced in isolation from
the rest of the sport eevironment., One possible method of accomplishipg
this could be by taking slides of the various insfances of occurrence of
the stimuli. For example, in various team sports]euch as football or
basketball, pictﬁres of different éIEys or positions of players would be
relevant to a player who wﬁs forced tolmake a pass. These slides could
be presented to the player who could practice reacting to them, This would
correspond to the perceptual practice condition of the study.

Similarly, the motor portlon of the skill could also be é;actlced
in 1solat10n of the sport environment. The skill could also be practiced
without being subjected t0 a reaction time condit#eg, In this way, the
athlete can concentrate upon the mevement itself. More complex'versions

of the task could also be used to avoid boredom durihg practice.
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CHAPTER VI .

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

> .

.Summarx
‘ The purpose of this study was to determine thé effect of
specific pfactice of portions of a peréeptualdmotbr task on the reaction
time performance of the complete perceptual—motor'fask. A secbnd purpose
was to examine the effépt of information load and mobément complexity
during practice on reaction time performance,
The hyéotheses to be te;ted in this study were as follows:
1) Specifié‘pgactice of eithef perceptual or motor components
of the experimental task would result in a decreased reaction
time relative to a control group thch experienced neither
type of practice, |
2)- Increases in information load or movement complexity'during
" practicé of the perceptual or motor portions o£ the task,
respectively, would result in a décreased reaction time
relative to a control group without pracéice and to the
groups practicing the original perceptual or motor portions
of ?he task. ,
Ninety:dhe subjects between the ages'of‘E}fteen and forty years
volunteered to participa£e in the study. The subjects were randomly divided
into five practice conditions and were tested on a two-~choice reaction tim?

task involving a complex motor response, The experimental groups received

forty practice triais, followed by ten test trials.

al
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The control group received no practice on the experimental
task. The perceptual group practiced the stimulus recognition and response
selection portions of the task. The augmented perceptual group practiced
stimulus recognition and response selection under increased information
load. The motor group practiéed the.motof response, while the complex motor
group practiced a more complex version of the motér response.

The three dependent variables recorded on each test trial were
reaction time, movement ghne and movement time error. The results of trials
cne and two and trials nine and ten were averaged to form two repeated |

measures. A 5 x 2 multivariate analysis of variance was performed to test

the main effects. A discriminant aﬁalysis.was used as a post hoc procedure.

Conclusions

In relation\to‘the fi;st hypophgsis, it was found that:

l. Perceptual practice oﬁ a perceptual-motor task resulted
in a decrease in  the initial reaction time to the total
perceptual-motor task.

2. Motor practice of a perceptual—moéor task resulted in a
decreased initial reaction time in the complete éerceptuala

- motor task,
In relation to the secoﬁd hyﬁothesis, it was concludéd:
’

1. Increased information load during perceptual pr%Ftice
further.decreaéed the initial reaction time to the
perceptual-motor task, by incre&sing the efficiency of
the cognitive operations of st;mulus input and

identification. ' g
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2. Practice of a more complex version of the metor portion
of the tasR resulted in a decreased initial reaction time
relative to motor practice by increasing the efficiency
of motor program initiation.

In relation to the third\hypothesis it was concluded that:

. 1, Motor and complex motor pfactice resulted in a decreased
movement time and movement time error on the first two
test trials ¥elative to the control and perceptual group.

 Within the limitations of this study, the following gonclusions
could be made with respect to performance across the test trials:

1, Practice of the motor movement, or a complex version,
resulted in an improvement of movement accuracy by
decreasing percent movement time error while movement time
remained relatively'constant.

2. No practice or perceptual practice resulted in a decreased’
movement time but at the expense of an increased percent
movement time error.

3

3. Perceptual practice of the task alone, or under conditions
of increased information load or no practice, resulted in
an increase in movement speed but with corresponding
decreases in accuracy.

. L
4. Practice of the total perceptual-motor task resulted in

decreases in reaction time for all groups.

Recommendations

The review of literature indicated the diversity of research
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related to reaction time, With the advent of the models of Sternberg and
Theios, a unified perspective ig gradually beiné formed. The primary
thrust of current research should@ be involved with the clarification and
validation of such models. In this way & cohesive model of reaction time,
encompassing all areas of research may be formed,

The present study used two techniqués not commonly found in
reaction time research. The first involved the division of the perceptual-
motor task into perceptual and motor components. The manipulation of .

‘the perceptual and motor poftions of the task, relative to the complet;
task, appeared to be a fruitful method in the study of réaction time.
This method enabled inferences to be made about the underlying cognitive
operations, As a consequence, this method should be employed in future
studiés.w

The second technique involved.the use of three dependent

variables in a multivariate analysis, as opposed to one dependent variable

in a univariate analysis. This trend has already occurred in educational

and psychological research, and now is just beginning in psychomotor research.

The use of more than one dependent variable results in a stronger statistical

test as well as yielding a clearer indication of overall performance,
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APPENDIX A

ESTIMATED VARIANCE ~ COVARIANCE MATRIX

FROM MULTIVARIATE ANALYSIS OF VARIANCE
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APPENDIX B

ALTERNATE ANALYSIS OF RT1
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APPENDIX B

ALTERNATE ANALYSIS OF RTL N

The decision to use a multivariate analysis as opposed to
a univariate analysis depended upon the relationship between the variables.
If the variables measured the same process or‘were highly related to each
other, a multivariate analysis.would be appropriate. The degree of the
relationship depends on:

1) the correlation between the variables and

'2) the theoretical relationship between the variables,

The correlation between RTL and MTL was.320-which was' a
relatively low cor;elation. Reaction time an@ movepent time, tﬁdugh, have‘
a strong theoretical relationship as-evidencea by the studies reviewed in
movement parameters section, The processes that occur during the reéction
time interval are not the same as those whic@ occur during movement. The

relationship exists in that the motor program is selected and initiated
| I

v

during the reaction téme interval,
It was the au;hor?s decision to perform a mﬁltivariate analysis

followed by a discriminant analysis. However, because the possibility existed

that a univariate analysis might demonstrate a clearer indicatioﬁ of the

experimental effects, a'5 x 2 analysis of variance with repeated measures

' was performed on reaction time using Carlsonls 1979 prograﬁ. Movement

time and movement tiﬁe error were not analyzed again because the strong

relationship between them supporfed the appropriateness of a multivariate

analysis,
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The results of th; uqivariéte‘analysis supported the .
interpretation of the multivariate analysis of va%iangé and the discriminant
analysis, The contrasts of most relevance gere those of RT1 which were.
significant exceét:for.the contrast between the control group and the motor
group, .The comparison of means of RT2 and between RTL and RT2 a;e also

reported and support the multivariate interpretatid%.

-

4
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SUMMARY COF UNIVARIATE ANALYSIS
SOURCE SUM OF DEGREES MEAN F
SQUARES OF SQUARE RATIO
FREEDOM
Groups 282281 4 70570 3.7*
. Error 1637820 86 19044
Repeated 185101 1 185101 23, 9%
Measures
Interactiqn 38710 4 9677 .3
Error 666717 86 7752
01F (4,60) T 363
1,600 = 7+08

i

M



UNIVARIATE ANALYSIS: POST HOC RTL
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GROUP * CONTRAST SCHEFFE RANGE
: ! (MSEC) CONSTANT
Control vs Perceptual 99,95% - 78.17 178.12 to 21.78
Control vs Augmented =~ 119.92% i 198.09 to 41.75
Perceptual . : ' "
Control vs Motor 49.31 127.48 to -28.86
Control vs Complex 83.44% 161.61 to 5,27
Motor r

. | | ' % * p<.01
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-
! N
UNIVARIATE ANALYSIS: POST HOC RT2 )
GROUP . CONTRAST SCHEFFE RANGE
{(MSEC) CONSTANT
Control vs Perceptual 110,03* 78.17 188.20 to 31.86
Control vs Augmented - 45,0 . 123.17 to ~33.17 -
Perceptual . :
. LN
Control vs Motor 13,78 91.95 to =-64.39
Control vs Complex 76.51%% 65,08 141,59 to 11,43
Motor -
* pg.01
*% ¢ 05
= #
L



130 -
UNIVARIATE ANALYSIS: POST HOC ‘RT1-RT2
GROUP CONTRAST SCHEFFE RANGE
{MSEC) CONSTANT ‘
—T——y
Control 8g* 34.7 122.7 to 53.3
Perceptual . oB* 132.7 to 63.3
Augmented : 13 47.7 to ~21.7
Perceptual :
Motor ' 52% 86.7 to 17.3°
Complex 51* 115.7 to 46.3
" Motor . =
/" .

* p<.0l



APPENDIX C

MEAN REACTION TIME PERFORMANCE ON TEST TRIALS

-

MEAN PERFORMANCE SCORES '
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APPENDIX C '
CONTROL GROUP -
RT1 MT1 MTE1/MT1 RT2 MT2 MTEZ2/MT2
549, 0 1348.0. 43.2 335.0 1419.5 31.4
454.0 4037.0 11.1 455.5 2476.5 21.3
698.5 4049,0 15.5 436.0 2309.0 26.1
401.0 1756.0 35,5 501.5 1626.0 37.6
725.0 2537.0 17.4 400.5 1870.0 23.6
592.5 2213,5 38,5 399.5 2318.5 31.4
583.5 1713.0 43,2 583.0 1766.0 35.1
364.0 2379.5 29.1 302.0 1475.5 42.1
632.0 3239,5 30.8 402.5 1919.5 32.9
666, 0 2812,5 10.9 468.0 2132.5 25.2
411,5 2370.5 16.8 449.5 1798.0° 31.9
544.5 2047.0 33.1 367.5 1801.0 31.5
821.0 2487.0 29.5 487.0 2430.0 15.2
721.5 1 4289.5 7.7 563.0 1985,0 35.1
559.5 2730.5 12.8 390,0- 1807.5 15.3
691,5 2900, 5 26.4 536.0 1722.0 33.0
664.0 3043.5 24.9 578.5 1755.0 44.8
484.0 2305.0 28.2 389.0 2262.5 34.4
749.0 1517.0 38.8 828.5 1253.5 39.4
415.5 1993.5 33.1 793.0 1567.0 48,1 )
809.5 4846.5 6.4 648.0 1545.5 40.0
750.5 3172.0 28.9 698.0 2877.0 15.3 p
588, 5 2990, 0 16.00 411,5 1960.5 40.4
533.0 2258.0 43.9 572,5 1878,5 41.,3’/‘/‘/"7 )
764.0 2533.0 33.0 731,0 1970.5 30.8.
494.0 2064.5 26.8 617.5 1583.0 37.9
845.5 1664.0 30.7 798.0 1393.0 36.3
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£,
PERCEPTUAL GROUP
RT1 MT1 MTEl/MTl RT2 MT2 MTEE/P&TZ
613.0 2501.0 12.3 448.0 2038.5 27.1
348.0 2060.0 18.9 422.0 1707.5 24.3
391.5 2738.0 26.9 408.5 2235.5 26.4
379.0  2285.5 31.5 345.0 * 1590,0 32.8
539.0 1838.0 26.5 378.0 1417.5 57,0
737.0 1868.5 31.0 290.0 2207.0 40.1
547.0 3800.5 9.6 413.0 3442.0 5.5
568, 0 1954.5 . 43,2 526.5 1720.5 35,7
396.5 1792.5 29.5 361,5 1646.5 41.0
572.0 2832.5 32.3 © 591,0 2254,5 36.3
597.5 4874.5 - 10.3 448,0 3596,5 7.6
451.0 _ 1890,5 37.9 333,5 1678.5 31.6
A
V4



AUGMENTED PERCEPTUAL GROUP
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"RT1 MT1 MTEL /MT1 RT2" MT2 MTE2/MT2
5
542.0 3033.5 23.1 472.5 1914.5 36.6
450.0 2203.5 41.4 423.5 1844.5 17.5
, J
564.0 2822.5 19.2 . \_ﬁég?.s 2654, 5 15.2
536.0 2445.0 27,3 © 621,5 1897.0 52,6
452.5 2075.0 34.1 569, 5 1487.0 49.6
621.5 4511.0 12.7 495,5 4998,5 0.9
426,5 3040.0 2.8 327.5 2686,5 5.0
496.5 1511.0 36,2 543,0 1687.5 39.7
612,0 3752,0 12.4 638.0 3145.5 8.0
402.5 4291,0 22.4 449.5 2996, 5 21.2
471.5 2208.5 29.5 251,5 1724.5 42.6
612.0 3392.0 5.4° . 559,5 3054.0 12.5
461,0 2567.5 30.4 323.5 2200.5 40.8
498,0 2696,5 9.7 622,5 3171.0 19.6
295,5 1991,0 26,9 308.0 1711,0 29.1
425,0 4876,5 1.2 517.5 3553,0 9.1




MOTOR GROQUP
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RT1 MT1. MTE1 /MT1 RT2 MT2 MTE2/MT2
420.0 2895.0- 5.4 410.0 2756.0 8.9
518.5 2931.0 16.3 321.0 2641.5 9.6
502.0 1914.0 31,2 473.0 1854.0 24.5
630.0 3102.0 13.0 411.5 2899.5 30.8
658.0 3585.0 7.3 . 527.5 3910.0 2.1
460,5 2033.0 22,3 348,0 1968,0 20.4
551.0 2636,0 30.9 472.0 2809.5 12.0
618.0 2448.0 24.2 511.5 2562.5 22.9
683.0 1286.0 53.4 606.0 2047.5 35.2
578.5 1682.5 22.5 665,0 1744.5 28.2
663.0 2029.0 25.5 382,0 1989,0 11.5
385,5 1761,0 17.1 443,5 1992,5 19.5
612.5 2189.0 8.8 " 522,0 2908.0 12,7
497.0 3269.5 19.8 501.5 2732.0 - 31.8
415.0 2915.5 19.8 496.0 2859,5 15.3
571.5 2494.5 13.9 ' 544.0 2387.0 14.7
655.0 2760.0 21.2 . 596.0 2747,5 28,2
491.0 1473.0 25.1 653.5 1407.5 25,7
583.0 1633.0 32.9 557.5 1754.0 32.4
591,5 3073.0 4.2 644, 0 3442.5 5.1 —i§
723.0 2418.0 2599.5 16.3

9.7 624.5




COMPLEX MOTOR GROUP

137

RT1 MT1 MTELl/MT1 RT2 MT2 MTE2/MT2
552.5 1431.0 41.5 318.5 1555.5 32.8
413.5 1165,0 42,2 368,5 1482.5 34.9
565, 0. 1170.5 44,9 406.5 1304.5 39.1
378.0 2262,5 36.3 401.0 2385.0 14,5
459,0 1885, 5 19,1 431.5 2571.0 23.5
502.2 2185,5 14.3 321.0 2134.0 19.5
425,5 2134.,5 20,8 ° 477.5 2239.5 12.8
567.5 2302,0 40,7 467.0 2486.5 20.9
665, 0 1748,0 32.8 604,0 1816.5 24,3
788.5 4150.0 8.4 525.0 3957.5 1.1
423.0 3082.5 14.4 465,0 2706,5 13.7°
589,5 2114.0 28.0 486.5 2329.0 11.6
669.5 4337.5 5.5 577.5 4307.5 11.9
458.,0 4030.5 5.2 426,5 3011,5 5.2
465,0 2463.5 16.8 433.0 28.0

2410.5
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FREQUENCY DISTRIBUTIONS OF RT1, MT1, MTEL/MT1
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ABSTRACT

The purpose of this study was to determine the effect of

practicing the perceptual or motdr portions of a two choice reaction

time task, involving a complex motor movement, on response latency to

the complete task.

Ninety-one subjects Gefe_raqdomly divided into five experimental

conditions. The control groudp received no practice and performed only

]

the ten test trials. The other four groups’performed forty practice

Y

trials before completing the ten test trials. The perceptual group
practiced recognition of the stimulus and its aSspciation to a right or °
left response key, The“augﬂeﬁted perceptuai group experienced similar
g;actice but under a condition‘of incréased information load, by the
addition of irrelevanéllights to the stimﬁlu; array. The motor grodp
performed the motbr‘response on the préctice trials. The complex motox
group practiced a more complex vefsion of the motor résponsé.

A 5 x 2'multivariate analysis of variance with two repeated

b

measqfes and-~three dependent variables was performed on the data, .Qge
test trdal performance on trials one and two and trials nine and ten.
was averaged ﬁo form the two repeated measures, Reaction time, movement
time ‘and percent movémént.time error were the‘thfee aépehdent variﬁblés.

A discriminant analysis was used as a post ho¢ procedure.



The results indicated that both perceptual and motor practice
independently produced shorter reaction times than_tﬁe no practice control
group. Increased information load during per;éptual practice and complex
motor practice also resulted in reactioﬁ times less than the control
group.

&

Motor practice resulted<in a lower initial movement time than

.

the perceptual or no practice conditions. Over the-ten tes£ trials-the
motor practice groupé inqreased their accuracy by decreasing the percent
movement time errér. The control and perceptual groups also decreased )
, their moveﬁént time but inéreﬁsed their percept movement time error,

The findings were discussed in relatidn to the processes

proposed to occur during the .reaction time interval by Theios (1975).
B )
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