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STEGEL, DPONALD 5. The Narure and Signiticance of the
Hesponse Lzaleacy Asscclated with thne Ameadment of Movewenis
oi Varying Complexity. (1975%) Directed by: Dr. pPearl
Berlin. Pp. 12<.

Fhis investigation exswmined variation in the reaction
time (Hlo) to the second of two closely paired stimull when
responses were oyxderoed according to relative degree of
movepent complexity. The seguences included: {(a) execut-
ing & simple response folloving a ginple responge, {b) ox-—
cocrting a complay rcsponse following a simple response,

(¢) executing a siviple response following a cumpléex responsae,

and (d) executing a complex response following a couwplex
regponse, e interstimuius intervaels were also varied

novey selectad peryiods of 100, 200, 400, and »00 rillisec~

agnds for Lhe purpecse of regquiring sabjoots Lo aneund their

initial responses at differing points oif implennontation,

An awditiocnal qguestion investigated was wheiher & relation-

uwe

ship existed beiwecn reaction time nescared in &
task situatiou and Bfg. Measures of reactiou time on
single znu sequential response tasks vere generaied Ilrowm
24, tenmazle, rigbi-handed volunteers from the University of
North Carolina a4 Greensboro. Subjecils were yxequired 1o
atitenn sesgions un iive different days,

buring pPays 3 and 2, each subhje was aidnlnistered
50 siwmple, aud 30 cosplex response reaction time trials
with gach hond. 7The siaple response conusisted of Lifiing

an index finger frow & veaction time kKey. %ne cowplex



regponse required a series of linear movemernts and rever-
sals. Both were initiaied by the sound of a4 stimulus
buzzer and performed as quickly as possible. on bays

3 toe 5 each supjccet was asked to perform four different
blocks of triais baving difiering sequences of response
complexity utilizing the tasks practiced on the first two
days.

Vata fcr bays 1 and 2 consisted of mean resetion
times for cach subject, on each day, for each task, jpata
for bays 3 to 9% were similarly composed ol means Ior each
subject, on each day, for the initial and successive re~
sponses in each of the four ditfere:nt tasks. An analysis
of the dnata reveaied that ihe sequense cof respouse Qouw-
plexity was the most important deterwiner of BT, et
Lhoe tests among means across all coudivions showed that
HT2 was signidicenily longey when the couwplex respenze vas
Iirst in the seqyuence, Asnalogously, it reficcted the
cowplexity level ol the second riesponse, buat o a lesser
aegree, pFiftv-seven percent of the variance in KT, was
found <o Le attribdbutable to this factor., Manipulating ihe
intersiirulus iagierval accounted for onliy iwwo percent of
the varianiion in hTZ. Posti-hoec tests reveazicd that kTg
was elongated only at the 100 miliiseconds iutevval,
Finally, classrfying subjects 1ate fast and slow groups on
the basis of gingle reaciion. time wmeasures acceccunivd for

five percent of the voyviation in EY,. Each groupr vas found
9 &



to remain iniact across all experimental conditions, thus
indicating generality ol reaction time speed in the single

and sequential tasks used in this experiment,.
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CHAPTER 1

INTRODUCT1ON

Aithough the theoretical import of an individual's
ability ito make corrective mcvements in various. types of
responses was recognized as early as Woodworth's classic
study in 1899, much still remains unknoewn concerning this
phenomenon. For the most part, skill theoreticians have
acknowleaged the need to utilize various types of stinmulil
to guide ongoing responses to their intended conclusions,
but they have paid little attentien to studying the pro-
cesses involved when a performer amends one yesponse in
favor of ancther one which has an entirely different goal.
In both cases, stimuli are processed by various receptors
and transmitted via afferent nerve tracis o conitrol cen-
ters in the brain wha&re decisions are made to either main-
tain or modify the movement as planned. When‘corrective
action 1is indicated, and the goal of the response is wmain-
tained, changes way be wmacde in the exccutive motor program,
or in the inclusion and ordering of subsequent subrouiines.
However, when the decision calls for a change in goai,
different underlying processes would seem to be required,

Current movement must be curitailed, a new sxecutive program



with different accompanying subroutines organized, and a
new response initiated.

Henry's (1960) "memory druw" theory for neuromotor
reactions predicts ithat program changes for a short and
uncomplicated respounse reguires a shorter latency than
the alteration of a more complicated one, This 'is antic-
ipated because theory posits that less stored information
from the wotor memory would have to be withdrawn, and
fewer subcenters and cuannels in the nervous system wod-
ified. Alithough not specifically deduced by llenry, logie-
ally it would seem to follow that when anotherxr response is
called for by the sawe stimulus signaling the awuendment
of an immediately previcus one, the simple reaction time
assocliateu with the initiation of the sccond rovesment
would be a Iunction of the complexity of each neurovmotor
program,

Statement of the Problew

Purhqgg

This study a@analyzed variations in simple reaction
time (kf,) to a stiwulus signaling subjecis to awend one
respons« and imwevialely begin the implementation of
another one. In addition, the complexity level for each
of the sugcessive responsss was systemauilcally ordered so

as to test the deduction that a longer latency is
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associated with the amendmént ol a wmore complex motor pro-
gfam. The contribution made by each response t9o RTZ was
also examined.

The interstiwulus interval (ISI1), i.e,, the period
between the first stimulus (S;) signaling the initial re-
sponse, and the seconud stimulus (52) signaling curtailment
of the first response ana commencement 6f tie second one,’
was also varied over intervals of 100, 200, 400, and 800
milliseconds. The literature consistently supporits the
notion that RT2 lengthens progressively as the IS1 shortens
under about 3U0 milliseconds. This increase in RT2 has
been attributced to what has beéome Known as the-"psycho-
logicél refraétory period" {PRP). By varying both the
seguesnce of responée 00mplexit$ (SRC) and 181, tiiis study
also exawined the uunique interaction between these factors.

Finally, the relatiounship between reaction time
measures taken in a single task situation and RT2 was
studied. An earlierxr investigation (Xroll, 1969). dewon-
strated that subjects who dirfered initially on simple re-
action time anu subsequently on initial paired reactioﬂ
time (RTl),in a task requiring siwmple key lifting respoiluses
to successive signal stiwuli, did not show ditferences in
the absoluvte wmagnitude or pattern 0% response latencies

to the second stimulus. This resull suggested that the



ability to execute responses consecutively when the 1SI is
short way be a unique skill factor. The present investi-
gation partially replicated and also extended Kroll's study
by analyzing differences between relatively fast and slow
résponuers in a single reaction tiwe situation ance their
RT2s in a sequential task in which SKC and 1S]1 were varied.

Hypotheses .

.

From past research it was deduced that the reaction
time tc a stiwmulus signaling the awenduent. of one motor
plan and the initiation of another one is directly related
to the cowmplexity oif each, Secondly, it was deduced that
when the [SI is 300 milliseconds or iess, the reaction
time to the second stimulus should be inversely related
to the length of the ISI. VFinally, it was deduced that no
relationship should exist between an individual's reaction
time in a single response situation and his response
latency to the second of th closely paired stiwmulli signal-
ing dirferent responses. These deductions gave rise to
the following nypotheses:

Hypothesis 1., 7The reaction time to a stimulus sig-

naling the amendweni ¢r & complex motor plan and the ini-
tiation oi a simpie one is longer than the reaction time
to a stimulus signating the amendment of a simple motor

plar and the initiaticn of a simple one,



Hypothesis 2., The reaction time to a stimulus signal-
ing the awendment of a simple motof plan and the initiation
¢f a cowplex one is Jlonger than the reaction time to a
stimulus signaling the amendment of a simple wotor plan and
the initiation of a simple one,

Hypothesis 3, The reaction tiwe to a stimulus signal-

iuyg the amendmentbof one wmotor plan and the initiation of

another one jincreases as the ISI decreases frow 400 willi-
seconds to 200 williseconds, and from 200 milliseconds to

100 milliseconds.

Hypothesis 4. No difference exists in reaciion tiwme

to a stimulus signaling awendument. of one résponse and the
initiation of another one between those individuals grouped
as fast and siow responders in a single, siwmple reaction
tine task situation.

pefinition of Teruws

Amenduent of response. Any correction wade in an

ongoing response, based on intrinsic or extrinsic feedback,
intended to either increase the precision of or entirely
alter the orginally planned wmovewment.

Ballistic response. kesponse which is executed as a

whole and cannot hLe infiuenced by information feedback.

Complex response. jiesponse which requires a compre-

hepsive motor program involving séeveral muscle groups and



several specific areas of neuromotor coordination (Henry,
1969). For this study, a complex response was operation-
ally defined as performing a task requiring a series of
linear movements with reversals. _This response was similar

to the one used Ly Henry (1960).

Executive program. A plan conceived to control the

selection and ordering of a sequence of operations,

Intermittency in skill. Discrete intervals at which
- time corrections can be made in an ongcing response.

Interstimulus interval (ISJ). Time period Letween the

onset of one stimulus and the onset of a subseyuent one,.

Motor program. A plan that can control the selection

and ordering of a sequence ol operations.

psychological refractory period. The additional délay

observed in the reaction time to the second of two suc-
cessive sighals when the interval separating stimuli is be-
tween 50 and 300 milliseconds.

Reaction time. The period betiveen the initiation of

a stimulus and the initiation of a response.

Sequence «f response cowplexiily (SRC). The ordering

of successive responses hy the spatial and itemporal demands
required by each one,

Simple response. liesponse in wihich neuromotor coor-

dination centers and patihways are chiefly cerebellar or



subcortical without or with minimal cortical involvement
(Henry, 1960). For this study, a simple response was
operationally defined as lifting a finger from a reaction
key at the sound of a simple auditory stimulus.

Skilled response. Cowplex, intentional action involv-

ing a whole chain of sensory, ceniral and mofor mechanisms
which, through the process of learning, have cowme to be
organized and coordinated in such & way as to achieve pre-
deterumined objectives with maximum certainty (Whiting, 1972).

Subroutines. A unitary operation that may be select-

ed and used by an executive program to achieve a specific
purpose.

Basic Assumptions

This investigation wade the following assumptions:

1. The subjects responded to the stimuli, in all con-
ditions, and on every trial, as quickly as possible.

2. None of the subjectis used in this study ever per-
formned the complex task prior to their initial experimental
session.

3, Siwmple reacfion time reflected the time taken to
process stiuuli and organizé the implementation of a re-

sponse.

" Scope of the Study
This study iuvestigated the effects ol SRC and 1ISI

“on RT2. Adoitionally, the relationship Letween an



individual's reaction tiwme in a single response situation
and his reaction time to the second of two closely paired
stimuli signa;iug aifferopp responses was examingd.

The boundariqs of this inquiry were established, in
part, by 24, right-handed, temale students, from the popu-
lation in attendance at the University of North Carolina at
Greensboro during the fall semester ot 1974, who served as
subjects.

The variables in this study consisted of the seqguence
and complexity ol successive respcenses, and the interval
between stimuli signaling the initiation ol each reaction.
The selected seyuences and levels of complexity c¢f successive
respoﬁses were: (a) executing a couplex respounse followinug
a complex response {CC), (b) executing a simple response
following a cbmplex response (CSj, (c) executing a couplex
response following a simple response (SC), and (d) executing
a simple response following a simple response (SS). The
~intervals between stimuli were 100, 200, 400, and 800 wmilli-
seconus.

For the purpose of examining the relationship between
siuwple reaction tiwe in a siwple task situation and the
reaction tiwme to the second of two successive responses, the
24 subyects were greouped on the basis of their reaction
tines on tthsimple and cowplex iasks perforumed alone. This
provided for two levels of reaction time speed, one of which

vas relaiively last in relation to iue other,.



Significance of the Study

Many moetor skills require a periformer to adapt quickly:
to a changing cnvironwent. Usually, this entails awmending
planned or initiated wmwovenents in tavor of others having
different purposes. In sport, the instances of a successful
feint in basketbzll or a baseball pitcher throwing a
"chdnge—up" are examples in which individuals intentionally
coenfuse their opponents, requiring thew Yo awend responses
with wminimal delay. The skill of driving an automobile
also entails the operator reacting to closely ordered stim-
uli signaling véry different responses. OQOftentiwmes the
delay. in initiating successive adaptive wmovements may prove
fatai!

Experiwenital studies have confirmed the finding that
a confusing uisplay freyuently causes performers to select
aid process inappropriafe environmental cues that ultimately
lead to iuncorrect respenses within the immediate situatiou.
Amendment of these responses and implementation ol correct
ones wust then be made. However, when the stimuli signal-
ing each are closely paired temporally, the reaciion time
to the second is found to be inversely reiated to the 18I,
and thus thie probavility of failure to iwplement the cor-
rective action in tiwe, to avert erring, is incressed.

This investigation, in addition to the fﬁctor of 1st,

examined the effect of tuec sequence ol couplexity of two
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successive respoinses on RT, . Likewise, the interaction be-
tween IS1 and SRC was analyzed. The_relationship between
an individual'§ simple reaction tiwe in a single situation;
initial paired reaction time (RTl), and RT, was alsQ con-

sidered across all conditions of SKkC and ISI.
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CHAPTER II

REVIEVW OF LITERATURE

The idea that response latency varies with the length
of internal processing time 1is not novel. -In fact, Wood-
worth and Schlosbery (1954) interpreted lhe measure of re-
action time as an index of the cdmplexity ol planning future
actions. They wvelieved that as internal processes becaue
wore complicated, reaction tiwe hecame longer.

Subsegyuelitly, evidence has accumulated in supporxt ol
their contention. Simple reaction time has been Jfraction-
ated (wWeiss, 1965; potwinick and Thowpsou, 1966; Schmidt
and Stull, 1970; wyrick and Duncan, 14Y74) inte prewotor and
motor cowmponents. The literature indicates that thz pre-
wotor coumponent varies directly with, and accounts for over
50% of the variation observed in total reaction time, while
the motor component veiains relatively constant over dif-
ferent response conuitions. Assuwing that the duration of
aftzrent and efferent neural transmission 1s similar,
central processing may be attributed as the locus of vari-
ability in delay. Thus, manipulation of the characteristics
of a response which a subject is reguired to execute, logic-
ally, snhould be reflected in thre subsequent simple reaction
time, siunce this weasuve indicates the awount of processiug

necessary to oxganize iupending motor behavior.



Relationship Between lesponse yualities

and Siwple Jteaction Tiwe

Findings supporting the contention that the qualities
of a response are related to siwple reaction time huve.been
in evidence for quite some tiwme. Freeuwan (19Y07), for ex-
ample, found that when a subject was required to react to
a signaling stiwulus by making geoumetric figures, the sium-
ple reaction time in initiating these responses varied with
the increasing complexity of the representations. The
tracing of a pentagon yielded a longer latency than that of
a circle, and a circle a longer 1reaction tiwme than that of
a straight line.

Subsequently, Pacaud (1942) partially réﬁlicdted
Freeman's findings. 1lle obsexved that when a movewent re-
sewmbling a circular path was required to be perforwmed by
a subject following a stiwulus, the reaction tiwe was
longer than when ounly the response key had to be released.

In a wore cowprehensive study, Searle and Taylor (1948)
exawined the relationship between reaction and wovement
time in a target tracing task. They required subjects to
follow a woving line through a narrow slit with a pencil.
Searle and Taylor reported that when subyects had to shift
their pencils ninety degreaes in order to stay on target,

reaction tiwe averaged 257 williseconds, which was well
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above simple reaction timelvalues for any modality. An
additional finding of importance was that movement time
was generally shorter than reaction time. This suggested
that intermittency existed in the stiwmulus-response loop,
since each movewent was brougii to a halt before the visual
signals of diminishing error had time to effect stopping.
The authors interpreted this to mean that certain "open-
loop" phases of centrol were evident during successive
corrections, although within the framework of a larger
"closed-loop" systew. ‘thus, the reaction time period was
thought to deal with the perception of error and the organ-
ization of an integrated temporal pattern of nerve iumpulses
whicli were triggered as a whole unit. In addition, Scarle
and Taylor suggested that itbseemed unlikely that the plan-
ned neural pattern could be altered, during its channeling,
in response 10 new stimuli.. lience, it was concluded that a
subJect does not start out toward a target and stop when
the target becomes close, hut instead progriows an integrated
motor pattern which approximately reaches the target. On
appreaching the goal, a vetter prediction of error betﬁeen
the initial wovement and end pecint is made, and another
movemwent intended 1o decrcase the unticipated discrepancy is
planned and initiated.

This analysis of ihe interual processes involved in

ballistic wovewents supported the findings of an earlier
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investigation which was conducted by Woodworth (1899).

He performed a siwmilar study in which tracings of various
wovewents were recorded on a rapidly rotating kywmograph.
Frow his data, Woodworth suggested that the first impulse

of the movements studied contained, in sowme way, the
beginning of the entire movement. Thus, it was concluded
that movewents performed with such rapidity entailed the
programming of spatially and temporally coded nerve iupulses
which controlled not only activation of the responses, but
cessation as well.

In another study intended to investigate the parameters
of movewment length and direction on reuction_gnu woveument
time, Brown and Slater-Hamwel (1949) ouserved tha£ reaction
tiwe was increased when a subject had to make more than a
single finger lifting movement frow a reaction key. They
reported response latencies for the various distances
wmoved, upon responding, at approximately .25 seconds.

This was comparable to the tiwes found by Searle and
Taylor (4948) and appreciably longer than the aoccepted
standard of simple auditory or visual reaction times which
have been found to be 340 and 180 umilliseconds respeotive-
ly (woodworth and Schlosberg, 1954). llowever, Brown and
Slater-Hawwel found no relationship between variations

in the length orxr direction of the woveuments used and

simple reaction tiume.



In a later study, Fitts and Peterson (19Y64) examined
the effects of varying response amplitude and terminal
accuracy on reaction and movement time. Although reaction
time in all tasks approximéted 300 milliséconds, which 1is
appreciably greater than simple reaction time to light, no
difference in response liatency was found across,conditioﬁs.
These findings corroborated those of Searle and Taylor (1948),
and Brown.anu Slater-naﬁmel (1949), but wére not in full
agreewent with those of Freeman (1907) and Pacaud (1942)
in that reaction time did not vary eveﬁ though the wmove-
ments did.

Henry (19060) analyzed earlicr investigations rciated
to the ;frect 6f response complexity ou reaction time.

He concluded that studies such as the one conducted by
Brown and slater-Jammel (1949) manipulated only length
and direction of movements, nolt complexity. Henry pre-
dicted what Freeman (1907) and Pacaud (1942) had already
observed, i.e., response latency increases as moveuents
becouwe more cowplex. Using three different responses,
oune which required siunply releasing a reaction timelkey,
one which demanued moving a hand frow a reaction tiue key
and grasping a tennis ball >0 centimeters away, and one
which was siwilar to the previous one, with the exception

that more linear movemeuts and reversals were necessary,
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Henry found statistically significant increéses in simple
reaction time as the tasks became more complex.

These findings led to Henry's "memory drﬁm" theory for
neuromotor reactions. This hypothesis stated that acts of
ballistic s8kill reyuire the calling foxth of stored programs
from & neuromotor "meuwory drum">located in the brain. oOnce
initiated, these prograus were hypothesized to g&ide the re-
iecased outburst ol eftferent neural impulses through the
proper nervcecus cente;s, subcenters, and nerve tracts so
as to produce the appropriate movements. Thus, the ob-
served increased latency for more complicated movempents
simply reflected the additional time required fo call'forth
from the "memory drum® and implement a wore compreheusive
program.

Henry's data were consistenit with those of Freeman and
Pacaud. In addition, the explanation offered for the phen-~
omenon led to a number of testable deductions. The present
study was based cn lenry's model, and predicted that when
a stimulus occurred which signaled a subject to amend one
response and immediately begin the execution of anothef
on2, the reaction time of the second movenent (RTQ) would
reflect the degree of complexity involved in both responses.
This secened logical since preparation for the second res-

ponse would additionally include the tiwme required to
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awend the first wmotor program. For example, in the case of
a couwplex initial program, more subcenters and neural chan~'
nels would have to be arrested, and thus the reaction
time for a subséquent movewent would be delayed beyond the
time it would take to awend a simpler preceding response.

More recently, Glencross (1972; 1973) reported the
relationship between various kinds of responses and their
associated reaction times. He concluded from his first
investigation (1972) that reaction time was not signiri;
cantly influenced by whether a movement was short or long,
or continuing or reversing. On the other hand, respbnses

. : \

performed in more than one plane, includiug halts, took
significantly longer to initiate than simpler finger and
hand movements. Subsequently, Glencrbss (1975) found that
performing siwilar movements against variable forces had
no effect on reaction time, However, in contrast to liis
previous report (1972), he found that reaction tiue was
longer for ektended movements; provided that termihél accu-
racy was required. Again, having to reverse a movement
performed in one plane had no significant effect on reaction
time. An additional finding was that when bilateral nove-
ments were compared to unilateral ones, reaction time was
lonéer. Glencress' overall conclusion was that reaction

time is wore influenced by variations in the spatial and
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temporal organization of a mbvément than it is by the
number of wotor units that il requires.

In summary, it would seem that results frowm experiments
that have been interpreted to demonstrate either a rela-
tionship oxr the lack of one between reaction tiwme and move-
ment complexity have been inconsistent.in their findings.
It would seem that complexity way be counceptualized in terwms
of either amount of movewrent, i.,e., lcngth and force, or
the degree of spatial and temporal organization required.
In the present study, the compléx respounse was greater on
both of these parameiers than the simple one, and thus the
contention that a seguence of response compléxity did in
fact exist scewed reasonable, |

Sequential Responses and Hecaction Tie

Since Henry's (196C) "memory druwm" theory applied

only to ballistiic movements (Noxrrie, 1974), the signal to
ameud A response (82) had to occur within approximately

300 milliseconds from ithe occurrence oif the initial signal
(s4) indicating the subject to begin the first response.
when two stiwuli requiring different acticens by a subJéct
transpire within a temporal interval ol approxiwmately tiis
magnitude, an increasecd reaction itime 1o the second wmove-
ment nas been observed. lence, this present study not only

was designed to account for the effect of the sequence of
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response couplexity (SRC) on RT,, but also that of variation

in the interstimulus interval (ISI).

In essence, the nature and locus of liwmitations in
man's perceptual-wotor systems were at issue in the present
study. It has become widely accepted that man behaves as
an intermittent correction servo in the performance of both
continuous and discrete motor tasks. In relation to the
delays observed in ongoing performance, which appear to
signify intermittency, Craik (1948) stated:

We must . . . ask ourselves whether this delay is
wore likely to consist of transmission time of nerve
impulses continuously traveling down an immensely long
chain of nerve fibers and synapses connecting sensory
and motor nerves, or of a "condensed" tiwe lag ocouring
in one part of the chain. If the first hypothesis were
correct, there would seem to be no reason why a contin-~ -
uous stream of incoming impulses should not evoke a
continuous stream of wotor ones. . . . 11, on the other
hand, the time lag is caused by the building up of sowme
single "computing" process which then discharges down
the motor nerves, we might expect that new sensory
impulses entering the brain while this central computing
process was going on would either disturb or be hindered
from disturbing it by some "switch" system. (p. 147)

Craik later suggested that his ideas could be tested, to soume

extenit, by recording huwan responses to a series of discrete
stimuli presented at various time intervals. lle proposed
that if a minimuw interval was found in which stimull
could not be responded to, this would be evidence for a
limited central processing mechanisu.

over thé past half century, a relatively large nuumber

of investigations have been performed in which the ISI has
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been wanipulated for the purpose of determining the nature
and extent of central limitations in executing responses
when called ferth in a fast, consecutive manner. Telford's
(1931) study has been recognized as the first investigation
designed to examine these theorized central processes. He
generaliied from physiologibal evidence that a refréctory
phase appeared to be a universal, postestimulation phenom-
enon of sensitive tissue. Using a simple response, reaction
time task, Telford found that when RT, was calculated for
ISIs oif .5 to 4 seconds, the .5 second ISI resulted in the
longest RT2 latencies., Results frowm his study led to the
conclusion that the inflated RT2 wae indicative of a central
refractory period; comparable to the refractory period
found in neurons, but of a longer duratién. Subseyuently,
this increased latency has wecowme popularized as the
"psychological refractory period." As in the case of
simple reaction time however, speculation as to its central
locus has been rife, but no theory has yet adequately
accounted for the diversity of facitual knowledge currently
available pertaining to variables which are presumed to
influence its wagnitude.

- Adaws (1964) summarized that the British have attempted
to explore wan as a couwunicaticnrs and computer model with
a nuaber of input channels, a shori- and long-term mewmory,

a limited decision mechanism, and effector apparatus to



which the decision processbr issues orders. Based on evi-
dence of an increased latvency in RT2, from step-tracking and
sequential key lifting or pressing experiments, skill
theoreticians such as Craik (1947; 1948), Dbavis (1956;
1957; 1959; 1962; 1965), and wellord (1952; 1959; 1967)
have accepted the concept of intermittency in skill, with
the one-channel decision mechaniswm as its cause. As explain-
ed, only one stimulus event at a time may occupy the pro-
cessor. Subsequent stimuli which follow toc soon after
earlier ones were theorized to be delayed in some sort of
buffer system within the brain until the previous response
~decisions had been completed and the mechanism cleared.

pata generated wy vince (1947), Poulton (1950), Elithorn
and Lawrence (1955), Slater-Hammel (1958), Kay and Weiss
(1961), Creamer (1963), Nickerson (19065), Kroll (1969),
and Boddy (1972) illustrate the typical finding that when
a second stimulus, to which a response must be wmade, follows
an initial one by less than 300 milliseconds, the reaction
time to the second.stimulus is delayed beyond what would
norwally be the reaction time period tfor that response'
performed alone, 1In contrast to the single-channel hypothe-
sis, which seems to proviue the vest fit Tor the data
already available (Bertelson, 1966; suwith, 1967), an

alternate explanation for this observed delay in RT, hes
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been proposed in terms of temporal expectancy. Hick (1948)
and pPoulton (1950) appear to be the earliest proponents of
this position. Poulton concluded tfrom two experiments that

the lack of readiness to respond to § as revealed by an

2’
inflated RT2, way have resulted from either the subject not
having prepared adequately, as he was not expecting 82 S0
soon after Sys Or that, the time interval between stimuli
was too short to allow the necessary preparation. 1o a
large degree, this viewpoint is derived from an eariier study
pertormed by Mowrer (1940) in which he found that stimuli
occurring before or after a mean preparatory interval were
responded to with a greater latency than those occurring at
the wean. Smith {(1907) related Mowrer's work to the expect-
ancy theorists! position in writing:
Expectancy theorists, accepting the hypothesis that the
mean I1SI represents the point of peak expectancy, explain
the observed delay in RT, by stating that when the ISI
between the two stimuli Ys randomly varied, as is usu-
ally done, Ss develop a high expectancy for the second
stimulus (S,) at the mean 1SI. Consequently, when
very short TSis are presented, Ss expectancy of §
is winimal, with the result that RT, is very high? As
the [S1 increases the expectancy thit S, Will arrive
momentarily increases, with a corresponding decline
in Rr,. (p. 204) '
Adans (1962) tested the expectancy hypothesis of
psychological refractoriness by manipulating the statisti-
cal structure of the 15I. Whereas single-channel theoreti-

cians regarded refractoriness as a consequence of the absolute

values of the 1S1, expecrancy theorists considered it a



function related to the relative distributions for the

arrival times of Sz.

support both positions in that although the increase in RT,

The results, however, séemed to

was swmwaller fox groups provided with less uncertaiinty about
the occurreunce of 52, the trend of progressively longer
latency being associated with decreasing 1SIs remained
evident.

Creamer (1963) believed that event uncertainty, i.e.,
the occurrence or nonoccurrence of 52, would produce delays
in RT2 even when the time certainty of 52 was constant.
Using five different groups of which each had fixed ISIs
of 0; 100, 200, 400, and 800 milliseconds, he varied event
uncertainty. A sixth group was administered trials in which
both variables were uncertain. Creamer concluued from his
results that the time certainty groups were comparable to
the group in which the arrival of S, was varied when RTQS
were contrasted. This led him to summarize that event
uncertainty was a more important determiner of RTo tkan was
time uncertainty. 'uowever, even with fixeq ISIs, as in
Adans' (19602) study, delays were maximal at the swallest
intexvals, and dgcreasec as the time between Sy and 52
increased,

In a later study, based on the work of Adams (1962)

and Creamer (1Y03), Nickerscn (1965) wanipulated both the
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absolute and relative durations of the 81-82 interval in
g Four different

conditions provided for an overlapping of interval ranges,

order to study their contributions to RT

thus allowing comparisons among intervals with identical
absolute, but different relative durations. The four
ranges used were 100-~500 milliseconds, 300-700 milliseconds,
500-900 milliseconds, and 100-900 milliseconds. Nickerson
found, siwilar to Adams (1962) and Creamer (1963), that RT,
was a function of both the absolute and relative durations
of the intervals used. At all intervals up to 500 milli-
seconds, RT2 decreased as the absolute length of the ISI
increased. In addition, it was concluded that within
conditions, HT2 was relatively large when the 1SI was small
relative to the equiprobable alternative durations that it
could assume on a particular triail.

Davis (1965) attempted to ultimately determine which
explanation, i.e., expectancy of So or}that of a one~channel
decision processor, was more tenable. Je reasoned that those
who favor the former atiribute the inflated RT2 times to the
distribution ot ISls, while those who support the latter
account for refractoriness as a result of blocking a central
mechanism by the occurrence of the first stimulus. Davis

attenpted to resclve this controversy by eliminating the

tfirst stimulus. 7Thus, he instructed subjects to initiate
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a trial by spontaneously pressing down on a reaction

time key and closing a circuit. This event marked the
coumencecgent of an interval. The distribution of intervals
was kept comparable to the more typical situation when two
stiwuli were successively presented. Any differences be-
tween RTQ patterns in this experiment and those in which
both stiwmuli occurred were attributed to the eifect ot the
e#ent which initiated the interval ratber than the distribu-
tion of the lsis used. When pavis' results were cowpared to
data in which the ISI was begun by Si’ no delays in RTQ

were eviueqt. This seeuwed to support his contention that
psychological refractoriness was essentially caused by a
one-channel decision processor which must deal with Sy
pefore it can process S2.

These results were in basic agreement with an earlier
study performed by Kay and Weiss (1901). They manipulated
the depgree of regularity in both the preparatory interval to
51 and the ISI. In addition, they varied conditions so that
in sowe blocks of irials no response was required for Sl'
Kay and Weiss founa; (a) RT2 was significantly increased
when a respounse was required to Si’ and (b) RTQ was greater
when the preparatory interval for S, was irregular than
when.the IS]l was irregular. These results sezmed to indi-

cate that an increase in processing time for 51 was directly
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related to the phenomena of psychological refractoriness.
Thus, additional support was given to the single-channel
decision processing hypothesis,

In a recent stuay, Boddy (1972) attempted to identify
the physiological correlates of psychological refractori-
~ness. He examined the relationship between delays in

RT, and delays in the prowminent nonspecific cowmponent

2

of the evocked potential associated with § Boddy made

X
the assuwption that this measurement was indicative of the
subject's state of attentiveness. Although he was unable
to find the hypothesized relationship, i.e., delays in
the nonspecific component analogous to delays in RT,,
Boddy did find that in conditions whiéh required subjects
to respond to both 81 and 32, amplitude, rather than temporal
refractoriness was evident in the prominent nonspecific
couwponent associated with 52. He suriised that this find-
ing suggested that the portions of the evoked potential
attributable to S, and its associated response may have
been additive sources in causing the observea delays in
RT2. Boddy's conclusions, thus, seemed to conform to those
reached by both Kay and Weiss (1961), and Davis (1965).

In sumwmary, certain generalizations may be wade from
the findings of studies designed to investigate the theo-

retical aspects of tne "psycholegical refracteory period."
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The following statements seew consistent with the literature:
(a) RT, increases as the ISI decreases below 300 willi-
seconds, (b) both the absolute and relative duratious of the
ISI effect RT,, (c) the awount of processing required for
s1 appears to vary directly with RTZ’ aud (d) responding to
s1 causes a larger increase in RT2 than just attending to
51' In addition, the two wmost prominent explanations which
attewpt to account for the delays observed in RT2 are known
as the single-channel decision processing theory, and the
expectancy theory. As Welford (1959; 1967), a strong ex-~
ponent of the former posjition admitted, the orucial experi-
wments have not yet been done to wake one theory more tenable
than the other. It seems today that if all ﬁﬂe data already-
accuuwulated were to be accounted for, delays in ur, would
seew to vary with circunstances according to prinociples as
yet unknown.

The present study was priwarily concerned with the
tiwe taken to amend and initiate successive responses of
varying complexity. Since the tiwo of the signal to cur-
tail the first response usually occurred at an 1SI in which
kT, Las beeun shown to be prolonged because of the "psycho-

logical refractory period," the variation in RT2 resulting

from this phenowenon was considered along with that varia-

tion due to SKC.
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-Complexity of Awended and Successive

Movenents and RT2

Few investigations have examined the effect of the
complexity of successive paired respouses on RTQ' Typi-
cally, past research has been done with simple movementis
which began and ended at approximately the same time. The
following studies were exceptions since they utilized tasks
of differing degrees of complexity.

Poulton (1950) studied RT, in relation to a task which
required subyects to trace three successive Vs, as fast as
possible, in response to an auditory stimulus. 1In some con-
ditions a sigual was given to stop at a certain point in the
contfiguration, while in otuer conditions subjecis werc in-
structed to disregard the sigunal. In another condition,
subgjects hau to trace only part of the pattern, but in
response to another successive stiwulus, continue. - Poulton's
data showed that stopping the planuned response required a
wedian of .25 seconas longer than an ordinary complex graded
reaction time. In contrast, the wmedian tiwme for extenuing
the movewent was .35 seconds longer. Additionally, he found
that if a preparatory sigual to extend or amend was provided
.6 seconds before the point to alter ongoing moveument, R’l‘2
was eliwinated. Wwhen the same signal occurred .3 secounds

before the stiwmulus iudicating a change in planned action,
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“Tz was found to be intermediately between no preparatory
signal and one which sounded .6 seconds prior to S,. Frou
his data, Poulton concluded that the length of T, was a
function ot the degree of preparation for Ifuture action,
and not recovery frouw a past respouse.

vince and Welford (1967), similarly, investigated
refractoriness in relation to spaeeding-up, slowing-down, or
entirely arresting an ongoing response, The conditions
in this experiment required subjects to trace a line on a
revolving drum when a specific line came into view., While
gubjects were tracing the first line, another line of a
different color occasionally appeared at ISIs of 25, 50,
75, 100, 150, 200, 250, and 300 milliseconds, aftor the o0o-
curence of the first line. pifferent groups had to then
speed-up or slow-down their original wmovewent. Contrary to
Poulton's findiag, the results indicated that longer RT,8
were associated with the group required to slow their re~
sponse., Viuce and wWelford explained these findings by
reasoning that in order to slow a wovewent, subjects had
to change the pattern of muscular innervation by bringing
antagonists into play, while speeding-up uerely seeowed 1o
require the ;ntensirication of the nervous pattern already

in operation. As in previous studies, RT2 increased with

a decreasing ISI.
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Ten years after Poulton's experiment, Ilarrison (1960)
recognised that the type of response used in studying
psychological refractoriness could he a significant factor
in the ultimate experimental findings. He deduced from
lienry's (1960) "memory druwm" theory, which was publicized
the same year, that when stimuli arc simple and the response
movements shcrt and uncomplicated, program changes should
be easy to accomplish. However, if a movement was compli-
cated, or required a great deal of neuromotor control,
amendment would be difficult. In relation to the "psycho-
logical refractory period," he agreed with Davis (1956)
who had theorized that the awount ol motor control necessary
for a particular response was a detleruminer of RTQ. Harrison, -
thus, designed an experiment in wlhich he predicted that
psychological refractoriness would be totally eliminated if
both stimuli and respounses were as simple as possible.

The first response entailed pressing a button in response

to a light, while the second one required woving the same
finger a few millimeters, left or right, in response to
either o1 two possible stimulus lights. He used both errors
in direction of movement for the second response as well

as RT2 as criteria indicatiing refractoriness. J{arrison
conciudpd frewm his dava that error rates were iow for

ISIs of 50 to 300 williseconds, although they becawe inflated

above this range. In contrast, RT,, varied inversely with
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the ISIs. The explanation given for these results wus that
as RT, decreased with increasing ISIs errors increuased

since subjects becauwe tense with the longer 1Sls aund too
eagerly anticipated 82. This, in turn, led to loess accu-
rate judguwents of direction and less accurate, but fuster
responses., Conditions in the experiwent also allowed
cowparison of RTzs when a response was and was not roguircd
of 5,. The shorter latencies in tho latter condition led
ilarrison to goncludg, as Poulton had done previously,
that the increased RT2 in the former condition was prouably
a ‘foreperiod-expectancy phenomenon rather than true contral
refractoriness. Based on the orror rate data, liarrison
concluded that he had confirmed his hypotheslis concerning
siwmple stimuli, and short and uncoumplicated wmovewentis.

Although the reasoning for liarrison's hypothosis
appeared logical, his conclusions seemcd unwarranted.
Only simple responses were used, anu Nno cowparison was
available for examining whether similar results would bLe¢
evident for a wmore couplicated respounse.

Subsequently, llenry and Harrison (1901) investigated
whether, in contrast to the short wovements uscd in

Harrison's (1960) previous study, long ballistic wovcuentis

would be refractory to alteration. They reasouned that a

siwmple direct wovement occurring over a long path, 1re-

quiring maximal force, is covertly complex. Thoy oxplaincd,

.....
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that not only'are contractiou of agonisfs involfed-in this
tybe of wovement, but stabilizers and antagonists. The
authors tested the hypothesis which predicted that
long wovenents would be refractory to amendment until the
existing motor program associated with it was at least
partially read out of neuromotor memory. To test this
deduction, subgjects were required to execute an arm swinug
over a distance of 91 centineters as fast and as force-
fully as possible in response to a visual stimulus (Sl).»
Hlowever, 55% oi the trials were accompanied by another
visual signal (S2), which followed s, at ISIs of .10, .19,
.27, and .35 seconds. The results were somewhat ambiguous
.as Ilenry and Harrison concluded frow theixr data that, when
S2 occurred at an 15]I of .10 or .19 seconds, deceleration
of the movement was evident, but reversal was lwpossible.
This was interpreted as being substantiation ior their
hypothesis of refractoriness for long wmovements, Again,
RT2 increased with decreasing 1SIs.

In an attewpt to clarify the previous research,
williams (19Y7ia) replicated aund wmore precisely analyze& the
uiffering concepts of refractoriness that had Leen used by
Henry and lHarrison (19061). He pointed out that for the
earlier éxperiment rcfractoriness had been defined in terus

of error, i.e., inabhility to amend the wovement in time to



33

avoid hitting a target, rather than in terms of inflated
RT2 values. Wwilliaws exaumined both dependent weasures

and fouud that each led to difforent oonclusions. when CP)
occurred early in the response, fewer errors were wude in
stopping the moveumwent before the end point, but at the sawe
tiwe, KT, increased with smaller IsIs. Uis conclusion

that experiments wmust distinguish betwcea these two deli-
nitions of refractoriness was well taken, in that one is
based on the characteristics of the wmovewent response while
the other is concerned with central processing.

In suwwary, it appears that although various wovoementis
have been used in studying the processes involved in ex-
ecuting corrective respounses, no single inveéiightion has
systewmatically exawined SRC in relation to ISI. Addition-
ally, previous studies (Poulton, 1950; Henry and Hlarrison,
1961; williaws, 1971a; Williams, 197ib) have used initial
and successive responses perforuwed by a single anatoumical
structure. Consequently, this strategy way have inadvert-
ently attenuated the precision of findings by peripheral
confounding resulting frowm such factors as liub inertia.

The present study utilized comntralateral liwmbs to
execute separate responses varied according to SRC. 1ISIs
were also varied for the purpose ol exawining the effect

of the occurreunce of 82 on amendment of simple and ocomplex
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motor programs at varying degrees of execution. The depend-
ent variable seliected was RT2, which from past research
seemed to be a valid indicator of the central processing

time involveu in responding to S, after initially respond-

2
ing to Sl‘
Siumple Reaciion Time ahnd RT2

Some of the previously reviewed experiments in which

amending behavior was examined mentioned that intersubject
variation across different ccnditions was significant (Boddy,
1972; vince and Weldord, 1967; Davis, 1962). Kroll (1969)
indicated that such information has, for the most part, gone
urinoticed. However, the import of such findings, as he

- sugegested, is considerable since the single-channel theory

of psychiological refractoriness holds that when_s2 ocecurs
before the response to S, (RT;), BT, and kT, will be direct-

ly related by the formula: RT, = uTl + RT 151, where

N
RTN is equal to the single, simple reaction time of the
second response (Davis, 1956). According to this formula,
Kroll suriaised tnat subjects with the same simple reaction
time should exhibit identical delay patterns in the seqguei-
tial response situation.

lHence, he conducted an experiwent to investigate

whether,-in fact, individuals who differed initially on

Kf,, differed subsejuently when RT, was analyzed. After
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classifying individuals into relatively fast and slow
groups, based on single, siwmple reaction time, he ran

all subjects through a sequential response task in which
ISIs ranged from 50 to 1000 milliseconds. Kroll concluded,
from his data, that no difference existed in the abtsolute

magnitude or pattern of LT, between groups. This tinding

2
was not only in serious conflict with the single-channel
processing theory, but suggested that a subject's

ability to pexform fast, consecutive, paired responses

might be a unique skill factor.

The present study, in addition to examining the e¢ffects
of varying SkC and IS1 on RT2, attempted to replicate Kroll's
experiment by dividing subjects into relatively fast and
slow groups based on separate, single\measures of reaction

time. The relationship between this hypothesized speed

factor and RT2 was analyzed across all conditions,
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CHAPTER IIIX

PROCEDULES

This experiment was conducted for the purpose of
studying the efiects of varying the ISI and SRC on RT2.

In addition, the relationship awong an . individual's simple

reaction tiwe in a singlc situation, initial paired reaction»

time (KT,), and KT, was examined across all conuitions of

SRC and ISI. For the purpose of assessinyg tue effects of

these tactors on RT2 the following procedures were utilized.
Subjects

Data for this investigation were generated from 24,
femwale, rigut-uunued subjects who volunteexred ltrom tue
population of students in attendance at tne yniversity of
North Carolina at Greensboro during the fall semester of
1974. Their ages ranged from 185 years to 355 years, with a
mean of 19.7 aud a standard deviation of 3.8 years.

All subjects were briefed on the tasks which they wouldad
be asked to perforum prior to their initial sessions. This
was done for the purpose of assuring them that no deception
or aversive conditions would prevail during testing. On
the first anu third days of the experiment, each subjeci
was read_stanuard instructions (Appendix A) pertaining to
the moveuwents that they wexe required to perform. The

experimencer then demonstrated the responses ana answered
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quesiions. on Day 5 each éubject wvas verbally debriefed
and given a written explanation (Appenuix A) related to the
theoretical aspects of this study.
Stimuli

In all conditions, the stimuli signaling the subject
to execute a4 response consisied of a signal, lasting 30
imilliseconds, gencrated from two 12 volt General Elec-
tric buzzers, which were wired in parallel. In addition,
throughout this investigation, a red warning signal located
on a partition directly in front of the subject, 26 centi-
meters above the table top upon wihiich test apparatus were
located, occurred prior to the initiation oi each trial,
This signal served as a warning to subjects that their index
finger(s) should be placed upon the appropriate key(s),
closing the contact(s). The preparatory interval for all
days was presented in a constrained random order, i.e.,,
each interval, 1, 2, 3, and 4 seconds, occurred an equal
nuiwber of tiwes in a block of trials.

Responses

The responses which subjects were required to perform
during this investigation werxe designed Lo be as much like
thosg used by Henry (1960) as possible. Since data gener-
ated {rom these responses were used in formulating the

"menory druwm" theory for nesuromotor control of well practiced
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wovewents, it seewed that they also could be used to test
subsequent theoretical deductions.

The complex response for this study consisted ol the
wotor pattern tuat lenry adapted from [fowell (1953), and
labeled C. It entailed a subject, while seated, Lo wmove her
hand off of a reaction time switch (SW ), reaching forward
30 centimeters, and upward 15 centiwmeters to strike a tenuis
ball (Al) with the back of her hand, closing duwmy switch
(Swz), reversing directiou to go diagonally back to another
duwmy switch (SWS) on the baseboard, located parallel and
30 centimeters to the left or right ot SWi s and then
reversing direction again and going upward 15 centiueters
and forward 30 centiweters to pull down tennis hball A2,
which was attached by a cord to another duumy switch (qu)'
The apparatus required for the left- and right-handed
respounses are diagrammed in Figure 1 on page 59Y.

The siwple response consisted of the subject lifting
her index finger off of a reaction time key, at the sound

of the appropriate stiwulus. This response is also illus-

trated in Figure 1.

Equipment
The experiwental equipment consisted of 4 couwplex

response apparatus, and 4 simple reaction time keys. These

were distributed among conditions as follows: (a) condition

1 (sS) -- 2 simple reaction tiwe keys, (b) condition 2
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Figure 1,
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Experimental apparatus.

SW1

A-Simple-Simple
B~Simple-Complex
C-Complex-Simple
D~Complex-Complex

Ay~First Tennis

Ball Hit
A2—second Tennis

Ball Hit
SW, -Switch
Swz-Dummy Switch
Sw3~Dummy Switch
SW7-Dummy Switch

-Buzzer
WL-Warning Light

6<
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(sC) -- 1 simple reaction time key for the initial response
and a complex apparatus Igr the second one, (c) condition 3
(Cs) -- 1 cowplex apparatus for the left hand and a simple
reaction time key for the right oune, and (d) condition 4
(cC) -~ 2 complex apparatus. Dbiagrams of each condition
are represented in Figure 1 on page 39,

All SHC conditions were located on a table 90 centi-
meters by 150 centimeters, and scparated by plywood parti-
tions. The equipment used to set intervals and measure
RTy and RT2 was located in a room which was adgacent to
thhe one in which the subject periformed. Figure 2 on page 4l
illustrates the testing situation.

Wiring

In order to control the length of the foreperiod,
and the initiation and duration of stimuli, four interval
timers were used. Intérval Timer 1 started the warning
signal, which was a visual gtimulus mounted between apparatus
in each condition and 26 centimeters from the table top.

In addition, Timer 1, after a variable preparatory inter-
val, ranging from 1-4 seconds, initiated interval Timers

2 and 3. The onset of Timer 3 caused S1 to buzz for'jo
milliseconds, while Timer 2 began an ISI of either 100, 200,
GOO,‘or 500 williseconds. Timer 4 was connected to Timer 2,

and set off 5, at the end of the 1S1. Timers 1, 3, and &
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A-~Clock 1
B~Clock 2
C~Interval
Timer 1
D-Interval
Timer 2
E~Interval
Timer 3
F~Inteval
Tiwer 4
G-pata Sheet
Il-Experimenter
Hoom
I-Subgect
Roow

/1

Figure 2. Testing situation.
-
-
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were Hunter interval timers, model 111B, while Timer 2 was
manufactured by Latayette Electronics, model number
50013.

Clock 1 was attached to Timer 3, and was initiated .
simultaneously with Sq» while Clock 2 was wired to Timer 4,
and began with the onset of So- The initiation of movement
by the left hand resulted in stopping Clock 1, while a
similar movement of the right hand stopped Clock 2.

All initial, left-handed reaction time keys were
wired in parallel; and connected tovclock i; while right-
handed keys were identically wired and attached to Clock 2.
The interval between the initiation of a stimulus and the
releasing of an appropriate key was recorded as reaction
time. Both clocks were model 54014 from Lafayette Elec-
tronics. A diagram illustrating the connections of the
circuit is located in Figure 3 on page 43,

Data sheets for recording RT, and RT2 for each
subject, contained two sets of uniquely randomized intervals
for cacin condition. The experimenter referred to these pre-
recorded preparatory intervals and ISIs on each trial, and
manually set the necessary dials. In addition, data on each
trial were recorded on these forms (Appendix A).

Experiumental Conditions

This study required five experimental sessions for each
subgject. Although every attempt was made to order these

sessions for consecutive days and similar daily times,
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B-Clock
C~-Timer
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laboratory availability and subject schedules did not al-
ways coincide, Howevér, no subject coupleted all five
sessions over a period longer than eight days, and all per-
formed aaily within two hours of the time of their initial
visit.

Days 1 and 2

During Days 1 and 2 each subject was aduministered 50
simple and 50 complex response reaction time trials with
each hand. These 200 tirials were grouped into blocks of 25
and included 5 randomly placed catch trials, i.e., trials
upon which the stimulus did not éccur. The eight blocks
were randoumly assigned to subjects. This procedure allowed
for each subject to perfor@ two blocks of each task with each
hand, on each of the first {iwo days. Ten seconds were
permittéu between the end oif one trial and the beginuing of
the next, while a two minute rest period was given between
blocks. Heiuce, for each oif the first iwo days, 40 trials
for simple and 40 trials for complex response reaction
time were available for calculatiing means, for each hand,
in each condition,

These procedures were used to attain a well practiced
measure of reaciion time. On the basis of Kroll's {(1969)
study, and that of Slater-~Hammel (1958), optimal weasures

of simple reaction tiwme were founu during the first two days
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of practice, thus the methods used in this experiment
seemed sufficient to guarantee well practiced measures of
reaction time.
Days 3-5

On Day 3, subjects were read a different set of
standard instructions (Appendix A) related to the tasks
which they would be asked to perform over the next three
sessions. Each subject was required to perform four differ-—
ent blocks of trials having different sequences of response
complexity utilizing the tasks practiced on the first two
days. Block 1 entailed executing the simple response
following the simple response (SS), Block 2, executing the
complex response following the simple response (SC), Block 3,
executing the simple response following the complex response
(Cs), and Block 4, executing the complex response following
the complex response (CC). Each block consisted of 45 trails
containing 5 raudomly assigned catch trials for the second;
. right-handed response, No catch trials were alloted to the
initial, left-handed response, 1In all blocks, and over all
trials, the left hand responded to the initial stimulus (s,),
while the right hand responded to the second stimulus (s2).

The four SRC blocks were assigned randomly to each
subject, on each of the three days. 1In addition; ISIs of

100, 200, 400, and 800 milliseconds were distributed within



46

each SRC block in a constrained random order. These inter-
vals were primarily selected for the purpose of having 52
oc?ur at various points of the initial response, while also
covering the range of ISIs in which psychological refractori-
ness has been found. The 800 milliseconds ISI acted as a
contro; condition, since under all other levels of 1ISI,
subjects were required to amend their motor plans prior to
completion of the entire first response., It therefore
seemed that if subjects always had to amend their initial
pregrams, they may have decided, after several trials, to
only plan the initial portion of the first response.
Henry's (1960) data tor the complex movement time showed
that college women had a mean movement time of 552 milli-
seconds, with a standard deviation of 95 milliseconds.
Hence, inclusion of the 800 milliseconds IS]I appeared
sufficient to insure completion of the initial complex

task on approximately 25% of the trials within the CS and
CC blocks.

Ten seconds were allotted between the end of one trial
and the beginning of the next one, while a two minute rest
period was pbrmitted between SRC blocks. 1In addition, five
practice trials, on each day, preceded the 45 experimental
trials in each SRC condition. Figure 4 on page 47 illus-

trates the overall design used in the experiment.
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SRC1 SRCé SRC sucq

I, 12 I3 i, I 12 13 I, 14 12 I3 I, I, 12 13 1,

1

‘24
SHC, = Simple-Simple I, = 1SI-100 milliseconds
SHC, = Simple-Complex I, = ISI-200 milliseconds
SRC3 = Coumplex~Simple I3 = ISI1-400 williseconds
SKC, = Complex-Complex I, = IS1-800 milliseconds

81-824 = Subjects

Figure 4. Experimental design.
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For each session, the data consisted of arithmetic
means for RT1 and RT,, in each condition. Hence, 40 trials -
were available in calculating these measures at every SRC
and ISI level, while 10 values were utilized in perforuming
the calculation in each cell representing an interaction
between factors,

Treatment of pData

Grouping the Subjects

A repeated wmeasures, multivariate analysis of vari-
ance, using wean day, right-handed reaction time for both
simple and coeomplex response tasks was performed to deter-~
mine whether a difference existed between overall daily
performance on pay 1 and 2. This analysis was done for the
purpose of deciding upon which of the first two day's
scores, takcn as a composite, represented the faster, and
thus, better practiced wmeasure of reaction time. The
scores representing the fastest daily performance weré then
analyzed to determine which of the two variables had the
higher correlation cocfifficient with the derived canonical
variable. PBased on this cowparison, the variable found to
e the best discriminator between days was used as the cri-
terion variable for dividing subjecis into two groups of
12 each, which were relatively fast and slow on this measure,
A discriminant analysis was then performed using both

measures of reaction vime, on tihe faster day, Lo test
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whether the groupings, whiéh were based on a single predic-
tor variable, rewained intact when the less discriminating
variable was siwmultaneously considered. All of the above
analyses were coumputed using computer programs from the
Statistical Analysis System (Service, 1972).

Analysis of KT,

An analysis of variance for repcated wmeasures, using
HT2 as the dependent variable was run via computer progran
08V of the Biomedical Series of Cowmputer Prograus (Dixon,
1973). Previously determined fast ana slow groups of
subjects were nesied in levels of speed, and coempletely
crossed within the factors of SRC,; IS1, and days. The
analysis of variance followed the forwm taken by the experi-
mental design located in Figure 4, on page 47,

All factors relevant to the purposes of this study, which
were significant at the .05 probability level, were then
analyzed using tlhie Newman-Keuls posi-hoc test for multiple
comparisons aumong treatwent means. Graphs were also con-
structed to aid in the interpretation of the data.

Finally, the percentage of variance attributable to
each significant efifect was calculated via Quega Square
(Hays, 1903). This statistic provided a means ifor compar-

ing the relative strength oif each factor in determining HT2.
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CHAPTER IV

DATA ANALYSIS AND DISCUSSION

This study exawined the etfects o1 wanipulating theo
SRC and ISI on RT2. In addition, the question of whether
an individual's siwple reaction tiwme in a single situation,
initial paired reaction time, and RT2 were in any way
related across all conditions of SkC and 1SI was investi-
gated. Hence, the dependent weasures included single,
simple and couplex response reaction tiwes, generated
during the first two days, and RTl and RTz taken over the
following three days. Data for these dependent variables
were produced by 24, female, right-handed volunteers.

Assigning the Subjects into Fast and Slow Groups

Prior to perforwing the multivariate analysis of var-
iance for determining whether single, simple and cooumplex
response reaction times, considered as a cowposite indica-
tion of speed, decreased significantly over»the first two
days, descriptive data related to each task were calculated,.
Tables 1 and 2 on page 51 collates these obtuined data.

Indices reveal that all reaction time weasures dooreased
from bay 1 to bay 2, while all correlations iucreased. This
suggested that subjects, by becowing faster on bay 2, bou-
efitted from‘the first day's practice. Additionally, the

increase in all correlations indicated that sowme of the



Table 1

Descriptive Dpata: Day 1

kesponse Mean SV bPearson Coorelativn
SR - SL CR CL
Sk 153 ws. 25 ms. - .68% 40 H2%
SL 153 ms. 24 ms., - . 34 .40
Ch 219 ms, 30 ms. - LOTH
CL 224 ws., 34 ws., -
Note., SR=Simple Lesponse-Right lland

SL=Simple lesponse-Left lland
CR=Comuplex Hesponse-kight jand
CL=Complex Response-Leit jland

*p <.0.1
Table 2
Descriptive Dbata: pay 2
Hesponse Mean Sh Pearson Coorelation
SR SL CR CL
Sk 141 ms. 29 ms., - .86* L70%  _BO*
SL 158 ws. 28 ms. - .59% L66*
CR 195 ns. 351 ms. - LB7%
CL 202 ws. 34 ms. -
Note. SR=Simple liesponse-Rigit Hand

*p(?Ol

SL=Siwmple pesponse~Left [land
Cli=Complex Response-ltight lHand
CL=Cowplex Response-Lett Iliand
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extraneous variance among the tasks had dropped out. It
was, thus, assumed that the comumon variance on Day 2 more
accurately represented a general speed factor among tasks.
It wmusi be noted that the simple reaction time values

in this study were very similar to those given by Woodworth
and Schlosberg (19Y54). The complex respouse mweans approx-
imated lHenry's (1960) data. These findings were in accord
with the "memory drum" deduction of an increase in response
latency for were complicated movewents.

Multivariate Analysis of vVariance to

Deterwine Day Effect

Since the praimary dependent variable investigated for
the sequential tasks ou Days»ﬁ'to 5 was the meah readtion tiwe
for the second, right-handed response, the measures used in
the multivariate analysis of variance to test improvement
in reaction time over the first two days were mean reaction
time values for each of the 24 subjects for their uaily right-
handed, simple and coumplex response reaction tiwmes. This
analysis was indicated by the presence of a Pearson product-
momwent correlation coefficient of .64, p<i01, between
these variables over both days. Unlike analysis of variance,
which would test each variable separately and lead to in-
accurate probability statementis in determining the signif-

icance of an }' ratio, wmultivariate analysis oi variance-
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takes into account the relatedness of the dependent meas-
ures and determines the appropriate probability distribu-
tion for testing different effects while considering both
variables simultaneously (Newell and Martens, 1974). 1In
addition, correlations were run between each dependent
variable and the calculated canonical variable.

The resultis yielded an approximate F value of 9.58
whichh was significant at the .01 probability level. This
statistic inuicated that bay 2 values, when considered
simultaneously, were faster than pay 1 wmeasures. This
supporied the descriptive data in Tables 1 and 2.

The correlation coefficients between the canonical
variable and each dependent measure were .46 and .99 re-
speclively, for simple and complex response reaction times.
This sugpgested that complex response reaction tiume was a
more powerful discriminator beiween days than simple re-
sponse reaction time, as 1t accounted for 98% of the vari-
ance in the canonical variable., This finding was in con-
trast to only 21% accounted for by simple response reac-
tion time.

Discriminant Analysis for verifying

Speed Classifications
Since complax response reaction time was found to be
the better discriwminator variable between days, its median

value on Day 2 was deterwined, and used as the criterion



54

for dividing the 24 subjects into groups. To determine
whether these fast and slow group classifications remainéd
intact when both variables, i.e., siwmple and couplex
response reaction tiumes for Day 2, were used together as
group discriminators, a discriwinant analysis was perforued.
This procedure based 2ach subject's classificatory status

on the generalized sguared distance to each group's wean
composite variavle (Rao, 1965). 7The results affirued the
assignment of all suvjects to their respective original
proup. Table 5, located below, provides data about tLue
original group of each subject; the group to which she was
classitied, tle pgeneralized squared distances to each group,

aund their assoclated probavilities.

Table 3

Discriwinant Analysis

Subject Classi- Classi- Generalized Generalized
fied by fied by Squared Pis-~ Squared pBis-

Ch Discriwm- tance to tance to
inant Fast Group/ Slow Group/

Analysis Probability Probability

1 Slov Slow 25.7152 14.5232
0057 .9903
2 Fast yast 13.6016 24,6100
9959 L0041
3 Fast Fast 16.0102 20.7232

5866 L1134




Table‘}-—Continueq

Subyect Classi- Classi- Generalized Generalized
fied by fied by Squared bDis~ Squared Pis-
CR Discri~- tance to tance to
inant Fast Group/ Slow Group/
Analysis Probability robability
4 rast Fast 16.9203 29.0987
.9977 .0023
5 Fast Fast 11.8298 17.8272
.9525 L0475
6 Fast Fast 12.3%485 16.8359
7 rast rasti 12.1201 21.9016
.9925 L0075
8 Slow Slow 63.4903 20.5626
.0000 1.0000
] Slow Slow 56.1939 16.0917
.0000 1.0000
10 rast Fast 12.75%6 17.5956
.9191 .0809
11 Slow Slow 27.7142 15.43%96
.0022 .9978
12 Fast Irast 13.1735 16.6740
.852 .1480
i3 Slow Slow 15.3547 14,9216
L4401 .5559
14 Slow Slow 16.4405 14,9644
15 Slow Slow 38,2437 16.9269
.0000 1.0000
1.6 Fast Fast 13.5400 15.1840
.9107 .0893

——
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Subject Classi- Classi- Generalized Generalized
fied by iied by Squared Dis- Squared Dis-~
Cit Discriw- tance to tance to
inant rast croup/  Slew Group/
Analysis Probability Probability
17 Slow Siow 38.4369 16.0950
.0000 1.0000
18 Stow Slow 22.0527 18.1192
.1227 8775
19 Fast Fast 12,4456 19.6567
.9735 .0265
20 Fast Fasi 12,6646 19.0446
.9605 0395
21 Slow Slow 23.5931 14.3772
.0099 .9901
22 Siow Slow 26.0251 14.7513
23 Fast Fast 13.0945 16.2013
.8254 .1746
24 Slow Slow 23.4077 16.3285
L0282 -9718
Table 4, located on page 57, shcecws the collated des-—

criptive data for eacn grcup.

It reveals that the slow

group not only lhea uigher reaction times oun both respouses,

but greater variauvloily.
a low anu Iinsiguliicont correlaticn between tasks.

two indexes,

Additionally,

These

the slow gioup nhad

wiien contrasted with those of the fast group,



way indicate that, whereas the fast group was able to use
innate speed to succeed at the tasks, the slow group had

to resort to a variety of other stirategies,
Table 4

Descriptive Data for Fast and Slow Grouysa

Group Ck Cht Sk Sk Pearson
Mean sD Mean SD Correlation
. ¥*
Fast 171 16 123 15 73
N=12
Slow 219 23 160 29 .28
N=12

aln milliseconds
*p<.01

All the analyses used in categoriziug the 24 subjects
into fast and slow speed groups were run using computer
programs from the Statistical Analysis Systew (Service, 1972).

Analysis of Variance Using RT, as the
(3

Dependent variable

An analysis ol variance was then run in order to
exapine the eftfects of varying the SIC and ISI on RT2.
Fast and slow groups of subjects were nested in levels of

speed, while crossed within SRC, ISI, and days. The results

of the analysis are located in fakle 5, on page 58.



Table 5

Analysis of variance

*p<L. 04

Source SS af MS F
Betwean Ss
A 510133%.8 1 510135.8 11.7785¢
Ss(A) 952833.3 22 43310.6
within Ss
c 5364512.0 3 1788170.0 208.2353%%
A 36866 .0 3 12288.7 1.4310
Ccss(A) 566758.8 66 8587.3
J 208854 .7 3 69618.2 22.1046%
Al 11613.2 3 3871 .1 1.2291
Iss(A) 2078066.6 66 3149.5
D 132623.4 2 66314 .2 22.2129*
AD 8040.8 2 4020.4 1.3467
DsSs(A) 131356.9 44 2985 .4
CI 181552.3 9 20172.5 19.6995%
ACI 11981.8 9 1331.3 1.3001
CIss(A) 202753.6 198 1024.0
DI 51518.2 6 8586 .4 8.7425%
ADI 1937.9 6 322.9 .3289
DISs(A) 129642 .1 132 982.1
DC 53928.0 6 8988.0 3.7088%
ADC 8188.2 6 1364 .7 5631
DCSs(A) 319892.1 132 2425 .4
LCI 28729.8 18 1596.1 2.6766%
AlCI 10055.1 18 558.6 .9368
DCISs(A) 2361.40.8 366 596.3
Note. A=speed, C=SkRC, 1=ISI, D=days, Ss=subjects,
{ )=Nesting
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Sequence of HResponse Complexity

The analysis of variance reveals that SRC had a very
significant effect on RT,. The SRC ¥ value was 208.2353,
which for 3 and 66 df was significant beyond the .01 proba-
bility level,.

In order to determine which of thé four means for RT2
in the SHC conditions were significantly different, a
Neuman-Keuls test was performed (Appendix B). The results
led to the conclusion that all conditions were significantly
different at the .01 prohbability level. The overall umean
values for the four conditions were: (SS) 187 milliseconds,
{sCc) 225 milliseconds, (CS) 317 milliseconds, and (CC)

357 milliseconds. Hypothesis 1, which stated that reaction
tiwe to a stimulus signaling the amenduwent of a complex
motor plan and the initiation of a siwmple one is longer
than the reaction time to a stimulus signaling the amend-
ment of a siwple wmotor plan and the initiation ol a simple
one, was thus supported. 1In addition, as a result of the
differing means between SC and SS, Hypothesis 2, which stated
that the reaction time to a stimulus signaling the ameﬁd-
ment of a simple motor plan and the initiation of a complex
one is loﬁger than tne reaction time to a stimulus signal-
ing the awendment of a siwmple motor plan and the initiation

of a simple one, was also supported. It is also interesting
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to note that CS was longer than SC; this suggests that
recovery from the past response appears to be a more im-
po}tant determiner of RT2 than is the planning of the
next response.

The percentage of total variance in RT2 accounted for
by SRC was calculated via Omega Square and tfound to be 57%.
Figure 5 on page 61 illustrates the SRC effect and the
separation of fast and slow speed groups on both RTy and
RT, .. |

2

Interstimulus Interval

The data from Table 5 only partially supported Hypoth-
esis 3, which stated that reaction time to a stimulus sig-
naling the amendment of one motor plan and the initiation
of another one, increases as the ISI decreases from 400
milliseconds to 200 milliseconds, and from 200 milliseconds
to 100 milliseconds. Although the ISI factor resulted in
an F value of 22.2129, which for 3 and 66 df wés signifi-
cant beyond the .01 probability level, the Neuman-Keuls
post-hoc test revealed differences only between the mean feor
the 100 milliseconds ISI, which was 294 milliseconds, and
those for ISIs of 200, 400, and 800 milliseconds, which

were respectively 261, 268, and 262 williseconds.

%fhe graph is intended to illustrate the effects. It is |
acknowledged that the conditions illustrated are
discrete,
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Figure 5. Graphic illustration of the SKC effect and the
separatvion of fast and slow speed groups on both RT1 and uTz.
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The percentage of variance 1in RT2 accounted for by the
factor of 1SI was found to be 2¢%. Figure 6 on page 63
graphically respresents the effect of 1SI on RT, and RT2.

Speed Classification

Tahle 5 reveals that fast and sliow speed groups, based
on the couposite reaction tiwe measures from Day 2, remained
fast and slow as groups on RT2. This finding was supported
by the F value for the factor of speed, which was 11.77785.
For 1 and 22 df this statistic was significant at the .01
probability level. Since speed did not interact with any
other factors, it can be deduced that the two groups main-
tained their relative positions within all conditions. The
overall wean values for the fast and slow groups were respec-—
tively 250 and 292 milliseconds. These data, in countrast
to lypothesis 4, indicate that a difference does exist in
reaction time to a stimulus signaling the amendument of one
response and the initiation of another one lLetween those
individuals grouped as fast and slow responders in a single,
simple reaction time task situation. OQuega Square was
calculated for the factor of speed and found to account
for 5% of the total variance iun RT,. Figures 5, 6, and 7,
which respectively illustrate the wain etfects of SRC,

ISI, and days, also include illiustrations pertaining to

fast and slow groups across these conditions.
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Figure 6. Graphic illustration of the ISl effect and the
separation ot fast and slow speed groups on both RT1 and RT2.
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bay Effect

Since cach of the last three sessions was run on
different days, this effect was exawined via the analysis
of variance. An I' value of 22.2129 was found for this
factor which, for 2 and 44 df, is significant at the
.01 probability level. The Neuman-Keuls test was performed
on the overall uweans for bays 3, 4; and 5, which were respec-
tively 286, 268, and 260 milliseconds. The mean of Day 3
was found Lo be significantly slower than the wean of Lay 4
at the .01 level, while the mean of Day 4 was found to be
significantly slower than the mean of bay 5, at the .05
level. This finding suggesteu that learning had taken
place on each of the last three days. However, the per-
centage of variance in RT,, accounted for by this factor was
only 1. Figurxe 7, on page 64, graphs the day effect on
RT, and RT2 Tfor fast and slow groups.

Interaction of SRC and ISI

The analysis of variance revealed a significant inter-
action between the factors of SRC and 1SI. The F value
for this effect was 19.6995 which, for 9 and 198 df, was
significant at the ,01 probability level. This interaction
indicated that all conditions of SRC did not follow a simi-
lar battern over the 1$S1s. Figure 8, on page 66, illustrates

that the form of the curves in the §s and SC conditions
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were similar, as were thosé in the CS and CC conditions.
However, the latter pair, in which the complex condition
occurred first, appeared to differ from the former pair,
in which the simple response was first. The CS and CC
conditions showed a decrease in RTo when 52 occurred at
200 nilliseconds, as cowmpared when it occurred at 1900
milliseconds, but wlen s2 occurred at 400 milliseconds,
RT2 showed an inversion and reverted back to its ISI
of 100 milliseconus level. 1In contrast, SRC conditions
SC and SS appeared to show a declining RT2 with increasing
ISI, until the 800 milliseconds interval, at which time RT2
increased. The Neuman-Keuls test for the simple effects
"of the SRC-1SI interaction revealed the following: (a) for
the SKC of S5, RT, decreased progressively froum the 1S1I
of 100 milliseconds to the ISI of 200 milliseconds, and
from the ISI of 200 milliseconds to the 1S of 400 milli-
seconds, but increased at the 800 milliseconds ISI to
becowe longer than the 400 milliseconds IS1I, and comparable
to that RT, at the 200 milliseconds ISI, (b) for the SRC
of sC, RT, was longest for the 100 milliseconds ISI,
egquivalent for the 200 and 400 milliscconds ISIs, and
lJonger tor the 800 williseconds 1S1 than the 200 or 400
milliseconds ISI, (¢) for CS, RT, was equivalent at the

100 and 400 williseconuds I51s, aad 200 and 800 milliseconds
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ISIs, but the former pair had KT,s which were both longer
than those of the latter pair, and (d) for the CC SRC, |
RT, was eguivalent at the 100 and 400 williseconds ISIs,
and progressively shorter at the 200 anad 800 milliseconds
1SIs. Additionally, Figure 8, on page 66, graphically
illustrates the effect of each interval on RT2 for each
SRC condition. On the other hand, fFigure 9, on page 69,
gemonstrates the effect of SRC conditions on RT2 at each
ISI level.

From both figures and the Neuman-Keuls tests, it was
clearly evident that the effect of SKC was a much more
influential determiner of RT2 than was ISI. ?he percentage
of variance in RT accounted for by the SRC-ISI interaction

was found to be 24%.

Interaction of Days with ISI

Oover the three days in which data were generated, the
patterns of decreasing RT, at each ISI were different. As
illustrated in Figure 10, on page 70, and supported by a
Neuman-Keuls test, the largest decrease in RT2 occurred at
the 800 milliseconds 1SI. Significant decreases in RTé
took place at this interval, frowm Bay 3 to Day 4 and from
Day 5 to Day 5. Iliowever, RT2 at other 1S1ls sunowed less
dramatic decreases. At the 100 and 200 milliseconds inter-

vals, KT, decreased from Day 3 to bay 4, but Day 5 values

2
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were equivalent to those of Day'h. RT, at the 400 milli-
seconds 1SI remained statistically equivalent over all the
days, although it seenied to have a decreasing trend frowm
nay 3 to Day 4.

Figure 11, on page 72, illustrates daily tiwes for KT,
at each ISI. The Neuman-Keuls post-hoé test revecaled the
following: (a) for Day 3, RT, decreased from the 100
milliseconds 1ISI to thie 200 and 400 milliseconds ISIs,
where it was equivalent, and then it increased at the
800 milliseconds 181, (b) for bay 4, LT, decreased Iirow the
100 milliseconds ISI to the 200, 400, and 800 millisecounds
-1SIs, vhere it was equivalent, and (c¢) for bay 5, RT,
decreased from the 100 milliseconds IS1 to the 200 and
400 milliseconus 1Sis, where it was eguivalent, and tuen
decreased at the 800 milliseconds ISI. Thus, it seeumed
that the drawmatic decrease 1in RT, at the 800 milliseconds
1S1, over the three day period, was_primarily respousible
for the iSI-uays interaction., ©This was anticipated, since
subjects probably learned to perform the couplex response
task, each day, with less extraneous movewment, and tnué,
by bay 5, were entirely through with it when 52 occurred.
However, when Qmega Square was calculated for this inter-
action etfect, it was found to account for only .5% of the

variaince of RT2 in the eatire experiment.
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Interaction of bays and SRC

Figure 12, on page 74; illustratés the days-SKC
interaction. ‘The graph and Neuwan-~-Keuls test indicate
that the CC condition showed the greatest decrease in RT2
over all turee days. For this condition, bay 4 was faster
than pay 3, and Day 5 faster than Day 4. Conditions SS
and SC showed decreasing RT2S only between Day 3 and Day 4,
while condition CS showed no improvement at all. The
percentage of variance of RT2 accounted for by this inter-
action was .5%.

Interaction of Vays, SKC, and IS1

The final siguificant finding from this experiwment
was the triple interaction among days, SHC, and ISI.
Figures 13, 14, and 15, on pages 75 and 76, illustrate the
changiig patteru of the CS condition as RT2 decreases at
the 800 millisecouds 1SI from Day 5 to bay 4. Figures 14
and 15 show that the patterns of all conditions on Days 4
and 5 are similar to those represented by the SkC-1SI
interaction in Figure 8, on page 66. This suggested that
the interaction among these factors was primarily a result
of the decrease in RTg, in the CS condition at the 800

mi1lliseconds IS1, between pays 3 and 4. The percentage

ol variaunuce of RT2 accounted for by this effect was .5%.
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variance Accounted For

Table 6 provides the collated Omega Square values for
all significant sources of variation in the experiment.
Obtained values indicate that SRC was unquestionably the
‘most important factor in determining RT2 because it ac-
counted for 57% of its observed variance. When all orthog-
onal effects in the experiment were considered cumulatively,
experimental factors accounted for 68.4% of the total

variation in RTZ‘

Table 6

Experimental Variance

Source Omega Square

c 57 .0%

A 5.0%

1 2.0%

CI 2.0%

D . 1.0%

DI «5%

bCI 5%

De 4%
Total 68.4%

Note. C=SkC, A=speed, I=iSI, D=days.
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Discussion

The results of this study were in accord with the
deductions generated from Henry's (1960) "memory drum"
theory of neuromotor reactions. The time taken to amend
one response and implement another one was increased when
the initial movewent task was complex. 1In addition,

given similar responses for the first task, hT, was longer

2
when the second response required the more complex move-
ment. When the effects of both successive responses were
compared in terms of their relative influence on RKT,, it
appeared that amending the first movement was more im-
portant than preparing for and initiating the subsequent
mnovewent.

1n addition to supporting the deductions from Henry's
theory, the pattern of delays in RT2 resulting from the SHC-
1SI interaction seem to offer some insight into tlie under-
lying processes involved in initiating and amenuing
neuromotor programs. For exawmple, excluding the 8500
milliseconds interval, the SC and SS conditions appeared

to follow a trend of deécreasing hi,s with increasing ISIs,

2
while the CS and CC conditions showed an inversion in this
pattern at the 400 milliseconds interval. A possible expla-

nation ftor this disperity in trends may be offered in terms of

the number of processes required in each pair of conditions
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prior to the initiation of the second movement. When So
occurred at the 400 milliseconds ISI, subjects in those
tasks having an initial simple response could immediately
begin to organize and implement the successive movement
since the first one had becn coupleted. However, when 32
signa;ed at the 400 milliscconds ISI, for those tasks having
a coumplex initial response, movewent was still ongoing, and
probably cnly about a third of the way finished. Thus, in
addition to having to organize and impiement a subsequent
prograw, an inhibitory response had to first be prepared
to arrest the ongoing one. [lence, RTQ was increumented by
this additional processing tiwe, which anounted to about an
average of 170 milliseconds belween pairs of conditiouns.

By similar reasoning, an explanation for the inflated
RTQS at the 400 williseconds ISI, in contrast to the 200
milliseconds 1ISI within tasks with an initial complex
response, may be suggested. However, in such a comparison
of RTQs at these 1SIs, the number of processes between
the signaling of 52 and the initiation of the successive
response would not seem to differ in that, at beth intervals,
an inhibitory program would be reguired to stop tine first
response, hather, the gquality of each program is at issue,
Considering that the initial reaction times for the CC and

CS conditions were 198 and 194 milliseconds respectively,
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while the total movement time was approximately 552 milli-
seconds (lienry, 1960), when So occurred at the 400 milli-
seconds interval, the overt response would have already
been ongoing for between 202 and 200 milliseconds. It
seems likely that by this time, subjects would have already
struck the first tennis ball with the back of their hand
and begun the series of linear movements and reversals
necessary to complete the task. However, the occurence of
S2 signaled subjects to arrest itheir initial response as
gquickly as possible, and begin the next one. According to
Hick (1948) this would require the nervous system to assess
the present liwb position, determine its direction, and
project its future pattern so that the appropriate response
units, i.e., simple moveuments, effected by a muscle, or
group of muscles, represented centrally in the brain
(Glencross, 1973), may be selected, temporally organized,
and subsequently initiated as a wotor proggram that will
activate the proper antagonists. Considering that a reac-—
tion time would be required for this assesswment and pro-
grawming, the limb would have continued to move through

the originally planned response, and begun to enter its
final stages when the inhibitory pregram was implemented.
In the complex movement this entailed grasping the ball

and pulling it down. 1lu relation to the rest of the task

this action would seewm to require the finest control, in
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that spatial and temporal demands for grasping would appear.
to be more stringent than for the grosser movements of
swinging the arw through the specifiecd pattern. llence, the
inhibitory motor program for arresting movement at its
point of greatest complexity was probably reflected by the
incréased RT2s at the 400 millisecnndé ISI. In comnparison,
the amending program for S2 at the 200 millisecouds 1ISI
would have been relatively uninvolved. At this point in
the initial complex responsec, subjects could have only
been starting their response. Since the initiation of an
inhibitory program weuld have occurred a reaction time
later, it probably was organizecd to awend a linear move-
ment or change of direction in the ongoing response.
Glencross! (1972;1973} results indicated that heither of
these response characteristics greatly affect response
latency, and thus it may be presumed that the assembling,
organizing, and iuplementing of an inhibitory program was
relatively expeditious, and thus, reflected by the shorter
RT2S at the 200 milliseconds IS],

The import of this analysis of amending ongoing re-
sponses would seew to be significant in that not only are
comp;exity differences recognized between programmed move-
ments, but also within them. Iienry (1960) recognized that

the position of complexity within a programmed response might
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have a bearing on its associated response latency. The
present study seeus inadvertently to support such a con-
tention. Hence, it would seem that siumple reaction time,
as a criterion for the cowmplexity level of a programuwed
wovement, way not reflect the complexity of the entire
response, but rather the placement of the wmost highly
organized response units.

Finally, the finding that individuals grouped into
different categories of speed, bascd on single mneasures
of reaction tiwe generated during pay 1 and bay 2, main-
tained their relative positions.across all SrCs, all ISIs,
and on all days when RTQS were compared was diametrically
opposed to Kroll's (1969) results. Subsequent inspection
of initial paired reaction times for each group resulted
in a similar f{inding. 1In contrast to Kroll's conclusicns,
this would seew to indicate a general speed factor in mak-
ing fast, consecutive responses. A possible, althougn not
probable, eaplanation for this discrepancy in results may
be offered in terws of learning. Kroll allowed four days
of practice in the single situation, and six days in the
dual one. Additionally, SHC was not a factor in his study,
thus, each subgect had wmore practice time on the SS SIC,
which was used exclusively. The overall trend in che

present study was for the two groups to merge frow Day 3
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to bay 5. However, even at Day 5 the two groups differed
substantially. Subsequent research investigating the
differing RT2 patterns between fast and slow groups over
an extended time period would secem to be needed to ade-

guately resolve these conflicting conclusions.
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CUAPTER V

SUMMAKRY, CONCLUSIONS, AND RECOMMENDATIONS

Summar !

This investigation examined the effects of the sequence
of response couplexity (skC), interstimulus interval
(Is1), and the subject speed classificétion Lased on reac-
tion tiwe in a single response situation, on the variation
in reaction time to the second of two successive responses.
The following hypotheses were posed for this étudy;

Hypothesis 1. The reaction time to a stimulus sig-

naling the amenduwent of a complex motor plan and the
initiation of a siuple one is longer than the reaction
time to a stimulus signaling the amenawment of a simple
mwotor plan and the initiation of a simple one.

Hypothesis 2. The reaction time to a stimulus sig-

naling the amendwent of a simple motor plan and the initi-
ation of a complex one is longer than the reaction time to
a stiwmulus signaling the awendwent of a simple wmotor plan
and the initiation of a simple one,

Hypothesis 3. The reaction time to a stimulus sig-

naling the awmendwent of one motor plan and the initiation
of anothier one increases as the IS] decreases from 400

williseconds to 200 milliseconds, and from 200 millisec-

onds to 100 williseconus.
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Hypothesis 4. No difference exists in reaction time

to a stimulus signaling tihe awmendwent of one response and
initiation of another one between those individuals grouped
as fast and slow responders in a single, simple reaction
tiwe task.

Procedures

Measures of reaction time on single and sequential
response tasks were generated from 24, female, right-
handed volunteers frowm the University of North Carolina
at Greensboro during the fall semester of 1974. Subjects
werevrequired to attend sessions on five different days.

buring Day 1 and pay 2, each subject was administered
50 simple, and 50 couplex response reaction tiwme trials
with each hand. The siwmple response consisted of lifting
an index iinger off of a reaction tiwme key. The coumplex
response required a series of linear movements and rever-
sals. Both were initiated by the sound of a stimulus
buzzer, and periforuwed as guickly as possible.

On Days 3 to 5 each subject was asked to perform
four different blocks of trials having different seguences
of response complexity utilizing the tasks practiced on
the first two days. The sequences included: (a) executing
a simple response following a siuple response (Ss),

(b) executing a complex response following a siuple

response (SC), (c) execating a simple response following
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a complex respouse (Cs), and (d) executing a complex
response following a couplex response (CC).

bata for phays 1 and-2 consisted of mean reaction
times for each subject, on each task, for each day.
bata for Days 3 to 5 were similarly composcd of means for
each subject, on each day, for the initial and succes-
sive responses in each of the four different tasks.
Findings

A multivariate analysis of variance was performed on
right-handed, simple and cowmplex response reaction times
for all subjects over the first two days. A significant
F ratio was found indicating that Day 2 scores were sig-
nificantly faster than Day 1 scores. Complex response
reaction time was also found to be a better discriminator
between day times, than was simple response reaction time,

on the basis of Day 2 scores for complex response
reaction time, the 24 subjects were divided into two
groups of 12, with one being relatively tast on this var-
iable in relation to the other.

A discriwinant analysis was then calculated using -
both simple and couplex response reaction times of Day 2
as group predictor variables. The findings, based on the
generalized syuared distance to each group's wmean composite
variable, resulted in all subjects having been classified

correctly.
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An énalysis of variance for repeated measures was
perforued to test the effecis of SRC, ISI, speed classi-
ficatiun, and days on hTz. The analysis revealed that
SRC was 1Lhe most important determiner of RT2. PYost-hoc
tests among weans for each SKC level, across all conditions,
showed that RT2 was signitficantly longer when the coumplex
response was first in the sequence. Similarly, RT2 re-
flected the complexity level of the second response, but
to a lesser degree. Based on these findings, Hypotheses
1 and 2 were accepteu.

The factor of ISI accounted for only 2% of the ex-
plained variance in RT2. In addition, pecst-~-hoc tests
revealed that when 1S1 was considered in relation to RT2,
times were elongated only at the 100 milliseconds interval.
On this basis, Hypotheslis > was rejected.

Cléssification of subjects into fast and slow groups
helped to explain 5% of the variance of RT,. Each group
was found to remain\intact across all experimental condi-
tions; thus Hypotliesis 4 was rejected.

In addition, a4 signiiicant interaction was found to
exist between the factors of ISI and SRC. This was unan-
ticipated, bul indicated that the effect ol SRC determines
to a large exteut the effect that JSI will have on RT, .
Finally, the day eftect, the day-SRC iunteraction, the

day-IS1 interactioir, aund the day-sHC-3&I interaction, all
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indicated that I uecreaéed as the experiment progressed

1112
from Day 3 to bay 5, with greatest improvement occurring
between pay 3 and Day 4.

Conclusions

wWithin the liwitations of this study, the followinyg
conclusions seem justified:

1. The reaction tiwe to a stimulus signaling the
amendment of a cowplex motor plan and the initiation of a
simuple one is longer than the reaction tiwme to a stimulus
signaling the awendwent of a simple motor plan and the
initiation of a siwmple one.

2. The reaction tiwme 1o a stimulus signaling tiae
amenduwent of a siuwple wotor plan and the initiation of a
complex one is longer than the reaction time to a stimulus
signaling the amendment of a simple motor plan ana the
initiation of a siuple one.

5. The seyuence of response complexity was more impor-
tant in deterumining RTQ than was the interstimulus interval,

4., The initial response deterwmined RT2 to a greater
extent than the successive one.

5. The reaction time to a stiwuvlus signaling the
amendmcnt of one wotor plan and the initiation ol another
one decreases from an 151 of 100 milliscconds to an ISI of

200 milliseconds.
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6. Individuals classified as fast and slow responders
in a single, simple reaction time task situation remain
fast and slow in reaction time to a stimulus signaling
the amenduent of one response and the initiation of another
one over a segquence of trials and days.

7. Reaction time in a single task situation, and in
one requiring fast, consecutive responses to closely
paired stimuli, decreases with practice.

Recomumendations

The present investigation led to the following
recommendations for futurc study:

1. Measure the time interval between deceleration
of the first response and initiation of the second one in
ordexry to quantify the relative importance of each as
determiners of RTQ.

2. Divide subjects into fast and slow responders
based on reaction time in & single task situation, and
examine each group's decreasing RT,s over an extended
period.

3. Study the effect of response selection on RT2 By
changing the experimental set-up so that each of the two
respouses must be selected froi a pool of other possible
ones.

4., Using three successive respounses, each initiated
by a separate stimulus event, determine the relative

magnitudes of T, RT, and RT3'
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5. Dbetermine the spatial position of the limb per-

forming the initial response at the time S, occurs through
tlie use of a photographic method.
b. leplicate this study controlling for the degree

oi hand dominance in addition to hand preference.
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INSTRUCTIONS - DAY 1

This experiment will require five sessions, each
lasting approximately 30-40 minutes. 1t is essential that
you schedule ilese sessions as close together as possible,
i.e., consecutive days would be preferable.

buring the first two sessions you will be asked to do
two tasns, with each hand. O(One task will require the lift-
ing of yocur incuex tinger oif of a reaction time key at the
sound of a buszer. The second task will reyguire the lift-
ing of your index finger off of a reaction key, and a sub-
sequent movement routine requiring a series of linear
movementis and reversals. At each movewment reversal a
switch is located that wmust be closed by you in order to
obtain movement times at the various locations. Success at
this task will be determinea by quickpness in initiating
the movewmient, and once started, qguickness in completion of
the wmovement. 1 will demonstrate how this may be done in
a moment., '

fhe last three sessions will require you to combine
couwbinations of these two responses in close temporal
sequences, using alternate hands. A more detailed des-
cription of this part of the experiment will be given to
you during the third session.

1 will now demonstrate the two responses that you
will be asked to perform. ‘

bo you bave any yuestions?



- SAMPLE DATA SHEET-DAY 1 AND DAY 2

SUBJECT
DATE
TIME
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INSTRUCTIONS -~ DAY 3

This is an experiwent to determine your reaction
and movewment speeds under various task conditions. There
will be fourxr separate tasks which you will be asked to
pertform within each daily session. All trials, within a
particular task condition will commence when the red warn-
ing light comes on. In order to be prepared to wmake your
responses, you should have your left and right haids press-
ing the appropriate reaction time keys during this period.
A variable interval will follow the red warning light's
initiation, and then two buzzes will follow one another at
variable intervals. 1In response to the first buzz you will
be asked to make a particular response with your lerlft hand,
while the second buzz will require a respounse 1Irow your
right hand., Often, the second buzz will occur too soou
after the first to allow either tihe initiation or cowplction
of the initial, left-handed response. In tuis event you
are asked to curtail your first response and imwmediately
vegin the implementation of the second one. Iun all triais
thie second task should be completed. The degree of success
of the curtailed first task will be determined by the
speed from which you initiate your response, and by the
numwber of switches you successfully close. Frequently, tue
entire first response wmay be coumpleted before the second
buzz sounds.

By previous research, and an earlier pilot study with
this equipment, it has been found that some subjects have
a tendency to respond with both hands to the first stimu-
lus. It is emphasized that each hand's response shoulu
be perforuwed as quickly as possible, only to the appropriatce
buzzer, i.e., the left hand responds to the firat buzz, and
the right hand to the second. Iience, while performing the
tasks, pay particular attention to the independence ol
responses with each hand!

The simple task will siuply require the lifting of
your finger from the key at the sound of the buzzer.

The coumplex task will require you to move your haud
fromw the appropriate key, hit a tennis ball directly 1iu
front of the key with the back of the sawme hand, closiug
a switch attached to the supporting string, reversing
direction to hit another reaction time key on the base-
board, and reversing direction again, moving forwara and
upward to grasp and pull down a second tennis ball, closing
another switch.

Each task will have different combinations of these
two responses.

Are there any questions?
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SAMPLE DATA SHEET-DAY 3, DAY 4, AND DAY 5
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Subyect

Ssubject Debriefiug

The experiment in which you have just taken part doals
with your capacity to awend a woveweut once begun in favor
of one that follows in very close temporal successionu.
buring the last three sc¢ssions Lhe sccond stlumulus buzecr
followed the first one at random intervals of betwoen 1/10
and 5/10 of a second. The respouse latencics of tihc Lirst
and second responses were recorded, and will be analyzced
subseyuently. priefly, an increuased response lateucy o
thhe second response, above that of a norwal reaction tiwe
to that task alone (Sessions 1 aud 2) uuas becu ohbsorved
when the second stiwmulus buzzer occurs during Llie reaction
time period to the first stimulus (the recaction tiwme period
to tlhie first stimulus is the interval betweoen tie time you
hearua tihe first buzzer, and the beginuing ol your first
resovonse). oOne hypothesis that attcwpts to explaiu lhis
phenomenon likens the brain to a single-channcl dceoision
processor, i.e., a cowmputer that can deal with only ouc
piece of stimulus or response information at a tuime, dnd
will hold additional new inforumation, such as the second
buzzer, in limbo until it has fiunished dealing wilh Llhbe
first bit of inforwation. o¢Qther theories have been posited
hypothesizing that the observed increased latcucy to the
second response is due to an expectancy or preparatory
state of the subject, 1.¢., the subject does not oxpect the
second stimulus 80 soon after the first and thus, is uot
ready to respond even though, if the subject was rcady, u
response equivalent to one that 1s separate could be wadce.
Another theory proposes that perception takes place in
quantuws, i.e,, a sawple is taken, and a period ¢xXists iu
which no other sampling can take place, then a perceptual
gate opens and another sample taken. Jlopelully, the uata
accumulated frow you will aid in resolving which of the
above hypotheses fits the results of the oxperiwment best.

Unfortunately, at this tiwme only the simple rcaction
tiuwes to each of the tasks that you performed during tho
first two sessions are available. In order for you to
obtain sowe information about Yyour own periformance, mcan
values for each of your hLands omn vach of Lho tasks arc

given below.

Mean RT-Right liaud Mean RT=Lelt jland
Siuple Key Helease Simple Key kelease
Mean RT-Right [Hanu Mecau RP=-Loeft lund

Couplex Movewent Cowmplex Movaewmocut
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Subject Debriefing~-Continued

For your comparison, the mcan reaction time to sound,
for a simple key lift response, is approximately 140 milli-
seconds. 1n an earlier experiment, that used the sawme
complex movement, reaction tiwme was 219 milliseconds.

Thank you very wmuch for your cooperation.

Donald S. Siegel
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Table 7
Newnan-Keuls Test:

Differences Between Levels of SRC

Critical values

.05 .01
cC cs sC Ss
cC - 4O ¥ 132%% 170%% = - = ~ - = 25.11
cs - 92*f\ T O430%% = = ~ - - = 23.36
sC —_—_ 38%* = = - - - - 20.52
SS -
**P.<01
Table §&
Newman-Keuls Test:
Differences Between Levels of 1SI
Critical values
.05 .01
100 400 860 200
100 - 26%x 32%% 33%% - - = = - - 15.23
400 - T ~6_ : T~ 7 - 11,25 - 14.17
800 - N1 - 9,37 - 12.5
200 -

**£<,01
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Table 9
Newman-Keuls Test:

Difterences Between pays

Critical values

.05 .01
Day 3 Day 4 Day 5
pay 3 - 18%%_ 20%% - = ~ - — - - 12.19
pay 4 - T ~gx ~ - - 7.98 - 10.66
Day 5 -
*pl.05
**p<501
Table 10
Newwan-Keuls Tesf:
SRC at ISI 100
Critical Vvalues
.05 .01
cc cs SC SS
cC - 51%% 127%% 162%% w = — o - - 29.26
CcS - N ‘76*;:<\'111** ------ 27.22
SC - T35%% - - - - - - 23.91
SS -

**£<01



Table 11

Neuman-Keuls Test;

SRC at ISI 2490
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Critical values

U5 01
cC CS SC SS
cC - bl x 129x%* 165%% = = - = = ~ 29.26
Cs I 91t*\ TA20i%kK - - — - = - 27.22
SC -~ <36%% - = -~ - - 23.91
SS -
**E<?01
Table 12
Newman-Keuls Test:
SRC at ISI 400
Critical Values
.05 .01
cC CS SC SS
ccC - 36%x 16§f* 200%% - = = - - - 29.26
CS . ‘130*} TS173%% - - - - - o 27.22
sCc e T Ak — e - o 23.91
SS -

**2§$01
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Table 13
Newuan Keuls Test:

SRC at 151 800

Critical values

.05 .01
CC cs SC SS
cC - 26% % 95 %% 14FH% = w = e = 29.26
cs _—_ 6y*x T A17¥* - - -~ = - 27.22
sC - TO4BHK - - - - - - 23.91
$S -
**B‘\"Oi
Table 14
Newiwan Keuls Test:
ISIs at SILC SS
Critical values
.05 .01
100 800 200 400
100 - 32x%x 35%% 55%% = = = ~ -~ = 20.93
800 - . 3 T g3ex - 15,62 - 19.53
200 e T Np0RX - e - m - - 17.21
400 -

**2<01
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Table 15
Newuman-kKeuls Test:

ISIs at SLC sC

Critical values

.05 . Ul
100 800 200 400
100 - 19%x BO** B7¥% = = - - - - 20.93
800 | - 21%* [ O, 19.53
200 - T <~7 - 13.02
400 -
**B<501
Table 16
Newwan-Keuls Test:
Isls at SKHC CS
Critical values
.05 01
400 100 200 800
400 - 7~ _ 32% % 5% S0 T  20.93
100 - B ‘25*{? S S0EK o o = e - - 19.53
200 - Y1 - 13.02
800 | -

**2g301
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Table 17
Newwan~Keuls Test:

ISIs at SkC CC

Critical values

.05 .01
100 400 200 800
100 - 8 _ 32+ % 51%% = o - = - - 20.93
400 - 24xx TN oGk - m e — o - 19.53
200 _ o~ 19%% ~ 13,02 17.21
800 -
**£<,01
Table 18
Newman-gKetuls 7test:
Days at ISI 100
Critical values
.05 .01
Day 3 Day 4 Day 5
Dbay 3 - 18x% 29%* - w o - - - . - 16.7
Day 4 - ) ~ 11 - = - 11.08 -~ - 14,75
pay 5 -

*-l-2<,01
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Table 19
Newman-Keuls Test:

Days at ISI 200

Critical values

.05 .01
Day 5 Day 4-Day 5
Day 3 - 12 —————— 13'32
Day “4-pay 5 -
Table 20

Newman-Keuls Test;

Days at ISI 400

Critical values
.05 .01

bay 3 Day 4 -Day 5
bay 3 - 10 « = = = = = 13.32

Day 4 ~pay 5 -




111

Table 21
Newman-xeuls Test:

bays at 131 800

Critical values

.05 .01
bay 3 Day 4 bay 5
bay 3 - 34*t 50%% = = = = = - - 16.75
Day 4 TN <16% - - 11.08 - 14.75
bay 5 -
*p<: 05
**pe 01
Table 22
Newman-Keuls Test:
ISIs at Day 3
Critical values
.05 .01
100 800 %00 200
100 20*5 35%% JI*% o - = = - - 19.03
00 - T 15 : OLA* - — = - - - 17.72
400 - TN6 - 11.83 - 15.62
200 -
*p< 05

**£<‘. 01
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Table 23
Newuman-Keuls Test:

1SIs at Day 4

Critical values

.05 . .01
100 400 200 800
100 - 27*t 35%* 36%% — = = - -~ ~- = 19.03
400 - > ~8 _ T 9 - - 14,19
200 T 11.83%
800 -
**p 01
Table 24
Newman-Keuls Test:
ISIs at pay 5
Critical values
.05 .01
100 400 200 800
100 - 15%,  23%x 41%¥ = - = - — = = 19.03
400 - ) ‘8._: T 26%% w4 = - - - - - 17.72
200 - T oagEx - - i1.83 - - 15.62
800 -
*E<§O5

**R<§01



Table 25
Neuman-Keuls Test:

SRCs at pay 3

Critical values

‘05 .01
CcC CS sc SS
cC - 6axx 143%%  186%% = - - ~ =~ -~ - 30.9%
- Cs - TO79%%x S122%% = - o - - - - 28.89
sc -~ TAZEK e - = - = - 25.41
SS -
**2<,01
Table 26

Newnman-Xeuls Test:

SRCs at Day 4

Critical values

.05 .01
cC CcS sC ss
cC - 37**‘~ 129%%  168%% - — « - - - - 30.94
cs - 92%%" “146¥K - - ~ - ~ ~ - 28.89
sc - V398K - mmmm e o 25.41
ss -

**2< 01
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Table 27
Newman-Keuls Test:

SRCs at Dpay 5

Critical values

.05 .01
cC CS SC SS
cC - 8 _ 120ff 155%% o w o - - - - 30 .94
cs _ T102%%  1374% - = = - - - - 28.89
SC - T 35%% - -~ 19,19 - - 25.41
SS -
**2<501
Table 28
Newnman-~Keuls Test:
SRC SS Over Days
Critical values
.05 .01
pay 3 Day 4 pay 5
Day 3 - 15% - 19% - = < 17.37 - - 21,71
pay 4 - TS 4 - - - 14,48 - - 19,13
Day‘a -
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‘Table 29
Newman-kKeuls Test:

SRC SC Over Days

critical values

.05 .01
Dbay 3 bay 4 Day 5
bay 3 - 19% - 27%% w = - - - - - 21.71
Day 4 - TS 8 - - 1448 - 19.13
bay 5 -
*p<-05
*¥p.01
Table 30
Newnman-~Keuls Test:
SRC CS Over Days
Critical values
.05 .01
Day 3 Day 4 bay 5
Day 3 - ho o 6 - - -~ 17.37
pay 4 - TS 2 - - - 14.48

Day 5




"Table 31
Newman-Keuls Test:

SRC CC Over Days

116

Critical values

.05, .01
Day 3 Day 4 Day 5

bay 3 - 33%% 50%% = = = - = « = 21.71

bay 4 - T s 17%  ~ 14.48 - 19,13

Day 5 -

*p<.05

**£< 01
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Table 32

Raw bata for pDay 1 and pay 2

118

bay 1
Simple Simple Complex Complex
Right Left Right Left
Mean 153 153 219 224
Sb 25 24 30 34
hay 2
Mean 141 138 195 202
SD 29 28 31 34

N=24



‘Table 33
ng Data:

Group Mean

RTy

s
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Group SRC 1S1 100 200 400 800
Day 3
Fast SS 128 134 131 141
SC 145 144 145 142
CS 184 178 186 187
CC 188 180 185 190
Slow SS 166 163 166 171
SC 179 193 205 198
CS 223 220 251 2306
CC 233 233 228 2352
pDay 4
Fast SS 117 118 122 113
SC 131 131 135 136
CS 167 168 161 164
cC 173 168 169 174
Slow SS 143 141 153 155
SC 162 169 166 172
CS 208 203 213 216
CC 222 229 220 221




Table. 33--Continued
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SRC 1ISI

Group 100 200 400 800
nay 5
Fast SS 109 111 115 116
SC 127 124 123 126
CSs 158 164 1753 170
CcC 173 166 166 169
Slow SS 138 14% 141 135
5C 150 158 155 101
Cs 213 207 205 212
cC 208 208 207 212

Data are in williseconds.



Table 34
hhaw Data:

Group Mean

RT,

S

121

Group SRC I51 100 200 400 800
Day 3
rast SS 207 169 152 191
SC 234 192 164 219
Cs 324 283 313 299
ccC 378 355 365 337
Slow SS 239 203 198 225
sC 302 246 252 299
Ccs 341 304 257 361
cC 451 405 396 391
pay 4
Fast SS 201 171 143 160
SC 226 186 177 197
Cs 300 291 306 270
cc 339 315 347 291
Siow SS 2533 187 170 200
SC 275 230 229 255
Cs 349 520 358 315
CC 512 357 390 562
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Tablé 34-~Continue&

Group " SRC 1ST 100 200 500 800
bay 5
rast SS 193 174 145 161
SC 219 191 172 191
CS 313 305 339 258
cC 314 304 339 273
Slow _ sS 229 189 164 174
SC 261 226 212 237
cS 336 31.6 355 307
cC - 383 351 390 316

Note, Data are in milliseconds,




