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(i)

SUMMARY

In senial neaction time expeniments it is possible to

sepanate out the neaction times fon nesponses to a stimulus

which is the same as that on the pnevious tnial and to

compáne these times with those fon responses to stimuli which

alle different fnom the stimulus which occurned on the pnevious

trial. The expenimental findings concenned with such

sequential effects neponted in the litenatune are discussed

in tenms of the foun main vaniables which have been

investigated, and an attempt is made to evaluate the

explanations that have been put fonwand to account fon

sequential effects. The necessity is stnessed fon more

detailed analyses of data than have usually been attenpted

in elucidating the natune of these effects.
Following this discussion, a senies of experiments is

neponted in which a 2-choice task was used with an analysis

pnocedune which allowed eompanisons of the neaction times to

aII possible combinations of events in sequences up to and

including 5. Effects are studied of intenstimulus intenval,

stimulus-tlesponse compatibility, massed tnials, instnuctions

designed to deceive the subject as to the sequential

pnobabilities employed, the pnobability of sequences of

nepeated stimuli and of sequences of altennated stimuli and

prion prepanation fon panticulan events.

In funthen expeniments using an 8-choice task, the data

ane analysed in such a l^ray that the neaction times to each
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stimulus following every othe:r stimulus can be comPared. .
Vaniables investigated using this analysis are intenstimul-us

intenval, stimulus-tlesPonse compatibility and prion

pnepanation fon a panticulan event or events.

The nesults genenally confi:rm the need for detailed

analyses of the data. Analysis of the 2-choice nesults

show that neaction time to a stimuÌus is affected not only

by the immediately preceding stimulus but by stimuli funthen

back in the senies, and suppont an explanation of the effects

in tenms of expectation and PnePanation.
Analysis of the 8-choice results showed that:

1) repetition of the pnevious stimulus did not always lead

to a fasten tlesponse t

Ð responsesto stinuli adjacent to those immediately

preceding tended to be fasten than to those more remotet

3) both of these effects, but mone panticulanly the latten,
depend upon the interstimulus interval, being gneaten the

shonter the ISI. An explanation fon these nesults is
pnoposed which assumes that subjects locate the connect

stimulus by seeking the nea¡'est of thnee oll foun refenence

points: the ends of the display, the rniddle and if the

interstimulus intenval is short enough, the Position of the

Iast stimulus.
Overall the results fon both the 2- and 8-choice

experiments indicated that the mannen in which the subject

perfonmed the task is ftexible, that iso he uses slightly
diffenent stnategies in responding to stimuli depending on
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the instnuctions given and the expenimental situation.
An attempt is made to list some of the stnategies which

subjects can use and those which they do in fact seem to
use under the different expenimental conditions.
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CHAPTER I.

REPETITION AND ALTERNATION EFFECTS;

FACTS AND GENERALISATIONS

"Intheapplicationofinformationtheorymeasuresto
choice reaction time (RT) studies, Hyman (1953) listed three

ways in which the avenage amount of information accomPanying

the presentation of a single stimulus could be independently

vanied. These htene by vanying (a) the number of equipnobable

altennatives from which it could be chosen, (b) the pnoportion

of times it could occun nelative to the other Possible

alternatives, and (c) the pnobability of its occurnence as a

function of the inmediately pneceding stimulus pr:esentation'

while Hymanrs main intenest was in the effects of

varying uncentainty on the ovenall mean RT, he noted thatt
,,whenever a stimulus was irnmediately foll0wed by itself in a

senies, s seemed to respond unusually fast to it", and that '
I'an examination of the data showed that this phenomenon was

quite manked fon the situation with four ol? mone alternatives

and steadily declined until it disappea:red on became slightty

negative for the case with just two alternativesrr.

Subsequent studies in the litenature have examined the

effects of foun main panameters. The results of these

studies will be reviewed in the following sections.
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I.1. Sequential Effects and the numben of stimulus-response
(S-R) altennatr.ves
The tendency to nespond fasten to a stimulus which is

the same as one preceding it, is now eustomanily nefenned to
as a trrepetition effecttt, while the opposite tendeney, to
nespond fasten to a stimulus which is diffenent fnom the one

pneceding it is tenmed an |taltennation effectrl.
Hymanrs finding of the nepetition effect fo:r RT tasks

with greaten than 2 choices has been confirmed for 8-choice

tasks by HaIe (1969), Konnblum (1968), Rabbitt (1965r 1968)'

Hoy1e E Gohlson (1968), fon a 6-choice task by Keele (1969),

fon a S-choice task by Leonard, Newman Ê Carpenten (1966)t

and fon 4-choice tasks by Konnblum (1967), and Hoy1e E Gohlson

(1968), Snith (1968), Hale (1969), Ko::nblum (1969),

Schvaneveldt t Chase (1969), and Remington (1971).

Thene ane suggestions from several expeniments nepo:rted

in the litenatune that the nepetition effect tends to be

greater: with mone altennatives. Hymanrs (1953) nemank that
concenning the nepetition effect, I'this phenomenon rnlas quite
manked with fou:r on mone altennatives and steadily declined
until it disappeaned on became slightly negative with the

case with just two altennativesrr, has alneady been noted.

Suggestions of an incnease in the nepetition effect from 2-

choice to 4-choice to 8-choice are also contained in expeni-

ments by Hoyle t Gholson (1968), Hale (1969). Konnblum (1969),

in commenting on changes in the diffenences between RTs to
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repetitions and alternations wittr inc:reasing numben of S-R

alternatives notes a similan relationship in data neplotted

fnom an eanlier experiment, Kornblun (1967). He also noted

that ilthis increase, funthellmore, aPPears to be primanily

attnibutable to a far gneaten incnease inthe RT fon nonnepetitions

than for repetitions, although both incnease with incneasing

values of krt, (where k is the numben of S-R altennatives) '

The same changes in the RTs fon repetitions and alternations

areappanentinthedatafonHoyletGholson(1968).
while nepetition effects have been found for RT tasks

involving more than 2 choices, the situation is by no means

as clean when 2-choice tasks are considened' Some

experimentens have found a nepetition effect, for éxampIe,

Bertelson (1961, 1963), Bertelson E Renkin (1966)t and

Remington (1969), while othens have found an alternation

ef fect, fon example, Hyman (1953) r Williams (1966) and l^lelfond

(1959) i othens have found both in the same expeniment by

varying experimental conditions, fon examPle, Hale (1967)'

Moss, Engel t Faberman (1967)' Hannes (1968)' shaffer (1965)'

Entus and Bindra (1970).

The most important vaniable in deternining whethen a

nepetition or alternation effect is obtained in 2-choice tasks

seems to be the inter-stimulus intenval, a discussion of which

follows in the next section.

L2, Sequential effects and the intenstimulus interval (IST) '

Two-choice tasks. All the evidence to be discussed (1)

in this section wiII be taken fnom co¡rditions in expeniments
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whene 2-choice tasks have been used with compatible S-R

anrangements and where the probability of a nepetition in a

sequence is the Same aS that fon an altennation. The reason

fon this will be made clean in two fotlowing sections which

wilt examine the effects of incompatible S-R arnangements t and

of vanying the pnobabilities of nepetitions and alternations.

The first experiment directly coneerned with the

repetition effect was that by Bertelson (1961) who found a

significant nepetition effect with an ISI of .05 sec. butt

using a diffe::ent group of ss, failed to find a significant

effect using an ISf of .5 sec. In anothen expeniment,

Bertelson (1963) confinmed the finding of a ::epetition effect

fon an ISI of.05 sec. Kornblum (1967) also found a

repetition effect with an fSI of 137 msec.and Hale (1969)

with an intenval of 100 msecs. In a laten expeniment,

Bertelson t Renkin (1966) furthen examined the change in the

nepetition effect using 50, 200, 500 and '1000 msecs. In one

condition, these different intervals v\iere presented sepanately

in blocks of trials ; in another, they !'¡ere presented togethen

but nandomly in the same block of trials. In both conditions

a similan decnease in the repetition effect wíth increasing ISI

was found, indicating that trthe time course of the nepetition

effect seems to be independent of the time uncentainty

negarding the arrival of the next stimulusrr.

In contnast to this finding'I,rliltiams (1966), found an

alternation effect with an ISf of between 12 and 15 sec.

Another expeniment neponting an altennation effect with an ISr

of LZ sec. is that of Moss,Enge1 t Faberman (1967).
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Evidence indicating the impontance of the length of ISÏ
in explaining the discrepancy between these two findings was

Provided byHale (1967) who, using 100, 600 and 2000 Ílsêcs. ¡

found a decnease in the repetition effect fnom the 100 to the

600 msec. condition, and an alternation effect in the 2000 rtsec.

condition. Sinilanly,Entus t Bindna (1970) neponted a change

f:rom a repetition effect to an altennation effect by incneasing

the ISI fnom 2 sec. to 10 sec. Vrihile these authors give no

infonmation conce:rning the changes in RTs to nepetitions and

altennations with incneasing ISI, Bertelson t Renkin found that
RTs to nevl signals became shonten and to nepeated signals
longen. However, examination of thein data indicates that,
fon the regulan interval conditions, thene was Iittle change

in the RT fon altennations, most of the change with increasing
intenval being due to an increase in the nepetition RT, a

nesult also found by Hale. This is in contrast to the effect
of increasing the numben of S-R alternatives where, âs htas

pointed out in the previous section, the evidence suggests

that the main effect is on the altennation RT.

Another diffenence in the experimental procedur"es used

by Williams and by Moss, Enge1 t Faberman on the one hand, and

Bentelson on the other, would seem also to be important in
explaining the diffenence in nesults.Ilannes (1968) noted that
Bentelson used two lights and two keys, one openated by a finge:
of each hand, while both Vrlilliamsr, and Moss, Engel t Fabenmanrs

!s used only one fingen, either to move a leven switch to the

night as one response and to the left as anothen¡ op to move
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fnom a home key to the aPPnoPriate resPonse key. Hannes

compared these two diffenent resPonse SyStemS using the same

stimulus display of two lights with an ISI of 15 sec. which

was simila:r to that used by ll'lilliams. Using two fingens \^Ias

found to.pnoduce faster nepetitions and using one finger, to
move from a home key to the aPProPriate response keyr was

found to pnoduce faster altennations. An experiment reporting
a change fnom a nepetition to an altennation effect with
incneasing ISI is that of Entus Ê Bind:ra, who found this using

ISIs of 2 sec. and 10 sec. with a 2-choice task involving a

one finger response System. However, comParing the results
of Entus t Bindra for a 2 sec. ISI with those of Hale (1967),

who used a two finger response System for the same intenval,
shows Hannes I result to be of littl-e explanatony value;

the two different nesponse systems produced opposite nesults
. to those which would be predicted by llannes, the one finger system

producing a nepetition effect, and the two fingen system an

altennation effect.
To complicate the situation funther:,Remington (1969),

using a response system similan to that of Bertelson, found a

nepetition effect with an ISI of 4 sec. and Schvaneveldt t
Chase (1969), using similar 2 choice tasks and ISIs of eithen
Ì, 2,5 and 8.5 sec. r or .1, .5 and 1.0 sec., failed to find a

nepetition effect at the Iow ISIs or any change in the

sequential effect with incneasing TSIs. .
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Incommentingonthislackofchange,schvaneveldtF'
chase mentioned that t'expeniments neponting a decrease in the

nepetition effect hrith (incneasing ISI) have onl$ used two

choice lights-buttons o:r numbens-buttons codes (Bertelson' 1961;

Bertelson t Renkin, 1966 ; Hale r 1967 )tt . The ttlights-buttonsrr

and ,fnumbers-buttonstt codes nefen to arnangements in which

buttons r^rere pnessed in response to either two lights on two

numenals. Although they did not say exactly how this might

be expected to pnoduce the change in question, presumably

they hrere referning to the compatibility of the S-R arrangement

asaPossiblefacton.However'theyalsousedanumbens-
buttons code and failed to find a change in the nepetition

effect with incneasing ISI.Eichelman (1970) also discusses

the suggestion that Schvaneveldt t Chasers failure to find a

repetition effect at 1ow ISIs might be due to the very high

s-R compatibility of the task where the connect key pnessed

was illurninated as a signal. Howeverr he points out that in

his expeniment a highly compatible task was usedr Yet stilI

produced a large nepetition effect at low ISIs. He angues

this may werr be due to the use of a syrnborie display, since

other experiments using syrnbolic displays have also pnoduced

nepetition effects at low ISIsi for example' HaIe (1967) 
'

Be:rtelson t Renkin (1966), Rabbitt (1967)' and Bentelson (1965)

Howeven, Bentelson (1961, 1963), did not use a symbolic

display yet still found a nepetition effect and a decnease in

the repetition effect hlith inereasing ISI. Thus, although

eompatibility of the s-R nelationship and the use of symbolic
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displaysmaybeimpontantfactorsdetenminingsequential
effects, neither seems capable of explaining schvaneveldt t

Chase I s r"esult.
Anotherpossiblefactorwhichcouldbeimpontantin

explaining schvaneveldt t chasets nesult is the numben of

tnials given. Fon the condition in which ISIs of 1t 2'5 and

8,5 sec. hlere companed, only 135 tnials wene given' In the

othen compatible s-R annangements only 300 trials were given'

This compares with the 2000 p:ractice t:rials and 6000 test

tnials used by Bentelson (1961), the 1200 p::actice tnials

befone the 300 test trials used by Bertelson Ê Renkin (1966) t

and the 1000 test t:rials fon the I0o and 600 msec' condition

andthe500tnialsfonthe2sec.conditionusedbyHale
(1967). As against this, Entus t Bindna (1970) only used

20 practice tnials and 80 test tnials in each ISI condition

and found a change fnom a nepetition effect to an alternation

effect with increasing ISI. But in their experiment the -¡L

had to ::espond to two circulan patches of white light which

differed only in diameten, one being 7/16 inch the othen 6/16

inch. The Qs had to press one key labelled rrbigrr if the

langer of the two lights appeaned, and another labelled t'small''

if the snaller: appeared. since the screen uPon which the

light patches vreue Projected was situated 3 feet from the st

the task would appear to be quite a difficult one which, on

the basis of evidence to be pnesented concenning the effects

of incompatible S-R annangements in a following section, might

be expected to accentuate sequential effects '
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If Entus t Bindnars nesults could be explained in tenms

of the difficulty of the task, it might be thought wonthwhile

to considen the difficulty of the tasks of the othen two

anomalous nesults g that is, those which found repetition
effects with ISIs of greaten than I sec. Howeven, the tasks

fon both Remington (1969) and Hannes (1968) apPear from thein

descniption to be quite stnaightforwand and no more difficult

than those used in the othen experiments consider:ed, although

Remington (1969) did use both a red wanning light and a grleen

light to give knowledge of a connect resPonse ' Possibly the

_lsrpaying attention to these twormay have suffened some

distraction which caused a repetition effect.
In sunmany, genenally in 2-choice compatible tasks with

nepetitions and alte::nations equipnobable, repetition effects

would appean to occur with ISIs of less than appnoximately 1

Secr and altennation effects with ISIs of gneater than I Sec.

There are sevenal anamolous nesults, only one of which

might be explained in tenms of the use of an inadequate number

of tnials.

Q)Greatei: than 2-choice tasks. In both expeniments

considened in this section, all stimuli were equiprobable and

randomly presented. I¡trhile no altennation effects have been

reponted fon RT tasks with gneaten than 2 choices r several

experiments have examined possible changes in the nepetition
effect with increasing IST.Keele (1969) used a 6-choice

compatible task and found a nepetition effect which did not

change acnoss thnee ISIs used;21 4 and I sec. However, only

120 tnials fon each ISI were given.
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A study which found a decnease in the nepetition effect

fnom a 2 to a 6 to a 10 sec. ISI was that of smith (1968) ' A

4-choice task was used in which Ss had to respond using push

buttons to eithen a rtlrr on a tt2tt which could eithen be ned on

gneen: tf red the s nesponded with his left hand; if gneen

with his night. If the numben was a 1' S nesponded with the

forefinger of the appropniate hand depending on whethen the

signal was ned olr gneen, and if 2) with the middle fingen of

the appnopriate hand, again depending on whethen the signal

\^ras red on gneen. Although only 96 trials per ISI wene given,

as with the expeniment by Entus t Bindra (1970) 
' this task

would seen to be substantially more difficult than the

straightfonwand arnangement used by Keele (1969).

Hence it would appeau that with 2.- and gneaten than

2-choice tasks the evidence genenally suggests a decrease in

the repetition effect with incneasing fSI. Howeven, the

number of tnials given and the difficulty'of the task aPPean

to be important factons qualifying this conelusion. Vaniations

in the difficulty of the task and the nesulting sequential

effects will be dealt with in the fotlowing section.

1.3 Stimulus-ResPonse CompatibilitY
one way in which the difficulty of choice RT tasks has

often been increased is by impaining the compatibJ-ity

between stimulus and nesPonse.

elson (1963) companed thnee conditions; (i) dinect

(D) in which the S responded using two keys ' Pnessing the left

key in nesponse to the left of two honizontally placed lights
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and the night key in response to the right light; (ii) cnossed

(C) whene the same 1ight-key aurangement was used, except that

the S nor^r pressed the left key in nesponse to the night light

and the right key in::esponse to the left light; (iii) perPen-

diculan (P) where the two lights !üere arnanged ventically ' with

the two possible light-response combinations being high-rig}¡t/

low-Ieft and high-left/1ow-right. The ISI was '05 sec' In

addition, afte:: each of these main conditions which consisted

of 11 nuns of 50 nesponses, ss were asked to do 2 nuns with

theoppositeS-Rnelationship;thatiscaftenD,DafterC
and one P combination aften the othen'

Thenesultsshowthatfonthemainconditionsthe
nepetition.effect was much largen in both the C and P

conditions than in the D condition. In addition, decneasing

theS-Rcompatibilityproducedrnuchlargerincneasesinthe
RT to the new signals than to the repeated signals. This

result parallels the findings of gneater changes in RTs to

the new rather than to the nepeated signals with increase in

the number of s-R alternatives, and contnasts with the incnease

of RT to repetitions nathen than alternations with ISI in

2-choice tasks. The two nuns of each session in which the

S-R relationship was neversed were always found to yield langen

repetition effects than the nuns which pneceded them, although

the effect was smaII and not significant fon the cnossed

condition. It was suggested that the smallness of the

effect in this condition was due to the fact that penformance

in the cnossed cond.ition is Permanently hampened by

intenference from the very familiar relationship which defines
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the effects of the j-nmediately preceding stimulus but also

the effects of stimuli pnion to that. These effects I{ere

mininal for the finst task and they noted that rrwith a

highly incompatibLe scrambled numbens-buttons code, a single

repetition pnoduces a dramatic maximal facilitation in RT'r '

But fon the second task they found |ta repetition effect which

depends on at least two repetitions before RT is gneatly

facilitatedrr.
vlilliams (1966) companed a 2-choice task with a

compatible s-R code and a I0 sec. ISI with a task in which

the same signal and nesponse appanatus blas used but in which

the ss had to respond depending on whether the pnesent

stimulus was the same as the pnevious stimulus or diffenentj

fon examPler moving a leven left to signals which \^tere

nepetitions and right to changed signals on alternations '

In this way it was hoped to dete¡'mine whether observed

sequential effects depended more heavily on the pattenning

of the input on of the output by companing the RTs fon the

4 possible conditions of signal nepeated olr changed

combined with response eithen repeated or changed. Vüilliarns

found that RTs for this incompatible allrangement wene

appnoximately twice as high as those fon the compatible

arnangement, indicating that Ss found the incompatible task

extnemely difficult. It was hypothesised that if the

sequential effects obsenved under the compatible annangement

wene due pr:imanily to eithen the input on the output, this

wouLd be shown in significant diffenences between latencies

of one but not of the othen. There vüere, however, no
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significant overall differences between eithen nepeated on

changed responses or in nesponses to nepeated on changed

signals. !'lhat was found was that RTs wene smallest when

both signals and responses changed on both signals and

tlesponses stere nepeated, and longest fon combinations of

repeated signal and changed nesponse or vice versa.

A task somewhat similar to that of \^lilliams \^Ias used

byShaffer (1965). Two stimulus lights (M) and two nesPonse

keys (R) were used, but in addition to the two lights which

r^rere arnanged horizontally, thene was an illuminated clloss

between them of which the ventical and horizontal limbs (I)

could be lit independently. The horizontal line (H) defined

the homolatenal mapping of M and R, and the vertical line (V)

a contralateral rnapping. The conditions of most intenest
to the pr.esent discussion ane those in which (i) ps had a

simple homolateral on cornpatible S-R napping with the

honizontal line always appeaning in the display (2H); (ii) the

mapping was contralateral with the vertical line always

appeaning in the display (2V); and (iii) one of the two tights
(l"i) and eithen (H) or (V) came on simultaneously on each

tnials (2I, 2Ì{) , so that on some occasions there was a

homolateral mapping, on others a contnal-atenal. The nesults
showed that ther"e was a nepetition effect when I was vaniable
and an alternation effect when it was fixed, even with contna-

latenal mapping, and even although thene was a greaten ovenall
mean RT fon the 2V than fon the 2H condition. Thus, although

incneasing the difficulty fnom a homolatenal to a contnalatenal
mapping did not decnease the altennation effect found with the



15.

formen, incneasing'the difficulty of the tasks still funthen

to the use of a vaniable I did pnoduce a nepetition effect'

Shaffer comments that, in the light of Bertelsonfs (1961)

finding of a decnease in the nepetition effect fnom an ISI

of .05 to one of .5 sec., it seems that ttthe tnansition

effect favouning nepetitions is a joint function of inten-

tnial intenval and any facton affecting difficulty of the

taskrt. Hov¡ever, although there was no apparent diffenence

between the size of the alternation effects of the 2H and 2V

conditions, it was noted that the ovenall mean RT was langen

fo:: the 2v condition. If a langen ovenall mean RT is

indicative of a mone difficult task, the lack of difference

in the altennation effects between the 2V and 2H conditions

nemains anomalous.

The increased difficulty of the task neferred to by

Shaffen may be taken to include not only decneased

compatibility but also the langen the numben of S-R

altennatives as both would tend either to incnease already

existing nepetition effects o:: to change existing altennation

effects into nepetition effects. The anomalous result of
Entus t Bindna (1970) refenred to in the pnevious section may

now be seen to be explicable in tenms of the effect of the

gneaten difficulty of the task which they used.

Anothen type of s-R incompatibility is that of mapping

two on mone stimuli onto one resPonse. IJoweverr ii Seems

more appropniate to deat with these expeniments in a laten

section concenned with the nole of the nepetition of the

stimulus and of the response in determining the ovenall

nepetition effect.
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1.4.Pnobabilitv of nepetitions and alternationq
so fan almost al-I the evidence considered has been

'taken from expeniments whene the probability of nepetitions

and altennations has been equal. As $Ias pointed out

initially, it is possible to alter the sequential dependencies

in such a r¡Iay as to pnoduce unequal pnobabilities of

nepetitions and altennations. This can be done eithen with

on without keeping the numben of s-R altennatives equi-

pnobable.

Bentelson (1961)in addition to an equiPnobable (or

random RAND) nepetitions/alternations condition also used

sequences in which the probability of repetitions and

altennations !^Iene 75% and 25eo respectively (REP) and vice

vensa (ALT). In all Sequences the two stimuli wene equi-

pnobable. using an ISI of .05 sêc., he found that the REP

condition pnoduced the fastest ovenall mean RT and the ALT

condition the slowest. In addition he found a diffenenee

of 90 msec. in favoun of nepetition RTs in the REP condition,
of 29 msecs. in favoun of nepetitions in the RAND condition

and of 21 msecs. in favoun of alternation RTs in the ALT

condition. The two nepetition effects dirninished when a

time lag of ,5 sec. was used but the altennation effect in the

ALT condition incneased. All effects whethen nepetition or

alte¡.nation wene significant except that fon the RAND sequence

with the longen ISI.
Moss,Eneel t Fabenman (1967) used a similar task to

that of Bentelson (196I) except that they used an ISI of Lz

sec, An altennation effect, albeit not significant, was
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Leonand. Neurmant Canpenten (1966) studied the effects

of stimulus fnequency imbalance on sequential effects in a

S-choice task in which the numbens 11 2) 3t 4 and 5 wene

nesponded to in a compatible annangernent by the five fingens

of the night hand. Thene hlelae two main conditions , one in

which the number 3 occunred 68'o of the time, the othen numbens

each |eo, and the othen in which the numben 3 occunred 44eo of

the time and the othe:¡s each L4,o . In addition, the data fnom

each condition hrene divided into thnee funthen categonies in

which the pnopontion of stimulus 3 was either hight

appnoximately equaÌr op low compared with the ovenall

proportion of that stimulus. Also 7 trials of 50 stimuli each

welre transplanted from the 68eo condition and appeared in

exactly the same ordinal position in the 44eo condition' The

aim of the experiment was to determine whethen Ss nesponded to

biassed Sequences on the basis of long or shor"t-tenm sampling'

It was argued that if the latter vüelre the case thene should be

identical results fon the 7 common tnials in each condition,

but if long term sampling was used, these nesults would be

diffenent. sequenti-al analysis of runs of stimulus 3 showed

a stnong nepetition effect and the analysis of response times

fon each stimulus showed that while those for stimulus 3

r^Iere shortest in both conditions, they varied with the amount

of loca1 bias, being shortest with the high 1ocal bias and

longest with the low 1ocal bias. It was noted fon' the lluns

of stimulus 3 that RTs decreased as the nun incneased fnom

1 to 2 to 3 nepetitions of stimulus 3 
' but that theneaften

the RT nemained nelatively constant. It was also noted that
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the vaniability of the means fon these llesponses dec:reased

as the run length increased.

The analysis of the 7 identical trials indicated that

atthough the ovenall mean RT for the 68eo condition $tas less

than that fon the 44% condition, the diffenence between them

hras not significant. The dec::ease in RT with incneasing

length of nun was also the same fon both conditions' Howevent

RTs to stimulus 3 and fo:: runs of stinnrlus 3 wene

significantly less in the 68eo condition' The authons

concluded that while the diffenent nesults for the vanious

local bias conditions indicated rrshont-term samplingrr, the

nelatively stable pattenn of nesponding, which was identical

within each condition regardless of the level of bias, and

particulanly in the "identical tnialsr', provided evidence

for the role of trlong-term samplingtt. The negative

connelation between RT and the amount of 10cal bias was

accounted fon in tenms of the fewen llesponses to biassed

stimuli in the 10w 10ca1 bias condition and the fact that

these would be made up of the RTs fnom shorten lluns of

stimuli. These times would tend to be less than those in

the high tocal bias condition which would be taken fnom

longen runs.
Rernington (1970) in a methodological considenation

nelevant to the above expeniment discusses data fnom a

pnevious expeniment (Remington, 1969) in which two 2-choice

conditions wene compared, one in which the two stimuli were

equipnobable and the othen in which one of the stirnuli

occunned TOeo of the time. Repetition and altennation
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pnobabilities hlere neanly eq!¡al fon both conditions. RT

$ras plotted as a function of lrank in a run of nepetitions

up to 4. Plotting the data in this way 1ed to similan

decneases in RT as the nepetition sequence incneased in
length in both conditions, except that the initial decnease

from altennation RTs to the finst nepetition aPPeared to be

langer fon the 70:30 condition. Howeven, plotting the data

for each component of the 70:30 condition sepanately'

indicated that the appanent lar:gen nepetition effect was due

to avenaging oven the two components that make up this
condition; while both 7O and SOeo components contribute

equally to the ovenall alternation RT, the 70% component,

with a gneaten numben of nepetitions and faster RTs, langely

determines the ovenall mean RT fon the initial nepetitions.
Remington adds that (failune to necognise this fact would

also tead one to ovenestimate the r:elative impontance of

the first repetition (ttrat is the nepetition effect) and

undenestimate the nole of additional nepetitionsrr and cites
the above mentioned expeniment of Leonard, Newman t Canpenten

(1966) as an example of a misleading intenpretation (they

reponted rra st:rong nepetition effecttr) nesulting from the

pnocess of avenaging oven components. In panticulan,

Remington lrecommends that in choice RT tasks involving more

than two choices, whene it has been customany to pool al-I

nonnepetitions of signals to obtain a single value f'or

altennations, "the appnopniateness of such averaging should

be detenmined by a detailed sequential analysis of each

nonnepetition componentrr .
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In a subsequent expeniment,Reminston (1971), this
fonm of analysis was carried out on data fnom a 4-choice

task using foun lighted numena1s, 1, 2) 31 4r and foun keys

in a compatible anrangement. In one condition all stinuli

hreue equiprobable. In the other, stimulus light I' occurned

40% of the time and the othens each 20eo of the time. The

nepetition effect fon stimulus t in the equiprobable condition

r^ras found to vary depending on whethen it was pneceded by

stimulus 2, 3 on 4. Highen order sequential effects welre

aÌso found of stimuli two before the stimulus to which the

s was nesponding. In the 40:20220:20 condition, the RT to

stimulus I (40eo) was found to be lowen than those to the othen

stimuli, as expected. Unlike the data examined in the 1970

papen, howeven, whe::e an apparent langen ovenall nepetition
effect was found to be due to the averaging of conditions, a

largen nepetition effect was observable in the pnesent

experiment for" stimulus I when companed wíth the equipnobable

condition even when no avenaging took p1ace. An interesting

finding with implications fon an explanation of sequential

effects was that the RT to stimulus 2 was fasten than the RT

to stimulus 3 in the 40¡20:20;20 condition, although they had

been the same in the equipnobable condition. This was taken

by Renington to suggest that the S_sr seanch pattenn in the

)0t20220t20 condition began at the left (that is stimulus 1)

and pnoceeded to the :right.
In conclusion the evidence reviewed suggests that the

size of the repetition on alternation effect var:ies directly
with the pnobabilities of repetitions on altennations



22.

nespectively, given that the stimul-us alternatives are equl--

probable, and given the size of the sequential effect (whether

nepetition or altennation) in the situation with nepetitions

and alternations equipnobable' That is, altening the

pnobability of repetitions and altennations from equal will

change the sequential effect (whethen nepetition or alternation

in the equiprobable situation) in the dinection of the one with

the gneaten pnobability (Bertelson, ]961 as compared with Mosst

Engel t Fabenman, 1967). The repetition effect may also

vary with the nelative probabilities of occunlrence of each

stimulus but, as Remington (1970) has pointed out, care must

be taken that this is not due to avenaging oven the

altennation RTs.

1.5. Summa::y

Fromtheforegoingneviewoftheempiricalfindings
in the literatune it would aPPear that generally:

(1) Repetition effects occur for greater than 2-choice tasks

and the magnitude of them increases with the number of S-R

alternatives. The main inc::ease in RT with number of

altennatives is in responses to alternations '

(Ð Repetition effects generally occull in equipnobable Z-choice

tasks with ISIs of less than approximately' I sec., while

altennation effects occun with rsrs of greater than I sêc.

The repetition effects tend to decrease and even to change

to arternation effects with incneasing ISIr the main change

in RT being in the resPonses to repetitions '
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(3) The repetition effect incneases with decneasing

compatibility of the task, the main increase in RT being

on responses to altennations.
(4) The size of the nepetition on altennation effect is'

directly related to the pnobability of repetitions oll

altennations in the sequence, given the size of the sequential

effect whethe:r nepetition on alternation fo:: the Same situation

with nepetitions and altennations equipnobable'

0f these foun sr¡nmally statements, statement 2 would seem

to be the most tentative at this stage, panticulanly concerning

the change in the nepetition effect with increasing ISI.

If decneasing the s-R compatibility and incneasing the

numben of S-R alternatives are taken as factons increasing

the difficulty of the task, the effects of three of the

variables examined can be summan:.sed in te:rms of Shaffe::rs

(19_65) suggestion that I'the tnansition effect favouning

nepetitions is a joint function of intertnial interval and

any factor affecting difficulty of the choieerr'

Little at the moment can be said about the natune of

the alternation effect except that it seems to occur only in

2-choice tasks with long ISIs, and changes with the pnobability

of altennations in the sequence, in this way being sinilan to

the repetition effect.
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CHAPTER II.

REPETITION AND ALTERNATION EFFECTS :

ATTEMPTS AT EXPLANATION

The aim of the pnesent chapten is to review bniefly
those experiments concerned with explanations of sequential

effects in choice RT tasks. FollowingVlelfordts (1960)

analysis of the human ope:rator into subsystems, the question

of the location of sequential effects could be answered in

three hrays. The repetition effect could be due pnimarily

to:
(1) nepetition of the stimulus r oF

(2) repetition of the nesPonse r oP

(3) repetition of some centnal Process mediating between

the stimulus and the llesPonse.

Sirnilarly, the alternation effect could be due primanily to

eithen stimulus, resPonse on central pllocesses '

2 .L. Stimulus on uesponse P::ocesses?

vJittiams (1966) in the first of a series of 2-choice

experiments found an altennation effect. In the second

experiment, the possible contnibution of what she tenmed

ttsensory receptivett fatigue was examined. Ït was

hypothesised that t'if the observed sequential effects h¡ere

due (in the case of visual signals) to netinal fatigue, which

might pnoduce poonen neception of the repeated signals than

of changed signals, then the effect should be observed when

successive signals ane delivened to the same eye but should

not be observed when successive signals ane delivered to
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diffenent eyes.,, The nesults of cannying out this pnocedune

were that the observed sequence effects could not be accounted

fon by sensory necePtive fatigue '.

In an attempt to separate out the stimulus and nesponse

components in the repetition effect tBer"telson(1965) used a

taskinwhichequiprobablesignalshTeremappedintotwo
responsesr two signals to each resPonse' Such a task allows

three categonies of RT: the relationship of a stimulus and its

responsetotheprecedingstimulusandresponsecanbeoneof
*identitytt , ( same signal , same response) , of ttequivalence[ 

'
(diffenent signal Þut same response) or of tfdifferencelt

(different signal, different nesponse). If only nepetition

of the signal is inportant then "identical" RTs should be

faster than ,,equivalent'r and thene should be no diffenence

between trequivalenttt and Itdifferenttr RTs. If , howeven, only

nepetition of the response is important, then I'equivalenttt

RTs shoutd equal tridenticaltf and both should be fasten than

t,diffenent". An intermediate value for the "equivalentrt RTs

between those for tridenticalrr and "differentt' would irnplicate

repetition of both the signal and the response ' Bertelson

found that while rtidentical" RTs were slightly less than

"equivalent", inplying some effect due to repetition of the

signal, the main difference in RT was between trdiffe::entrr and

t,equivalent,r, implying that the main effect was due to

r"epetition of the response, It was also noted that the vast

majonity of errors consisted of nepeating the response when

the othen response uras required'



26.

Srnith (1968)pointed out that Bentelson in the above

expeniments used the numenals tt?n andrt4rtas stirnuli fon the

left hand response and rr5rt and tl7rr fon the night. Thus it is
possible that Ss could code the stimuli as I'even numben

nespond with left hand, odd numben respond with rightrr, and so

pnoducå an apparent nesponse effect. In orden to eliminate

this possible confounding, Smith used a number-colour codet

left key to be pressed fon either a red rrlrr or a green ttztt

and right key fon either a green rrltr or a ::ed ttztt. The

nesults showed that while Itidenticalrr nesPonSeS hrene the

fastest, ttequivalenttr neSPonSeS were in fact slowen than
ttdiffenent'r. Smith concluded that this suggested not a

periphenal but a centnal effect, and that the fact that
rrequivalentt' RTs wene slowen than Itdifferentrr might have been

due to a slight reluctance on the pant of the subject to make

the same response to a new stimulus that he had just made to
a different stimulus.

The diffenence between Bertelsonrs and Smithrs results
can be nesolved by the findingsof Rabbitt (1968). Foun

diffenent rnappings of stimuli (S) to responses (R) hlere used;

2Rl4S, 2Rl8S, 4R/BS, BR/8S. Ten nuns of 301 signals each

r^¡ere given and nesults were examined fon the second and tenth

nuns. Fon the second run, it was found that in alt conditions,
RTs for ftidenticaltt tnansitions wene less than rfdifferentrl

tnansitions, that for the 2Rl4S, 2Rl8S and 4R/8S conditions,
tfidentical-tf RTs wer.e IesS than Itequivalentrr, but thene was no

significant diffenence between'fdiffer:entrl and t'equivalentrl

RTs in any condition. This nesult was similan to that of
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Smithwhousedonly20otnialsplusL2pr:acticetnials.
For the tenth t?un, howeven, while again rtidenticalrr RTs wene

Iess than trdiffeneflt" o the latter l^tere signif icantly gneaten

than|,equivalent'|.Inthe2R/4Sand4R/ssconditions
,requivalent,' RTs wene significantty g::eaten than ttidenticaltt'

since Bentelson (1965) used 500 tnials, Rabbittts nesults

suggest that practice is impontant'

ItispossiblethatSrnith'shypothesisofinhibition
in making the same resPonse to a signat diffenent from that

immediatelypnecedingrnightbeextendedtocoverthese
results by assuming that inhibition becomes less with

practice. Rabbitt, however, intenprets his results in

terms of modets derived from computer programs for chanacter

recognition. The computen routines considered ane (1)

par"allel noutines where a set of Xa independent tests are

made on the input simultaneously to estabtish whethen on not

the input can be classified as one of X. different states;

(Ð a senial noutine where the xt independent tests ane made

oneatatimeinsuccession;and(3)ahybridroutinewhene
Xa tests would be made suceessivety in batches of panallel

tests fon N different subgroups of states ' Each of these

could also be funthen classified as exhaustive oll sel-f-

terminating,thefirstwheneallpossibleX*testsanemade
befone the input is classified and the second where tests

continue only until any test on set of tests is successful

before classification of the input '
Exhaustive noutines could be discounted due to the

existence of the repetition effect since no diffenence
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between RTs would be predicted if all tests f^Ielle perfonmed

eithen in panallel or senially befone a decision is made'

The nesults in fact suggest a senial self-terminating

noutine, with the last stimulus checked first, but the data

did not allow a decision between its being a hybnid or not'

In either case the change in RTs acnoss t::iaIs would have to

be explained in tenms of nodifications of the penceptual-

stnategies as the s leanns the way in which the signal

ensemble is partitioned, For the senial self-terminating

routine, ss might adapt the onden of testing to coincide

with the expenimentents pantitioning of the ensemble of

signals; fon the hybnid self-tenminating noutine practice

rnight result in modification of the subsets of panaIIel

tests until they coincide with the pantitioning of the ensemble'

In onden to explain the above nodification of the $rs

stnategy so that I'equivalentrr responses become quicken ovel?

tine, Rabbitt suggested that any neduction in time taken fon

perceptual identification of equivalent signals might allow

the ! to benefit fr:om repetition of the motor components

of the response. The absence of the nepetition effect on

the 'tequivalenttr tnansitions eanly in pnactice could then be

due to identification and classification taking so long that

successive responses are too widely spaced in time fon

maximum facilitation. It is clean that Rabbittts explanation

assumes both a stimulus and a resPonse effect; signars are

classified in a panticulan onden which rnay result in a moton

facilitation effect.
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A somewhat sirnilan exPeniment bYEichelman (1970)

using ISIs of 200 700 msecs. examined letten naming

tasks in which Ss had to name one of ten possible uPPer case

lettens on thein lower: case equivalents. Thnee

classifications of nesponse r¡Ielre Possiblei (1) letten

identical in fo::m and name to that immediately pneceding

(stimulus nepetitions, SR); (2) letten with the same name

but a different fo:rm fr"om that preceding (response nepetitions t

RR); and (3) letter diffenent in fonm and name from the

pneceding (non-nepetitions R). It was found that thene was

a significant advantage of SRs over RRs at both TSIs, but

that this advantage was less at the longen intenval. R

tlesponses htene slowest and thene \^ras only a slight decnease in
RT at the longer intenval fon both F and SR nesponsesr so that
the difference between RR and R nesponses incneased. Eichelman

explained his nesults in tenms of two pt?ocesses 3 finst t

stimulus irlentification which depends pnimarily upon the

visual information available fnom the immediately preceding

stimulus. The saving in time fon the SR condition due to

this facton could nesult from the constnuction of some netwonk

of unit analysens which neduced the tirne nequined to t'nead inrt

the stimulus when it is physically identical to that

immediately preceding. t'It would be like negenerating a

decaying tr:ace or organisation of neural el-ements that

cornespond to the relementsr making up the Physical event.

This might be easier than constnucting a whole nehl onganisation

of neural elements, which must be done when successive forms

are not visually j.dentical.tr The amount of saving would be
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a function of the complexity of the netwonk constnucted'

Hence if, fon example, spatial displays are less complex as

stirnuli than symbolic, Iess of an sR effect might be expected'

Eichelman suggests that where spatial displays ane used, the

size'of the nepetition effect will depend pnimarily on

response selection Plrocesses whe::e compatibility and stnategy

are impontant.
The second component pnoposed by Eichelman .is the

ability of the s to make the cornect nesPonse. It depends

upon itrefractoriness of decision making Processes as well as

musculan and skeletal appar:ati used in rnaking the nesPonse t

and upon whether on not the s has prepared to make the

t:esponsetr. It is argued that a good strategy is to be

pnepared to say the name of the letten just given on the

p:revious tnial, theneby decreasing RT fon any response

nepetition. It is assumed, to explain the results, that as

the ISI is incneased the Second component tends to decrease

sR and RR RTs, while the finst tends to increase sR RTs'

Thus Rabbitt (1968) explains his nesults in terms of

stimulus classification strategies plus a moton facilitation

effect, while Eichelman interpnets his nesults in tenms of a

stimulus facilitation effect plus a stnategy which involves

pnepaning to execute a llesPonse. Howeven, Rabbitt used an

fSI of 20 msecs which might well preclud'e the Possibility of

much response pnepanation. Eichelman, on the othen handt

did not investigate possible changes across tnials, despite

the fact that since he used 400 tnials there may have been

some decrease in the RR RTs similan to that found by Rabbitt
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for |tequivalentrt responses, and this tnend night have

continued wittr_ more tnials. rf this was sor Eichelnants

explanation would be inadequate as the sR effect is assumed

to be automatic and immediate. on the othen hand, Rabbittrs

explanation would be inadequate to explain the decreases found

by Eichelman with incneasing ISI, as the only effect acconding

to Rabbittts explanation should be a decnease in moton

facilitation which would produce an incnease, not a decrease

in RT, Also, the stimul-us facilitation effect in

Eichelmants explanation, in which thene is assumed to be

a decrease in stimulus facilitation with incneasing ISI

fon the sR neactions, is necessitated by the greaten decnease

in the RR when compared with the SR RTs. There is no reason

why such a stimulus facilitation might not occull for identical

RTs in Rabbittts expeniment. Similanly, thene could be some

response facilitation fon the sR and RR resPonses in Eichelmanr s

experiment with approximately the same decrease across ISÏ

fon both classes of nesPonse although Eichelman does attempt

to argue that resPonse factons ane pnobably less impontant

than stimulus factons for symbolic displays. Howevert since

Eichelmants experiment used only one 1eve1 of practice, it is

possible that with mone trials RR nesPonses may have more

closely appnoximated SR responses due to (on Rabbittrs

explanation) pnocessing strategies which would reduce the RT

to the point whene it can be neduced funthen by response

facilitation.
An expeniment by Entus and Bindna (1970) examined) amongst

othens, thnee situations which are relevant to the pnesent

discussion. Thene wene two stirnuli A and B. In the finst
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situation, the s sras requined to nespond by depnessing the

same key to both stimulir so that the measuned resPonse

Iateney was a simple reaction time (SRT). fn the second, the

s was nequined to nespond only to stimulus A (on B) and to make

no nesponse on the occunrence of the othen stimulus r so that

response latency was a necognition neaetion time (RRT) ' In

the third condition, the s was requined to nespond to stimulus

A on B - whicheven happened to occun on a tnial by depnessing

the appnopriate key¡ so that a choice neaction time (cRT) was'

obtained. The ISI fon the finst two conditions hlas 2 sec'.,

those fon the thind hlere 2 sec. and l0 sec'

A nepetition effect was found fon alf conditions except

the 10 sec. cRT situation whene there was an altennation

effect. The nesults fon the sRT and RRT conditions

indicated, according to Entus and Bindna, ttthat the effect

does not depend on stimulus identification on any othen complex

discninination process or on any resPonse facilitation or

inhibition pnocesses (since a singte lresPonse is specified

for all responses, r:repeatedt on Inonnepeatedt). Rathen,

the effect pnobably anises fnom sensony Processing no more

complex than that involved in the sRT task, pe::haps fnom

an incnease in the speed of detection of nepeated stimuli.l'

The change fnom a repetition effect to an alternation effect

in the CRT situation is attributed to the incneasing

difficul-ty of stimulus discniminability with time.

Pnesumably some memolay tr:ace which rnight be assumed to decay

with time, is being suggested which, with incneasing ISIt

would make judgements of the equivalence of nepeated stimuli
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more difficult. tühile this might explain a decnease in the

nepetition effect, it does not explain why the nepetition
effect should change to an altennation effect.

An expeniment emphasising the role of nesponse effects
is that of Rabbitt (1965). Thene üIere ten lights and ten

keys, one key beneath each light, an ISI of 20 msecs and a

stimulus Sequence in which no signal ever followed itself.
Each light of the left hatf of the display was responded to
by touching the key ventically undenneath \^¡ith the fonefingen

of the left hand, similanly each light of the night half with
the fonefingen of the night hand. It was found that nesponses

following nesponses made with the same hand l^Iere significantly
fasten than those following lresponses made with the opposite

hand. Since the pnobability of alte::nations between hands

was slightly gneaten than the pnobability of nepetitions with
the same hand, it would seem that neithen the nepetition of
a panticulan signal non of a panticulan nesPonse is necessany

to pnoduce a nepetition effect. Menely selection of the

linb with which the response is made would seem to be

sufficient, indicating that in this case the nepetition effeet
depends on the nepetition of rronly one of a senies of
decisions in the centnal nervous system which may col]ectively
be called the tpnogramr for the selection and onganisation of
a responsêlf .

An expeniment byKonnblum (1965), while not concenned

with sequential effects, neventheless suggests that nesponse

inhibition may also be of inpontance in explaining such

effects. A 2-choice situation was used and the nesults
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showed that neaction was fasten to the middle fingen of the

night hand if the othen llesPonse was made with the index

fingen of the left hand nathen than with the index fingen of

the night hand. This finding suggests that tra measunable

pnopontion of the neaction time intervat is consumed by

pnocesses associated with the inhibition of competing

inconnect altennative nesponsestt. If it is assumed that

such inhibition will take some time to dissipate, it can be

seen that the nepetition effect at low fsls could be pantly

due to some residual inhibition affecting altennation

nesponses. Howeven, it would be expected that incneasing

the ISI would allow time fon the inhibition to dissipate so

pnoducing fasten altennation RTs. But the evidenee neviewed

in the section on the ISI suggests that the main change in RT

is on nepetition responses and not on alternation reSPonSeS

as the above explanation would predict'

Finally r âî exPe:riment bYHannes (1968) r refenred to

previously in the section on the ISI ' suggests that the

complexity of the movement involved in the resPonse rnight

be of some impontance in determining sequential effects ' In

a 2-choice situation a repetition effect was found with two

sepanate keys, each pnessed by the index fingen of one handt

and an altennation effect when the index fingen of only one

hand was used to pness both keys, the fingen nesting. on a

position in fnont of the two keys between tnialb. It could

be suggested that, with the one fingen systemr €'8' Vlilliams

(1966), an altennation l?esponse is merely a continuation on

nepetition of the netunn movement to the trhomen position



35.

between tnials, and that a repetition llesponse involves a

movement in the opposite dinection to that last mader that

is, to the home position. However, aS r^ras pointed out

eanlien, the nesults aÌre conflicting, e.g. Entus t Bindna

(1970), Hale (1967).

In sunmary, evidence for the impontance of both

stimulus and nesponse sequential effects has been found.

The many-to-one S-R mapping expeniments 1^tere designed to

dete::mined whethen stimulus or nesponse llePetition was mone

important. Instead, they seemed to have changed the natune

of the task thus introducing other factors which might not be

impontant in one-to-one S-R mapping CRT tasks. Cniticisrns

of this kindr €.8. Sanders (1970), witl be dealt with in mone

detail in a laten section concellned wittr procedures and

analysis of sequential data.

In fact the evidence seems to support the view of
Rabbitt (1968) that theS is ftexible in the tyPe of stnategy

he uses, and that which stnategy is used will depend on the

panticulan type of task. Thus, the onigin of the nepetition
effect may depend upon the type of task. It was suggested

in the Summany of Chapten I that incneasing the difficulty
of the task appeans to incnease the repetition effect. This

can be done in a numben of ways; fon example, by incnèasing

the number of S-R altennatives, decneasing the S-R compatibility
on decneasing the ISI. Fon the incnease in the numben of
S-R altennatives, the nepetition effect may be due to stimulus

pnocessing stnategies which allow the S to take advantage of
any residual moton facilitationr or to bypass some centnal
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processing. The ::educed compatr'bility may affect the

central pnocessing whene repetitions of stimuli mean that
the 9 can bypass complex centnal categonization Processes.
Decneasing the ISf may nainly affect the rîesponse systern

whene gneaten moton facilitation occuus.

In fact it might be a mistake to look fon a single
location of the nepetition effect. This view is the more

plausible in that, in many cases, changes of nepetition
effect are due to changes in altennation RTs.

Othen factons which l^¡ere mentioned in the above

discussion \^Iene centnal processing factons and pneparation

on the basis of subjective expectation. These two factons

will be considened in the following sections.

2,2, Short-tenm memory

Bertelson (1963) examined two hypotheses; (a) that
different mechanisms ar:e involved in neactions to repeated

and to new signals; and (b) that the same mechanisms ane

involved but wonk fasten in the case of nepetitj.ons, due to
some sort of facilitative afteneffect. The latten hypothesis

is essentially that proposed in a previous papen (Bentelson,

1961). ft was hoped to decide between these two hypotheses

by examining the effect of the S-R nelations on the RTs to
nepetitions and alternations. It was found that an incompatible
S-R nelationship incneased the altennation RT more than the

nepetition. This effect was taken as inconsistent with the
second hypothesis while the fact that both RTs wene affected
was taken as inconsistent with the finst hypothesis.
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In place of these two hypotheses, it was assumed that
the dur"ation of reactions to altennations depends on the S-R

nelationship while nepetitions can be onganised by a shonten

pr?ocess which depends on a memory tnace of the pneceding

stimulus. The stnategy adopted by the S is that of asking

finst whether: the stimulus is identical to the immediateJ-y

pneeeding stimuÌus. If not, it is assumed that in the

2-choice case the S will then check to see if it is the othen

stimulus. For more than two stimuli, motle than these two

steps wilt of course be required, more incompatible S-R

nelationships involving more classification steps than

compatible ones. To explain the slight increase in the

nepetition effect, it is assumed that the I'nepeatrr question

is not always asked first. To explain the decrease in the

nepetition effect with increased ISI it is assumed that the

memory tnace of the preceding stimulus decays with time.
This at the same time explains why the rrnepeatil question

cannot be asked reliably on each occasion.

Hale (1967) in addition to finding a decnease in the

nepetition effect with incneasing ISI, also found that the

repetition RT decneased as the numben of repetitions incneased

up to foun in length and pointed out that Bentelsonts model

$¡as inadequate to explain this. This latten effect was

found at two diffenent ISIs (100 and 600 rnsec), the tenminal
RT being diffenent fon each, again something which Bentelson's

model would be unable to explain. A possible solution
suggested by Hale is that perhaps the nepeat question is not
always asked finst, but tends ta be, aften being r.einforced
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repeatedly by a series of nepetitions. The RT would then

decrease to Some limit set by the nesponding mechanisms when

the nepeat question was being asked neliably' Another

difficulty fon Bertelsonts model not mentioned by Hale is

the existence of altennation effects in 2-choice tasks at

long ISIs. tr^lhile the alternation effeet found in his

experiment with an ISI of 2 sec. was not significant, that

found by \^lillians (1966) with between L2 and 15 sec. $tas

significant.
Two othen experiments which have challenged the memony

tnace hypothesis of Bentelson are thoseof Schvaneveldt t

Chase (1969) and Keele (1969). Both expeniments failed to

find any decrease in the nepetition effect with incneasing

ISI and hence no support for the memory trace hypothesis.

A second expeniment by Keele (1969) with intenpolated activity

between the end of one lresponse and the presentation of the

next stimulus (either nepeating on classifying a numben) was

found to incnease the nepetition effect. 0n a shont-tenm

" memory hypothesis, it would be expected to abotish the

nepetition effect.
An experiment supporting the memory hypothesis is that

of Smith (1968) who found a decnease in the nepetition effect

as the TSI incneased. However, the task was difficult insofan

as 9s had. to nespond to either a::ed rrlrr or ned tt?tt on green rrlrr

on gneen ttztt , responding with the left hand if the stimulus was

ned, the right if it was green, and the fonefingen if the

stirnulus numben was rrlrr and the middle fingen if it was rr2rr'
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As was pointed out in the previous section, ther:e seems to

be no neason why if tasks diffen, diffenent mechanisms

should not be involved. fn the above experiment the S-R

mapping is complex and night well involve shont-term memony

to a much gneaten extent than easien, molle compatible tasks'

Funther evidence in suppont of the importance of memory

in RT tasks is that of Landauer (1964). The task was to

name which of six possible letters occurred. These lettens

hTere presented at 5 sec. intervals in a sequence in which each

letten occunned equally often and at each of 1I different

intervals nanging in time fnom 5 to 55 sec. RT fon a letten

b¡as found to incnease with the numben of intervening lètters

and hence wlth the intenvening time between it and its last

occurrence. The nesult was interpneted as indicating that

netrieval of an item fnom the human memol?y stone leaves the

system in a state from which the item can be necalled again

in less time.
There is then some evidence to indicate that shont-

tenm memory may be important in pnoducing sequential effects

fon certain RT tasks. However, the absence of a decnease in

the nepetition effect with incneasing ISI in the expeniments

of Schvaneveldt t Chase (1969)r and Kee1e (1969)t and the

existence of altennation effects in 2-choÍce tasks, suggest

that othe:: factons may be more impontant unden centain

cond,itions (e.g. those mone compatible) '

ctancandation

The explanations fon the nepetition effect examined so

fan have mostly been in tenms of eithen some automatic

3 2
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facilitation of the stimulus input or lresponse output or in

terms of a stnategy on the Part of the s whor once he has

negistened that a stimulus has occunned, proceeds to classify

it in a particular way. The nole of the S acconding to these

explanations is essentially passiVe.

The explanation to be discussed in this section

emphasises the active role of the S, who is seen to pnepane

to nespond to panticulan stimuli befone they occun on the

basis of some subjective expectation.
Ber^telsonts (1961) explanation of the repetition effect

did not assume that Ss PrePane more often fon repetitions

than altennations, but nathen that they sometimes pnepared

fon nepetitions and sometimes fon alte::nations, and that if

they prepared fon the fonmer, with shont ISIsr they !üel?e

more prepared than if they pnepared fon the latten. This

was assurned to be due to Some transitony nesidual effect

favouning nepetitions.
I¡li1liams (1966) found an altennation effect and in

order- to test the possibility that it was due to Ss guessrng

more altennations that nepetitionsr they l^lere nequined, in

one of the expeniments, to pnedict which stimulus would occun

befone each tnial. In another condition, ls wene nequined

befone each tnial to predict whieh resPonse would be nequined.

The nesults showed that cornect pr"edictions led to fasten RTs

than inconnect, but that fon connect guesses alte::nations T¡Iene

sti1l significantly fasten than nepetitions. Altennations

weue also found to be fasten than nepetitions fon incornect

guesses, although significantty so only fon the group predicting
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tÏ¡-e stimulus. Vlilliams therefore concluded that although

prediction affects RT, it is not responsible fon sequence

effects. It is, of counse, possible that asking Ss to

pnedict the next stimulus nay not be a good measulle of

sub3ectiveexpectancy,asitSeemspossiblethattheScould
always have second thoughts about his pnediction and hence

alten his pnepanation fon the next stimulus '

Hale (1967) investigated a 2-choice RT task situation

using an ISI of 2 sec. In one conditiOn sS were merely

instnucted to nespond to whichevelr signal appeaned; in the

othen they were nequired to pnedict which stimulus would

occurl pnion to its occurnence and thein llesPonse to it '

A nonsignificant altennation effect was found in the fonmen

condition and an increased altennation effect in the latten'

It was also found that the prediction showed a strong negative

recency or alternâtion tendency. These two results would

seem to suggest that the altennation effect can be caused by

guessing strategies, contnany to ltlilliamst r:esults' Howevent

while cornect pnedictions 1ed to shonter RTs as htas found by

\nlilliarns, in this experiment the alternation ef f ect seemed

mostly to come fnom inconrect pnedictions, which does not

agree with a guessing-habit explanation of the altennation

effect. In addition, analysis of pnedictions indicated that

while the pencentage of predictions of a stimulus decneased

as the length of the nepetition sequence of that stimulus

imnediately preceding it increased, RTs for nepetitions did

not progressively incnease with nun length as would have

been expeeted, but did so only fon the finst repetition:
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subsequent repetition RTs differed little fnom altennation

RTs. procedural faults mentioned by HaIe which night in pa:rt

account fon the results of these two expeniments r alle the use

of a verbal fonepeniod signat by \,lilIiams which might have

pnovided cues aS to which stimulus r^IaS to appean, and in his

or^rn expeniment the use of such a highly paced task and a

situation giving such a small altennation effect.

Two experiments supponting at least a pantial

explanation of sequential effects in tenms of guessing

str:ategies are those ofSchvaneveldtt Chase (1969) and

Keele (1969),

schvaneveldt t chase found that, with a highly

compatible code, sequential effects for a 2-choice task

resembled the pattenn of nesponses in a guessing expeniment'

Moneover, the decneased RTs to stinuli which continued

repetition or alternation Sequences and inc::eased RTs to

stimuli which discontinued these sequences t was taken as

implying that a set is built up befone a stimulus occuns and

the stimulus eithen does on does not fit the set. 
"¡¡ith

incornpatible S-R codes, this resPonse pattenn was not found

and this was taken as implying that in thís case Ss respond

to the presented stimulus nathen than prepare fon it. Since

a nepetition effect was found in an incompatible S-R 4-choice

task, it was suggested that Qs wene tending to check fon a

nepetition befone netnieving the S-R code. If sor it means

that Ss are capable of changing thein stnategy fon pnocessing

the stimulus. with highly compatible codes, 9s tend to

prepare fon a panticulan stimulus event on the basis of some
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subjective expectancy, but as the s-R code becomes more

complicated, they tend to check fon a r:epetition finst'

Because no decnease in the nepetition effect was found with

incneasing ISI, it was concluded that the type of memony

involved is not affected by unfilled intervals or inten-

polated activity. Rathen than thene being a memory or

moton tnace of the pneeeding resPonse (as assumed by

Bentelson, 1963), it was negarded as a memolry tnace of the

sequential stnuctune of the pneceding stimuli'

Kee1e (1969) using a 6-choice task found a clear

nepetition effect when the s-R nelationshiP was incompatiblet

while the effect was negligible with a compatible arrangement'

In a second expeniment, a task of eithen nepeating a single

two digit numben o:r classifying it into high on Iow, and

odd on even, intenpolated between each key pness with the

incompatible condition, \^¡as found to incnease the repetition

effect. In a thind experiment with a 4-choice task, Qs \^Iene

nequired to guess which signal would aPPean pnion to each

pnesentation. Conrectly anticipated stimuli were responded

to fasten than inconnectly and the effect was gneaten fon

an incompatible S-R anrangement than fon a cornpatible'

This suggests that when Qs anticipate stimulio they also

pantialty netnieve the corresponding l?esPonse, since if

anticipation had affected only stimulus identification, the

decnease in RT with connect guesses should have been the

same fon the two S-R codes.

I¡lith the data divide<l into connect and inconnect

guesses, thene wel?e no nepetition effects. The results of
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the second experiment wene taken as suggesting that this

bras not du.e to the intenvening activity of guessing the

next stimulus. Thus it was argued that the nesults

inplied that the nepetition effect is due to nepeated

stinuli being more often anticipated on checked fon than

othens . Hor¡rever r it was also found that thene was in

fact a slight tendency not to guess nepetitions. It was

argued never:theless that when ovent guessing is not

nequined, ss may tend to check fon repetitions more

f:requently, so that the repetition effect could sti1l

depend on an anticipation strategy. This assumption

weakens Keelets position since he has argued on the one

hand that ovent guessing has not intenfened with the

nepetition effect and on the othen that Ss may do

something diffenent to produce the nepetition effect when

ovent guessing is not nequired. In fact his nesults thnow

some doubt on the usefulness of ovent guessing aS a way of

detenmining what stnategy is used when ovent guessing is

not requined.
HaIe (1969) using 2- ) 4- and B-choice tasks found a

manked. nepetition effect for all eonditions, but with both

high onden nepetition and altennation effects, the latten

being smallen than the fonmen. He pointed out that while

the results indicate a specific pnobability effect for the

2-choice eondition, the 4- and B'choice results indicate

simply an Itenengisingtt of any alternate processing.

Evidence that repeated stimuli ane Processed diffenently
from altennated stimuli was provided by the fact that fan

fewen euuons were made on nepeated stimuli and that the
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eunor nate prognessively decneased as the nun of repeated

stimuli increased. In addition, aS the run length increased

it was found that thene was a facilitatony effect on the

alte:rnation nesponse which tenminated the nun both in terrns

of decneased RT and decr:eased erron nate. This was most

manked in the 2-choice condition, The llesults v'¡ere taken

to indicate the simultaneous and intendependent operation

of nepetition and pnobability mechanisms. The cause of
the nepetition effect is not specified but is presumably

assumed to be some facilitation t'either involving the moton

system on the latte:: parts of the translational activityrr
as suggested in his eanlien PaPen (Ha1e' 1966).

Funthen support fon at least a partial explanation of
sequential effects in tenms of subjective expectancy is
pnovided by the ernor analysis of Ko!¡Þlutn-(l99gl. He

found that (1) alternation trials pnoduce proportionally
highen ernon rates than nepetition trials, and (2) the

highen the conditional pnobability of a nepetition or an

altennation, the lowen the probability of an el?ron on that
type of trial. The last nesult could be intenpreted as a

decnease in the pnobability of an enror with an incr:ease in
neadiness for events of the type on which the errors occun.

It was also hypothesised that the ennor nesPonse itself
should reflect the diffenential state of neadiness. In
suppont of this it was found that fras neadiness fon the more

pnobable event incneases, be it a nepetitíon oll nonnepetition,
not only does the likelihood of an ennon on that tnial
decnease, but when an enror does occur, then the error resPonse
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is of the type fon which neadiness is gneatestrr.

An explanation of sequential effects in tenms of
expectation and pnepanation is capable of explaining the

effects of diffenent pnobabilities of nepetitions and

altennations in a seguence, €.g. Bentelson (1961), and

Moss, Engel t Fabenman (1967).

Howeven, that an explanation in these tenms alone is
inadequate seems to be indicated by the fact that genenally

fon 2-choice tasks with equal numbens of nepetitions and

alternations, repetition effects have been found with low

ISIs while altennation effects have been found with long
ISIs. However, the latter effects can be explained in
terms of expectancy and prepanation by the gamblens

fallacy phenomenon whene Ss tend in a nandom sequence to
predict mone alternations than occun by chance (fon
example, Janvik, 1946). If this was the case, nepetition
effects at low ISIs would then nequire some othen

explanation, penhaps in terms of some facilitation effect
of the previous response as has been suggested by HaIe (1967)

although this nay not be entinely independent of pnobability
effects, as pointed out by Hale (1969).

Some of the char:actenistic tendencies of Ss in
nesponding sequentially in multiple choice 'Lasks (:< greaten

than 2 whene k is the numben of S-R altennatives) have been

summar"ised by Rabinowitz (1970). These include the
tendency to (1) not repeat nesponses, (2) nespond to adjacent
loci on successive tnials (ttrat is respond in a senies), and

C3) use a1l k possible nesponses on k successive tnials.
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It was also noted that the tendency not to repeat responses

decneases aS a function of incneasing inten-resPonse intenval'

Howeven, as !,ras pointed out in connection with Keelers

(1969) expeniment, ovent guessing tasks may not pnovide the

best clues to an undenstanding of sequential effects in choice

RT situations. In fact the tendency not to nepeat nesPonses

reported by Rabinowitz would seem to pneclude any explanation

of the nepetition effect in these terms fon multiple choice

situations. Only in the 2-choice situation whene ISIs are

nelatively long (1ong enough perhaps to al1ow pnediction of

the next stimulus) would a guessing strategy in the form of

the gamblens fallacy seem to be an adequate explanation of

the sequential effects.
Remington (1969) using a 2-choice task and an ISI of

4 sec. found highen onder repetition effects such that the

RT decreased as the length of a run of repetitions increased,

and incneased as the length of a rlun of :repetitions immediately

pneceding an altennation incneased.

These effects would seem to be most easÍ-Iy explained in

tenms of the kind of expeetation and pnepanation suggested by

Schvaneveldt t Chase (1969) except thatr âs pointed out in a

pnevious section, the finding of a nepetition effect with an

ISI of 4 sec. is anomal0us and could not be due to the

gamblers fallacy phenomenon. In a later papen Remington

(197I), found higher onder nepetition effects fon a 4-choice

task, again suggesting the openation of subjective expectancy

and pnepanation.

The role of subjective expectancy in explaining choice
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RT has been supponted by a numben of studies not concenned

with sequential effectsr ê.8. Bennstein t Reese (1965);

Hinnichs (1970); Hinnichs t cnaft (1971a). In these

expeniments the effects of vaniables such as stimulus

uncertainty and pnobability of stimulus occulrrence on the

RTs to correctly and inconrectly pnedicted stimuli vüene

examined. Ho$level?, Hinnichs t Craft point out that they

obtained ambiguous results in a comPanison between the same

condition nequining and not nequiring p::ediction, and point

out that t'the validity of intenpneting the probability

effect in expeniments wher:e verbal pnedictions are not

requined on the basis of nesults wher:e predictions are made,

must nemain an oPen guestionrr.

In a funthen expeniment by Hinnichs t Krainz (1970) Ss

had to pnedict which of thnee stimuli would occulr when two

stimuli vtere mapped. onto one resPonse and the remaining

stimulus onto a second response. The nesults indicated

that Ss t expectancy is pnimanily a set to penceive a

panticular stimulus rathen than to execute a panticulan

nesponse. These nesults are consistent with those of

Hawkins, Thomas t Druny (1970), Orenstein (1970) and

Hinnichs Ê Craft (1971b) who used sirnilan S-R paradigms

and concluded that generally Penceptual bias occulrs;

response bias only occutls when nesPonse difficulty is
incneased due to an incnease in the numben of nesponses t

reduced S-R compatibility, redueing the ISI on incneasing

nesponse fnequency diffenences.
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Furthen evidenee in support of an expectancy hypothesis

comes fnom an exPeniment bYGelLenE Pítz (1970) using a 2-

stinuli 2-nesponses pa::adigrn and a 3-stimuli 2-nesponses

panadign, whene two of the stimuli were pai::ed with one resPonset

and the nemaining stimulus with the second response. Choice RT

was again found to be fasten to pnedieted than non-pnedicted

events. vlith effects of pnediction contnolled, choice RT was

littte influenced by va:riables such as confidence level t run

lengthr oF pnobability of the stimulus in the 2-choice task'

Howeven, the latten two variables did have ma::kedly significant

effects in the 3-stimuli 2-responses design. Highen onden

repetition effects wene found fo:: both p::edicted and non-

predicted stimuli so that these could not be due'to whatever

expectancy is reflected in the s t s predictions. It was pointed

out that this nesult was not at va::iance with that of Keele

(L969) who found no repetition effect when sst pnedictions Î^Ielre

taken into account, since Keele only examined finst onder and not

highen orden effects.
Ge1len et aI (1971) found that in a 2-choice task,

pnediction outcome, stimulus probability and stimulus nun length

independently influenced RT. This was taken as suppont fon an

expectancy hypothesis insofan as changes in these independent

vaniables, which might be assumed to neflect an incnease in

expectaney, wene accomPanied by a decrease in RT. An implicatÍon

of this is that pnediction alone does not reflect the'total

expectancy occunring in this situation.
In an expeniment using an extension of the pnediction

method which is of mone nelevance to sequential effects t
Vlhitrnan t Geller (197}a) analysed the effects of Past
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pnedictions on RTs to pnesent pnedictions r and found funther

support fon an expectancy hypothesis, since RT decreased to a

connect pnediction as the number of pneceding co:rnect

pnedictions incneased, and incneased to a connect pnediction

aS the numben of pneceding inconnect predictions incneased.

This result was take as suppont for a continuous nathen than

a dichotomous theony of expectancy. The theony that

expectancy is continuous (fon example, Gellen E Pítzr 1970)

assumes that the Þts readiness for a given stimulus may vary.

in degnee, whereas the theony that expectancy is dichotornous

(fon example, Falmage, 1965) assumes that the s is eithen
ttsetrr or trunsettr fgn any given stimulus. If expectancy is
a continuous pt:ocess, the above nesults could be explained

by assuming that ¡'a run of connect pnediction outcomes

incneased the S t s degnee of expectancy fon the next pnedicted

stimulus, which in turn augmented the ÌôesPonse facilitation
to identify a co:mectly pnedicted stimulus. 0n the othen

hand, a run of inconnect pnediction outcomes neduced the

Sts degnee of expectancy fon the stimulus pnedicted and thus

decneased the facilitation to identify a cornectly predicted

stimulustr. Thene Seems to be Some uncertaínty in this

statement as to whether expectancy affects mainly pnepanation

fon the stimulus on the response. Howeverr it was also

found that although the RTs fon corl:ectly pnedicted stirnuli
r^reue fasten than fo:: inconrectly, the latten also decreased

as the nun of pneceding cornect pnedictions became longer and

incneased as the run of pneceding incornect pnedictions

became longer. This latten finding was at vaniance with the
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oniginal fonmulation of the expectancy hypothesis whene it

hras assumed that an incnease in the degnee of expectancy

would augment both the nesponse facilitation fon the

pnedicted stimulus, and the lresPonse inhibition for the non-

pr"edicted altennative. Similarly, a dec::ease of expectancy

!.¡as assumed to neduce both the resPonse facilitation fon

the cor::ect1y predicted stinuli and the inhibition fon the

incon:rectly pnedicted stimuli. It was thenefore thought

necessary to assume that rrpneceding cornect pnedictions

facilitate S I s reactions to subsequent stimuti r even though

the stinuli may be non-pnedicted; likewise, pneceding

inconnect prediction outcomes neduce nesPonse facititation

to non-pnedicted stimulitt. Howeven, some funthen

explanation would Seem to be requined in order^ to explain

why, ovena1l, RTs to cornectly pnedicted stimuli ane fasten

than those to incorrectly pnedicted stimuli.
In a laten expeniment Vlhitman t Gel1en (1971b) used

the same analysis of pnedictions with a compatible and

incompatible S-R annangement. The Same nesults were found

fon the latten as for the pneceding experiment but the

oniginal expectancy hypothesis was suppo:rted fon the

compatible arnangement except that thene was no cumulative

effect acrosS runs. That is, preceding connect predictions

facilitated identification of a subsequent conrectly

pnedicted stimulus and inhibited identification of an

inco:rnectly pnedicted stimulus, and inco::nect pnedictions

neduced both processes. As can be Seen fr-om the change in

wonding, the authons now seem to take the hypothesis to nefen
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to identification of the stimulus rathen than facilitation of
the nesponse.

The above nesults suggested that the compatible

annangement of the previous expeniment was mone rrincompatiblerr

than the compatible annangement of the latten. The nesults
$rere explained by the additional assumption that, fon

incompatible arrangements, response selection is facilitated
if a preceding pnediction is correct and inhibited if it is
inconnect. The fact that the nesponse effects incnease with
run length indicates a cumul-ative effect of pnediction outcomes

oven tnials, while the lack of change in stimulus identification
oven nuns indicates that maximum facilitation or inhibition is
achieved by a single preceding pnediction outcome.

The above explanations hleue based on evidence fnom

pnevious expeniments showing that correct pnedictions of
the stimulus, nathen than pnepanation to execute the comect

response, account fon the finding that fasten neactions occull

to pnedicted than to non-pnedicted stimuli (Hinrichs t
Krainzr 1970) and that as the S-R nelationship is made more

incompatible, penceptual factons have less infl-uence on

ehoice RT, and nesponse effects become mone pr:ominent

(Schvaneveldt t Chase, 1969).

Tn sunmany, it would seem fnom the evidence cons,idened

that subjective expectancy does play an impontant'part in
detenmining choice RT and that the expectation of the

stimulus is most impontant in RT situations whene the

nesponse difficulty is minimised. This would appean to
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occun mostly in 2-choice disc::ete RT tasks. v'lith greaten

than 2-choices and witrr incompatibte s-R arnangementst

howeven, ss may adopt stnategies which diffen from thein

behavioun when nequined sinply to predict which stimulus

wilt occun next. ss checking the preceding stimulus sourlce

befone othens in onder to take advantage of any facilitation

of the nepeated resPonse on circumvention of central

pnocessing, would seem to be an example of this' In the

2-choice case, wher:e the rsI is Iow, nesponse factons wou1d.

seem to be more impontant and would seem to be due langely

to some automatic nesPonse facilitation nather than

espectancY.

2.4. Summarv and review of the explanations of

sequential effects
It seens appnopriate at this stage to review briefly

the explanations that have been put forward fon sequentiaL

effects.
Most explanations of sequential effects have ineonporated

the notion of subjective expectancy. An exception is the

model of Vlilliams(1966) which attempts to explain an overall

altennation effect in tenms of a companison system which

matches each new input against the input neceived on the

previous trial. A match (that isra nepetition) decision is

assumed to take longen than a non-mateh decision (that is, an

alternation). The repetition effect found at lowen ISIs in

othen experiments is attnibuted to the properties of a

t?esponse system which has not come fuJ-Iy to r:est between

tnials. However, this model would be incapable of



54.

explaining highen onden alternation effects of the kind found

by Schvaneveldt t Chase (1969) if these were found to
accompany a finst orden altennation effect as found by lrlilliams.

Schvaneveldt t Chase (1969) have attempted to explain
sequential effects in 2- and 4-choice situations, in tenms of
subjective expectancy and pneparation only. Howeverr this
explanation assumes that, as they found in thein experiment,

thene is no ovenall decnease in the nepetition effect with
incneasing ISI as uras found by Bertelson (1961), Bertelson e

Renkin (1966) and Hale (1967). Fon decreasingly compatible

S-R arrangements, Schvaneveldt t Chase have attempted to
explain the sequential effects in terms of a shift in the

mode of processing, assuming that checking fon a nepetition
befone netrieving the S-R eode may be an efficient strategy
as the code becomes mone complex.

Bertelson (1961) also argued fon an explanation in
terms of subjective expectancy but with pneparation fon

r:epetitions being fasten than that fon alternations at 1ow

ISIs due to some facilitative afteneffect of the nepetition
nesponse. fn a laten paper, (Bentel-son, t963), he pnoposed

another explanation in tenms of puocessing strategies, by

which the S was assumed to check fir"st on most occasions fon
a nepetitionr oil the basis of a memory tnace of the pneceding

response which was assumed to decay with time, thus explaining
a decnease in the nepetition effect r^rith incneasing f Sf .

Howeven,Remington (1969) cniticised this explanation as being
unable to explain the highen orden nepetition effects found in
his expeniment.
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A mathematical model inconponating the notion of

subjective expectancy plus preParation isthat of Falmagne

(1965),HoweverrttpnepanationtrinFalmagnetsmodelunlike
that in Bertelsonts, is not assumed to involve a Process in

real time which might be affected by a facilitative aften-

effect.
Laming(1969) has also attempted an explanation

primanily in terms of subjective expectancy, but without

Bertelsonrs additional notion of prepanation and a

facilitative aftereffect. He has angued that the change

in sequential effects may be explicable in terms of

subjective expectancy, plus an assumption that the ! may

process the signal senies differently depending on how much

time is available to do so.

Anothen explanation similar to that of Bentelsonrs (1961)

involving both subjective expectancy and some Physiological

changes, isthat of Krinchik (1969) who hypothesises two

mechanisms, ttone of these mechanisms (which we will call
tphysiological') changes the level of the physiological

neactivity of the sensory moton system with negard to the

objectively given regime of presenting signals owing to

sensitization and facilitationt'. This mechanism, he

suggests, contnibutes to the repetition ef fect. rrThe

second mechanism (which we wilt call tpsychological') changes

the level of neadiness of the subject fon the perception of

the signal and the neaction to it (and, consequently, changes

the level of the sensonimoton system reactivity) unden the

influence of subjective estimation of the moment at which a
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given signal wj.Il occurrr. A similar model is that of
Hannes (1971) who alsopnoposes two mechanisms r one of which

is also a mechanism depending on subjective pnobability.
Howeven, while Kninchikts othen mechanism is ttphysiologicaltl

and.affects the sensonimoton system, that of Hannes aPPearls

to be more centr.al in onigin, involving the processing of
incoming infonmation, but sti1l depending on subjective
pnobability.

2.5. Sequential dataPnocedures and anaSCS

Initially the analysis of sequential data only extended

to the effect of the imnediately pneceding response. With

this analysis the effect of such vaniables as numben of S-R

altennatives, ISI, S-R compatibility and the pnopontions of
repetitions and altennations in sequences v¡ere examined.

The most coinmon procedune used to detenmine the rol-e

of the stimulus and response pnocesses in sequential effects,
has been the information reduction panadigm when mone than

one stimulus is mapped onto one ltesponse. Genenally this
procedure has helped to detenmine the conditions unden

which stimulus and nesponse pnocesses are involvedr ds the
evidence suggests that both ane impontant, depending on the

expenimental situation. Howeven, thene are some criticisms
that have been made of the procedune. The finst, mentioned

by Bentelson t Tisseyne (1966), suggested that the perceptual

sinilanity may cause stimulus genenalisation so that 'rthe
analysis of the stimuli could pnesumably be reduced to the

time necessary fon the detection of the coilrmon element,

and nesults suggestive of a nesponse effect might be pnoducedrr.
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Sand.ens (1970) suggests that I'more dissimilar signals ane

likely to pnoduce mutual associative inhibition or a negative

tnansfen effecttr. Since for the two signals mapped onto a

nesponse with unequal pnobability, the signal with high

pnobability will have its connection r:einfonced in the

majonity of responses, and the signal with low pnobability
will suffer most fnom inhibition, antificial nesults in the

dinection of a perceptual bias would be pnoduced'. Hencet

rathen than measuning diffenences in speed of identification
on response, the panadigm may measuue the degnee of S-R

interfenence. Sander:s in the above mentioned anticle found

some evidence in suppont of this angument.

The becond pnocedune used to investigate the nole of
subjective expectancy in choice RT is that of asking the Es

to predict the next stimulus and theil? resPonse to it. As

has been mentioned, the nesults suppont an explanation in
terms of subjective expectancy, but most have found that an

explanation sole1y in these terms is not adequate and some

othen mechanism is nequined in some cincumstances. The

results have also tended to indicate that the I I s prediction
may not be an accurate guide to his method of pnocessing the

infonmation (",g. Keele, 1969) and may not account fon all
the effects of subjective expectancy (e.g. Gellen, êt ê1, 1971).

Penhaps the most Ímpontant tool in nevealing sequential
effects and thein possible causes has been the highen o::der

sequential analysis in which the effects of stimuli more than

one back in the sequence have been investigated. The most
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complete analysis of this kind has been that of Remington

(1969, 1971) fon both 2-choice and 4-choice tasks.
The results of highen onden analyses have shown the

model of Bentelson (1963) fon the nepetition effect to be

inadequate, and suggested that thene may be highen orden

altennation effects (Schvaneveldt Ê Chase, 1969) accompanying

a first onden altennation effect, in which case \¡lilliams (1966)

model for the alternation effect is åIso inadequate. The

findings of the highen onder analyses have also provided
strong support fon explanations in tenms of subjective
expectancy and pnepanation. Both Remington (1969) fon
nepetitions and Schvaneveldt ê Chase (1969) fon both

nepetitions and alternations found symmetrical highen orden

effects, that is, RT decreased as a sequence became longer,
and incneased with the length of the sequence imnediately
pnion to its discontinuation. This nesult is compatible
with the sont of expectancy theony pnoposed byGellen ?, Pitz
(1970) where it is assumed that what is gained in RT to a

prepared stimulus, is lost in the RT to an unprepaned. It
also tends to suppont a continuous theory of expectancy whene

the Þ is assumed to be capable of incneasing on decreasing
pnepanation fon a particulan stimulus r so that the mone

pnepaned he is for a panticulan stimulus, the shontên his RT

will be, and the J-onger: it wil-l be if the unexpected stimulus
occul]s r

In view of the above, it seemed that a fnuitful appr:oach

to the fu¡.then study of sequential effects night lie i¡ using
the highen onden analysis pnoposed by Renington fon 2-choice
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tasks in a panametnic study of changes in sequential effects

across ISIs, and in a companison of compatible with

incompatible S-R annangements.

Thefurtherpanametnicstudyoflslswouldseemtobe
requined insofa:: as there still seems to be some uncertainty

as to whethen the nepetition effect decneases with ISI and

whethen it changes at some point to an alternation effect'

In tenms of the explanations Put fonward fon the nepetition

ef fect, the ::esults of such a study would have irnplications

for the role of shont-tenm memony and also fon the adequacy

of an explanation solely in tenms of subjective expectancy'

If such an explanation wene adequater one might expect the

highen order effects to be of a similan kind at all ISÏs.

If , on the other: hand , a second mechanism $rere nequired, fon

example some moton facilitationr one might expect the highen

onder effects to be different at short ISIs. In particulant

at shont ISIs, while a facititative afteneffect rnight be

expected to neduce RT prognessively as the length of a

repetition sequence incneased, it would not be expected to

have any conresponding effect on an alternation resPonse.

Also, the success of the higher onden analysis with

2-choice tasks suggests that a more detailed analysis of

greaten than 2-choice tasks would be instnuctive.
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CHAPTER III.

DATA ANALYSTS, APPARAÎUS' STIMULUS SEQUENCES

ANDPRoCEDUREFoRTHETWocHOIcEEXPERIMENTS

3.1. Highen onden sequential analvsis

As was noted in chapten II, the repetition effect by

Bentelson (1963) and the altennation effect by Willians
(1966) have both been assumed to be due primanily to the

immediately preceding event. However, Remington (1969) has

shown that fon the repetition effect at 1east, events twot

three and four back in the series can also contnibute to the

diffenence between nepetitions and altennations, and has

angued that these must thenefone be taken into account in

fo::mulating any explanatony model. A major aim of the

following expeniments is then to apply Remingtonr s tyPe of

ananlysis in onden to see Whethen higher orden sequences

also need to be taken into account in any explanation of

the alternation effect.
Bniefly, Remingtonts analysis consists of sepanating

out all the possible combinations of the two stimulus events

in sequences of up to five in length. Thus the first

onden RT, which may be repnesented by A, is the overall mean

RT. The second onder consists of two RTs, that fon the

case when a stimulus is pneceded by the same stinulus (AA),

and that fon the case in which it is pneceded by a diffenent

stimulus(BA).Similarlyr'Eherearefou::thindondenRTs
corresponding to the foun possible combinationsr AAA' ABAt

BBA, and BAA; eight fourth o::der" RTs; and sixteen fifth

onden.
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Fnom the total thinty sequential nesponses ' it is

possibletosepanateoutthosefo:rnepetitioqSequencesof
differentlengthsrthatisAA'AAA'AAAA'andAAAAA;and
those fon sequences which discontinue rePetition sequences

of diffenent lengths, that is, BA' BBA, BBBA and BBBBA'

Similanly,itispossibletoseparateoutresponses
foraltennation sequences of diffenent lengths, that is '
BA,ABA'BABAandABABAandthosewhichdiseontinue
altennation sequences of dif fe::ent lengths, that is, AAt BAA'

ABAA and BABAA.

3,2Statistical analysis

In orden to test the significance of any Possible

highenordernepetitioneffects,analysesofvariancewere
performed in which the navt scones f¡Iere (a) the differences

between the RTs of nepetition sequences of different lengths t

thatisrtu\r\-AJ\'AAAA-MA'andAAAAA-tuU\A'and(b)the
differenees between the RTs of the discontinuatiotrs of

repetition sequences of diffenent lengths, that is, BBA-BA'

BBBA-BBA and BBBBA-BBA. Anothen facton in the analysis

was a comParison bètween (a) and (b) '
In the sunmary tables of these analyses ' which ane

shown in the Appendix, the above factors are labelled
Irdiffenences between sequence lengthsrr and rrdifference

between the diffenencesrr nespectively' '

In or:den to test the highen o:rden altennation effects

the Same analyses of variance as those used fon the highen

onden nepetition effeets we::e penformed except that the

diffenences between altennation sequences of diffe:rent
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Iengths and the differences between the discontinuations of

altennation sequences of diffenent lengths welle used as the

naÌÁr scores, that is, ABA-BA, BABA-ABA' ABABA-BABA and BAA-AA'

ABAA-BAA, BABAA-ABAA. Again another factor was a comPallison

between the diffenences invotving altennation Sequences and

those involving the d.iscontinuations of altennation Sequences'

In both highen order analyses, ttssrr was an additional

facto:r. othen factons, such as number of tnials, ISI etc'

vanied fnom one analysis to another. since the highen onder

analyses wene used on the data of all the 2-choice

experiments, they will be referned to fon convenience sirnply

aS trhighen orden repetition analysistt and I'highen onden

alternation analYsistt .

The fu1I tables fon these and all 0ther statistical

analyses are given in the appendix along with significance

Ieve1s. Any effect referned to as significant in the text

wi]I indicate a leve1 of at least P < '05 '

Apr:atus

The apparatus was the same fon all the 2-choice

expeniments. stimuli were pnesented by means of two lights

of 6 mrn diameten set with centres 12 ilm aPant and mounted on

a black boand with a white ventical line between them' The

board was situated 2,8 metnes fnom the g.' Responses wene

made with two flat-topped telegraph keys mounted on a table

in fnont of the l. The left index fingen openated the left

hand key in nesponse to the left light and the right index

fingen the night hand key fon the night light. A Pressure

3 3
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of I40 gms was nequined to openate the keys. RT was neeor"ded

in mitleseconds fnom the onset of the stimulus to the

depnession of eithell of the keys. Reconding equipment was

situated in a room adjacent to that in which the expeniment

was conducted. Stimuli wene Presented and nesponses necorded

by means of computen-p::ognammed PaPen tapes.

3.4. Stimulus sequences

six diffenent ïauns of one hundred tnials each were

pnepaned fnom nandom numben tables with constnaints ensuning

that both stimulus lights htelre presented equally often and

that at least two examples of each possible sequence of five

stimuli occunned in each run.

)5Pnocedure

Each session of each experiment consisted of sevenal

nuns with a nest peniod of approximately two minutes between

each. SS were infonmed of the numben of runs and the ÏSI

befone each session. They wene then told that both the

stinuli would be pnesented randomly an equal number of times

in each one hundned tnials, and wer:e instructed to nespond as

rapidly as possible while keeping thein error rate down to

less than five pencent.
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CHAPTER IV.

AHIGHERoRDERANALYSISoFT\,IocHOIcESEQUENTIAL

EFFECTSAcRoSSINTER-STTMULUSINTERVALS

In view of the conflicting evidence pnesented in chapten

I as to whethen sequential effects change with increásing ISI t

it was decided in the finst two expeniments to conduct, using

?- choice RT tasks, Parametnic studies examining sequential

effects acnoss ISIs.

4.1.Experiment 1.

Atthetimeofcarnyingoutthefinstexperiment,the
appanatususedaltowedaminimunTslof2sec"sothat
interva}sof2)4and8sec.q'enechosen.Thelite:rature
indicates that arternation rathen than repetition effects

alre IikeIy to occun at these intervals, and they htere in

fact found in this exPeniment '

Since it was suggestecì in Chapter I that a partial

explanation fon schvaneveldt t chase t s failure to find a

change in the sequential effects with increasing ISI might

be the l-ow nurnben of tnials givenr 600 tnials were used'

METHOD

Subjects. The Ss wene five rnal and one female

volunteers who wetae naive aS to the aims of the expeniment

and nanged in age from 20 to 40 Years

Pnocedure. Each S was assigned to one of the six

possible ordens of the three ISIs and attended on three

consecutive days, completing the six different runs of

stirnuli at a diffenent ISI on each day' Thus the I sec'
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intenval session lasted for: app:roximately one and a half
houns, the 4 sec. fo:: one houn and the 2 sec. fon half an

hour.
RESULTS

. Initial inspection of the results indicated that those

of the first one on two runs díffened fnom those of laten

nuns. Accordingly, the first two and the final foun runs

of each fSI condition l^rere combined and the mean RTs

calculated for: each possible combination of stimuli up to

and including the fifth onden. The lowest numben of

llesPonses uPon which a fifth onden mean hlas based fon the

finst two runs combined was twenty-five, most being

calculated from appnoximately thinty resPonses. Lower: orden

rnean RTs were, of course, based uPon substantiatly langen

numbers of nesponses. The means for. the last four nuns

combined \^Iere based upon approximately twice as many

responses as fon the first two ::uns. These nesults ane

set out gnaphically in the form of tree diagrams in figune

4.1 where each node nepnesents the mean RT for a particulan
combination of stimulus events. The single letten A

nepnesents the ove::aII mean RT. AA and BA indicate the RTs

fon a stimulus pneceded by the same and different stimuli
respectively, and similanly fon the thind, founth and fifth
onder sequences. Enrons amounted to appnoximately 2eo of
the total numben of nesponses, and l^Ielle included in the

analyses as if they had been nesPonses to conr:ect stimuli.
The results shown in figur-efI reveal both second and

highen orde:: sequential effects givingfaster altennations
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than nepetitions. The effects are of a similan pattenn to

those found by Remington (1969) except that in his experiment

nepetitions vlene fasten than alternations. RTs decrease as

the length of an alternation sequence incneases, that is,

f:rom.BA to ABA to BABA to ABABA. Similanly, fon the uppen

branch of the tnee diagrams it can be seen that a stimulus

which does not continue the alternation sequence is responded

to nelatively s}owly, and that this slowness generally

incneases with the length of the pr:eceding alternation
sequence, that is, from AA to BAA to ABAA to BABAA.

A three-way analysis of vaniance was performed on the

differences between AA and BA across the thnee ISI conditions

and oven nuns (ISI x numben of nuns x Ss). Thene was no

significant effect due to ISI but there was a significant
effect due to numbe:: of runs. From the diagnams, this
decrease from the first 2 to the last 4 runs does not aPpeals

to be very marked except in the B sec. condition. Howeven,

thene was no significant intenaction between ISI and the

numben of runs.
In the highen onder altennat:ion analysisrwith othen

factons being finst 2 vs. last 4 nuns and ISI, the only

significant main effect was that due to the companison

between the diffenences involving altennation sequences

and those involving the discontinuations of altennation
sequences. The only significant intenaction was that due

to the significant main effect x ISI. These results
indicate that highen orden altennation effects do occull

and that they decnease with increasing ISI. From the
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diagrams, this decrease apPealrs to be confined to the last
4 runs. However, the interaction connesponding to this
was not found to be significant.

sequences of repetitions and the discontinuations of

such.sequences ane shown by the dashed lines in the diagnams.

It can be seen that genenally, the RT decreases as the

length of the nepetition sequence incneases and that the

opposite occuns with incneasing length of nepetition sequence

pneceding a discontinuation.
Tn the highen orden nepetition analysis, again with othen

factons being finst 2 vs. last 4 runs and ISI, the only

significant effect was that due to the companison between

diffenences involving nepetition sequences and those

involving the discontinuations of repetition sequences.

DISCUSSTON

Vlilliamsr model fon the alternation effect assumes a

comparison system which matches each new input against the

input on the pnevious tnia]" Companisons ::esulting in a

rrmatchtt decision ane assumed to requine more time than

companisons nesulting in a rtnonmatchtt decision. Tt is
clean fnom the pnesent results, however, that this model is
inadequate insofan as, it assumes that only the immediately

preceding stimulus is important. Remington (1969) dismissed

Bertelsonrs 1963 model fon the repetition effect fon the same

reason. A pal?simonious explanation fon both the pnesent

results and those of Renington fon nepetitions can be offened

in terms of flesible guessing stnategies as suggested by

Keele (1969) and by Schvaneveldt Ê Chase (1969) r perhaPs
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involving some kind of preparation which can be incneased

according to the numben of pneviously cornect anticipations'

Thus, the longen the pneceding seguence of eithen nepetitions

on altennations, the shorte:: would be the RTs fo:: stinuli

which.continued the sequence, and the longer would be the RTs

for stimuli which discontinued it. The::e might perhaps be a

limit aften which the $ would begin to expect a change fnom

the nepetition or alternation sequence, but this r¡las not

apparent fon sequences of up to five in length in the pnesent.

nesults fon the altennation effect, nor in Remingtonrs fon

the repetition effect.
The alternation effects in the pnesent experiment could

be explained by assuming that Ss tended to begin with an

initial bias in favour of more altennations than repetitions t

penhaps analogous to the gamblenrs fallacy phenomenon.

The fact that, overall, the RTs for nepetition sequences

decnease as the length of the sequence increases and that the

opposite occulls fon the discontinuations of such sequences

could be explained by further assuming that Ss on some

occasions are p::epared to change thein strategy fnom

pr"eparation fon altennations to preparation for repetitions
aften the finst two on thnee of a lrun of the same stimulus,

nevellting back, hov,reven, to the altennation stnategy aften

the occurrence of the next alternation.
The overall decnease f::om the finst 2 to the last 4 nuns

in the second order alternation effect might penhaps be due in

pant to the S changing his stnategy towands more pneparation

fon nepetitions, penhaps aS a nesult of becoming more aware
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that thene ane equal numbens of repetitions and altennations'

The slight incnease in the highen onder: nepetition effects

across runs in the 2 sec. condition would be consistent with

this. In the I sec. condition, the decnease in the second

orden altennation effect and the appanent decnease (al-beit non-

significant) in the highen orden altennation effects fnom the

finst 2 to the last 4 runs might have been due to bonedomt

causing !s to make less thorough pnePalration fon their

r:eactions. ss did neport that they found the one and a

half houns in the 8 sec. condition extnemety tining.

A decnease in the ! t 
= PreParation due to boredom might

also account in pant fon the over"aIl decrease in the higher

orden altennation effects with incneasing ISI. Howevert

this result might also be expected on the above explanation

insofan as stimuli furthen back in the sequence would be

likely to have less effect the fu::ther nemoved in time they

are fnom the present stimulus, since the Êts expectation and

pneparation ane pnesumably based on memolly tnaces of the

pneceding stimuli which might be assumed to decay with time'

on this explanation, one might also expect that the highen

onder repetition eff ects would dec::ease with inc:reasing ISI '
\llhile there is some suggestion fnom the diagnams that this is

sor the effect was not found to be significant, penhaps because

the repetition effects are not as manked in any of the

conditions as the altennation effects.
Rernington obtained a nepetition effect with a 4 sêc.

ISI while the present expeniment found altennation effects

fon 21 4 and B sec. ISIs. Since thene appears to be no
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obvious diffenence in the pnocedunes used that might account
fon this diffenence, this nesult suggests that the :repetition
and altennation effects ane not definitely confined to a

panticuran nange of rsrs. rf so r this fact would appean to
lend funthen suppont to an explanation of altennation and

repetition effects in tenms of frexible stnategies which the

Þ may vany acconding to circumstances. However, the factons
influencing such stnategies ane not at present crear and

obviously nequine funthen investigation.

4.2. Experiment 2.

rn this expeniment, the same highen orden analysis was

appried to thnee more rsrs, this tirne equal to and ress than
2 sec.; in fact 2000, 500 and 50 msecs. Acconding to
pnevious expeniments neponted in the litenatune, a finst
onden nepetition effect should be found at least at the
lowest ïsr. As in the previous study, 600 tniars wene used
so that it should be possible to see whether- thene is any

ehange in the r:epetition effect \^rith increasing rsr. The

highen onden analysis should neveal any changes in highen
onden sequential effects.

METHOD

Subì ects .The Ss were 3 male and 3 female volunteers
from the Psychology I counse at the University of Adelaide who

were naive as to the aims of the expenirnent. They nanged in
age from 17 to 25 years.

Pnocedune, fþis was the same as that used in the previous
expeniment except that the ISrs hlene 2000, s00 and s0 msecs.
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RESULTS

The data fon the first three and the second thnee runs

wene combined for each ISI and ane presented in figure 4'2'

Error,samountedtoappnoximately4.Sgoofthedataand
these and all RTs less than 50 msec. hlelle nemoved fnom the

analysis.
It can be seen that for the 2000 and 500 msec' conditions,

the RT to BA is fasten than to Aú\ but that for the 50 msec'

condition, the revense is the case, the RT to AA being fasten

than to BA. Thus there is an ovenall finst orde:r nepetition

effect for. the 50 msec. condition whiLe there are altennation

effects fon the 500 and 2000 msec. conditions. AIl $s in

the 2000 msec. condition produced alternation effects fon

both the finst three and the last three nuns. onty one q

in the 500 msec. condition procluced a repetition effect'

This occurred in both the finst three and the last thnee

runs. Two Ss in the 50 msec. condition pr:oduced an

altennation effect for tl're first three runs while all !s
pnoduced repetition effects fon the l-ast three runs. There

al-so appears to be an incnease in the nepetition effect fon

the 50 msec. condition fnom the finst three to the second

three runs. A thnee way analysis of vaniance per:formed on

the diffenences between AA and BA across the thnee ISÏ

conditions and aclross nuns (ISI x numben of runs x Ss)

showed an overall significant effect due to ISI. No othen

effects were significant. Although thene was no significant

change across nuns in the above analysis, a two way analysis

of variance (ISI x Ss) penfor:med on only the finst thnee nuns
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did not show a significant effect due to ISI'

Looking at the overall mean RTs, it can be seen that

while those fon the 500 and 2000 msec. conditions ane noughLy

companable, that fon the 50 msec. condition is considenably

highen. A thnee way analysis of va::iance companing the

overall mean RTs across the thnee ISIs and acnoss runs (ISI x

numben of nuns x ss) showed a significant difference due to

ISI. No othen effects !ùere significant.
Finally, considening the highen orden effects, it is

clean that fon all ISI conditions, the RT for altennations

decneases as the length of the pneceding altennation sequence

incneases, that is, fnom BA to ABA to BABA to ABABA, and that

the RT for the discontinuation of an alternation sequence

tends to incnease as the altennation Sequence pr-ion to the

discontinuation increases, that is, fnom AA to BAA to ABAA to

BABAA. The higher onden altennation effects also aPPear

to decr:ease across uuns in the 50 msec. condition.

In the highen onden alternation analysis, with other

factons being ISI and finst three VS. last three runs, the

only significant effect was that fon the comparison between

the differences involving altennation sequences and those

involving the discontinuations of altennation sequences.

Sequences of repetitions and the discontinuations of

such sequences are shown by the dashed lines in the diagnam.

It can be seen that genenallY, as the length of the nepetition

Sequence incneases the RT decneases and that this is mone

manked in the 50 msec. condition than in the 500 msec.

conditionrwhile thene is only a slight effect in the 2000 nsec.
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condition. Ëon the discontinuations of repetition sequences,

while the 500 mbec. condition shows a Progressive incnease in

the RT with length of nepetition sequence prion to its

discontinuation, the 2000 msec, condition shows only a

slight effect and the 50 msec. condition none in fact the

RT decneased from BBA to BBBA to BBBBA.

In the higher onder repetition analysis, with othen

factons being TSI and first thnee VS. last three runs, thene

was a significant difference between repetition sequences

and the discontinuation of repetition sequences. There

$ras also a significant effect due to ISI r and a significant

intenaction between the length of sequence and. the companison

between repetitions and the discontinhations of such

sequences.

The significant difference between the diffenences fon

alternation sequences and those fon the discontinuations of

altennation sequences indicates that there ane highen orden

secluential effects ancl, fnom the diagnams, these seem to be

equally due to the puogllessive decnease in RT with incneasing

length of altennation Sequence and the progressive increase

in RT with length of alternation sequence prion to its
discontinuation. The same significant diffenence I^Ias found

for the nepetition sequences r again indicating the existence

of highen onder effects, Howevell, the significant,effect
due to IST seems from the diagrams to be langely due to the

50 msec. con<lition where, as the repetition sequence incneases

in length, repetition RTs decnease, but RTs for the
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discontinuation of nepetition sequences do not increase '

The significant intenaction indicates that the difference

between the diffenences fon repetition sequences and those for-

the discontinuations of repetition sequences, depends on the

Iength of sequence. Fnom the diagram it would aPPear that

most of the difference occurs between the first onden and

second o::der sequential effects, that is, between AA and AAJ\

and BA and BBA. Differences between the second and thind

and thind and founth onder sequential effects are less '

DTSCUSSTON

The fact that an analysis of variance across the first

300 tnials showed no significant change in the first orden

sequential effects across ISIs while that for the whole 600

tnials did show a significant effect indicates that the

numben of trials is inportant in obtaining this change '

This could partly explain why schvaneveldt t chase (1969) 
'

who only used 300 trials, failed to find such a change.

It can be seen from the 500 and 20oo msec. conditions

in the pnesent experiment that effects similan to those in

Expeniment I have occunned although not to such a marked

extent,
Howeven, in the

somewhat diffenent.
50 msec. condition, the effects ane

Thene ane first onder and higher: onder

repetition effects such that the longer the repetition

sequence the shonten is the RT. Ther:e are also highen

orden afternation effects such that the longen the

altennation sequence the shonten the RT, and the longen the
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altennation sequence immedia¡eIy pnior to íts discontinuation,

the longen the RT. But there is no corresPonding inc::ease

in the RT for the longen repetition sequence immediately

pnion to its discontinuation, RTs in fact aPPearing to dec:rease

rather than incnease from BBA to BBBA to BBBBA. Thus while

the highen orden alternation effects in the 50 msec. condition

could be explained in tenms of expectation and pr"epanation,

the highen order repetition effects require a different

explanation. Remington (1969) found finst order and highen

onden repetition effects with an ISI of 4 sec. The highen

orden effects \^tere similar to the higher order: altennation

effects found in this expeniment, and could be explained by

assuming that for Some reason, !" ovenall expected mone

nepetitions than alternations. But the highen orden

nepetition effects found in this experiment with an ISI of

50 msec. cannot be so explained. It aPPeans that \^tith the

50 msec. intenval, whateven facilitation of the repetition
RT occurs, it has no effect on the RT to the discontinuation

of a repetition sequence.

Schvaneveldt t Chase (I969) con'tpasted expectancy and

prepanation as an explanation of the nepetition effect with

Bertelsonts (1963) hypothesis, that Ss use a Progressive
classification stnategy in which they begin by asking whethen

the present stimulus is the same as the immediately pneceding

stimulus. This question is asked on the basis of a memony

tnace of the last stimulus which is assumed to decay with

time making the answen to the question less and less reliable
and so explaining the decrease in the repetition effect with
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incneasing ISI. Schvaneveldt t Chase found no significant

change in the finst onden sequentiat effects acnoss ISIs and

thus no suppont fon Bertelsonts hypothesis. The pnesent

nesults do show a significant change across ISfs, although

it does not involve a decrease in the rePetition effect but

nathen a change fnom a rePetition effect to an altennation

effect. HaIe (1967) has pointed out that Bertelsonrs

hypothesis does not account fon the Pl'ognessive decrease in

RT the longen the nepetition Sequence r nolr does it account

for the existence of alternation effects. Hale concluded

that most evidence seemed to favour an explanation of the

repetition effect in terms of some facilitation involving
eithen the moton system or the laten pants of the tnans-

lational activity. It might be expected on the basis of
this explanation that such a facilitation would Pnogressively
decnease the RT to nepetitions as the sequence of repetitions
increased in length but have litt1e on no effect on the RT to
an alternation as the length of the preceding repetition
sequence increased in length. The pnesent results would

seem to suppont such an explanation although they do not

al1ow a decision between the two Possibilities.
If the repetition effect at low ISIs is in fact due to

some motor or coding facilitation, it is penhaps sulrPrising

that this does not shovl itself within the first 300 tnials.
Flowever, if it is stiI1 assumed that !s expect and attempt

to pnepare fon mone alternations than nepetitions, it might

be expected that this l^rould tend to disnupt the effects of
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facilitation, Although the effect was not found to be

significant, the gnaphs of the 50 msec' data do suggest a 
I

decnease in the ovenall alternation effect across runs so

that Þs might be decreasing their pnepanation fo:: alternations

resulting in a gneaten overall nepetition effect. This might

be due to !s finding that at 50 msec. pnepanation fon

alternations is not an efficient stnategy to adopt.

4.3. DISCUSSTON OF THE FIRST T\¡10EXPERTMENTS

The first two experiments together have shown higher

orden nepetition and alternation effects and a change from

a finst order repetition effect to an alternation effect from

50 to 2000 msec., but tittle change in the first order

alternation effect fnom 2 sec. to B sec. In addition, the

change from a nepetition effect to an alternation effect

would seem to depend on the numben of tnials given pnoviding

at least a pantial explanation of the conflicting evidence

concerning this change in the literatune and in particulai

the nesults of Schvaneveldt t Chase (1969) '

The results of both the first and higher orden effects

suggest an explanation in tenms of guessing strategies with

pnepanation for anticipated stimuli, whethen nepetition on

alternation, at least fon ISIs of 2 sec. and gneatenrwith ss

ove:ra1l anticipating more alternations as in the gamblenrs

fallacy phenomenon. Howeven, êt low ISIs, the diffenent

highen order nepetition effects suggest the operation of

some othen factor, probably in view of pnevious reseanch, a

moton on coding facilitation effect which favouns nepetition

resPonses r
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CHAPTER V.

A HIGHER ORDER ANALYSIS OF SEQUENTIAT EFFECTS

ïN TI^I0 CHOICE TASKS USING COMPATIBLE AND

TNCOMPATIBLE S-R ARRANGEMENTS AND MASSED TRTALS

The success of the application of the highen onden

analysis in the pnevious two expeniments suggests that it
might be nevealing to apply this form of analysis to
expeniments involving the manipulation of othen vaniables.
Accordingly, in the next two expeniments this fonm of
analysis was applied to 2- choice expeniments involving
compatible and incompatible S-R arrangements and massed

tnials

5.1. Expeniment 3.

Bertelson (1963), using two lights and two keys, companed

a compatible S-R aruangement, that is, Ieft key to be pressed

in nesponse to left light and night key in r:esponse to night
tight, with an incompatible arnangement, that is, left key in
response to night light and right key in nesponse to left
light. He found that the nepetition effect obtained with the
incompatible arnangement was gneaten than that with the

compatible anrangement. However, only the effect of the
stimulus immediately pnion to the stimulus being responded to
hias examined.

It is the aim of the present experiment to compane the
highen order effects using a compatible S-R annangement with
those using an incompatible arrangement. Two ISIs were used,
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50 msec. and 1000 msec.r in onden to tny and obtain, using

the compatible S-R a::r'angement, finst onder nepetition and

altennation effeets respectively and to observe the effect
of an incompatible annangement on these.

METHOD

Appanatus. Fo:: the compatible S-R annangement the left
light was operated by the S I s left fonefingen in response to
the left light and the night key by the Srs night fonefinger
in nesponse to the night 1ight. Fon the incompatible

anrangement, 9s openated the left key with the left fone-

fingen in nesponse to the night light, and the night key

with the night fonefinger in nesponse to the left light.
Subjects. The !s l^Iene 7 female and 5 male volunteens.

They hTene naive as to the aims of the experiment and nanged

in age fnom 17 to 30 yeans.

Pnocedure.Six Ss hrene assigned to the 50 msec.

condition, the nemainden to the 1000 msec. condition. Each

attended fon approximately half an houn on two consecutive

days. 0n the finst day, half of the Ss in each ISI condition
completed the six stimulus runs: giyen in a r:andom or:der, with
the compatible S-R annangement and on the second day completed

the same six sequences with the incompatible aunangement. The

othen half of the 9s of each ISI grouP completed the same two

conditions but in the reverse onde::. '

RESULTS

The data fon the six runs of each condition \^rere

cornbined togethen. They ane pnesented in the fonm of gnaphs

in figune 5.1.
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Ennons amounted to appnoximately 4eo of the data and

these and aII RTs less than 50 msec. vtere nemoved fnom the

analysis.
Relatedsamplesttestsweneusedtotestthe

significance of the diffenences between the diffenences

between AA and BA between the compatible and incompatible

conditions for each ISI and also between the ovenall mean

RTs for each condition.
conpaning the ovenall mean RTs, it was found that

thene ltere significant incr"eases in the mean RTs fnom the 
:

compatible to the incompatible conditions fon both ISI 
l

conditions.
In the 50 msec. condition, it can be seen that there is

an ovenall finst order nepetition effect fon the compatible

condition which increases in the incompatible condition' The

nepetition effect in the 50 msec. compatible condition I^Ias

due, however, to only thnee ss, the nemaining three having

the RTs to BA fasten than those to AA. In the incompatible

condition all Ss produced nepetition effects and fon allt

the difference between AA and BA had eithen changed fnom an

alternation effect to a nepetition effect from the compatible

to the incompatible condition or the nepetition effect in

the inconpatible condition was greaten than that in the

compatible condition, the difference between the diffenences

between AA and BA being significant.
Fon the 1000 msec. data, finst onden altennation effects

were found fon all Ss in both the compatible and incompatible
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repetition sequences and those involving the discontinuation

ofnepetitionSequences.Thetnendismostmankedfonthe
differencesbetweenAAandAAAandbetweenBAandBBA.In
line with this was the significant interaetion between length

ofSequenceandthecompanisoninvolvingthediffenences
between repetition sequences of diffenent lengths and those

involving the discontinuations of nepetition sequences of

diffenent lengths. Thene l^tere no other significant effects '

Incompatible condition. It can be seen that genenallyt

the RT decneases as the length of the preceding artennation

sequence incneases and that the RT increases as the tength of

thealternationSequenceirunediatelypniontoit.sdis-
continuation increases. The only exception is the lack of

a decrease in RT fnom BA to ABA' The same analysis of

vaniance as that used for the compatible condition showed a

significant effect due to the companison between the

diffenences involving alternation seguences and those

involving the discontinuations of altennation sequences '

The only othen significant effect was that due to length of

seguence.

TheneaPpearstobeaprogressivedecneaseintheRT
as the nepetition sequence increases in length but thene is

litt1e change in the RT fon the discontinuations of nepetition

sequences as the length of sequence pnion to the dis-

continuation increases. Howeven, the higher o

analysis showed no significant effects '

nder nepetition
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50 msec. case

compatible condition. It can be seen that thene are

highen onder alternation effects in that the RT decneases as

the length of altennation ".q,r.rr." increases (with the

exception of the difference between BA and ABA) and that the

RT increases as the length of the altennation sequence pnion

to its diseontinuation increases. This is supported by the

highe:: onden alternation analysis whe::e the only significant

effect is that due to the companison between the differences

involving altennation sequences of different lengths and

those involving the discontinuations of altennation sequences

of different lengths.
Fon the highen order repetition effects, it can be seen

that as the repetition sequence increases in length r so the

RT decneases, but that there is littIe change in the RT fon

the discontinuations of repetition sequences of diffenent

lengths as the length of the repetition sequence immediately

prion to the discontinuation increases. Howeven, the

highen onden repetition analysis showed no significant effects.

Incompatible condition. It can be seen from the graphs

that the differences between RTs for the vanious Sequences

have incr.eased mankedly when compared with the compatible

condition. Fon the higher orden nepetition sequences, thene

appears to be a gneaten relative decnease in RT as the

nepetition sequence increases in length fnom AA to AAA, but

little change in the differences between AAA and AAAA and

AAAA and AAMA. Thene is certainly no incnease in the RT

fon the discontinuation of nepetition sequences as the length
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of the nepetition sequence irnnediately pnion to it incneases.

In fact the:re is a manked decnease from BA to BBA and little
diffenence between BBA, BBBA and BBBBA. This is supponted

by the highenonden nepetition analysis whene the only

significant effect is that fon the length of sequence'

Similanly, fon the highen onden altennation sequences t

the diffenences fon the second onder Sequential effects ane

in the same dinection and ane greaten than those fon the

thind and founth onde::s. Again the highen onden altennation

analysis shows a significant effect due to length of sequence.

Howeven, thene is also a significant intenaction between

length of sequence and the companison between the differences

fon alternation sequences and those fon the discontj-nuations

of altennation sequences. This would appear to be due to

the fact that only fon the third and founth orden sequential

effects do RTs both decnease as the alternation sequence

increases in length and increase as the altennation sequence

imrnediately prion to its discontinuation incneases in length.
Mone impontant than this, however, is the fact that instead

of the founth and fifth onder RTs fon the discontinuations
of altennation Sequences being gneater than those fon the

altennation sequences as in the compatible condition, they

ane considerably less.

DISCUSSION

The sequential effects found fon the eompatible S-R

annangements fon both the 50 msec. and 1000 msec. ISÏs ane

sinilan to those found in the two pnevious expeniments. An

explanation of these effects hlas offened in tenms both of
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stnategies by which the S is assumed to pnepane fon centain
stinuli, eithen repetition or altennation, on the basis of
some expectation, and also in tenms of a coding on motor

facilitation fo:: the nepetition nesponse at low ISIs.
Bentelson (1963) found that RTs to nebT signals l^Iene

mone affected by an incompatible annangement than l^rere those

to nepeated signals. Using an ISI of 50 msec. he found

that the repetition effect was inc::eased fnom the compatible

to the incompatible arrangement. Similan nesults hlene

obtained in this expeniment using the same ISI. However,

Bentelsonrs explanation in terms of a decaying memory tnace

does not explain the prognessive decnease in RT as the
length of the nepetition seguence increases, non does the
pnoposed classif:'-cation strategy account for the presence

of highen orden alternation effects at low ISIs or finst
onden altennation effects at highen ISIs as found in this
expeniment with an ISI of 1000 msec. and in the two previous

expenirnents.

If an explanation in tenms of both prepanation and

facilitation is connect, it might be expected that an

incompatible arnangement would incnease the difficulty of
pnepanation due to the incneased complexity of the S-R code

but would have little effect on a moton on coding facilitation.
In the 1000 msec. Íncompatible condition thene,should be

an increase in both repetition and altennation RTs due to the
mone complex code but this should be larger fon the
altennations since nepetitions could pnesumably benefit on

some occasions from bypassing the code. Thene does seem to
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be some facilitation, though not significant, of the highen

order repetition RTs and since thene is little change in the

RTs fon discontinuations of nepetition sequences aS the

nepetition sequence pnion to the discontinuation increases

in length, the facilitation would seem to be similar to that

found in the 50 msec. condition and not due to some change

in the stnategy of the S. Hence there would sti1l apPear

to be some nepetition facilitation even aften 1000 msec. t

most probably not a motor facilitation which may well have

disappeared aften 1000 msec. but more Iike1y due to a saving

in coding time.
It is evident from the anaJ-yses and diagnams that the

incnease in the altennation RT is approximatel-y the same aS

that fon the nepetition RT and not greater as rnight have been

predicted. But the presence of higher orden alternation
effects suggests that unlike in the 50 msec. condition, !s
ane sti1l capable within 1000 msec. of some preparation fon

the next stimutus which presumably would involve not only

directing attention to the apPropriate stimulus but also at

least a pantial retrieval of the corresponding response (e'9.

Keele, 1969). In fact it would seem to occur to such an

extent as to match v¡hateven savings occur for" the nepetition
response, nesulting in no change in the diffenence between

AA and BA fron the compatible to the incompatible anrangement.

In the 50 msec. incompatible condition one might again

expect less pnepanation while a moton or coding faciLitation
would remain unaffected. The nesults are consistent wittr

this explanation insofar as the higher order alternation
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effects pnesent in the compatible condition are no longen

pnesent to the same extent in the incompatible condition,

while the highen order nepetition effects are still evident.

The fact that there is littIe change between the compËrtible

and incompatible conditions for repetition RTs following

long sequences of nepetitions suggests that there is a much

g::eaten saving in coding time fon the 50 msec. than the

1000 msec. ISI.
Atl RTs in the incompatible conditions rnight be

expected to be increased ovelr their compatible equivalents

due to the Ss spending more time chec)<ing that the resPonse

to the stimulus is the connect one. This rnight be assumed

to take muòh longer fon alternations than repetitiorls.
Vlhile an ISI of 1000 msec. could pnovide adequate time in

which to do this, 50 msec. might not so that checking of

alternations would interfene with and hence delay subsequent

nesponses (e.g. !'ie1ford, 1959). This would exptain the much

gneater spnead of RTs in the 50 msec. when compared with the

1000 msec. incompatible condition if it is furthen assumed

that gneatest interference is on the immediately following

response with diminishing effect on Subsequent resPonses.

5 ,2, Expeniment +.

Most expeniments concenned with sequential effects in

senial RT tasks have usually presented the tnials in blocks

of not more than 300 trials, giving the S a rest Peniod of

several minutes between blocks.
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Theãimofthepnesentexpenimentistoexaminethe
effect óf presenting to the s a single block of 600 t:rials

without nest periods between any of the tnials '

In an attempt to examine the effects on both nepetition

and alternation effects, two ISIs hTere usedr One below one

sec.., the othen above one sec,

METHOD

Subrects. TheSs wene 4 male and 2 female volunteens

from the Psychology I course at the university of Adelaide'

They hrere naive as to the aims of the expeniment and nanged

in age fnom 17 to 20 Years.

stimulus sequences. Two different ::uns of six hundned

trials each were prepared from random numben tables with

constraints ensuring that both stimulus lights vÙene

presented equally often and that at least six examples of

each possible sequenee of five stimuli occurned in each lfun'

The ISIs l^lene 2000 msec. and 1 msec'

Procedur.e, Each s was assigned to one of the two possible

orders of the two ISfs and attended on two consecutive days t

completing the 600 trials at a different lsI on each day.

ss were told the 600 tnials \Á7ene to be completed without any

nest peniod between them.

RESULTS

The data fon the finst, second and thind 200 iriafs

wene combined separately acnoss ss fon each of the ISI

conditions. The results are presented in the fonm of

graphs shown in figune 5.2.
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E:rnons amounted to appnoximately 3.5% of the data and

these and all RTs less than 50 msec. vüere excluded fnom the

analyses.
It can be Seen fnon the gl?aPhs that thene is a tendency

fon the ovenall mean RT fon both ISI conditions to incnease

acrods trials. However, a thnee way analysis of vaniancet

comparing the mean RTs acnoss tnials with ISI and Ss aS

the other main facto::s showed no significant effect due to the

numben of tnials, atthough thene was a significant effect

due to ISI. The intenaction effect was not significant'
An examination of the diffenences between ê\l{ and BA

shows that there was an altennation effect with the 2000 Ílsêcr

intenval which aPPears to change little over tnials. In the

I msec. condition, an initiat overall altennation effeet

changes to a stight repetition effect in the second 200 tnials

and again is an altennation effect for the last 200 tnials.
Inspection of individual nesults shows that for all Ss

the RT to BA was faster than that to AA fon the 2000 msec.

condition fon aIl- blocks of 200 tnial-s. In the Ì msec.

condition, fon all blocks of tnials, thnee ss pr^oduced

nepetition effects and two produced altennation effects. Fon

one S, altennation effects l^rere f ound fon the f irst and third

blocks and a repetition effect fon the second. A thnee way

analysis of vaniance, companing the diffenence between AA and

BA across ISIs and tnials with Ss as the othen facton, showed

no significant effects.
In the 2000 msec. condition, it can be seen that thene

are highen onden alternation effects.
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Inbothhigheno::denana}ysesofvaniancethenemaining
factonwasfirstversussecondverusthindtv¡oruns.

Thenesultsofthehighenonderalte::nationanalysis
indicateasignificanteffectduetothecomparisonbetween
diffenences involving altennation sequences and those

involving the discontinuations of altennation sequences t

indicating that the highen onden altennation effects deçcribed

above do occur. No othen effects were significant'

Sequencesofrepetitionsandthediscontinuationsof
suchsequencesaneshownbythedashedlinesinthediagram.
ÏtcanbeSeenthatinthe2000msec.condition'theneare
highen or:den nepetition effects ' It can also be seen that

acrossrunstherepetitioneffectstendtoincrease,RTsto
AAAAandAAAAAbeingfasterthanthosetoBBBAandBBBBAby
the third block of tnials '

In suppor:t of the above cbser:vations ' the only

significanteffectsfonthehighenot.derrepetitionanalysis
wereasignificantmaineffectduetothecomparisonbetween
the diffenences involving repetition sequences and those

involving the discontinuations of repetition sequences ' and

a significant interaction between the significant main effect

and the numben of runs '
Inthelmsec,conditionrfonthehighenorder-

alternation effects, thene is an overall tendency fon RTs to

decrease as the length of the altennation sequence incneases t

and to increase as the length of the alternation sequence

immediately prion to its discontinuation increases' Howevent

theneaneseveralexceptionstothisandtheeffectsarenot
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as manked as in the 2000 msec. condition. Fon the highen

or"den nepetition effects, while there does aPPear to be a
tendency fon the RT to decr:ease as the length of the nepetition
sequence incneases in length, thene also apPears to be a
tendency fon the RT to decnease as the length of the

repetition sequence immediately pnior to its discontinuation
incneases.

To test the highen orden altennation and repetition
effects in the I msec. condition, the same analyses of
variance as those used fon the 2000 msec. data were employed

but none of the effects was significant.

DISCUSSION

The greaten overall mean RT for the I msec. condition
when companed with the 2000 msec. condition, can be explained
by assuming that Ss in the latter condition have a longen

time in which to necover from the previous response and in
which to pnepane fon the next stimulus (..g. Ir'lelfond, 1959).

Although not significant, the::e is a tendency in both

conditions fon the mean RT to incnease acnoss tnials. This

could well be due to some shor"t ter:m fatigue.
Considening the finst onder sequential effects, those

for the 2000 msec. condition are similan to those found in
the pnevious expeniments using the same ISI. AIso, similan
highen onden alternation and nepetition effects have'been

previously neponted in the same expeniments, with the

exception of the change across tnials for the highen onden

nepetition effects. A similar change appears in the gnaphs
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of Expeninent 1 but was not found to be significant. The

effect eould be expl-ained in tenms of gneaten familianity
oven the 600 trials with the sequential st::uctune of the
stimulus sequence. That is, assuming on the basis of the
gamblenrs fallac5r phenomenon that Ss expect more altennations
than repetitions, they might be expected to have become al^lare

of the greaten number of long tluns of nepetitions in the
sequence acnoss trials and to have prepaned for them.

In Experiment 2, a first order- repetition effect was

found with an IST of 50 msec. with higher onder: nepetition
effects. It was also found that a change in sequential
effects with increasing ISI from a repetition to an

alternation effect was a function of the number of tnials.
The p::esentation of 600 tnials without a bneak in the 1 msec.

condition of this expeniment seems to have disrupted the
Ss I performance, none of the finst onder: on highen onden

effects being significant. A nepetition effect was found

fon all blocks of tnials for only three of the six Ss, the
same number as produced a nepetition effect in Expeniment 3

with a 50 msec. ISI. It would seem then, given the afone-
mentioned explanation of sequential effects in terms of both
pnepanation and facilitation of nepetition responses, that at
low ISIs there is a conflict between the 9r s expectation and

attempted pnepanation fon aLtennations, and the automatic
moton on coding facilitation of nepetition nesponses. Over

tnials 9 *ay find it easien to decnease pneparation fon
alternations and perhaps even to inc::ease preparation fon
nepetitions. This might explain in part the vaniabil-ity
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of penformance acnoss t::iats in the 1 msec. condition of
this expeniment. Short tenm fatigue, if such occunned,

might also be expected to disonganize pe::fonmance, producing

the gneaten variability in the sequential effects which is
observable acnoss tnials in the gnaphs of the 1 msec.

condition.
It has been found in this and the previous experiments,

that there is wide variability in the size of the altennation
and repetition effects between Ss, so that it is not

surprising perhaps that in some cases large alternation effects
by only a few Ss should pnoduce an overall first onden

alternation effect when the data is combined acnoss qs at Iow.

ISIs. Thus while first order alternation effects have been

neliably found, repetition effects have not. An explanation
fon this could be pantly in tenms of the type of task; in
this case quite a compatible one. Eichelman (1970) has

pointed out that repetition effects have most often been

found with tasks using symbolic displaysr €.9. HaIe (1967),

and not with highly conpatible tasksr e.g. Schvaneveldt t
Chase (1969). However, as shown in Expeniment 2, the numben

of trials also seems to be important.
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CHAPTER VI.

INVESTIGATToNSoFANEXPI'ANATIoNoFSEQUENTIAL

EFFECTSINTERMSoFBoTHEXPECTANCYANDPREPARATIoN

ANDoFAMoToRoRcoDINGFACILITATIoNEFFECT.

so fan the evidence has suggested an explanation in tenms

of guessing stnategies involving prePanation fon both nepetition

and altennations, with the s anticipating more alternations

than nepetitions, and also in tenms of some moton or eoding

facilitation.
In the next se::ies of expeniments it is proPosed to test

this explanation.

6.1, Experiment 5

Onewayinwhichtheexplanationcanbetestedisby
instructing ss unden one condition to PllePalre fon a repetition

ofthelaststimulus,andtogettheStotryandnespondas
fast as possible to this stimulus while still responding as

fast as possible within this limitation to the other stimulus '

under another condition, the s could be instnucted to Pnepane

fon the othen stimulus to that which had just occurred, that

isrthealternationstimulusrandtotryandmaketheRTto
this siinulus as fast as possible, while still responding as

quickly as possible within this limitation to a repetition of

the stimulus. If the sequential effects at ISTs of gneaten

than one second ane simply due to expectation and preparation,

it should be no mone clifficurt to prepare fon a nepetition than

fon an altennation. In each case, the pr:epaned RT should be
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shonten than the unprepared, For ISIs of less than one

second, however, if the overall nepetition effect is due to

a motor or coding facilitation, this might be expected to

intenfene with atternpts to prepane fon an altennation nesponset

so that while pnepaned repetitions should be faster than

unpnepared altennations, prePaned alternations might not be aS

fast as unprepared ::ePetitions.
The above pnocedu:re r^ras carnied out using ISIs of

2000 msec. and 50 msec.

METHOD

Subj ects .The Ss r¡reue 3 male and 9 female volunteens.

They $¡ere naive as to the aims of the experiment and nanged

in age fron 17 to 35 years.

Appanatus. The appanatus and stimulus Sequences wene the

same as those used in the pnevious expeniments.

Procedure Six Ss \^Iere assigned to the 2000 msec.

condition, and the remaining six to the 50 msec. Ss attended

three sessions, one on each of thnee consecutive days. In

all conditions Ss \^Iere instnucted to keep their ernor nate

down to less than ïeo. At the finst session all Ss completed

six ::uns of one hundred tnials each. In the second Session

Ss wene told that they would be given the same six runs of

one hund::ed tnials at the same ISI . Howeven, for the finst

three uuns, half the Ss in each condition were told to pnepane

fon nepetitions of the same stimulus, and to tny to make the

RTs to these stimuli as fast as possible, white stitl nesponding

to the othen stimulus as fast as possible within this limitation
Similanty, the othen half of the Ss wene told to try and prepare
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fon the stimulus othen than the one which had last come on,

that is, to pnepane fon altennations, rnaking thein RTs to
these stimuli as fast as possible, but again making thein RTs

to nepetitions of the same stimulus as fast as possible
within this limitation. Those who fon the finst thnee nuns

pnepaned for repetitions Ì^rere told, before the last thnee,
to plîepane fon altennations and vice versa.

In the third session, the Ss in each of the ISI
conditions vùere told that they would be given thnee nuns of
one hundned trials, which hrene the same as those to which

they had previously responded with the same ISI. They hrene

instructed to nespond as fast as possible to whichever
stimulus came on.

RESULTS

The data for the finst six nuns in session one r^rene

combined together, as ürere those fon the thnee lruns of
pnepa::ation fon repetitions, the thnee fon prepanation fon
al-tennations, and the thnee runs of session three. These

ane shown in Figune 6.1.
Ernors amounted to appnoxirnately 7.íeo of the data, and

these and aI1 RTs less than 50 msec. hrere removed fnom the
analysis.
First order sequential effects

The diffenence between the RTs for AA and BA was tested
in each condition by a nelated samples t test, except fon the
last three runs of the 50 msec. condition, where a VJilcoxon

matched pairs signed-nanks test hTas more appnopniate because
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of wide individual diffenences.
2000 msec. conditions. fn the gnaphs it can be seen that

fo:: the first six runs thene is an ovenall altennation effect.

In the condition in which Ss pnepared fon repetitions, it can

be seen that there is a repetition effect; in the pneparation

fon alternations condition thene is an alternation effect.

Each effect was found to be significant' In the last th:ree

runs thene is a repetition effect which was not, howevert

found to Ée significant, the difference being due in fact to

only two Ss

50 msec. conditions. In the gnaphs thene is a repetition
effect fon the first six r:uns v¡hich, howeven, was not

significant, two of the four Ss showing altennation effects.
In the pnepanation for nepetitions condition, thene is a

significant ::epetition effect. In the pneparation fon

a1ternations condition there is also a repetition effect
which was not found to be significant due to two Ss. Fot"

the last three runs ther"e is again a repetition effect which

was found to be significant, the RT to AA being faster than

that to BA fon all Ss.

Highen orden sequential effects
Sequences of alte.rnations and the discontinuations of

such sequences ane shown by the dotted lines in the graphs.

Sequences of nepetitions and the discontinuations of such

sequences ane shown by the dashed lines.
2000 msec. conditions.In the graphs fon the first six

t?uns it can be seen that the RTs fon responses to altennations

decnease as the length of the altennation sequence incr:eases
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and increase with length of the atternation sequence

imrnediately pnion to its discontinuation. However, the

hiehen onder alternation analysis, with no othen factons,

showed no significant effects. The highen onden repetition
effects are similan to the higher onder alternation effects,
but again the higher
significant effects.

order repetition analysis showed no

In the preparation for nepetitions condition, there

vrere no significant higher orden repetition effects. Fo:l

the higher" orden alternations, thene was a- significant effect
due to length of sequence, and also due to the comparison

between the differ:ences involving altennation sequences and

those involving the discontinuations of alternation seguences.

From the graph, both these effects would seem to be due to

the differences between the RTs for discontinuations of

alternation sequences of differ"ent lengths, the diffenences

between RTs increasing as the length of the alternation
sequence immediately prior to its discontinuation increases.

For the preparation for alternations eondition, none

of the highen order altern.rtion effects were significant.
Fon the higher orcler repetitions, there was a significant
effect due to the companison between the differences involving
nepetition sequences and those involving the discontinuations

of nepetition sequences. Fnom the gnaph this would langely

appean to be due to the RTs fon the nepetition sequences

decreasing as the length of the sequence increases.
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Fon the last thnee nuns thene was a significant effect
for" the highen or"den nepetitions, due to the companison between
diffenences involving nepetition sequences and those involving
the discontinuations of nepetition sequences. There wene no

othen significant effects. The same companison Ì^ras

significant fon the highen order arternation effects. Again,
thene hrene no other significant effects. From the gnaph it
can be seen that the RTs for both nepetitions and alternations
decnease as the tength of the sequence increases, and that
the RTs fo:: the discontinuations of both sequences increase
with the length of sequenee imrnediately prior to that
discontinuation .

50 msec. conditions. Fon the first six runscombined,

the only significant effect for the highen order repetition
effects was that for the interaction between (a) the
diffenences between length of sequence, and (b) the companison

between diffenences involving sequences of repetitions, and

those involving the discontinuations of repetition sequences.
Fnom the gnaph it can be seen that this is due to the RT

decneasing as the repetition sequence increases -in rength,
while the RT to the discontinuation of the repetition
sequences changes veny little with incneases in the length
of the repetition sequence inimediately prior to its dis-
continuation. It can be seen that the greatest diffenence
is between the finst and second highen onden nepetition
effects while, due to the decrease in RT fnom BBA to BBBA,

thene is little diffenence between the second and thind onden

nepetition effects. There is also 1ittle diffenence between
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the RTs fon BBBBA and BBBA and between the RTs fon AAAAA and

fut&\. Fon the highen orden alternation effects, the only

significant effect was that due to the comparison between

differences involving sequences of alte::nations and those

involving the discontinuations of altennation sequences. This

is due to the decrease in RT as the alternation sequence

increases in length and the increase in RT with length of the

alternation sequence imniediately prior to its discontinuation.
In the preparation for alternations condition, thene

hrere no significant highen order repetition olr alternation
effects. In the prepar"ation fon repetitions condition thene

\^ras a signif ieant ef fect for the higher: orde:: repetitions,
due to the companison between differences involving repetition
sequences and those involving the discontinuations of nepetition
sequences. Itro othen effects \^lere significant. From the

graph it can be seen that this is due to. the pnogressive

decrease in the RT to repetition sequences as the length of
the sequence increases. Thene is litt1e change in the RT

to the discontinuations of repetition sequences from the

finst to the fifth onder, There hrere no significant higher

onden altennation effects.
Fo¡. the last three nuns there hrere no significant highen

order effects eithen for alternation or repetition RTs, although

fnom the gnaph the RT fon repetition Sequences may be seen to

decnease aS the length of the Seguence incneases. Howeven,

the RTs for the discontinuations of r^epetition sequences also

decrease slightly as the length of the repetition sequence
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immediately pnior to its discontinuation incneases which would

tend to diminish the diffenence between the diffenences fon

nepetition sequences and those fon discontinuations of them.

Vühile the RT fon the discontinuations of altennation
sequeñces increases with the length of the altennation
sequence immediately pnion to its discontinuation, the RT fon

alternation sequences first incr.eases from BA to ABA and only
then slightly decneases. This would tend to dininish the

diffenence between the diffenences fon alternation sequences

and those fon the discontinuations of altennation sequences.

AdditionaL companisons

Comparing the ovenall mean RT for" the prepanation fon

nepetitions condition with that fon the preparation fon

alternations condition revealed no significant difference by

nelated samples t tests fon eithen the 2000 msec. o11 50 msec.

conditions. fn the 2000 msec, condition thene $ras no

significant diffenence between the RT fon a pnepaned

altennation and a pneparled r:epetition. Howevellr in the 50

msec. condition the RT fo:: a prepaned nepetition hlas

significantly faster than that fon a pnepaned alternation,
by a nelated samples t test.

DTSCUSSION

The pattenns of highen onden sec¡uential effects fon

both nepetition and alternation RTs for: the finst six nuns

of both the 2000 msec. and 50 msec. conditions ane similan
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to those found in tT¡-e previous studÍes using the same ISIs '

The two conditions fon the 2000 msec. ISI invol-ving

prepanation show that all !s hlere capable of pnoducing eithen

a nepetition or an alternation effect. The lack of higher

orde:r effects fon the pnepaned RT, whether nepetition or

alternation, suggests that preparation was complete within

2000 msec. Howeverr fnom a comParison of the RTs fon AA

and BA with those for the finst six nuns, this apPears to be

largely due to an increase in the RT to the unpnepared

stimulus nathen than involving both a decrease to the

prepared stimulus and a corresponding incnease to the

unprepaned. Thus it seems possible that 9s sinply delayed

their uesPonse to the unpnepaned stimulus '
rn the preparation conditions fon the 50 msec. ISI, all

ss were able to produce a r:epetition effect but only two ss

couLd produce an alternation effect. Also, unlike that fOn

the 2000 msec. condition, in the 50 msec. PneParation forn

nepetitions condition, thene are highe:: orden repetition

effects such that the RT continues to decrease as the

sequence of nepetitions increases in length' The latter

result could be explained by assuming that pnepanation is

not complete within 50 msec. But it would then be necessany

to assume that, at low ISIs, incneasing pnepanation fon

nepetition has no effect on the RT to an alternation stimulust

since thene is no change in the RT as the length of the

repetition sequence immediately prion to its discontinuation

increases. Non would an explanation in tenms of preparation

alone explain the inability of some Ss to produce altennation
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effects. The results of both ISI conditions could be

explained, howeven, by assuming that;
(1) fon ISIs greaten than approximately L000 Íts€cr e

sequential effects ane determined so1e1y by subjective
expectancy and pnepanation, and

(Ð fon ISIs less than appnoximately 1000 msec. there is
an automatic moton on coding aftereffect favouring nepetition
nesponses which incr^eases with the numben of repetitions and

tends to out-weigh expectancy and pneparation effects.
Fon the last three runs of the 2000 msec. condition

thene is a nonsignificant nepetition effect which contrasts

with the significant alternation effect of the first six.
This could be due to the S t s greaten faniliarity with
sequences of both repetitions and altennations aften having

expenienced the two conditions involving PrePanation
instnuctions. If Ss do in fact pltePare overalL fon mone

alternations than repetitions bepause of mistakenly assuming

that thene ane mone alternations than repetitions in a

nandom sequence, then farnilianity with the sequences provided

by the two conditions involving preparation instnuctions rnight

be expected to equalize the amount of preparation fon each,

teading to an insignificant first order but stnonger highen

order sequential effects. The statistical analyses support

this, showing both significant higher onde:: repetition and

alternation effects.
Although not signifìcant, in the 50 rnsec. condition

thene is a similar pattern of highen onden nepetition and

alternation effects fon the last thnee runs as that found
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fon the finst six and as found in Expeniment 2 with a similar"

ISI. For: the last three runs the finst orden nepetition
effect was found to be significant which, considening the

above discussion of the equivalent 2000 msec. condition,
might.again suggest the operation of some automatic moton on

coding facilitation of nepetition nesponses.

6 .2. Experiment 6 ,

Remington (1969) found, using a 2-choice task and an

ISI of 4 seconds, a first orden and higher order rePetition
effects. 0n the othen hand, the finst experiment reponted

in Chapten III of this thesis found a finst orden and highen

order altennation effects using the same ISI. One possible

explanation for this discnepancy lies in the diffenent
instructj.ons given to the Ss. It has been suggested that
alternation and nepetition effects at highen ISIs are due to
the S expecting and pneparing fon alternations and nepetitions.
Tt is known, as in the gamblenrs fallacy phenomenon, that Ss

expect more altennations than actually occun in a random

sequence. This would explain whey there should be an

overall alterna'tion effect for intenvals of gneater than

one second. It seems at least possibl-e that Ss might have

been instructed in different ways in each experiment so that
they prepared fon mone ::epetitions in one and mone

altennations in the othen. In Expeniment 1r Ss \^Iere told
that both stimuti would be pnesented randomly an equal

numben of times while in Remingtonts, they hlere infonmed of
Itthe probability associated with the appearance of each of
the possible stimulus events in tenms of percentagesrr. ft
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is unclean whether sequential probabilities on the

pnobabilities of the two stimulus al-tennatives alre being

refenned to, but, if it is sequential pnobabilities, it is

possible that the infonmation was given in such a way that

Ss prepared fon mone nepetitions than alternations.
In orden to investigate the effect of subjective

probability on the sequential effects in a 2-choice RT

task, ss in the follovring experiment completed three

sequences of one hundred trials each, which r^lere the Same

as those used in the previous experiment, that is, each of

the two stimulus alternatives appeared equally often and

the probability of a nepetition r^7as the same as the

pr:obabitity of an alternation. Before each session,

howeven, the S was given different instructions concerning

the sequential structure of the sti¡nu1us sequence. Befone

one Session he was told that on 60eo of the occasions of a

presentation of a stimulus, the stimulus to be responded to

would be the same as the previous stimulus, and 40eo of the

time it rvould be dif ferent; bef ore another, that 60e' of the

time the stimulus to be responded to would be diffenent to

the preceding stimulus and on 40eo of the time it would be the

same; and before the other, that 50% of the time the stimulus

would be the same as the pneceding stimulus and that 50eo of

the time it would be different. If the Ss are influenced

by what they a::e told about the pnoperties of the sequences

to which they respond, it might be expected that diffenent

sequential effects would be obtained fon each of the

conditions even though there wene no objective differences
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Ìn the sequentLal propenties of the sequencesr

An ISI of 2000 msec. hlas chosen because the nesults

of Expeniment 5 had shown that with this interval, Ss are

equally capable of preparing fon nepetitions or alternations,

without any significant ehange in the overall mean RT.

METHOD

Subiects. TheSs wene 4 male and 2 female students

enrolled fon the Psychology I coulrse at the University of

Ade1aide. They were naive as to the aims of the expeniment

and ranged in age from 17 to 25 years '

Procedune. Each s was assigned to one of the six possible

ordens of the th::ee sets of instnuctions and attended on

three consecutive days, completing one sequenee of one

hundned trials on each day. At each SeSSion, es wene given

one of the following sets of instructions concenning the

stnucture of the stimulus sequences:

both of the stinuli wilt occun equally often and

(a) on 60% of the occasions of the pnesentation of a

stimulus, the stimulus to be responded to will be the same

as the pneeeding stimulus and on 40eo of the occasions it will

be different to the pneceding stimulus t

(b) on 60e" of the occasions of the presentation of a

stimulus, the stimuLus to be nesponded to wi]'I be different

to the stimulus preceding it and on 40eo of the occasions it

will be the samet

(c) on 50eo of the occasions of the pnesentation of a

stimulus, the stimulus to be nesponded to will be diffenent

to the preceding stfunulus and on 50% of the occasions it

will be the same'
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Befone beginning each 100 trial-s the expenimenter made sure

that the ! undenstood what was requined and the supposed

sequential structune of the particulan stimulus sequence to

which he was nesPonding.

RESULTS

The data for each I00 tnials hTere combined across qs

for each of the instruction conditions. The results alre

pnesented in the form of gnaphs shown in Figure 6.2.

Ennors amounted to approximately Leo of the data and

these and all RTs less than 50 msec. were excluded fnom the

analysis.
It can be seen fnom the gnaphs that thene is little

diffenence between the thnee conditions. All show that the

RT to BA is faster than that to AA. Related samples t

tests showed that these differences welle significant fon both

the 60eo alternations condition and for the 50eo nepetitions

condition, but not significant fon the 6O'o nepetitions

condition owing to one' S.

A two way analysis of variance comparing the ovenall

mean RTs for the thnee conditions with Ss as the other facton

showed no significant effects. A similan analysis of

variance companing the differences between AA and BA acnoss the

thnee conditions again showed no significant effects '
Fnom the gnaphs it can be seen that fon all conditions,

generally RT decreases as the length of the alternation

sequence increase and increases with the length of the

altennation sequences immediately pnion to its discontinuation.

This is supported by the nesults of the highen orden
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altennation analysis, with Ss and the thnee diffenent
instnuctions conditions as the nemaining factons, whe:re the
only significant effect was that due to the companison

between differences involving altennation sequences of
different lengths and those involving the discontinuations
of altennation sequences of diffenent lengths.

Sequences of ::epetitions and the discontinuations of
them are shown by the dashed lines in the diagnams. It can

be seen that as fon the highen orden alternation effects,
though not to the same extent, RT decreases with increase in
the length of the nepetition sequence and increases with
length of the nepetition sequence irnmediately pnion to its
discontinuation. It can also be seen that the highen onden

nepetition effects, though slight, appear to be greatest in
the 60eo nepetitions condition and least in the 60% aLtennations
condition. The highen order repetition analysis, which was

similan to that fon the highen onden alternations, supponts

these observations showing a significant main effect due to
the eomparison between the diffenences involving nepetition
sequences and those involving the discontinuations of
nepetition sequences, and also a significant intenaction due

to the significant main effect x the thnee different
instnuctions conditions. No othen effects $rere significant.

DÏSCUSSÏON

ft is clean fnom the graphs and the analyses of the
data that the effects due to the diffenent instructions given
to the 9s on dif ferent occasions \^¡ene only slight, the only
significant change being in the highen onden repetition effects.
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This is centainly not sufficiènt to expÌain the difference

between the results of Renington (1969) and those of
Experiment 1.

The pattenn of sequential effects found in all thnee

conditions r^¡as similan to that found using the same ISI in
Expeniments t and 2.

Howeve::, sevenal cniticisms can be made of the

procedune used in the present expeniment which might have

pnevented the nequired change from manifesting itself.
Finst, only 100 tr:ials $Iere given fo¡' each condition which

might not have been sufficient fon a difference to sho!.t.

This was thought to be necessary since too many trials would

pnesumably give the S an opportunity of verifying whethen on

not the instructions had been cornect. For the same reasont

percentages of 60 and 40 were chosen fon the biased conditions,
hopefully not so different that it would be obvious to the S

that the instnuctions wer:e not conrect r yet diffenent enough

subjectively fon hirn to take note of them. Second, only

six Fs hrene used, although Experiment 1 used only six and

Remington (1969) only five, Third, and penhaps most

impontant, Ss should probably have only encountened one of
the different inst::uctions conditions, since using the same

Ss makes it mone probable that they will realize that
sequences with the sane sequential pnopenties are being used

in each condition. Howeverr êr exarnination of the results
of the finst condition encountened showed no greaten tendency

towands an approprìate change in the sequential effects than

any of the othen results . Also, Ss \^tere asked aften the
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last session whethen they had noticed the diffenences in

the sequences. tlhile a few said Yêsr most said no, but few

of these seemed inclined to question whethen thene neally had

been any differences between the sequences.

The conclusion fnom the pnesent results would appean

to be then that the instnuctions given to the Ss are not

like1y to cause changes lange enough to explain the diffenence

in sequential effects between the nesults of Remington (1969)

and Experiment 1.

6.3. Expeniment 7 .

Expeniments in which the pnobability of nepetitions

and altennations have been altened have usually found that

the finst onder effect, whethen nepetition or altennation,

found with a nandom sequence has increased or decreased

with the propo::tion of nepetitions on altellnations

r"espectively.
According to the explanation of sequen'tial effects

suggested so fan, this would be expected, at least fon ISIs

of greater than one seeond, to be due to the S increasing his

prepanation for the pneponderant event. Since Ss seem to

expect mone altennations than nepetitions in a nandom Sequencet

it might be expected that ovenall, altennation RTs would be

favour.ed so that alte:rnation and repetition effects pnoduced

by equal and opposite changes in the sequential stnuctune

might not themselves be equal and opposite. Fon ISIs of less

than one second, the motor or coding facilitation might be

expected also to have an effect, favouning nepetitions.
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In onden to examine these explanations funthent

seguences of stimuli were constructed such that the finst

two thinds of them hrerae biased in favoun of eithen more

alternations on repetitions while the last thind consisted

of a nandom sequence containing 50eo repetitions and 50%

altennations. The Ss were told that the whole of the

sequence, which was given in one blockr htas biased eithen

fon repetitions or altennations whichevelr was the case' If

Ssdopnepanefonstirnuli?itmightbeexpectedthatthe
effects v¡ould carry over to the last thind of the sequence

fon ISIs of gneater than one second' If, however' the

effects r¡rene due to some automatic plrocess dependent uPon

the stimulus, it would not be expected that there v¡ould be

any difference between the three conditions for the

results of the l-ast third of the runs. on the basis of the

explanation that has been suggested, since some but less

preparation is assumed to take place at 1ow ISIs than at

high, it would be expected that thene would be a greaten

change in the sequential effects fnom the finst two runs

to the last run in the low than in the high ISI condition.

TwoISIs$rereused'2000msec.andlmsec.inordento
pnoduce fir.st onder alternation and repetition effects

respectively fon sequences equally balanced fon proportions

of repetitions and altennations. The highen orde:r analysis

T^ras also cannied out on the data of this experiment

sepanating out the effects of all possible combinations of

stinuli up to foun in length. 0n1y sequences of up to foun

in length wer.e examined since thene Ì^relae not enough fifth
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orden sequences af each type to give neliable companisolls'

Subi ects .

METHOD

These wene 5 male and 7 female students

enrolled fon the Psychology I counse at the university of

Ade1aide. They vtere naive as to the aims of the experiment

and ranged in age fron 17 to 25 years'

stimulus sequences. Thnee stimulus sequences each of

thnee hundned tnials v'tere constructed fnom blocks of 100 trials'

These blocks $rene const::ucted fnom random numben tables with

constraints ensu::ing that both stimulus lights hlere presented

equally often and fon five of them furthen ensuring that equal

numbers of repetitions and altennations I^Iere present, for two

of them that thene vrere 7Teo repetitions and 30eo alternations'

and fon the remaining two that thene I^Iere 7 \eo altennations and

3oeo repetitions.
Procedure.Six Ss l^Iere assigned to the 2000 msec' ISI

condition and the remaining six to the r msec. condition. Qs

attended thnee sessions, one on each of three consecutive

days.For:bothlslconditions,eachgwasassignedtoone
of the six possible orders of the thnee diffenence sequences

completing one of the sequences on each day' Ss were told

that the sequence to which they would be nesponding would be

such that both stimuri would be presented nandomry an equal

numben of times in the three hundred trials and that eithen

(a) 70% of the tirne the stimulus to be nesponded to would be

the same as the preceding stimulus and 30% of the tine it

would be different, (REP condition), or (b) 70eo of the time

the stimulus to be responded to would be diffenent to the



113.

preceding stimulus and 30% of the time it would be the samet

(ALT condition), on (c) 50% of the time the stimulus to be

responded to would be the Éame as the pneceding sti¡nuIus and

50ro of the time it would be diffenent, (RAND condition) '
Cane.was taken in giving this information concerning the

sequential structu::e of the stimulus Sequence to ensune that

Ss understood it.

RESULTS

The data fon the first 200 tnials and the last 100

trials l^Iere combined separately acl?oss Ss fon each of the

ISIs and diffenent sequential probabilities conditions.

The results ane pnesented in the form of gnaphs in Figunes

6 ,3 and 6 .1+,

Ernors amounted to appnoximately 2eo and these and all
RTs less than 50 msec. lrere nemoved from the analyses.

2000 msec. condition,
It can be seen fnom the gnaphs that thene is veny

litt1e change in the ove:raIl mean RTs between the thnee

different sequential pnobabilities conditions fon eithe:r the

fir:st 200 on the Last 100 triats. To test the significance

of these effects a two way analysis of vaniance was penfonmed

on the mean RTs fo:: the first 2OO tnials with Ss as the othen

facton. There vlene no significant effects. The same

analysis penfonmed on the nesults fon the last 100 tnials

also showed no significant effects.
The same analysis of variance was used to test the

significance of the diffenences between the diffenences

between AA and BA acnoss the thnee different sequential
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probabilities conditions. Fon the first 200 trials, thene

!.fas a significant effect due to the thnee diffenent conditions,

and the same analysis showed that the sarne effect was also

significant fon the last 100 trials. Fnom the gnaphs it can

be seen that fon the first 200 tnials, thene is a large-

finst onder altennation effect fon the ALT condition, a

smalle:: altennation effect for the RAND condition and a

small nepetition effect for the REP condition. Fon the

last 100 tnials, thene is little change in the RAND condition,

a slight decnease in the ALT condition and a change fnom a

repetition effect to a smatl alternation effect in the REP

condition.
Sequences of alternations and the discontinuations of

such sequences are shown by the dotted lines in the gnaphs

Fo:r all the conditions of the finst 200 tnials it can be

seen that thene ane highen orden altennation effects.
These appean to be mone pnominent ovenall between the second

and thind onden RTs than between the thind and founth, and

appear to be most pronounced fon the ALT condition and least

fon the RAItrD condition.
The nesults of the highen orden altennation analysis,

with remaining factor" the three diffenent seguential

pnobability conditions, support the above observations insofan

as thene is a significant effect due to the comparison

between the differences involving altennation Sequences and

those involving the discontinuations of them. This was the

only significant main effect. The only significant
intenactions welre those between the significant main effect
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and the length of sequence, and between the main effect and

the thnee different pnobabilities conditions.
The same analysis penformed on the results of the last

100 triats again showed a significant main effect due to
the comparison between the diffenences involving altennation
sequences and those involving the discontinuations of
altennation sequences. This was the only significant main

effect¡ The only significant intenaction was that between

the significant main effect and the thnee diffenent
sequential pnobabilities conditions indicating that the

highen orden altennation effects change acnoss the three
conditions. From the gnaphs it can be seen that somewhat

unexpectedty, the effects appean to be slightly gneaten in
the REP condition.

Sequences of repetitions and the discontinuations of
such sequences are shown by the dashed lines in the graphs.

Fnom the gnaphs it can be seen that gener:aIIy, thene

ane highen orden repetition effects. Using the highen onden

repetition anaIysis, with the nemaining factor the three
different sequential pnobabilities conditions, the only
significant effect fon both the finst 200 tnials and the last
100 hias that due to the companison between diffenences
involving nepetition sequences and those involving the
discontinuations of nepetition sequences.

The same analyses as those used fon the 2000 msec. data

Ì^rene also used fon the I msec. data.
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I msec.condition
Again an analysis of vaniance showed no change in the

ove:raII mean RTs aclloss the thnee different sequential

pnobabilities conditions fon eithen the finst 200 or the last

I00 tnials even though the gnaphs indicate a lowen RT fon the

REP condition than for the RAND condition and little difference

between the RAND and ALT conditions.
The analyses of vaniance companing the difference

between AA and BA across the three conditions showed a

significant effect fon both the finst 200 t:riaIs, and the

last 100 tnials. The graphs indicate for the finst 200

tnials a finst onden nepetition effect fon the RAND conditiont

a larger nepetition effect fon the REP condition and an

altennation effect fon the ALT condition. There is little

change in the last I00 tnials for the repetition effect of

the RAND condition, a decneased repetition effect fon the

REP condition and a decnease in the altennation effect to

nothing in the ALT condition.
The higher o:¡den alternation analysis showed no

significant effects fon the finst 200 trials while only the

effect due to the comparison between diffenences involving

alternation sequences and those involving the discontinuations

of alternation sequences was significant fon the last 100

tnials. For the l-ast 100 tnials, it can be seen that thene

ane highen onder alternation effects, and that these effects

are much more clean than oven the first 200 tnials.
The only significant main effect of the highen onden

nepetition analysis for the first 200 tníals was that due to
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the comparison between the differences involving nepetition

Sequences and those invotving the discontinuations of them'

The only significant interaction was that due to the

significant main effect x the thnee different sequential

pnobabilities conditions. The gnaphs indicate that RTs

decnease as the nepetition seguence incneases in length and

that this is gneatest, somewhat unexpectedly, in the ALT

eondition, but that thene is little change in the RT to the

discontinuations of repetition sequences as the length of the

repetition sequence pneceding its discontinuation increases.

The analysis for the last runs sinitanly showed one significant

main effect, that due to the comparison between the diffenences

involving nepetition sequences and those involving the dis-

continuations of repetition sequences. The only significant

inter:action was that due to the significant main effect x

the length of sequence. As in the first 200 trials, the RT

decreases as the repetition sequence incneases in length and

this appeans to be more pnonounced fon the diffenence between

the second and thind order RTs, but untike the nesults of the

finst 200 tnials, thene aPpearîs to be an incnease in the RT

with length of the rePetitions sequence imrnediately prion to

its discontinuation,

DISCUSSÏON

The graphs show vet?y little difference between the

ovenall means of the finst 200 tnials fon the thnee 2000 illsêc.

conditions and the analysis of vaniance indicates no

significant diffenence between them. This l?esult may be

contnasted with that of Moss, Engel t Faberman (1967)r who,



118.

using an ISI of 12 seconds, obse:rved that the mean RT to

sequences biased in a similar way to those in this exPeriment

were longen than that to a nandom Sequence. In explanation

of this, they suggested that subjective expectancies may have

been.inconnect. Ss in thein biassed conditions neponted

after the expeniment that they had observed pattenns in the

stimulus sequence and had associated these with the panticular

stimulus eithen left on night when in fact these hTere equally

pnobable. The authons suggested that if Ss brelre connectly

informed of the balancing of the stimulus events the

incneases in the RT might disappean. The pnesent nesults

would support this suggestion.

The lack of a significant difference between the

overall mean RT of the first 200 tnials for the thnee I msec'

conditions can be contnasted with the results of Bertelson

(1961) who found with an interval 0f 50 msec. that the

ovenall mean RT to a REP biassed sequence was significantly
fasten than that to a RAND sequence which did not differ

from an ALT sequence. The amount of bias was only slightly

more than that used in this expeniment. Centainly the

graphs of the pnesent results indicate a much lowen mean RT

fon the REP condition and litt1e diffenence between the RAND

and ALT conditions in agneement with Bertelsonrs findings.

Howeven, in the fir:st of the two expeniments neponted in

Bentelsonrs paper, he found that the difference l^las only

significant after 5000 tnials, although in the second

expeniment sirnilan nesults welre found aften 2000 tnials.
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It has been pneviously shown, in Expeniment 2) that the

number of tnials is impontant in obtaining the change fnom

a repetition effect to an altennation effect with incneasing

fSI, suggesting that the I may take some time to adopt the

most efficient stnategy of ::esponding.

As pneviously reponted in the literatune, thene was a

first onden repetition effect fon the finst 200 tnials of
the 1 msec. RAND condition and a fi.nst onden alternation
effect fon the first 200 tnials of the 2000 msec. RAND

condition. In the 1 msec. condition, these effects changed

to a first or:den altennation effect and a largen repetition
effect fon the ALT and REP conditions nespectivqly. This

result is simila:r to that found by Be::telson (1961) with an

interval of 50 msec. In the 2000 msec. condition, the

overall finst orden altennation effect for the finst 200

tnials of the RAND condition changed to a finst onden

nepetition effect and a larger first onder altennation effect
for the REP and ALT conditions nespectively. This result
is similar to that found by Moss, Engel t Fabenman (1967) with
an intenval of L2 seconds.

Companing the last 100 tnials across conditions, thene

\^ras little change in the ovenall mean RTs, with either: ISI.
The mean RT fon the I msec. REP condition still apPeared to
be much lower than the corresponding RTs fon the RAND and

ALT conditions, but still- v¡as not signifieantly diffenent
fnom them. Again, fon the 2000. msec. condition, thene is
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litt1e change acnoss trials or between eonditions, and

again thene is no significant diffenence between the REPt

RAND and ALT conditions.
If the sequential effects were detennined entinely o-y

the structur.e of the stimulus sequence, it would be exPected

that thene would be no significant diffenences between AA

and BA between the REP, RAND and ALT conditions oven the last
100 tnials for either of the 1 msec. or 2000 msec. conditions,

since the sequential stnuctur:es of all these sequences r,rtene

the same. The fact that diffenences between conditions

appanent in the finst 200 tr"ials persisted into the last
100 tniats, not so manked yet stiIl significant, indicates
that Þs wene still tending to expect and PrePare fon what

they thought was the more pnobable event, a nepetition on

an altennation. Also, the fact that diffenences pensist

fon both ISI conditions indicates that some PneParation on

the basis of expectancy oecuns at the I msec. âS well as at

the 2000 msec. ISI.
Howeven, while the¡"e appears to be Iittle change in the

difference between AA and BA across tnials for either of the

RAND conditions, the gnaphs suggest much greater changes fon

the 1 msec. REP and ALT conditions between the first 200

trials and the last t00 than for the same changes in the 2000

msec. condition. This nesult would be expected if the

effect of the sequential stnuctune of the stimulus sequence Î^¡as

mone impontant at low ISIs. At 2000 msec.r it has been

suggested that the sequential effects ane due entirely to
exepctation and prepanation on the pant of the å while at
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I msee. it has been suggested that thene is some motor on

coding facilitation of the repetition llesponse which would

depend fon its effect on the pnopontion of repetitions in

the sequence. However, the existence of highen onden

altennation_effects at low ISIs shows that even henet

expectation and PreParation do occull' It Seems neasonable

to assume that thene rnight al-so be some PlleParation fon

repetitions although the lack of change in the RTs fon the

discontinuations of nepetition sequences suggests that this

does not occun to any gneat extent.
It is evident both f::om the gnaphs and the analyses

that highen order repetition and alternation effects

occunred. In the 2000 msec, conditions, these are similan

to those reported in Expeninents I and 2, and support an

explanation of sequential effects at TSIs highen than one second

in terms of strategies of prepaning fon altennations and

nepetitions. The higher orden effects fon the first 200 trials

of the 1 msec. condition are also similar to those rePonted

pneviously except that thene is veny little in the r"ray of

highen onden alternation effects fon the REP condition' The

higher onden repetition effects are as previously repontedt

with lack of change in the RT for the discontinuations of

nepetition sequences suggesting some othe:r explanation than

that in terms of expectation and preparation, pnobably in

tenms of some moton on coding facilitation. For the last

lO0 tnials, however, while thene ane higher order alternation
effects for all conditionç, the highen orden nepetition
effects, particulanly fon the REP and RAND conditions aPPean
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to be like highen onden altennation effects Ínsofan as

thene is an incnease in the RT as the Length of the
repetition sequence immediately pnion to its discontinuation
incneases. Such a change suggests some pneParation fon
nepetitions and furthen suggests that while at low ISIs
Ss may begin by expecting more altennations than nepetitions,
yet still pnoducing an ovenall repetition effect due to the
moton on coding facilitation, they may over time also begin
to prepatle fon repetitions.
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CHAPTER V:[I.

A MORE DETAILED ANALYSIS OF THE SEQUENTIAL

EFFECTS IN AN 8-CHOTCE REACTION TTME TASK

7,1. Experiment 8.
'In pnevious experiments reported in the literatune and

in the expeniments reported in the preceding chaptens of

this thesis, the highen orde:r analysis of the sequential

effects in 2-choice tasks has been essential in ar:riving at

a more adequate explanation of both the repetition and

altennation effects. Bentelsonts (1963) explanation of the

repetition effect and williamst (1966) explanation of the

altennation effect have been found to be inadequate in

explaining the higher order sequential effects revealed by

more detailed analyses of the data.

As was mentioned in chapten l, following the discoveny

of the "repetition effect" in 2-choice tasks by Bertelson

(1961), experiments eoncerned with sequential effects in 4-

6- on 8-choice tasks have usually divided the data into two

mean RTs, one fon repetitions, that is, for all stimuli

following themselves, and the other fon alternations on

nonnepetitions, that is, fon all stimuli following all- other

stimuli than themselves (fon example, Rabbitt, 196B;

Schvaneveld.t t Chase, 1969; KeeIe ' l-969) .

This partitioning ignores a good deal of potential

infonmation. It has alneady been pointed out (Alegnia E

Bentelson, 1970; Vlelfond, 1971) ttrat in 8-choice tasks the

RTs fon individual stinuli can be significantly diffenent'

Hence the question arises As to whethen sequential effects
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might also diffen amongst diffenent sequential combinations

of stimuli. In onden to investigate this question sequences

were constructed which could be analysed into an 8 x I matrix

allowing a comparison of the mean RTs fon each stimulus

followingeveryotherstimulusinanS-choicetask.
Thisanalysisenablessevenalquestionstobeanswered.

For example, can an overall repetition effect be furthen bnoken

down into hand and finger nepetition effects; what is the

relative contnibution of each; and do they diffen depending

on the position of the panticulan stimulus in the display?

Ane there also proximity effects in the sense that a stimulus

close to an immediately preceding stimulus is responded to

fasten than stimul-i further removed? Answers to these

questions rnight be expected to throw some tight on the cause

of the repetition effect in 8-choice tasks. Two explanations

that have been suggested ane, finst, in terms of a facilitative

afteneffect of the response such that the RT to a nepeated

stimulus is decneased due to the effects of having just

responded to that stimulus. This explanation has taken two

fonms, (a) in terms of a physiological activation effect

which continues, and (b) due to some portion of a complex

coding o:r decoding operation which does not have to be done

again.Thesecondisintermsoftheapplicationof
particulan sequential processing stnategies where the g is

assumed to pnepane fon the occunrence of a particulan

stimulus (e.g. a repetition of the immediately pneceding

stimulus) on the basis of some expectation, on to check

the stimuli in the display in a particulan order for the

conrect stimulus.
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Recent evidence (V'le1ford. 1971, 1973) has favoured an

explanation of multiple choice RTs in terms of a senial

dichornitisation on trichomitisation pnocess in which the !
is assumed to arnive at the conrect signal and choice on

each occasion by a senies of inspections. He is assumed to

d.ivide the display into two o:r three grouPs of stinuli and

inspect each group in turn for: the connect signal. If it

occurs in the gnoup he inspects first r he divides that grouP

into two on thr.ee smallen gnouPs and again inspects each of

them in turn. If the connect signal is not in the ttgTn , ":

finst inspected, the ! is assumed to check the remainiiig :

groups until he positively identifies the gnoup in whích

it does occull, before pnoceeding to divide that grouP into

two or three smaller groups. In an 8-choiee task with

compatible S-R anrangements, hlelford found that the innen

fingers of each hand, that is, the middle and ring fingens

nesponded more s1owIy than the outer fingers, that is, the

index and tittle fingers. This diffenencê was apparently

due to penceptual factons because when the outen stimuli

vrelre paired with the inner instead of the outer fingers and

vice versa, RTs to the outen stimuli welre still shonten than

those to the inner. Inlelfond accounted for this finding by

assuming that wheneven the s has to decide between an outen

and an innen stimulus, he tends to inspect the formen befone

the latten. However, the model allows fon some flexibility

in the types of strategy that may be adopted and centainly

does not preclude the Possibility that othen more subtle

sequential effects may also influence performance.
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Since the ISI has been shown in previous neseanch with

2-choice RT tasks to affect sequential effects (Bertelsont

1961; Ha1e, 1966; and the pneceding expeniments reponted

in this thesis), two ISIs I^rene.used in this experiment.

METHOD

Subjects. TheSs wene 3 male and 3 female volunteens

ennolled for a first yean Psychology course at the univensity

of Adelaide. Thein ages nanged fnom 18 to 25 years and

they \dere naive as to the aims of the expeniment '

Apparatus. The display consisted of a 20 cm squaret flat

blackboard in which was set eight 16 mm diameter neon bulbs.

These were arranged in a honizontal now at 22 mm intenvals'

A vertical white line sepanated the lights into two glrouPs

of four. Each s was tested individually, sitting at a

table 2.8 metnes in front of the display and openating I

morse keys with flat tops, arranged in two arcs of 4 placed

so as to be convenient for the two hands. The tights and

keys wene not l-abelled but will be nefenred to as if numbered

1 to I in onder: from teft to night. Each light was

responded to by pnessing its corresponding key. The

allocation of fingens to keys was in onden fnom 1 to B r left

little fingen, left ning, left middle, left index, night

index, night middle, night r:ing and night Iittle fingens

nespectively. A pnessune of appnoximately 1+0 gms'was

nequined to openate the keys. RT was recorded in milleseconds

fnom the onset of the stimulus to the depnession of any of the

keys. The ISIs used welre, aS measured fnom the release of

any key to the onset of the next stimulus, I millesecond and

2000 msecs.
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Stinulus sequences. Three runs were prepaned' each

beginning with foun stimuli, neactions to which were not

sconed, followed by 192 stimuli annanged in th:ree blocks of

64, each block containing in a nandom ondert one of every

possible combination of each stimulus following eveny othen

stimulus. In addition, 16 practice tnials, not included

in the results, Preceded each run'

Pnocedure. Three of the Ss completed each of the thnee

stimulus sequences fon the 2000 msec. condition on one day

followed by the same thnee sequences fon the I msec. condition

on the next. The other three Ss completed the two conditions

in the reverse onder. The ss l^lere told that they wene

panticipating in an 8-choice RT experiment and that their

task was to nespond as quickly as Possible to whicheven

stimulus light came on by pressing the appropriate key,

keeping the numben of enrors down to less than 5 pencent.

They \^rere informed of the IST before each session and wene

told that the stimuli would be pnesented in a nandom onden'

The thnee diffenent sequences wene p::esented in a random

onder, and thene was a nest peniod of approximately 2 minutes

between each sequence. The stimuti [^Iere presented and the

data necorded by means of computen program papen tapes '

Enror"s amounted to approximately 6 percent. These and aII

RTs of less than I00 msecs. wene omitted from the analyses '

RESULTS AND DISCUSSTON

Table 7 ,L sho\^¡s the mean RTs for repetitions and

alternations as they have usually been measured in p::evious

experiments in the liter:ature. It can be seen that tl:e
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Tab1e 7 ,Iz

RESPONSE

Different from
pnevious response

Same response as
pnevious response

Difference

Mean RTs fon nePetition and

altennation nesPoDSês.

Intenstimulus intenval
1 msec. 2000 msec.

687599

613531

7468

repetition effect fon the 2000 msec. condition aPPears to be

slightly less than that fon the 1 msec. condition' Howevent

this difference was not significant by a related samples t

test.
Tables ? ,2 and 7.3 show the mean RT fon each stimulus

when preceded by each othen stimulus fon both the 1 msec.

and 2000 msec. conditions.
Qne way of condensing the B x 8 matrices is by cornbining

the mean RTs for both hands fon each of the foun fingens t

whethen littIe, ning, middle or index:
(1) when it is a repetition, that is, it follows itself

(REP),

(2) when it follows a nesponse by a fingen of the same

hand but is not a nepetition (SHNR) r and

(3) when it follows a nesponse by a finge:: of the other

hand (0H).

These mean RTs ane joined by the lines shown in Figure 7,1

fon both the 1 msec. and 2000 msec. conditions. Also
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Table 'Ì.22 Mean RTs fon 2000 msec. condition

509
627
658
538

606
736
649
505

Means 604

LAST RESPONSE

3456
s22 507 544 549

557 606 648 657

s66 575 648 671
537 477 514 541

621 589 497 597

695 691 619 548

663 692 611 586

5 52 517 510 527

589 582 574 584

3

618
572
598
622

691
835

879
684

687

I,AST RESPONSE

456
541 584 618
î,76 758 765

614 733 786

604 605 605

652 622 611
767 64+ 660

803 738 588
643 584 568

663 659 650

12

540
576

635
522

570
699
657
553

594

7

540
685
719
555

590
602
s70
540

600

I
499
678
6sr
s72

579
688
583
503

594

Means

526
629
640
ç.2 t

581
660
626
526

590

T
H
I
S

R
E
S
P
0
N
S
E

1

2

3

4

5

6

7

I

Tab1e 7.3: Mean RTs fon I msec. condition

T
H
ï
S

R
E
S
P
0
N
S
E

I
2

3

4

5

6

7

I

I
582
626
789
684

726
9L2
778
589

710

2

572
632
700
646

696
842
755
620

683

7

636
766
848
664

697
62l-
614
s85

679

I
577
784
830
638

710
781
643
604

696

Means

591
697
736
634

676
758
725
610

678 Means

included in the graphs are the RTs which constitute each of

these mean RTs. These are indicated by lettens each of

which repnesents the pneceding resPonse whether tittle (L) t

ring (R), middle (M), or index (I) of the same hand on of the

othen hand.
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Fig. 7 .IMean RTs in milleseconds for the two inten-stimulus
intenvals for the index, middle, ring and littIe
fingen responses when each, 1) is a repetition of
the last response (REP) r 2) follows a resPonse by
a finger of the same hand but is not a repetiÏiol
(SHNRI and, 3) follows a response by a fingen of
the other hand (0H). Also shown are the RTs which
constitute each of these mean RTs. These are
indicated by letters each of which represents the
preceding response whethen little (L), ring (R)_r
rnia¿fe (M), or index (I) of the same hand on of the
other hand.
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Duncan multiple comparison analyses hrere used to

compa::e the Iittle, :ring, middle and index REP 
' 

SHNR and oH

RTs. Tables and significance Levels for all the analyses

ar?e shown in Appendix 7 .3 . Any diffenence referned to as

significant in the text will be at least with p < .05.

2000 msec.ISI condition
It is clear that, as was found by welford (1971) t the

RTs fon Innen finge:: resPonses, that is, niddle and ning,

alte slower than those fon outer finger responses r that is,

little and index. companing the four fingens, fon both

REP and oH nesponses the only significant diffenences in

each case weue those between eithen of the Inner when

companed with either of the Outer resPonses. For" the SHNR

nesponses the middte finger RT was significantly different

f::om both the tittle and index fingen RTs, but the ring

fingen RT was significantly diffenent only from the little

fingen RT.

It can also be seen that the repetition effect tends

to be greaten for the Ïnner fingers than for the guten

although only when REP RTs are compared with oH RTs.

considering the diffe:rences between REP, SHIIR and 0H nesPonses t

for the little fingen it is clear that there is litt1e

difference in RT between these conditions, none of the

differences being significant. Fon the J-ndex finger the

pattern is simitar except that the REP RT is significantly

fasten than the rest. Fon both the ning and middle fingens

the REP RTs ane fastest but thene ane no significant

cliffenences between these and the SHNR RTs. However, there
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ane much la::gen diffenences between SHNR and 0H RTs both

of these diffenences and the diffenences between REP and 0H

being significant.
The pantitioning of the ovenall mean RT into REP,

SHNR and 0H RTs would seem to be justified insofan as thene

Seems to be little diffenence between the RTs, whethen Lr Rt

M on r, which constitute each of the 0H outen, each of the

0H Inne:r and each of the SHNR Outen mean RTs. The one

exception would seem to be the SHNR Innen mean RTs panticularly

whene the middle following L RT seems to be substantially
longen than the nemaining SHNR middle RTs.

The fact that there are significant differences between

the REP, SHNR and OH conditions, indicating that there are

sepanate effects due to a nepetition of the same hand as

wetl as of the same finger, i" compatible with an explanation

of the sequential effects in tenms of either a facilitative
aftereffect or a saving in coding time since this could be

explained by assuming either. a spread of the facilitative
afteneffect to the same hand as that involved in initiating
the last response or a saving in coding the required hand fon

the next response,

However, the fact that the repetition effects exist
mostly fon the inner fingens is incompatible with an

explanation in tenms of a facilitative afteneffect since it
would be expected that all fingers would be benefitted
equaIly. An explanation in tenms of a saving in coding time

could penhaps be made by assuming that the innen fingens

requine extna coding and it is this which is saved.
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1 msec. ISI condition
The satne analysis as that used for the 2000 msec.

condition \^¡aS also used for the I msec. condition. It can

be seen fnom the gnaph that the ovenall pattern of RTs is

sirnilan to that of the 2000 msec. condition insofan as once

again the nepetition effects seem to be gneatest fon the

Innen fingens. There are no significant diffenences

between REP, SHNR and OH responses fon eithen of the two

Outen fingens and only between SHNR and 0H and REP and 0H

nesponses fon the two Innen fingens. once again this

hrould seem to be incompatible with an explanation in tenms

of a facititative afteneffect. However, thnee differences

fnom the 2000 msec. condition may be noted:
(1) the differences between the Innen and Outer 0H responses

seem to be slightly langen. The differences alre again

significant between either of the Outen fingers and eithen

of the Innen fingens.

Q) a1l the REP uesPonses are veny sírnilan h¡heneas in the

2000 msec. condition the Innen REP RTs were longen than

the outer:. This also tends to be tnue of the SHNR

responses there being no significant diffenences between

the REP responses non between the SHNR nesPonses of any

of the foun fingens,
(3) genenally, stimuli adjacent to the last stimulus are

nesponded to almost aS fast, and sometimes fasten thant

a repetition of the last stimulus (fon example, middle

following R when companed with middle following L). In

the 2000 msec. condition, these RTs all tend to be longen
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than the REP RT, It may also be noted that both

middle fotlowing L and ning following I responses tend

to be longen than the nemaining SHNR RTs'

In onden to investigate this aPpanent pnoximity effect

the mean RT fon all REP responses !.¡as companed with that fon

all nesponses to stinuli immediately adjacent to the last

stimulus. These means and thein diffenences fon both the

1 msec. and 2000 msec, conditions ane shown in Table 7,4.

Each diffenence was tested by a nelated samples t test and

was found to be significant for the 2000 msec. condition but

not for" the I msec. condition.

Table 7 .4: Proxirnity Ef f ects .

2000 msec.1 msec.

RT to response
adjacent to
repetition
resPonse
RT to
repe'Eition
resPonse

Difference

579

531

4 8:l

618

614

4

*significant p < ,02

The pnoximity effect coutd be explained in tenms of a

facilitative afteneffect by assuming that the effect may spnead

to adjacent fingens. Its absence in the 2000 msec. condition

could be explained with the additional assumption that the

effect decays witfr time, A saving in coding time, however,

would nequir.e some additional explanation.
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Models

The 2-choice nesults r^rene explained in tenms of :

(I) subjective expectancy and pueparation on the pant of

the !, and

(Ð a facilitative aftereffect of the last l?esPonse.

Vühile a faeititative afteneffect can explain both the

pnoxinity effect and the fact that thene are differences

ovenall between REP, SHNR and OH nesponses it cannot explain

the diffenences between the nepetition effects fon Inner and

Outer'uesponses. As fan as pneparation and expectancy are

concenned, it rnigtrt seem less 1ike1y that the S in an 8-choice

task would plrePalre fon a repetition since its probability of

occutlnence is only .125. Nevertheless thene could be

some prepanation fon the stimuli of a particulan hand althought

if any such pnepanation occurned one would expect Some

advantage of the Outen as well as the Tnnen SHNR and REP

responses over thein 0H equivalents.
An explanation of the above nesults in tenms of the

model put forwand by Vlelfond (1971) would nequire centain

modifications to its assumptions. ff, fon example, it htere

the case that all REP RTs wene fasten than all SH RTs which

r^rere in tunn fasten than all OH RTs, this could easily be

accounted fon by assuming that the S biases his inspections t

finst towand REP stinuli, then sH stimuli and then 0H

stimuli, although stiIl, when faced with an Innen -.,¿ O,rt"o

stimulus, checking the Outen befone the Innen. Acconding

to this stnategy, the S might be expected to be attending

stil1 in the I msec. condition to the last stimulus o11 SH
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stimuli when the next stimulus anrives. He would be expected

to do so to a lesser: extent in the 2000 msec. condition as

thene would be time fon attention to be changed to 0H stinuli
on some occasions. If so r REP and SH RTs would be nelatively
faster in the 1 msec. than in the 2000 msec. condition, but

at the cost of ::elatively longen 0H RTs.

Howeveno the nesults indicate that while such sequential
biasing would explain the differences between Inner fingen RTs

in the two conditions, it would not explain those fon the

Outen, panticulanly the little fingen, since for these thene

is littte difference in RT negandless of which stimulus
pnecedes it, Both the lack of difference between the RTs fon

Inner and Outen REP responses and the proximity effect in the

l msec. condi'Eion would also need to be explained, aS would the

fact that, as indicated in Figure 7,L, niddle following L

nesponses and to some extent, ring following I responses for
both ISI conditions seem to be nearly as long as the 0H RTs.

An alternative explanation is to assume that basically
the S first attends to the particulan stimulus and then

l-ocates it in the display by seeking the nearest of a numben

of reference points. These might be:

(1) the ends of the display,
(2) the nidtine (ttris rnight be a real or imaginary rnidline) ,

(3) if the TSI is shont enough, the position of the last
stimulus nesponded to,
0n this view Ss would locate little and index stimuli

quickly, regardless of the position of the previous stimulus,
as being next to eithen an end of the display on the middle of
it. Middle and ning stinuli would need to be located as next
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to a little on index stimulus except when they ane

nepetitions of the pnevious stimulus and henee nefer"ence

points themselves. The proxirnity effect in the I msec.

condition might be accounted fon by assuming that the S is

able to use the position of the last stimulus as a guÍde to

the position of the adjacent stimulus if the ISI is short

enough. If the position of the last stimulus is dependent

on a memory tnace which fades with time, similan to that
postutated by Bentelson (1963), it might be expected not to
operate to the same extent as a refenence point aften 2000

msec. Thene $rould thus be less shontening of RT to adjacent

stimuli and an incr:ease in the innen REP RTs. If SH nesponses

are less overall than OH nesponses due to the use of the last
stimulus as a nefenence point fon nepetition resPonses and

fon nesponses to stimuli immediately adjacent to the last
stimulus, this would also explain why middle following L

responses and to some extent ning following I resPonses tend

to be closen to the OH RTs since in both these cases the last
stimulus would not be an adjacent stimulus and hence they would

have to be located in the Same vtay as an 0H Innen stimulus.
The fact that the REP RT for the index finger is significantly
faster than its SHNR and 0H equivalents could be due to the

rnidline not being as clean a neference point (since it has a

stimulus light on each side of it) as the ends of the display.
Hence a nepetition of the index stimulus might be expected to

be a betten refenence point for an index response than the

midline thus accounting fon the REP index response being

fasten than the SHNR and OH index responses. Such a diffenence
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in the nelative efficiency of the midline and ends of the

display as nefenence points nright also account fon the fact
that the niddle following L nesponse aPPears to be slo!.ren

than the ning following I nesPonse. In the latten case the

end of the display is the more likeIy neference point to be

used, in the fonmen, the rnidline.
The above explanation assumes that basically the

nepetition effect in an 8-choice situation is due to a saving

in identifying the stimulus, the gneaten effect for the Innen

stimuli being due to the fact that, fon non nepetitions, these

stimuli take longer to identify than their Outer equivalents.
Assuming a decaying memory trace of the posi'tion of the

last stimulus would seern to imply an overall decrease in the

r"epetition effect as the ISI inc:reases. As pneviously

pointed out, there is a decrease but it was not found to be

significant. Hov¡even, the usual method of measuring the

nepetition effect might now be seen to obscure the real
repetition effect since:
(1) only some stimulus positions benefit fnom a nepetition of

the previous stimulus, and

(2) responses to repeated stimuli are not the only ones to
benefit from a repetition of the previous stimulus, those

inmediately adjacent also benefiting. In fact thene

would seem to be a substantial increase in the repetition
effect with the decrease in ISI if the fnnen repeated

responses ane compared with the innen 0H responses

although this effect was only found to be significant
by a one tailed nelated samples t test with p < ,05.
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ovenatl, the mean RT fon the 1 msec. condition is
longen than that fon the 2000 msec. condition and since all

RTs are in fact longen in the 1 msec. condition, it is
pnesumably due to some constant facto:r which affects all

RTs. Thnee possible explanations have been suggested

(Vtrelfond, pensonal communication) ' Eithen:
(1) the time needed to obtain an optimum PneParation,
(Ð the tine needed to r:ecoven from responding to the

last stimulus r or
(3) the time needed to moniton the last resPonse.

No decision in favoun of any one of these can be made on the

basis of the present nesults.
In conclusion, the above nesults do not suppont

an explanation of sequential effects in B-choice RT tasks in
terms of some facilitative aftereffect. Nor do they suppont

an explanation in terms of a simple sequential processing

stnategy. They do Seem, howeven, to offen Some suppont fon

an explanation in terms of a saving in stimulus identification
time due to the last stimulus acting temporarily as a

refenenee point.
As with the 2-choice highen order analysis, it would

seem pnofitable to apply the analysis used in the pnesent

expeniment to expenimental situations in which the effects
of othen vaniables ane examined. In the next chapten: âî

expeniment will be described comparing compatible and

incompatible S-R anr:angements in an I'choice task'
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CHAPTER VTII.

SEQUENTIAL EFFECTS IN AN 8-CHOICE SERIAL

RT EXPERIMENT USTNG COMPATIBLE AND INCOMPATTBLE

STIMULUS-RESPONSE (S-R) ARRANGEMENTS

Expénirnent I
The fol_lowing experiment was designed to comPane

compatible and incompatible S-R arrangements in an 8-choice

task using an ISI of 500 msec. The incompatible arnangement

used was similan to that used by htelfond (197I)' that is,

each outer stimulus was ::esponded to by its adj acent innen

response and each innen stimulus by its adjacent outen

resPonse.

on the basis of the explanation proposed in the

preceding chapter, preclictions can be made concenning the

type of changes that night be expected to occun in the

sequential effects. Since an ISI of 500 msec. $IaS used,

results somewhsrs between those fon the I msec. and those

for the 2000 msec. conditions of the last experiment wene

expected fon the compatible condition and the majon

repetition effect was again expected to be between Inner-

sHNR and oH response RTs. However, it could have been

expected that fon the incompatible condition, most of the

repetition effect would lie between REP and SHNR innen

and also outer. resPonses since fon all non-REP responses t

!s would have to use the S-R code, only for REP nesPonses

being able to bypass it. This is because if the stimulus

being nesponded to was adjacent to the last stimulus
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nesponded to, it would not unden the incompatible conditions

mean that the appnopriate nesponse was necessanily adjacent to
the last response, thus necessitating the use of the S-R code.

One might thenefone not expect a proximity effect unden these

conditions although there may still be some advantage of the

SHNR over" the 0H responses, since stimuli adjacent to the

last stimulus nesponded to may still be easier to locate
than those funther removed.

Subj ects .The Ss $rer.e 2 male and 4 female volunteers
from the Psychology I course at the University of Ade1aide.

They hrere naive as to the aims of the experiment. Ages

nanged fnom 17 to 30 years.
Method, The apparatus and stimulus sequences used were

the same as those for the pnevious experiment. The

allocation of fingers to keys with the both hands compatible

arrangement (CC) \^¡as in order from I to 8, left Iitt1e
fingen, left ring, left middle, left index, night index,

right middle, right ning and night little fingers
nespectively. Fon the incompatible S-R arrangements there
wene two conditions, the finst (II) in which tights I to I in
onden r/'rere nesponded to by the Left ring o left litt1e, left
index, left middle, right middle, night index, right little
and right ring fingens respectively and the second (CI) in
which the left hand responded to the lights I to 4 in a

compatible arnangement and the night hand to lights 5 to 8

in an incompatible arrangement as above. The ISI was 500 msec.

Proeedur-e.The Ss attended on two consecutive days

conpleting two of the three conditions on the finst day and
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the thi:rd condition on tÏ¡.e second. Each ! was assigned

to a diffenent one of the six possible ondens of tneatments'

They wene told that they vüere panticipating in an 8-choiee

RT experiment and that thein task was to nespond as quickly

as possible to whichevelr stimulus light came on with the

appnopriate fingen, keeping their errons down to less than

ïeo, In each condition the panticulan S-R anrangement was

explained before the commencement of the Session. A senies

of 16 pnactice t::ials, not included in the results,

preceded each run of stimuli. Ss l^rere informed of the ISI

and wene totd that the stimuli would be presented in a

random onde::. Tv¡o of the three different stimulus runs

urene nandomly assigned to each S-R condition. Thene $ras

a nest period of appnoxinrately two minutes between each

run. Er^rons amounted tO appnoximately 6%. These and all

RTs less than 100 msecs . were omitted frorn the analyses.

RESULTS

The B x I matniees fon each condition are given in

Appendix B .l+ .

Figunes 8.1 and 8.2 show in the same \^Iay as Figure 7.L

fon each fingen, with both hands combined, the mean RTs fon

the three classes of resPonse:

(1) when it is a repetition (REP) , that is, it follows

itself,
(2) when it follows a nesPonse by a fingen of the same

hand but is not a repetition (SHNR), and

(3) when it follows a response by a finger of the othen

hand (0H).
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Also shown ane the RTs which constitute each mean RT'

These ane indicated by lettens each rePresenting a previous

nesponse eithen by a finger of the same hand on of the othen

hand.

To test these differences Duncan multiple companison

analyses were used comparing REP, sHNR and oH reSponses for

the four diffenent fingers in the cc and II conditions ' Ïn

the cI condition, in order to neduce the number of comparisonst

mean RTs for compatible and incompatible REP' SHNR and 0H

Innen (trrat is, middle and ring fingers combined) and Outen

(that is, index and little fingers combined) were compared'

This combining does some injustice to diffenences between

index finger: responses since these are no\^t combined with

those by the little finger, but the middle and ning finger

nesponses seem quite similan, The fu1l results alle shown

in Appendix 8.3. Any difference referned to as

significant in the text will be with at least P < .05.

Compatible conditions
The RTs fon the Inner fingens of each hand are genenally

slowen than those for the Outenr âs was found by \nlelfond (1971) '

For the cc condition, the only signifieant differences between

the oH responses wene those between eithen of the two Inner

fingers when companed with eithen of the two Outer and between

index and little, Fon the SHNR responses, the only significant

differences h/ere those between middle and ]ittle, and ring

and tittle finger responses. For the REP responses thene

hras little difference between any of the RTs for the four:
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fingens, the only significant diffenènce being between the

ning and index fingens. Fon the CI condition thene !{ere

significant diffenences between Outen and Innell nesPonses fon

the REP and 0H responses but not fon the SHNR.

ft can also be Seen that repetition effects tend to be

gneaten fon the Innen fingens. Fon the CC condition, thene

wene no significant differences between the REP, SHNR and 0H

little fingen RTs, but thene were between SHNR and 0H and REP

and 0H for the ring fingen RTs. Fon both the index and

middle fingens, thene were significant diffenences between

REP and SHNR and also between SHNR and 0H RTs. Fo:1 the CI

condition the only significant diffenenees hlene those between

the Outen REP and 0H nesponses and fon the Innen resPonses

between SHNR and 0H, and between REP and 0H.

Considering the RTs which constitute the mean RTs fon

the REP, SHNR and OH conditions fon each of the four fingens

there does seem to be a proximity effect in that RTs to
stimuli immediately adjacent to the last stimulus ane usually

nesponded to as fas"E as and sometimes fasten than repetitions.
To test this, the ovenall REP RT was companed with the mean RT

fon nesponses to stimuli immediately adjacent to the last
stimulus. These RTs and the diffe::ences between them ane

shown in Table 8.1. Using nelated samples t tests thene were

no significant diffenences fon either of the compatible

conditions shown in the finst and thind columns.

It is evident that the results fon the cc condition in
the pnesent expeniment aue similan to the 1 msec. data of the

previous expeniment insofan as thene is little diffenence
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thene seems to be a proxinity effect'

Table 8.1: ProximitY effects'

502 6s5613 703

47 5 596594 613

rs Significant P <

**t,p<
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Stimulus PnoxinitY
Both hands One hand
Incomp. IncomP'

671689

5965 9l+

95*

Response PnoximitY
Both Hands One Hand

Comp. Incomp. ComP, IncomP.

RT to resPonse
adjacent to
Repetition
resPonse
RT to
Repetition
nesPonse

Diffenence 27 59*19 90**7 5**

.05

.0r

The results for the cI condition ane sirnilan to those

fon the 2000 msec. data insofan as there ís a significant

difference between the REP Innen and Outer resPonses but are

like the I msec. data in that there is no significant difference

between SHNR Innen and outer r^esponses, and thene also aPPealls

to be a proximitY effect'

Incompatibe conditions
Fon these, in contr.ast to the compatible conditions, the

oute:r responses tend to be longen than the Innen. Hohlevert

the only significant differ:ences for the II condition wene, fon

both the REP and 0H RTs, between litt1e and each of the othen

fingens, and fon sHNR, between the little and each of the two

Lnner f ingens. For the cI condition there f^¡ere no
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significant differences between outen and Innen responses

fon either the REP, SHNR on oH conditions. vJel-ford (197I)

also found, using an incompatible an::angement similan to

that used in this experiment, that outen responses

especially by the littte finger tended to be slowen than

rnnen, These results were taken by \^lelfond to indicate that

the diffenence between rnnen and outer r:esponses was not due

punely to response factons, since it is evident, considering

both conpatible and incompatible conditions that it is

responses to Inne:: stimuli Whieh a::e longer than responses

to outen stimuli and not'Innen resPonses Pen se which are

slowen than Outen.

Inthecompatibleconditions,nepetitioneffects'
panticularly the differences between SHNR and 0H responses t

tended to be greaten fon Innen fingens than fon Outen'

By contnast, in the incompatible conditions, they appean to

be more neanly equal ¡ ênd diffenences between REP and sHNR

appear to be a little gneaten than between SHNR and oH.

In the II condition, the diffenence between REP and

sHNR and sHNR and oH RTs !.¡as significant fon each fingen

individually. In the CI condition, thene vlere significant

differences fon outer l?esponses between REP and sHNR and

SHNRand0HbutonlybetweenREPandSHNRforInnen'
Theredoesnotappeantobeaproximityeffectinthe

incompatible conditions insofan as REP RTs are genenally

fasten than all othens including all those which constitute

the SHNR mean RTs. However, tO test fon pnoximity effects'
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it is clean that one could eompare the REP RTs with eithen
(i) the mean RT to atl'nesponses immediately adjacent to the
last nesponse, in which case not eveny stimulus would be

adjacent to the last stimulusr or (ii) the mean RT to aIL
responses to stinuli that ane immediatety adjacent to the last
stimulus in which case not every nesponse would be adjacent to
the last uesponse. Both these companisons wene tested and

the mean RTs and differences are shown in the second, founth,
fifth and sixth columns of Table 8.1. Using nelated samples

t tests there !.¡ere significant diffenenees in each case fon
both the incompatible conditions.

DISCUSSTON

If the pnoximity effect in the cornpatible arrangement
gras due to the fact that activation of the tast nesponse has

some facilitating effect on adjacent responses, a proximity
effect night be expected on this explanation to oecun in the
response proximity data for the incompatible conditions, but
this was not found. similarly, if it hrere due to the fact
that stimurus identification is faciiitated by the nehr

stimulus being adjacent to the 1ast, a pnoximity effect might
be expected fon the stinulus pnoximity data in the
incompatibre conditions, but again this was not found. The

repetition effect in the incompatible condition seems

thenefone to be due langery to some saving in a centn,al
translation activity which is nequined fon a1l non-nepetition
responses, including those adjacent to the last response and

also those to stimuli adjacent to the last stimulus. The

pnediction that in the rr condition s will be able to bypass
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theS.RcodeonlyfonREPreSPonSeS'sothatthenepetition
effect would be in lange pant due to the difference between

REP and SHNR responses for both Inner and outen stÌmulin

seems to be supponted by Þoth the gnaphs and the statistical

analyses.
The results of the CI condition apPean to be more in

agreement with those pnedicted than ane those of the othen

two conditions. Most of the nepetition effect with the

conpatible anrangement is due to the diffenence between

Innen SHNR and Inner 0H and most of the repetition effect

with the incompatible arrangement is due to the difference

between REP and SHNR fon both Innen and Outen resPonses'

Conpared with the othen two conditions, there might have

been Some intenfenence with OH nesponses since in making

these the S has to use a diffenent S-R code fnom that used

fon the tast response. Hence one might expect gneaten

diffenence between OH and SHNR nesponses than in the othen

two conditions. However, the graphs give no indication that

this has occu¡'red,

Finally, it rnight be expected that the overall rnean RT

fon the CI condition might lie midway between those fon the

CC and TI. The gnaphs, however, indicate that it is

approximately the same as that fon the II. The diffenence

between the CC and II conditions could be due to the extra

time taken by the translation activity in the latten, plus

penhaps some increased time spent in checking that the

response made is in fact the connect one to the stimulus



148.

presented. Ior the. one cI condition, thene is the extna

time due to the translation pnocess fon the incompatible

anrangement but one might also expect some incneased tirne

oven that fon the CC condition in checking the accuracy of
the nesponse, since the S also has to check that he has used

the conrect S-R code as well aS that he has arnived at the

cornect outcome once he has used it,
In Sulffnary, the nesults of the pnesent expeniment seem

to be tangely in agneement with the explanation of sequential

effects in 8-choice tasks considened fo:: the pnevious

expeniment.
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CHAPTER IX'
ANEXA},fINATIONOFTHESEQUENTTALEFFECTSIN

AN 8-CHOICE SERIAL REACTION TII'ÍE TASK IN VJHICH

SUBJECTS ARE INSTRUCTED TO PREPARE FOR A

PARTTCULAR STIMULUS OR STIMULI

9 .1. ExPeriment 10.

In the pneceding two chaptens using 8-choice tasks it

was angued that an explanation of the data in tenms of

sequential processing strategies l^ras unlikely to be correct

since it would be predicted that if qs checked, fon examplet

REP stimuli, then SHNR and then oH, thene should be

significant differences between these for all fingens ' The

results so fan have shown these to occun in mone cases fon

Innen stimuli than for outer. In addition, while the

role of expectation and prepanation on the pant of the !-

was emphasized in explaining the 2-choice resuJ-ts, this has

not been considened to be impontant in explaining the 8-

choice. As mentioned previously this seems reasonable in

view of the fact that any stimulus has only a .125 chance

of occunning in the B-choice situation while it has a .5

chance in the 2-choice situation.
one way in which both the above explanation in terms

of sequential processing strategies and the role of

expectation and pr^epanation might be investigated i,, at g-

choice task woul-d be to ask the S to PnePare fon eithen:

(1) a nepetition of the last stimulus (REP) 
'
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C2) stinuli fon the same hand as that involved in the last
nesponse (SH), and

(3) stimuli fon the hand othen than that involved in the
last response (0H),

It might be expected on the above pnedietion that if
instnuctions (1) and e) call for sequential strategies
similan to those that Ss rnight be assumed to adopt to pnoduce

a nepetition effect, pnepaning fon SH stinuli should make all
SH RTs fasten than all 0H RTs even fon Outer" stimuli, l.lithin
SH and 0H stimuli, patterns similar to those found pneviously
in conditions without instructions for pneparations should
occun if Ss use, as has been assumed previously, neference
points in onden to locate stimuli in the display. Pnepaning

fon REP stimuli might be expected to make responses to these
fasten than to eithen SHNR on 0H stimuli fon both Innen and

Outer nesponses since it seems reasonable that r ês !{as

hypothesised to explain in pant the 2-choice results,
any shortening of RT to a stimulus fon which prepanation has

been made should be balanced in lengthening of the RT to othen
stimuli for which pneparation has not been made. The

pnoximity effect found pneviously fon a compatible anrangement

with no specific pneparation was assumed to be due to a

facilitation of stimurus and hence response identification.
Thus if Ss prepare fon the REP response, a proxirnity effect
would not be pnedicted unless there also was some facilitation
of the adjaeent response.

In the 2-choice experiment in which !s r^rene asked to
pnepare fon either repetitions or alternations, it was found
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that while all Ss were able to obey instructions to make

nepetition nesponses fasten than altennation nesponses, and

also to make altennation responses fasten than nepetition
with an TSI of 2000 msec., only two out of six wene able to
do the latten with an ISI of 1 msec. It rnight be predicted
that something similan should happen in the 8-choice

situation. Pnepaning for eithen SH on REP stimuli should

make responses to these fasten than 0H nesponsesr.but !s
might only be able to make nesponses to 0H stimuli fasten
than those to SH if the ISI is long enough.

METHOD

Subj ects .The Ss were 3 male and 3 female volunteens

from the Psychology I course at the Univensity of Adelaide.

They vüene naive as to the aims of the expeniment and thein
ages ranged from 17 to 25 years.

Appanatus.The apparatus and stimulus sequences wene the

same as for the pnevious two 8-choice experiments. Two ISIs
wene used, 2000 and I msec,

Procedure. The 9s attended on two consecutive days.

Three 9s completed the conditions fon the I msec, ISI on the

finst day and the 2000 msec. condition on the second, the
other three completed the same conditions for the ISIs in
nevense orden, At each session, aften being infonmed of the
ISI2 each S finst completed one sequence in which he was

sinply instructed to respond as fast as possible to whichever
stimulus came onr keeping his errors down to less than 59o.

Then followed three conditions, in which the Q was instructed
to concentnate on either" the same stimulus as last appeaned,
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the stimuli belonging to the same hand as that invoLved

inthelastnesPonse,onthestimulibelongingtotheothen
hand. one of the six ss !.ras assigned to each of the six

possible ondens of the thnee diffenent instructions ' There

r^ras a rest peniod of 2 minutes between each condition'

Ernors amounted to appnoximately 3 '7eo' These and all RTs

lessthanl00msecs.h¡ereomittedfromtheanalyses.

RESULTS AND DISCUSSION

TheSxSmatricesforeachconditionanegivenin
Appendix 9.$.

Figunes 9 .1, 9 '2 ,9.3 and 9.4 show, in the same manner

'." Fig.7.L, the mean RTs for the resPonse for each fingen

fon both hands combined when:

(1)itisarepetition(REP)'thatis,itfotlowsitself'
Q) it follows a nesPonse by a finger of the same hand but

is not a rePetition (SHNR), and

(3)itfollowsaresPonsebyafingeroftheotherhand
(0H),

TheRTswhichconstituteeachmeanRTareindicatedby
letters each of which represents a pr.evious response either

of the same hand or the othen hand'

Duncanmultiplecomparisonanalyses!üereusedtotest
thesignificancesofdifferences.Toreducethenumberof
companisons to a manageable size, the RTs for the individual

fingens were combined into Innen and outer mean RTs fon REPt

SHNRand0HnesponsesseParately.Fnomthefigunesthis
SeemstobejustifiedsincethepattennsofRTsfonindex
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and little fingen resPonses seem quite similanr âs do those

fon niddle and ning fingers. Thus each Duncan analysis

compared, for one set of instnuctionsr REP, SHNR and 0H

Inner and Outer RTs for each ISI. The ful-I resuLts

are given in Appendix 9,?, Any diffenence neferned to as

significant will be with at least p < .05.

To test for possible pnoxirnity effects, the mean RTs

fon all REP responses were compared with the mean RT fon

all responses immediately adjacent to the last resPonse fon

each of the diffenent instnuction conditions. These means

and thein diffenences are shown in Table 9.1. The

diffenences wene tested by related samples t tests.

Table 9 .1:Proximity effects.

2000 msec,1 msec.
PREPARATION

None None

575 5I7 641531 691 560 614588

528 494 605414603 532 598457

Same Othen Same
hand hand stimulus

Same Other
hand hand

Same
stimulus

RT to
resPonse
adj acent
to
repetition
nesPonse
RT to
nepetition
resPonse

Diffenence 47 23 36117:t:t 88 28 16 131**

**significant p < ,01



154.

Conditions without Tnstnuctions fonPneparation

The pattenn of RTs shown in Figure 9,1 is similan to

that found in Expeniment 8 fon both the I rnsec. and 2000 msec.

ISfs. In the 2000 msec. condition, the nepetition effects

alre not very lange. The only significant diffe::ence between

REP and. SHNR and SHNR and OH lresPonses hlas that between REP

and SHNR Outer resPonses. This is in contnast to the same

companisons in the 2000 msec. condition óf Expeniment I but

the fact that the same Ss \^Iene used for all conditions in
the pnesent experiment makes it Possible that results welae

influenced by tnansfer from other conditions. The fnnen

responses for. the REP, SHNR and 0H conditions l^Iere all
significantly longen than thein Outen equivalents.

In the 1 msec. condition by contrast, there is no

significant diffenence between Inner and Outer REP nesPonses

nor between Inner and Outer SHI[R resPonses. Inner 0H

responses, however, h/ere significantly greaten than thein
Outer equivalents. The main repetition effect is again

between Innen REP and Inner 0lì responses, the only

significant differences being between these two resPonses.

None of the diffenences between REP, SHItrR or 0H responses

hrere significant for the Outen responses. As \^7aS found

previously for SIINR RTs, the middle following L responses

and also to some extent the ring following I nesponses tend

to be longen than the other SHNR nesponses.

The differences in the Pnoximity analyses were not

significant with eithen ISI. The large diffenence for the
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I msec, condition seems to be pantly due to the very long

RT fon the ning following L nesponse which can be seen in

Figune 9.1.

Conditionsin which thene wasreanationfon SH stinuli
The pattenns of RTs alre mone neanly similan fon the two

ISI conditions. Thene are only small differ"ences between

SHNR and REP responses none of which welre significant fon

eithen Innen on oute:r RTs with eithen ISI r but quite

substantial and significant differences fon both Innen and

outen nesponses between SHNR and oH RTs fon both ISIS '

Inner]]esPonsesagainSeemslowenthantheouten.
Fon the I msec. condition, there was a significant difference

between Inner and Outen stimuli only fon OH resPonses while

fon the 2000 msec. condition, there were significant

diffenences fon SHNR and oH nesponses but not fon REP nesponses'

The fact that when Ss were instructed to PnePane fon SH

stimuli, RTs to these were mankedly fasten than 0H RTs fon

outen stinuli as well as Innen would seem to argue against

the s checking sequentially in an order such as REPr then

SHNR and then 0H, when he is not given specific instruetions

of this kind.
The proximity analyses showed no significant differences

for eithen ISI condition.

Conditions in whichthene was Preanation fon OH stimuli Þ

Here, by contrast with the conditions in which ss

pnepared fon SH stimuli, the two ISI conditions are quite

different. v,lith an ISI of 2000 msec., both Innen and outen
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oH responses atle cleanty faster than thein SHNR and REP

equivalents, but this is not so with the 1 msec' ISI'

llith the 2000 msec. ISI, of the diffenences between REPI

SHNR and OH resPonses, only those between REP and SHNR Innent

and between REP and oH and SHNR and 0H fon both Innen and

outen'wenesignificant.Withthelmsec.Isl'noneofthe
differences between REP and SHNR, and SHNR and 0H resPonses

r^¡ere significant fon eithen Inner or outen stimuli.

onceagainlnnerresPonsesseemonaverageslowerthan
outer, all the differences whether fon REP, SHNR on 0H between

Innen and outen resPonses being significant with the 2000 msec'

ISI, but only between 0H Inner and outen with the I msec'

one hypothesis to be tested by this expeniment was the

ability of the s to shift his attention fnom the last stimulus

on fnom the stimuli for the hand involved in the last resPonse

to those fon the othen hand. The assumptiort was that while,

given an ISI of 2000 msec., ss would be able to shift thein

attention and prepane for oH stimuli¡ they would not be able

todothisaswellgivenanlsloflmsec.Thenesults
suppont the hypothesis insofan as ss made oH nesponses faster

thanSHwitha2000msec.ISIbutnotwithaImsec'
Itnaybenotedthatinthe2000msec.conditionin

which ss pnepared for oH stimuli, REP resPonses f¡rene still

fasten than SHNR. This may well be due to the s still after

checking the OH stimuli, tending to use the last stimulus as

a neference point. with the 1 msec. ISI, instnuctions to

prepare fon oH stimuli made little difference to the RTs to
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to Outen stimuli, compar?ed with no specific instnuctions .

The main diffenence vras in the appanent decnease in RT fon
rnner: 0H and SHNR responses. Thus it would appean that, with a

r msec. rsr, s is able to attend to 0H stimuri to some extent
but penhaps not enough to pnepane responses as fuIly ." *¡"¡ the

ISI is longen.

Conditions in whieh thene was DreDaration fon the REP

stimulus

Results ane simila:: with both fSIs, Outen as well as

Inner. REP RTs seem much fasten than thein SHNR and OH

equivalents. I\tith both rsrs , the diffenences between REp

and sHNR and SHNR and 0H rlesponses were significant fon the
rnnen nesponses. Both brene also significant for outen
llesponses with the 2000 msec. rsr, but only that between

REP and SHNR was significant with the 1 msec. Outen

responses were again significantly fasten than Innen fon the
0H and SHNR stimuri wittr both rsrs, but RTs to outen and

rnnen REP stinuri did not diffen significantly with either
ISI.

rt can be seen in Figune g. + that fon both rsrs, REp

uesponses ane fasten than all othen responses, indieating
that there ane no pnoximity effects. These obsenvations
are supponted by the nesults of the pnoximity analyses, the
diffenences shown in the founth and eighth columns of Table
9.1, both being significant. since, when instnucted to
prepare fon the last stimuLus, the I i" abre to pnepare fon
a specific response, much of the advantage of REp RTs could
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be due to specific motor pneþanation. The fact that thene

ane significant diffenenees between REP RTs and those for

nesponses immediately adjacent to the last lresPonse, would

tend to supPollt this since, if th-e advantage of REP resPonses

$reue sirnply due to attention, adjacent nesPonses might also

be expected to benefit.
In Sunmany then, the nesults seem not to favoun an

explanation of sequential effects in tenms of a simple

sequential processing stnategy such as checking REP on SH

stirnuli finst befone OH since when Ss are instructed to do

this, results somewhat different fnom those found unden

conditions of no specific instructions are obtained.

Nevertheless, the nesults also indicate that attention and

pnepanation can be impontant factors in determining the

kinds of sequential effects obtained and that Ss ane able

to adopt diffenent sequential strategies given the

appropniate instructions and time in which to do so.
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CHAPTER X,

SUMMARY AND CONCLUSIONS

10.1.Sumrnanv of nesults
fn Chaptell II the importance of highen ondelî effects

in fonmulating an adequate explanation of sequential effects

in serial RT tasks Í^¡as emphasised. Both the models

proposed by Bertelson (1963) for the nepetition effect and

that by Williams (1966) for the altennation effect assumed

that basically the effeqts r¡tere due to the irnnrediately

pneceding stimulus. Remington (1969), however, had shown

the existence of highen onden effects fon the nepetition

effect, irnplying that Bertelsonfs model was inadequate.

It therefone seemed useful to analyse in the same way the

data from an experiment producing an altennation effect to

see whethen, in fonrnulating an explanation of that also,

highen order: effects needed to be taken into account.

The :results of Experiment 1 showed that there ulere

in fact highen onden alternation effects, and that willians I

pnoposed explanation fon the altennation effect was thenefo:re

inadequate. They also showed that higher onder repetition

effects could occur along with an altennation effec-E. These

nesults and those of Remington (1969) suggested an

explanation of sequential effects in terms of expectation and

pneparation on the pant of the S. The progressive decrease

in RT as the Sequence incneased in length and pnognessive

incnease in RT with length of sequence prion to discontinuation,

suggestsd that preparation for one stimulus led to a decnease
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in RT to it if it occunred, but at the exPense of incneased

RT if the othen event occunred'

Howeven, the fact left unexplained was that some

expeniments Ïrave shown fi::st onden repetition effects and

some finst onden altennation effects 'Tt was mentioned in

Chapten T that thene wasstill some uncertaintY as to

whethe:: the repetition effect decneased and changed to an

altennation effect with an incnease in ISÏ 'Exeniment 2

didnotshowadecneaseintherepetitioneffectwith
increasing ISI, but did show a change fnom a repetition to

an altennation effect. The number of tnials was found to

be irnpontant in obtaining the change, and this facton was

offered as at least a partial explanation of the discnepant

:results in the litenatune, panticulanly the results of

Schvaneveldt t Chase (1969) '

Inaddition,itwasfoundinExperiment2thatthe
highen onden repetition effects at low ISIs v¡ere different

in kind from those fon the alternation effects and also

fnom higher. onden nepetition effects obtained at highen rsls,

in that thene was no incnease in the RT to the dis-

continuation of nepetition sequences as the pneceding

sequence of repetitions increased in length' On the basis

of thisrit was suggested that the nepetition. effect and the

altennation effect at high ISIs were due to subjective

expectancy with the additional assumption that the ss

expected ovenall, more alternations than nepetitionsr in a

mannen analogous to the gamblers fallacy phenomenon, but that

at low TSIs the nepetition effect was due to some automatic
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facilitation eithen of moton on coding. This facilitation
could be a matten of either perception oll nesponse but
pnevious wonk neviewed in Chapten II seems to favoun the
latten, Thus, subjective expectancy and pnepanation on

the one hand and some kind of moton on coding facilitation
on the othen werle both seen to be nequired fon an adequate

explanation of sequential effects in 2-choice tasks.
The success of the highen onden analyses in the first

two expeniments suggested that it migfrt be nevealing to use

it to examine the effects of othen vaniables such as a
companison between a compatible and incompatible S-R

arrangement,This !,¡as carnied out in Expeniment 3. On

the basis of the above explanation it was predicted that,
in addition to there being a largen nepetition effect at the
low ISI for the incompatible anrangement, thene would also
be less highen order effeets at both a low and high TSI, since
the complexity of the S-R code would make anticipation and

preparation mone difficult. The exception to this would be

the higher onden nepetition effects in the low ISI condition
which would still be expected to occup.

A langer nepetition effect and highe:: onden nepetition
effects r^Iene found at the low ISI and in this condition thene
wene also smallen highen onder alternation effects than in
the connesponding compatible condition. At the highen ISI
thene did seem to be some lessening in the highen orden
effects with the incompatibre arrangement but these stirl
occunr"ed, suggesting that the Ss are still able to anticipate
and pnepane fon a repetition or altennation sequence. Ther.e
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also seemed to be some increase in the higher onden repetition
effects. These appeaned to be similan to the nepetition
effects obtained at the low ISI insofan as RT decneased as the

length of the repetition sequence increased, but vanied litt1e
to discontinuation of nepetition sequences of diffenent length'
This o as suggested, may have been due to some facilitation of
coding nather than of response, since the latter would also

have been expected in the 1 sec. compatible S-R condition.
Litt1e difference in the sequential effects was found

acnoss the massed trials of Expeniment 4 except that gneater

vaniability in the effects seemed to occun with a 50 msec. ISf
that is whene finst orden nepetition effects had been found

pneviously, This, it was suggested, might be due to inten-
action of the motor on coding facilitation with the Sts attempt

to prepare for mor:e alternations than nepetitions.
An explanation in terms of guessing strategies involving

anticipation and pnepanation was further investigated by asking

!s to tny to pnepare for eithen repetitions on alternation at
two dif fenent ISIs. Ss \^telre found in Experiment 5 to be able

to do both equally well at the high ISI but some found

difficulty in rnaking altennation RTs faster than repetition RTs

at the low ISI. This result hras taken as evidence that both

prepanation and moton on coding facilitation effects are

nequired to explain nesults at low ISIs whene first orden

nepetition effects have usually been found' It I^Ias also

reganded as supporting the view that expectation and prepanation

was sufficient alone to explain the nesults fon highen ISIs.
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Remington (1969) found a repetition effect using an

ISI of 4 sec. wher:eas the expeniments in this thesis and those

pneviously neponted in the literatune have usually found

altennation effects using ISIs of greaten than I sec. fn
onden to test the possibility that the diffenences in nesults

hrene dud to different instructions given to Ss concerning the

natune of the stimulus seguence, Ss wene instnucted in
Expeniment 6 in such a v¡ay as to expect either moÌle

repetitions, more alternations, on the same numben of each,

although in eve::y case equal numbens of each v¡ene

given. The nesults, while showing a slight effectr were

not sufficient to explain the diffenence between the findings
of Expenirnent I and that of Remington

As a furthen test of the explanation of sequential
effects suggested above, the effects of different probabitities
of nepetitions and alte:rnations werle investigated in Expeniment 7.

Sequences r^rere constructed in such a hlay that the pnobabitities
of nepetitions and altennations differed in the fir.st two-

thinds , but r^rere the same in the last one-thind. It was

hypothesised that if Ss did anticipate and pnepare fon sequences

of nepetitions and alternations, this anticipation would be

biassed in favoun of the predominant event, whethen nepetition
or altennation, duning the finst two-thirds of the sequencet

and would continue to some extent in the last one-thind even

though the objective pnobabilities brene equal. The nesults
supponted the hypothesis, and wene consistent with the pnoposed

explanation fon sequential effects.
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In Chapten II it was suggested that since a detailed
analysis had been inpontant in undenstanding the nature of
sequential effects in a 2-choice task, thene was a need fo:r

similar detailed tneatment of tasks involving mone than two

choices. The analysis of Remington (197I) for a 4-choice task
was mentioned as an example of this. Accordingly an analysis
tras developed for an 8-choice task which would allow a comparison

of the RT fon each stimulus following every other stimulus.
This was not a highen onder: analysis, insofan as only the effects
of stimuli one back in the sequence $¡ere examined, it being
thought that if mone than this wene attempted, there would be

too nrany combinations to considen, The results of Expeniment I
indicated that:
(1) not a1l responses seem to benefit fnom a nepetition of the

pnevious stimulus,
(2) repeated nesponses are not the only ones to benefit from

a nepetition of the pnevious stimulus: nesponses

immediately adjacent to the last nesponse also benefit, and

(3) both these effects, but more particulanly the latter, seem

to depend upon the ISI, being greaten the shorter the ISI.
These results .imply that certain rnodifications are

nequined to the explanation in terms of sequential processing

stnategies put forward by lrlelford (1970). The fact that
r:epetition effects seem to exist fon fnnen (i.e. middlê and

ning) fingens and to a lesser extent on not at all fon Outen
(i.e. Little and index) fingens raises difficulties fon any

simple explanation in tenms of sequential pnocessing such as

assuming that Ss finst inspect the position of the pnevious
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stimulus, then those relating to the same hand, and only
afterwands those nelating to the othen hand, since this
would inply that atl nepeated responses, both Outen as well
as ïnnen, should be faster by the same amount than those to
stinuli nelating to othen fingens on the same hand, and all
these latten equally fasten than those fon stimuri nerating
to cornesponding fingens on the othen hand.

An alternative explanation was proposed in which it
$ras assumed that Ss locate the conrect stimulus by first
attending or orientating to the stimulus, and then identifying
it by seeking the neanest of four nefenence points:
(1) the two ends of the display,
(2) the nidline of the display (which might be real or

imaginany), and

(3) the position of the Ìast stimulus.
Outer stimuri would thus be located quickly regardless of
the position of the last stimulus, while rnnen stimuli would
have to be identified as next to an Outen stimurus and so

taking longen. rn addition, if it is assumed that the ends

of the display act as better reference points than the
nidline (which has a stimutus light on eithen side of it), the
srightly longen RTs fon the index finger than fon the l-ittle
fingen would be explained. The exception to the above woul-d

be in the case of a repeated stimuLus r otl if the ISI r^ras shont
enough a stinulus adjacent to the last stimulus, both of
which wourd then be identified quickly. rnner stimuli would
thus benefit most from a nepetition of the fast stimurus.
The fact that these effects wene found to depend on ISI suggests
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that while the ends and middle of the display night be

thought of as penmanent neference points, the position of

the last stimulus seems to act aS a temponany neference

point only, as it would if it was a function of a memory

tnace of the ]ast stimulus which decays with time in the

manner pnoposed by Bertelson (1963) fon the 2-choice

situation.
The above explanation assunes that the repetition

effect in an 8-choice task is basically due to a stimulus

identification facilitation in contrastto the resÞonse

facilitation plus subjective expectancy suggested to explain

the same effect in the 2-choice situation.
This'explanation was funther investigated in

ExÞeriment 9 by using the same detailed analysis in a

companison of a conpatible with an incompatible s-R

relationship in an 8-choice task. using an ISI close

to that fon the low ISI condition fon the first 8-choice

expeniment, a pnoximity effect was found with the compatible

annangement but not with the incompatible. This resultt

and the genenally gneaten diffenence between repetition

RTs and the RTs to othen stimuli belonging to the same

hand for" the incompatible as companed with the conpatible

condition, wene explained in terms of the above assumptions

by noting that finst r âû adjacent stimulus does not

necessanily nean an adjacent nesPonser and second that an

incompatible anrangement would mean that the nesPonses fon

afl nonrepetitions would have to be selected with the use

of the S-R code. OnIy fon nepetition nesPonses could the



167.

code be bypassed. Thus the nepetition effect hene was assumed

to be mainly due to a central coding facilitation linking
stimulus to nesponser - -.

The role of attention and pneparation was investigated
in Experiment 10 by asking qs to prepare fon either repetitions
of the last stimulus r on stinuli for the same hand as that
involved in the last nesponse¡ or for stimuli for the othen

hand, It was found that Sp r^7ere abl-e to make RTs fon responses

of the othen hand faste:: than repetition responses with a long
(ZoO0 msec,) but not with a shont (1 msec.) ISI. In all
other conditions Ss hlere able to make resPonses to REP on SH

sti¡ruli faster" than those to the remaining stimuli as instnucted.
These nesults indicated that Ss are able to adopt different
sequential strategies given the appnopniate instnuctions and

time in which to do so. However, the diffenences between

the overal-1 patterns of RTs fon these conditions with specific
instructions and those in which no such instructions l^lerôe

given, suggested that none of these stnategies is the same as

that which S_s use without specific instnuctions.

l-0.2. Conclusions

It was argued in Chapter TI that the sequential effects
in serial RT tasks may have differ:ent causes depending on the

expenimental conditions, This view would seem to be supponted

by the results of the experiments reponted in this thesis.
Diffenent stnategies seem to be used fon 2- and B'-choice

situations. In the 2-choice task, Ss seem to anticipate
sequences of repetitions and alternations. In the B-cho-ice;

the t seems to identify the comect stimulus by means of refenence
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points aften the stimulus has been pnesented, ah,l, ,11"a

sti¡nulus acting temponanily as one of these nefenenòe points.
0n this explanation the S would seem in the 8-choice
situation to adopt a more passive nole. Thus highen onden

effects rnight be pnedicted to be much less than in the 2-

choice situation. One simple way of testing this pnedietion
rnight be to collapse the 8-choice data into nesponses fon

the left and right hands and examine it hrith the highe:: orden

analysis used for the 2-choice data. The explanation cou1d.

also be funthen investigated by a study of eyemovements in
an 8-choice task,

Both the abovementioned stnategies, howeverr mêy change

depending on othen factors such as ISI, stimulus-nesponse

code, pnobability of nepetitions and alternations and

instructions.
As the ISI decreases in the 2-choice task, a moton or

coding facititation seems to compete rvith the S I s ovenall
anticipation of mone altennations. fn the 8-choice task,
as the ISI decneases, Ss seem more able to use the position
of the last stimulus not only as a refenence point facilitating
a nesponse to a nepetition of that stimulus but also as a

guide to the location of the adjacent stimulus should it occulr.

This exptanation assumes that the use of the last stimulus as

a nefer:ence point depends on a memony trace which decays with
time. The fact that a memony tnace which decays with time

is assumed in the 8-choice case implies that such a tnaee must

also exist in the 2-choice. However, the results suggest

that in the 2-choice situation it does not detenmine the
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sequential effects except as a basis for anticipation of the
next stimulus.

As the S-R code becomes incompatibte the Ss ane unable
to use the 8-choice stnategy to pnoduce a pnoximity effect
and the nepetition effects seem to be langely due to a

centnal coding facilitation. rn the 2-choice situation an

incompatible S-R code would seem to make the ss t anticipation
of stimuli mone difficurt panticulanly at low rsrs, tending to
neduce the highen onden alternation effects. rn this case
as in the 8-choice conpatibre task both of which changes can
be seen as incneasing the difficulty of the task fnom a

compatible 2-choice, the s would seem to become more passive
with less anticipation.

rf the pnobability of nepetitions and alternations is
changed in the 2-choice task, ss seem capable of arteríng
thein expectation and pnepanation in favoun of the pne-
dóminant event.. while changes in stimulus pnobability wene

not investigated using the B-choice task, it seems likely
that ss might also be able to change thein stnategy in a

similar wêy r perhaps tending to aciopt sequential processing
beginning by anticipating the most pnobable event. some

evidence fon this is contained in the nesults of the
expeniment with a 4-ehoice task neported by Remington (rgzI).

The s also seems to be capable of adopting diffenent
stnategies dependingon instnuctions althou
such as ISI are impontant,

gh othen factons
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In summary, the results of the expeniments neported

in this thesis have shown:

(1) that sequential ef,fects may be due to stimulus r resPonse

or centnal f,actors and may involve memony and subjective

expectancy and preparation depending on the expenimental

situation, and

(2) the flexibility of which the s is capable in dealing

with the tasks.
Pluch of the wonk of this thesis has consisted of elucidating

those types of stnategies which Ss can, and those which they

do in fact seem to adopt under: diffenent exþerimental \

conditions.
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APPENDIX 4.1

ANALYSIS OF VARIANEE SUMMARY TABLES

FOR EXPERIMENT 1.

(i) Difference betueen reaction times for AA and BA (msec)

Source S.S. d.f. M-S. TestF

171.

P

1 (subjects) 15343

2 (interstimulus 29.556
interval )

1058.6

14.778

354.69I 354.69

2/1x2<1

3/1x326.68 <.005

2x3/1x2x3 <1

5

2

3 (number of
runs )

1x2

1x3

2x3

1xZx3

991.78

66.4?2

206.89

1 388.4

99.178

13.294

1O3.41+

1 38. 84

10

5

?_

10

TOTAL18381 35
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(ii) Higher order alternation analysis

Source S.S.d. f . M.S.I estFP

1 (subjects)
Z (differences

betueen
seguenEe
lengths )

3 (difference
betr¡een the
di fferences )

4 (interstimulus
interval )

5 (number of
runs )

1x2
1x3
1x4
1x5
2x3
2x4
2x5
3x4
3x5
4x5
1xZx3
1xZx4
1xZx5
1x3x4
1x3x5
'1x4x5
2x3x4

2x3x5

2x4x5

3x4x5

lx?x3xh
1xZx3x5
1x2x4x5
1x3x4x5
2x3x4x5

2?37.8

5
2

12737.9

370.48185.24

65.56065.560

2/1x2?-OBG Fì.s.

3/1x3200.4 <,005

183D.9
1161.8

2'Ì84.2
68.301
682.19
955.?5
280. 84
8O7.71
363.34
986.26
7tJ.842
11D.26
5465.2
2563.1
1921.4
503.87
395.71
1 003:5
10t1.2

4 15.58

367.38

44.333

3647.7
16D5.4
3g?9 "O
1586.3
478.08

366.1?
5BD.89

278.42
13.660
68.219
191.15
14D.42
2O1.93
191.6'7
493.13
70.042
55.138
546.52
128.16
192.14
50.3D?
79.142
108:35
250.29

207 "79
g 1.845

22.16'.1

182.38
16D.54
198.95
158.63
119.52

4/1x4

S/1x5

2x3/1xZx3
2x4 /1xZx4
2x5 / 1x2x5
3x4 /1x3x4
3x5 /1x3x5
4x5 /1x4x5

2x3x4/
lxZx3xl¡
2x3x5/
1xZx3x5
2x4x5/
1xZx4x5
3x4x5/
1x3x4x5

2x3x4x5/
1x?x3x4x5

2.7 15 fl . s.

<1

2

1

10
5

1D
q

2
4
2
2
1

2
1u
20
10
10

5
10

4

<1
1.5?6
<1

9.8A2
<1
<1

O. S.

<. 005

2

4

2

1.3'72 11 . s.

1.294 11 . s.

<1

<1

(r

2t
10
20
10

4

1x2x3x4x52542.? 20 12'7.14

TOTAL40795 215



( ili ) Hisher order repetition analysis

Sources.5.d.f. M.s.Test

173.

FP

1 (subjects) 672.Ou
2 ( differences 419.81

betr¡een
sequenEe
Ieng ths )

3 (difference 3683.6
betureen the
di flfe¡ences )

4 (interstimulus241.01
interval )

5 (number of 32.667
runs )

1xZ 7549.9
1x3 1080.0
1x4 1O37.O
1x5 284.22
2x3 244.23
2x4 439.66
2x5 2586.9
3x4 525.56
3x5 80.667
4x5 29.528
1x2x3 3182.4
1xZx4 1O199
1x2x5 3658.6
1x3x4 12t+6.6
1x3x5 1054.0
1x4x5 ?t1.75
2x3x4 1155.0

2x3x5

2x4x5

3x4x5

1 3683.63/1x317.O5 <.O25

5
2

134.41
2A9.50

120.58

32.66'-7

382.33
54 1 .86
301.57
143,tt1
213.95

2/1x2

4 /1x4

5/1x5

2x3/1xZx3
2x4 /1x2x4
2x5 / 1xZx5
3x4 / 1x3x4
3x5/1x3x5
4x5/1x4x5

<1

1 .162 rì. s.

<1

<1
<1

3.426 ñ.s.
2.1O8 ñ.s.
(1
<1

2

1

10
5

10
5
2
4
2
2
1

2
10
2t
10
10

5
10

4

20
10
zo
10

4

754.99
216.O1
183.70
56.844
122.12
1Dg.g1
1253.4
262.78
8O.667
14.764
318.24
509.93
365.86
124.66
2',|0. B0
70.1?5
288.75

333.O82 166.54

105 0. 04 262.51

257.A62 128.93

2x3x4/
1xZx3x4
2x3x5 /
1x2x3x5
2x4x5/
1xZx4x5
3x4x5 /
1x3x4x5

2x3x4x5
1x2x3x4x5

<1

<1

<1

(1

<1

1xZx3x4
1x2x3x5
1x?x4x5
1x3xhx5
2x3x4x5

1x2x3x4x5

'7646.5
541s.6
6031.4
1434.6
855.81

9828.4 20 491.42

TOTAL72BBO 215



1',14.
't:: i

APPENDIX 4.2
ANALYSIS I]F VARTANDE SUMMARV TABLES

FOR EXPERIMENT 2.

(i) Diffgrence betu:een reactlon times for AA and BA (msec)

Source S.S. d.f. M.S. Test FP

1 (subjects) 3t+32.7
2 (interstimulus 11t52

in terval )
3 (number of 729.OO

runs )
1x2 4992.2
1x3 2118.3
2x3 ?56.17
1x2x3 3497.5

5
2

1

686.53
5526.1

72g.OO

499.22
423.67
3?B. OB
349.'75

2/1xZ

3/1x3

11.t7 (.005

1 .72 fì. s.

2x3/1xZx3 1.08 n.s.
10

5
2

10

TOTAL26578 35

(ii) Difference betueen leaction times for AA and BA (msec) for
the first three runs.

Source S.S. d.f. M.S. Test FP

1 (subjects) 3378.3
2 ( interstimulus 2992.4

interval )
1xZ 6966.9

675.66
1496.2

10 696.69

5
22/1xZ2.15 fl .s.

TOTAL13338 17

(iii) Mean reaction time (msec)

Source 5.S. d.f.M.S.Tes tFP

1 (subjects)
2 (interstimulus

interval )
3 (number of

runs )
1x2
1x3
2x3
1x2x3

19382
18749

256.OO

7BQE.3
2451.3
283.str
2428.2

3876.3
937t+.7

256.tO

780. 83
490.27
141.?5
242.A2

2/1xZ

3/1x3

5
2

1

12.O1 <.005

(t
10

5
2

10
2x3/1x2x3 <1

TOTAL5135D 35
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(iv) Higher o¡der alte¡nation anal

Source S.S.d. f.

ysis

M.S.TestFP

1 (subjects)
2 (differences

betueen
sequence
Ieng ths )

I (difference-
betr¡een the
di fferences )

4 (interstimulus
in terval )

5 (number of
runs )

1xZ
1x3
1x4
1x5
2x3
2x4
2x5
3x4
3x5
4x5
1x2x3
1x?x4
1x?-x5
1x3x4
1x3x5
1x4x5
2x3x4

2x3xS

2x4x5

3x4x5

1x2x3x4
1xZx3x5
1xZx4x5
1x3x4x5
2x3x4x5

1x2x3x4x5

366.O42183.O2

35.852135.452

2285.3
777.56

14211

2A26.7
1834.6
2455.5
4g4.og
1186.2
1931.4
496;29
4197.4
2.24tr7
169.93
3672.7
39A3.6
13?5:9
6485.1
628.81
29t.63
2tD1.?

259.06

1175 "B

222.93

5363.6
1174.D
L¡O35.5
1257.5
10D.27

457.85
3BB.7A

202.67
366.92
245.55
98. B 19
593.1D
482.84
248"14
2893.7
2.2407
94.963
367.27
195.18
137;59
648:51
125.?6
29.063
50t.42

129.53

293.94

111.46

26A.18
11? ¿4O
?o1r7A
125.75
25.t6'l

5
2

1

2/1xZ1.92 n. E.

142113/1x338.?3 (.005

10
5

10
5
2
4
2
2
1

2
10
20
10
10

5
1A

4

20
10
2D
10
4

4/1x4

5/1x5

2x3/1x2x3
2x4 /1x2x4
2x5 / 1x2x5
3x4 / 1x3x4
3x5/ 1x3x5
4x5 / 1x4x5

2x3x4/
1xZx3x4
2x3x5/
1xZx3x5
2x4x5 /
1xZx4x5
3x4x5/
1x3x4x5

fl .s.
Í1 .S.
[]. S.
Fl .S.

[ì.5.

1.87 fl . s.

1.10 n.s.
1.46 n.s.

<1

<1

<1

1.61
2.4?

1. B0
3.23
(t
2.92

2

4

2

2x3x4x5/ <1
1xZx3x4x5

3241.1 20 162.t6

TOTAL67648 215



(v) Hiqher order ¡eoetition analysis

Source 5.S.d. f . M.s.Test

176.

P F

1 (subjects)
2 (differentres

b e tureen
s equence
lenqths )

3 (difflerence
betr¡een the
differences )

4 ( interstimulus
interval )

5 (number of
runs )

1x2
1x3
1x4
1x5
2x3
2x4
2x6
3x4
3x5
4x5
1xZx3
1xZx4
1x2x5
1x3x4
1x3x5
1x4x5
2x3x4

2x3x5

2x4x5

3x4x5

1xZx3x4
1xZx3x5
1xZx4x5
'lx3x4x5
2x3x4x5

1x2x3x4x5

17?4.8
925.36

1660.6
1179.D
1892.9
926.89
3212.7
1273.9
291.86
78CI.45
1.1852
59.O83
3132.2
272.6.9
525.25
2667.6
334.76
1Bg7 "2
2117.5

7885.8
2898.2
4333.3
118O.'7
927.A5

354.9?
412.68

5
22/ 1x22.49 n.s.

5622.21 5622.2

3339.21669.6

4.16674.1667

2

1

3/1x3

4/1x4

5/1x5

2x3/1x2x3
2x4 / 1xZx4
2x5 / 1xZx5
3x4 / 1x3x4
3x5 /1x3x5
4x5/ 1x4x5

2x3x4 /
1x2x3x4
2x3x5/
1x2x3x5
2x4x5 /
1xZx4x5
3x4x5 /
1x3xbx5

2x3x4x5/
1x2x3x4x5

23.84 <.005

8.82 <.01

<1

10
5

10
5
2
4
2
2
1
2

10
?D
1D
10

5
1D

4

166.D6
235.81
189.29
185.38
1606.3
318.47
140.93
390.23
1.1852
29.542
313.22
136.35
62.525
266.76
66.952
189.72
529.37

5.13
2.34
ctc
1.46
<1
<1

<1

<1

{1

( .05
Fl .S.
ñ. S.
fl .s.

1.34 Fr, s.

186.732 93.366

832.724 2nB.1B

13.73126.8657

20
10
20
10

4

394.29
289.82
216.67
118.O7
231.96

?gBB.t+ 20 149.42

TOTAL57583 215

1.55 Ft. s.
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APPENDIX 5.1

RELATED SAMPLES T TE5T5 FOR EXPERIMENT 3.

Comparing the difference betueen the compatlble and incompatible
stimulus - response conditions of:
(i) the ove¡aÌI mean reaction time (msec) for the 50 msetr

interstimulus inte¡val condition;
t, - 2.?8, d.f. - 5, P < .85,

(ii) the difference betuleen the reaction times for AA and BA (msec)

flor the 50 msec interstimulus interval condition;
| = 2.9O¡ d.f. = 5, P (.05r

(iii) the overall mean reaction time (msec) flor the 1000 msec

interstimulus interval condition;
l=2.9O¡ d.f. -5, P <.05t

(iv) the difference betueen the reaction ti-mes fo¡ AA and BA (msec)

for the 1000 msec interstimulus lnterval condition;
t = 0.49r d.f. - 5, Fl .s.r

(v) the mean reaction time for AA (msec) for the 50 mseD

inters timulus interval condi'blon ;

t = 1.'75t d.f. = 5t B.s.r

(vi) the mean reaction time for BA (msec) for the 50 msec

interstimulus inte¡va1 condition;
t = 3.08¡ d.f. = 5. P (.05t

(vii) the mean reaction time for AA (msec) for the 1000 msec

interstimulus interval condition;
f, = 8.51¡ d.f. = 5¡ P <.001t

(vili) the mean reactlon time for BA (msec) fo¡ the1t00 msec

inte¡stir,nulus interval condition;
t = 7.281 d.f. - 5, P <.001. !
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APPENDIX 5.2
ANALYSIS OF VARIANDE SUMMARV TABLES

FOR EXPERTMENT 3.

(i) Hiqher order alternation analysis flor the 50 msec ínterstimuLus
interval compatible stimulus - resPonse condition

Source 5.S. d.f. M.S- Test FP

'l ( sub jects)
2 (differences

betueen
sequence
I enqths )

3 (difflerences
betureen the
difflerences)

1061.1
1309 -1

1959.3
1135.6
516.50
2391.2

212.23
654.53

195.93
227.12
258.25
239.12

5
22/1x2(t

2x3 / 1xZx3 1 .08 r'ì. s .

4556.21 4556.23/1x32t.o6 < .t1

1x2
1x3
2x3
1x2x3

10
5
2

10

TOTAL12929 35

( ii ) Hiqher order repetition analysis for the 50 msec interstimulus
interval compatible stimulus - resptrnse conrlition

Source 5-5. d. f. M.5. Test FP

1 (subjects)
2 (diflferences

betueen
seguence
lenqths )

3 ( differences
betr¡een the
differences )

1xZ
1x3
2x3
1xZx3

808.33
100f.5

205A.2
1375.9
334.t6
2203.6

161.67
501.75

205.82
2'75.18
167.O3
220.36

5
22/1x2

2x3/1x2x3 <1

2..44 n. s.

2.52 fl .s. 693.441 693.UU 3/1x3

10
5
2

10

TOTALB4?7.O 35
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(iri ) Hisher order alternation analysis for the 5CI msec. interstimulus
interval incompatible stimulus - IesPonse condition

Source 5.5. d- f- M.S. Test FP

1 (subjects)
2 ( di f.f erences

betureen
sequen0e
lengths )

3 (difflerence
betr¡een the
di fferences )

1x2
1x3
2x3
1xZx3

1764.D1 1?64.03/1x3

2/1xZ19.?9 < .005

2.32 F.s.

2x3/1xZx3 5.33 <.05

11361
119D?

3008. f
38D4.3
5880. 5
5517.2

22'12.2
5953.7

300.83
760.87
2940.2
551.72

5
2

10
5
2

1D

TOTAL43242 35

(iv) Hiqher order reoetition analysis for the 50 mseE interstimulus
interval lncompatible stimulus - Iesponse condition

Source S.S. d.f. M.S. TestFP

1 (subjects)
2 (differences

betueen
sequence
Ienq ths )

3 (diflference
betr¡een the
differences )

311.92
8405. 1

1103.363/1x3

2/1x29.63 <.005
1559.6
16810

103.36

8732.5
862.47
1723.4
5181.3

873.25
172.49
8G1.69
51t.13

2x3/1xZx3

5
2

<1

1 
"69

1x2
1x3
2x3
1xZx3

1D
5
2

10
Íì.S.

TOTAL34893 35



(v) Hle
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he¡ order alternation analvsis for the 1000 msec interstimulus
interval compatible stimulus - response condition

Source S.S. d.f. M.S. TestFP

1 (subjects)
2 (differences

betueen
sequence
leng ths )

3 (difference
bett¡een the
differences )

1xZ
1xj
2x3

265.14
221.72

317.29
7D7.58
376.17
481.50

53.O28
1 10. 86

31.?28
141.52
1BB. OB
48. 150

5
22/1x23.49 fi. s.

2550.21 2550.23/1x3 1g.t2 (.01

10
5
2

10
2x3/1xZx3 3.91 rì.s.

1x2x3

TOTAL4919.6 35

(vi) Higher order repetition analysis for the 1000 msec interstimulus
interval compatible stinrulus - response conditlon

Source 5.5. d.f. M.5. Test F P

1 (subjects)
2 (differences

betueen
sequence
Ienq ths )

I (difference
betr,:een the
dif f'erences )

1xZ
1x3
2x3
1x2x3

193.32
1.3333

115A6.7

48.900
134.43
327.44
51.278

2/1x2 <1

3/1x311. B0 <.O25

966. 58
2.6667

1586.7

4Bg. 00
672.14
654. Bg
512.78

5
z

10
5
2

10
2x3/1xZx3 6.39 <.O25

TOTAL4BB4.B 35
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(vi1) Hiqhe¡ order alternation analvsis for the 1000 msec inter-
stimulus interval incompatibLe stimulus - response conditlon

Source S.S. d.f. M.5. Test F P

1 (subjects)
2 (difflerences

betr¡een
sequentre
leng ths )

3 (diffe¡ence
betueen the
di fferences )

1499.6
1200.1

1122.3
1246.2
45.389
1gD4.g

299.91
680.03

112.23
249.24
22.694
IgD.49

5
22/1xZ5.35 <.05

2988.41 29BB.l+3/1x311.99 <,.o25

1xZ
1x3
2x3
1xZx3

10
5
2

10
2x3/1x2x3 <1

TOTAL10007 35

(viii ) Hiqher order repetition analvsis flor the 1000 msec inter-
stimulus interval incompatible stimulus - response condition

Source S.S. d.f. M.S. Test F P

'l ( sub jects )
2 (diflferences

betueen
sequentre
Iengths )

3 ( dif l'erentre
betr¡een the
di flferences )

1xZ
1x3
2x3

498.33
'186.50

900. 00

1683.2
1436.3
652.1'l
1539.5

99.667
93.250

900.00

169.32
287.27
326.D8
153.95

2/1xZ

3/1x3

<1

3.13 It.s-

5
2

1

1B
5
2

10
2x3/1xZx3 2.12 n.s.

1x?x3

TOTAL6996.0 35
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APPENDIX 5.3

(i) Mean reaction time (msec)

Source S.S. d.f.

ANALYSIS OF VARTANTE SUMMARV TABLES

FOR EXPERIMENT 4.

M.S.TestFP

1 (subjecüs) 137197
2 (number of 4178.7

runs )
3 (interstimulus 56882

interval )
1xZ 8404.7
1x3 39942
2x3 ?8.000
1x2x3 3538.7

5
2

1

27439
2r89.3

56882

940.47
'798A.3
39. 000
353.8'Ì

2/1x2

3/1x3

2.49

'J.12

lì. S.

(.05

10
5
2

10
2x3/1xZx3 <1

TOTAL25022135

(ii) Difference betueen reaction times for AA and BA (msec)

Source S.S. d.f. M.S. Test FP

'1 (subjects) 70911
2 (number of 2O4A.7

IUnf: )
f (in'terstimulus 8160.1

i nterval )
1xZ 3313.7
1x3 51BBz
2x3 BB"BB9
1xZx3 f+098.1

14182
1020.3

1 B 160. ',l

5
22/1xZ

3/ 1x3

l.0B n.s.

<1

10
5
2

10

331.37
10376

44.444
4û9. B'l

2x3/1xZx3 <1

TOTAL140494 35
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(iii) Higher order alternation analysls for the 2008 msetr inter-
stimulus interval condition

Source 5.S. d.f. M.S.TestFP

1 (subjects)
2 (dífferences

be ttJeen
seguence
Ienqths)

3 (difference
betueen the
di fferences )

4 (nunrbe¡ of
runs )

1x2
1x3
1x4
2x3
2x4
3x4
1x2x3
1x2x4
1x3x4
2x3x4

1xZx3x43992.92t 199.64

464.16
652.91

47.638

4243.6
913.94
2Bg'1.3
325.O2
321.93
10'7.19
2162.A
3454.5
1675.5
477.81

92.831
326.45

23.815

424.36
182.79
299.?3
162.51
80.481
53.593
216.28
172.73
167.55
119.45

2/1xZ

4/1x4

2x3/1x2x3
2x4 / 1xZx4
3x4 / 1x3x4

2x3x4/
1x2x3x4

5
2<1

<1

<.1
<1
<1

<1

449A.21 4498.23/1x324.61 (.01

2

10
5

10
2
4
?

1D
20
10

4

TOTAL26235 107
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(iv)HigherordeII@'anaIysisforthe200Dmsec1nte¡-
stlmulus interval condition

Sou¡ca 5.S. d. f. M.5. Test FP

1 (subjects)
2 (diflferences

be tu¡een
sequence
lenghts )

3 (difference
betueen the
di fferences )

4 (number of
runs )

1xZ
1x3
1x4
2x3
2x4
3x4
1xZx3
1xZx4
1x3x4
2x3x4

1xZx3x4

2590.O
1465.9

3616.9

213.46z 106.73

5 18. 81
732.952/1x22.39 [ì.s.

3616.93/1x3 14.23 <.05

4 /1x4<1

5
2

1

3066.2
127A.7
1406. 0
1358.5
2136.9
1806. B
2360.8
37A3.O
2143.8
243.43

306.62
254.14
140.60
679.23
534.22
go3.4E
236.O8
199.15
214.38
60. 856

2x3/1xZx3
2x4 / 1xZx4
3x4 / 1x3x4

10
5

10
2
4
2

10
20
10

4

2.BA
2.82
4.21

Í1 .S.
fì.s.
{.05

2x3x4 /
1xZx3x4

<1

4992.7 20 249.63

TOTAL32t+55 187
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her order alternation analysis for the 1 msec interstimulus (v) Hiq
interval condition

Source S.5.d. f.M.S.TestFP

1 ( subjects)
2 (differences

betueen
sequence
lengths )

3 (difference
betueen the
di îferences )

4 (number of
runs )

1x2
1x3
1x4
2x3
2x4
3x4
lxZx3
lxZx4
1x3x4
2x3x4

1x?x3x4

7121.61 '.l121.6

1644.22 822.12

2/1xZ1.25 ft. s.

3/1x34 .42 fì. s.

4/1x43.06 ft. s.

3D56:9
1777.8

7096. B
8064.0
2688.9
874.82
40? 1 .0
29.463

1A675
12482

1362.1
2439.7

5
2

611.39
BBB.5 1

7n9.68
1612.9
268.89
437.O1
1017.8
14.731
1867.5
624. DB
136.21
609.93

2x3/ 1xZx3
2x4 / 1x2x4
3x4 / 1x3x4

2xix4 /
1x2x3x4

<1
1.63 n.s.
<1

1.80 Fì.s.

1il
5

10
2
4
2

10
ztr
10

4

6?91.7 20339.59

TOTAL78174 107
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(vi) l=liqher order repetition analysis for the I msec Ínte¡stimulus
interval condition

Sou¡ce S.S.d.f.M.5.TestFP

1 ( subjects )
2 (Uifflerences

betu¡een
sequence
lenq ths )

3 (difference
betureen the
di fferences )

4 (number of
runs )

1x2
1x3
1x4
2x3
2x4
3x4
1x2x3
1x2x4
1x3xh
2x3x4

1x2x3x418946 2t 547.31

12846
3DO1.7

14693
1 ]DBO

4934.2
2765.9
2484.3
9o7.35
BBB7.9

11429
5256.8
5502.7

5
2

2409.1
1500.8

1469.3
2615.9
493.42
1383.O
621.05
453.68
BBB.79
57 1.44
525.68
1375.7

2/1xZ

10.7041 1O.7O4 3/1x3

218.352 109.184/1x4

2x3/ lx?x3
2x4 / 1x2x4
3x4 / 1x3x4

2x3x4/
1xZx3x4

1.OZ fl .s.

<1

<'l

1.56 fi.s.
1.09 fì.s.
<1

Z:51 r'r o s.

10
5

10
2
4
2

10
20
10

4

TOTAL-q6164 187
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APPENDIX 6.1

RELATED SAMPLES T TESTSFOR EXPEBIMEIVT 5.

reaction time for AA and BA Comparing the difference betr.,leen the
(msec) for:
(i) the first six ¡uns of the 2000 msec interstimulus interval

condl tion
t=4.58¡ d.f. -5, P(.01

(if) the first six runs of the 50 msec interstimulus interval
condi tion

t = 1.04r d.f. = 5t F.s.
(iii) preparation for repetitions r¡ith the 2000 msec inte¡-

stimulus interval
t=2.82, d.f. -5, P(.05

(iv) preparation for repetitions rdith the 50 msec interstimulus
interval

t - 3.40, d.f. - 5, P <.05

(v) preparation fo¡ alternation r,lith the 2000 msec inter-
stimulus interval

t=5.05r d.f. -5, P<.005

(vi) preparation for alternations tdith the
interval

t - 1.75t d.f. - 5t Il .s.
(vii) the last three runs of the 2000 msec

ctrndititrn
t .l1, d.f. =5

(viii) the last'three runs of the 50 msec

condition (Ldilcoxon matched pairs
T=0rN=6eP(.05

50 msec interstimulus

interstimulus interval

inters timulus
si qned-ranks

interval
test)
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Eomparison betueen the ove¡aII mean ¡eaction time (msec) for:
(i) the preparatisn for repetitions and prepa¡ation for

alternations conditions r¡ith the 2000 msec interstimulus
interval

'1 1, d.f. = 5t

(ii) the pre,pa¡ation for repetitions and preparation for
alternations conditions urith the 50 msec interstimulus
interval

t <lr d.f. = 5.

Comparison betueen the reaction time for a plepaled repetition
and a prepared alternation for:
(i) the 2000 msec interstimulus interval condition

t - 1.28, d.f. = 5¡ o.s.r
(ii) the 50 msec interstimulus interval condition

| = 2.98¡ d.f. - 5r P <.05.
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APPENDIX 6.2

ANALYSIS OF VARIANCE SUMMARY TABLES

FOR EXPERIMENT 5.

(i) Hiqher order alternation analysis for ihe first six runs of
th.e 2000 msec interstimulus interval condition

Source S.S. d-fl- M.S. TestFP

1 (subjects)
2 (differences

betueen
sequence
Ienqths )

3 (difference
betueen the
di flferences )

1xZ
1x3
2x3

1812.253/1x3

212.58
17.167

812.25

605. 50
BB4.5B
127.17
723.50

42.517
9.5833

60.550
1'76.92
63.5A3
72.350

5
22/1x2 ( 1

2x3/1xzx3 <1

4.59rì.5.

1x2x3

10
5
2

10

TOTAL3382.7 35

(ii) Hiqher ordet renetltion analysis flor the first six runs of
the 2t00 msec interstimulus interval conditÍon

Source 5.5.d.f. M.s.TestFP

1 (subjects)
2 (differences

betueen
s eguence
Iengths )

3 (difference
betuleen the
difflerences )

1x2
1x3
2x3
1xLx3

2/1x2

812.251 812.253/1x3

1258.9
108.50

1 070. B
640.25
58.500
637.58

251.78
54.25O

107"08
128.O5
29.25t
63.750

5
2(1

6.34 n. s.

10
5
2

10
2x3/1xZx3 <1

TOTAL4586.7 35



1go.

(iii) Higher order alternation analysis fo the preparation for
repetitions condition r¡ith the 2000 msec interstimulus
interval

SourceS.S.d. f . M.S.TestFP

1 (subjects)
2 (difflerences

betueen
seguence
leng ths )

3 (difference
betueen the
differences )

1x2
1x3
2x3

2466.81 2466.8

2/1xZ5.38 <.05

3/1x37 .92 <.05

2x3/1xZx3 <1

1411.3
2053.2

1938.5
1558.2
61.056
1383.9

282.2?
1026.6

193.85
311.64
30.524
139.39

5
2

1x2x3

1D
5
2

'10

TOTAL1r,871 35

(iv) Hisher'order repetition analysis for the preparation for
repetitions condition r¡ith the 2000 msec interstimulus
i n terval

Source S.S.d. f.M.S.TestFP

1 (subjects)
2 (differences

betuleen
sequenDe
lenqths )

I (difference
betr¡een the
differences )

1x2
1x3
2x3
1xZx3

1625.6
251.06

169.00

6325.3
1472.O
1153.5
4331.5

632.53
294.40
576.?5
433.15

325.11
125.532/1x21t

5
2

1169.DO3/1x3(1

1A
5
2

10
2x3/1x2x3 1.33 r1.s.

TOTAL15328 35
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(v) Hiqher order alternation analysis for the preparation for
alternations condition r.,rith the 2008 msec interstimulus
inte¡val

Source S.S. d.f. M.5. Test FP

1 (subjects)
2 ( dÍfferences

betr¡een
s eguence
leng ths )

I (difference
betueen the
di fferences )

1xZ
1x3
2x3
1xZx3

87.000
3D9.252/1xZ

11495.13/1x3

2?1.45
563.98
493.36
250.63

1 .14 ft. s.

2.65 fr. s.

2x3/1xZx3 1.97 rì. s.

435.00
6 18.50

1495.1

27 14.5
2819.9
986.72
2506.3

5
2

10
5
2

10

TOTAL11576 35

(vi) Hiqher order repetition analysis for the preparatÍon for
alternations condition uith the 200û msec interstimulus
interval

Source S.S. d.f. M.5. Test FP

1 (subjects)
2 (diflferences

be'bueen
sequence
lenq ths )

I (difference
betueeen the
di fferences )

1xZ
1x3
2x3
1xZx3

943.22
214.06

2304.9
377.22
70.389
2389.3

188.64
10?.o3

230"49
75.444
35.194
238.93

5
2

568.111 56A.113/1x3

2/1x2<'1 ñ. s.

7 .42 < .05

2x3/1x2x3 <1

10
5
2

10

TOTAL6859.2 35
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(vii) Hisher order alternation analysis for the last three runs

of the 2000 msec interstimulus interval conditlon

Source S.S. d-f- M.5. Test FP

1 ( subjects)
2 (differences

betueen
sequenBe
lengths )

3 (difference
betr¡een the
di fferences )

1x2
1x3
2x3
1x2x3

2/1xZ

4t74.?1 4074.'Ì3/1x3

1643.5
67.389

3433.3
2411.5
36D.?2
2928.6

328.69
33.69t+

343.33
482.29
18O.36
282.A6

5
2(1

2x3/1x2x3 <1

8.45 {.05

10
5
2

10

TDTAL1482D35

(viii) Higher order repetition analysis for the last three lluns

of the 20000 mse0 interstimulus interval condition

Source 5.S. d.f. M'S t Test FP

1 (subjects)
2 (differences

betueen
sequence
lenq ths )

3 (difference
betueen the
differences )

1x2
1x3
2x3
1xZx3

878.00
1431.2

2'ì38.8

186O; B
1D44.2
86.?22
2393.3

5
2

175.60
7 15.582/1x23.A5 Ft. s.

1 2'Ì38.83/1x313.11 4 "O25

186.08
208. 84
43.461
139.33

10
5
2

10
2x3/1xZx3 <1

TOTAL1D43335
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(ix) Hlqher o¡der alternation analysis for the first six runs of
the 50 msetr interstimulus interval conditlon

Source 5.S. d. f. M.5. TestFP

1 (subjects)
2 (differentres

betueen
sequence
leng ths )

J (difference
betr¡een the
differences )

1x2
1x3
2x3
1x2x3

'1222.3
195.17

7056.0

755.50
983.6?
54.167
4547.2

75.550
196.73
2?.tr83
454.72

242.27
97.5832/1x21.29 Í1 . s.

5
2

17D56.83/1x335.87 (.00S

10
5
2

10
2x3/1xZx3 <1

TOTAL148D3 35

(x) Hiqher order repetition anal-ysis for the flirst six runs of
the 50 msec interstimulus inte¡vaI condition

Source S.5. d.f. M.S. TestFP

1 (subjects)
2 (differences

betueen
sequence
leng ths )

I (difference
betueen the
differences )

1xZ
1x3
2x3
1xZx3

285.33
1EgD.2

1732.5
1369.?
1128.2
1183.2

57.067
545. 0B

173.25
273"93
564. UB
11A.32

5
22/ 1xZ3.15 Fr. s .

168 1 .01 168',1. 03/1x36 .14 fJ. s.

10
5
2

1rl
2x3/1xZx3 4.77 <.05

TOTAL8470.1 35
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(xi) Higher o¡der alte¡nation analysis flor the preparation for
repettitions condition uith the 50 msec interstimulus
interval

Source S.S. d.f. M-S. Test FP

1 (subjects)
2 (diîferences

betueen
sequentre
1 eng ths )

I (difference
betr¡een the
di fferences )

1x2
1x3
2x3
1x2x3

2249.2
205t.1

1626.8

4812.9
4919.6
534.39
2269.3

5
2

4l+9.84
1025.O2/1x2

11626.83/ 1x3

481.29
983.91
267.19
226.93

2.13 n.s.

1.65 n.s.

2x3/1x2x3 1.18 11.s.

10
5
2

10

TOTAL18462 35

(xii) Higher order repetition anal-ysis for the preparation for
repetitions condition r¡ith the 50 msec interstimulus
interval

Source S.S.d.f. M'5Tes tFP

1 (subjects)
2 (differences

betureen
seguence
lengths )

3 (difference
betueen the
di fferences )

1xZ
1x3
2x3
1x2x3

161.89
1446.2

3179.1
724.89
9tr.222
4693.8

32.3?8
?7.3 " 11

31?.91
144.98
4A.111
469.38

5
22/1x22.27 fl . s.

256'7.11 2567.13/1x317 ."11 <.01

10
5
2

1t
2x3/1xZx3 <1

TOTAL1285335
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(xlii) Hiqher orde¡ alternation analysls for the preparation for
alte¡nations condition r¡ith the 50 msec interstimulus
interval
Source S.S' d.f. M.S. Test FP

1 (subjects)
2 (differences

betueen
sequencE
I eng ths )

3 ( difference
betr¡een the
di fferences )

1xZ
1x3
2x3
1xZx3

788.6?
939.252/1xZ

1 3600.03/1x3

752.52
828.67
172.58
1D52.8

?x3/1x2x3 (l

3943.3
1B?8.5

3600.0

?525.2
4103.3
345.17

1D528

5
21.25 f1 .s.

4.39 Íl . s.

10
5
2

10

TOTAL31923 35

(xiv) Highe¡ order repetition analysis fo¡ the preparation for
alte¡nations condition ¡.,lith the 50 msec interstimulus
interval

Source 5.S. d.fl. M.S. Test FP

'l ( sub jects )
2 (differences

be tueen
sequentre
I eng ths )

3 (diflference
betueen the
di fflerences )

1x2
1x3
2x3
1x2x3

173.361 173.363/1x3

2/IxZ2.48 fr. s.

4\1

2x3/1xZx3 2.22 ft.s.

8984. 9
1727.2

3488.2
2877:1
1768:7
3989.3

1?97.t
863.58

348:82
575.43
BB4;36
398.93

5
2

10
5
2

10

TOTAL23009 35
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(xv) Hiqher order alternation analysis for the last th¡ee ¡uns of
the 50 msetr interstimulus interval condition

Source S.5. d.f. M-5- TestFP

1 (subjects)
2 (difflerences

betueen
s equencP
lenq ths )

3 ( difference
betr¡een the
di fferences )

1x2
1x3
2x3
1x2x3

2/1x2

2040. B1 2040.83/1x3

Fl .9.

5.O7 fl . s.

2x3/1x2x3 1.55 ñ.s.

683.58
1t30.5

1963.2
2t13.1
735.39
23'76.9

136.72
515.25

196.32
4D2.63
367.69
237.69

5
22.62

10
5
2

10

TOTAL10843 35

(xvi) Higher order repetition analysis for the last three runs of
the 50 msec interstimulus interval condition

Source S.5. d'f- M.S. TestFP

1 (subjects)
2 (differences

be tr¡een
seguence
Ieng ths )

3 (difference
betr¡een the
di ffe¡ences )

1xZ
1x3
2x3

9t.2501 9D.250

619.92
187 1.2

331+0.2
581.25
8.1667
1645.8

123.98
535.58

334.O2
116.25
4.0833
16t+.58

5
22/1xZ

3/1x3(t

2x3/1x2x3 <1

1.5t Il .s.

1xZx3

10
5
2

10

TOTAL7356.835
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APPENDTX 6.]
RELATED SAMPLES T TESTS FOR EXPERTMENT 6.

Comparing the reaction times for AA and BA (msec) for:
(i) the 6t% alternations condition

' t = 4.2O, d.f. - 5, P <.O1,

(iï) the 6O% repetitions condition
t = 1.77ç d.f. - 5t [l .s.t

(iii) the 5O% repetitions condition
t = 3.06, d.f. - 5, P (.05.

APPENDIX 6.4
ANALYSIS OF VARIANEE SUMMARY TABLES FOR

EXPERIMENT 6.

(i) Mean reatrtion time

Souice S.S. d.f. M.S. TestFP

1 (subjects)
2 (Oifferent

ins tructi ons )
1xZ2333.910 233.39

86244
368.11

17249
184.062/ 1xZ

5
2<1

TOTAL88946 17

(ii) Difference betr¡een reaction times for AA and BA (msec)

Source S.S. d.f. M.S. Test FP

1 (subjects)
Z (diflferent

instructions )
1xZ

58A7.3
17.333

1161.5
8.6667

5
22/ 1x2 1t

1635.3 10 163.53

TOTAL7459.9 17
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(Íii) Hisher orde¡ alte¡nation analysls

Source S.S.d. f . M.s.TestFP

1 (subjects)
2 (differences

betueen
6equence
Ieng ths )

3 (difference
betueen the
di fferences )

4 (different
instructions )

1x2
1x3
1x4
2x3
2x4
3x4
1xZx3
1xZx4
1x3x4
2x3x4

1064.1

5
2

1.1064.13/1x337.16 <.005

2/1x2(1

2gg. B92 144.444/1x4<1

1 149.5
235.72

2318.A
143.19
3844.0
1696.7
331.56
6A.222
2385.8
3571.9
1284.D
304.56

229.'11
117.96

231.A8
28.639
384.40
848.36
82.889
34.111
238.58
1'.79.59
128.40
76.139

2x3/1xZx3
2x4/1x2x4
3x4 / 1x3x4

2x3x4 /
1xZx3x4

3.56 r]. s.
1t
1t

<1

10
5

10
2
4
2

10
20
10

4

1xZx3x43296.9 20 164.84

TOTAL21983 1n7
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(iv) Hiqher order repetition analYsls

Source 5.S.d. f. M.S.TestFP

1 (subjects)
2 (differentres

betueen
seguBnce
Ieng ths )

I (difference
betr,reen the
differences )

4 (different
instuctions )

1x2
1x3
1x4
2x3
2x4
3x4
1xZx3
1xZx4
1x3x4
2x3xl+

1x2x3x4

553.94
17 1.24

110.79
85.620

98.165
262.70
1t8.53
119.84
257.93
2t.o37
1n3.92
79.O2rl,
72.481
80.009

5
21t

1.3'1 fl. s.

2/1x2

1784.51 1784.53/1x36.79 <. E5

298.302 149.154/1x4

2x3/1xZx3
2x4 / 1x2x4
3x4 / 1x3x4

2x3x4 / 1xZx3x4

981.65
1313.5
1 085. 3
239.69
1031.'7
40.D74
1t39.2
1 580. 4
?24.81
32t.O4

1u
5

10
2
4
2

10
20
10

4

1.15
3.26
(1

n. s.
( .05

<1

1966.7 2098.337

TOTAL13131 1A?
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APPENDIX 6.5

ANALYSIS OF VARTANCE SUMMARY TABLES

FOR EXPERTMENT 7.

2000 msec interstimulus inte¡val condition
(i) mean reactlon time (msec) for the first 2OO trials

Source S.S. d. f. M.S. TestFP

1 (subjects)
2 ( diflferent

insiructions )
1x2

14558
117.44

2911.',7
58.722

5
22/1xZ(r

1399.9 10 139.99

TOÏAL16075 17

(ii) mean reaction time (msec) for the last 100 trials
Source S,5. d. f. M.S. TestFP

1 ( subjects )
2 (difflerent

instructions )
tx¿237t.3 10237.O3

1D639
7D.333

2127.9
35.1b72/ 1x2

5
2(r

TOTAL1 308017

(iii) Difference betr¡een reaction times for AA and BA (msec)

for the first 200 trials
Source 5.5. d.f. M.S. Test FP

1 (subjects)
2 (diffle¡ent

instructions )
1xZ

1220.5
1n516

4079 "7 1D 4EÌ .97

2/1xZ12.89 (.00S
5
2

244.10
5258.2

TOTAL15816 17

( iv) Dif f erence betu.reen reaction times for AA and "BA (msec)

for the last 100 trials
Source S.S. d.f. M.S. Test FP

1 (subjects)
2 (different

i ns tructions )
1xZ

1168.4
2027.1

233.69
1013.6

5
2

2t38.2 1t 203.82

TOTAL5233.7 17

2/1x24.9? (,05



201.

(v) Hisher order alternation analysis for the first 200 trials

Source S.5.d. f.M.S.TestFP

1 (subjects)
2 (differences

betueen
sequenee
I enq ths )

3 (differer,lcel
betrr:een the
di fferences )

4 (difflerent
i ns truc tions )

1x2
1x3
1x4
2x3
2x4
3x4
1xZx3
1x2x4
1x3x4
2x3x4

1xZx3xh831.64 10 83.164

2/1x21.50 f1 .s.

'1800" 01 1800.03/1x325.60 (.005

17.6942 B.B4?2 4 /1x41t

348.61
438.22

1431.4
352.Ot
610.97
249.39
97.861
344.08
153.61
479.47
195.92
244.36

69.722
430.22

5
1

5
5

10
1

2
2
5

10
10

2

2e,6.29
70.400
61.O97
249.39
48.931
172.O4
30.72-2
47.94',?
19.592
122.18

2x3/1x2x3
2x4/1x2x4
3x4 /1x3x4

2x3x4 /
1x2x3x4

1.47 fì. Ei.

8.12
1.O2
8.78

(. ns
Il .S,

<.01

TOTAL7587.2 "'?1



2A2.

(vi) Higher o¡der repetition analysis for the first 2AO trials
Source S.S.d. f . M.s.TestFP

1 (subjects)
2 (differences

betueen
sequence
lenq ths )

3 (difference
Þetureen the
di fferences )

4 (diffe¡ent
ins tructions )

1xZ
1x3
1x4
2x3
2x4
3x4
1x2x3
lxZx4
1xfx4
2x3x4

lxZx3x41923.2 10 192.32

1028.?
238.35

479.48
2n8.29
929.81
465.12
25.861
249.08
598.29
1197.6
1152.7
115.58

5
1

2D5.?5
238.35

95. BB 1
41.658
92.981
465.12
12.931
124.54
119.66
119.?6
115.27
57.792

2x3/1x?x3
2x4 /1xZx4
3x4 / 1x3x4

3.Bg ft. s.
(t
1.08 n.s.

2/1xZ2.49 Fì.s.

1326.11 1326.13/1x331.83 <.005

7t.o2B2 35.O144 /1x4<1

5
5

10
4a

2
2
5

10
10

2<1 2x3x4/
1x2x3x4

TOTAL10u08 ?1



2D3.

(vii) Hiqher order alte¡nation analysis flor the last 100 trials
Source 5.5.d. f . M.5.TestFP

1 (subjects)
2 (dífferences

betu¡een
sequenEe
Iengths )

3 (difference
betu:een the
di fferences )

4 (difflerent
instructions )

1xZ
1x3
1x4
2x3
2x4
3x4
1xZx3
1x2x4
1x3x4
2x3x4

1xZx3x4

652:74
268.68

2323.31

13.O28z 6.51J9

130.55
260.682/1x22.84 fl . s.

2323.33/1x33D.54 <.085

4/1x4(t

5
1

459.40
380.48
787.14
.o1389
172.86
730.53
361.O7
1205.3
'792.97
66.694

5
5

10
1

2
2
5

10
1u

2

91 .881
76.O81
?8.'714
.o1389
86.431
365.26
72.214
120.53
79.29'7
33.34?

2x3/1xZx3 <1
2x4/1xZx4 41
3x4/1x3x4 4.61 (.05

2x3x4 /
1xZx3x4

1.O1 fì.s.

331 .47 10 33.14'l

TOÏAL8957.7 71



2rl4.

(viii) Hiqher order repetition analysis for the last 100 trials
Source S.S.d.f. M.s.TestFP

1 (subjects)
2 (differences

betueen
sequence
teng ths )

3 (difference
betr¡een the
di fferences )

4 (different
instructions )

1x2
1x3
1x4
2x3
2x4
3x4
1x?-x3
1xZx4
1x3xl+
2x3x4

1x2x3x41485.1 10 148.51

34A.3A
1A3.642/1x22.51 t-ì.s.

1 1711.13/1x315.19 <.t25

43A.O32 219.n14/1x41.60 ñ.s.

1701.9
183.68

1'111 .1

365.57
582.'.l9
1368.0
70.o14
4.5278
1155.6
379.90
?40.47
1861.7
355.19

73.114
116.5?
1 36. B0
70.o14
2.2369
5?7.79
?5.981
74.O47
186.17
177.60

5
1

5
5

10
1

2
2
5

10
10

2

2x3/1x2x3
2x4 / 1x2x4
3x4 / 1x3x4

2x3x4 /
1xZx3x4

<1
<1
3.10 fì. s.

1 .2O ft. s.

TOTAL12404 ?1



2o5.

1 msec interstimulus interval condition
(i) mean reaction time (msec) for the flirst 200 trials

Source S.S. d.f. M.S. TestFP

1 (subjects)
2 (different

instructions )
1xZ

22736
13461

454?.2
6730.'7

5
22/1xZ1 l n.s-

?19911u 7199.1

TOTAL10B1BB 17

(ii) mean reaction time (msec) for the last 100 trials
Source S.S. d.f. M.S. TestFP

'l ( sub jects )
2 (different

instructions )
1xZ2584?10 25Bt+.7

748 1 .8
l+869. B

1496.4
2434.92/1xZ

5
2<1

TOTAL3819817

(iii) Difflerence betueen reaction times for AA and BA (msec)
for the flirst 200 trials

Source S.5.d.f. M.s.Tes tFP

1 (subjects)
2 (different

i ns tructions )
1xZ

23606
36594

4721.3
18297

5
22/ 1xZ39.75 (noS

4502.6 1D 46t.26

TOÏAL648D217

(iv) Difference betueen reaction times for AA and BA (msec)

flor the last 100 t¡Íals
Source 5.S. d.f. M.S. Test FP

'l ( sub jects )
2 (different

ins tructions )
1x?

39886
9352.8

7977.3
5676.4

5
2

1015510 1015.5

TOTAL593941?

2/1xZ4.61 (.05



' .i;t_

286.

(v) Hiqher srder alternation analysis for the first 200 trials
Source S.S.d. f . M.5.TestFP

1 (subjects)
2 ( differences

betuleen
s Bguentre
lengths )

3 (differentrB
betueen the
di fferences )

4 (different
i ns tructi ons )

1xZ
1x3
1x4
2x3
2x4
3x4
1x2x3
1x2x4
1x3x4
2x3x4

1xZx3x41053910 1t53.9

2/1xZ

4340.01 4340.03/1x3

1513.12 756.544/1x4

14600
3213.3

4977.2
877 1.6

20738
245.68
1055. E

423.O3
6696.2
7A97.6

13? 11
954.19

5
1

2g2D.A
3213.3

995.45
1?54.3
2t?3.8
245.68
527.51
211.51
1339.2
'7D9.76
1371.1
477.10

5
5

10
1

2
2
5

10
10

2

2x3/1x2x3
2x4 /1xZx4
3x4 / 1x3x4

2x3x4/
1x2x3x4

3.23 Il . s.

2.4? Ír. s.

1t

(1
<1
<1

<1

TOTAL9BA?5 71



20'7.

(vi) Higher orde¡ repetition analysis for the fi¡st 200 trials
Source S.S.d. f . M.5.TestFP

'l (subjects)
2 (differences

betueen
sequence
leng ths )

I (difflerence
betueen the
di fferences )

4 (Oifferent
instructions )

1xZ
1x3
1x4
2x3
2x4
3x4
1xZx3
1xZx4
1x3x4
2x3x4

1x2x3x44639.710 463.97

1448.6
62.34'7

184
1D1
180
465
148
391
306
1954.5
1639.7
128.25

5
1

2A9.71
62.347

369.34
203.76
18n.31
465.12
740.26
1956.8
613.82
195.45
163.8?
64.12.5

2x3/1x2x3
2x4 / 1xZx4
3x4/1x3x4

{

1

3.79 n. s.
11.94 <.005

2/1x2

6328.11 6328.13/1x331.06 <.005

121t.92 605.43 4/1x43.36 f-r.s.

5
5

10
1

2
2
5

6.9
B.B
3.1

4.) o lC

0.5
3.6
5.1

10
10

2<1 2x3x4/
1xZx3x4

TOTAL31004 71



208.

(vii) Hiqher o¡der alternation analysis for the last 100 trials
Source S.S.d. f . M.S.TestFP

'1 ( sub jects)
2 (differences

betueen
sequence
leng ths )

3 (difference
betueen the
di flflerences )

4 (different
i ns tructi ons )

1xZ
1x3
'lx4
2x3
2x4
3x4
1xZx3
1x2x4
1x3x4
Zxix4

1x2x3x4

2/1xZ1 .39 Ft. 8.

3/1x315.26 <.O25 1647 11 16471

1124.72562.35

1674.6
7 15.68

2578.6
5397.5
2153.6
51 . 681
1021.?
2625.6
5128.2
178O.3
7720.1
17 1.36

5
1

334.91
715.68

514.11
1D79.5
215.36
51.681
5 10. 85
1312.8
1t25.6
1'?8.O3
772.t1
85.681

4/1x4

2x3/ 1x2x3
2x4 / 1x2x4
3x4 / lx3xh

2x7x4 / 1xZx3x4

2.61 Ír. s.

(t
2.87 Ft. s .
1.70

<1

5
5

1A
1

2
2
5

10
10

2

1958.0 10 195.e0

TOTAL50565 71



209.

(viii) Hiqher order repetition analysis for the last 100 t¡ia1s
Source S.5.d. f . M.S.TestFP

1 (subjects)
2 (differences

betr¡een
sequence
leng ths )

3 (difference
betr¡een the
di fferences )

4 (different
instructíons )

1x2
1x3
1x4
2x3
2x4
3x4
1x?x3
1x2x4
1x3x4
2x3x4

1x2x3x4

1969.8
28.125

11325

5
1

1

4?o.582

2/1xZ

4/1x4

2x3/ 1xZx3
2x4 / 1x2x4
3x4 / 1x3x4

2x3x4
1x2x3x4

<1

2.69 fl . s.

.67 < .O1
:09 n.s.
.27 fì. s.

<1

113253/1x311.2t <,O25

393?96
29.125

235.29

153.56
1010.9
a7.325
'7421.7
5t5.79
468.29
327.11
242.42
206.16
33.847

?67.79
5054. 5
873.25
7421.?
1811.6
936.58
1635.6
2424.2
?061.6
6?.694

5
5

10
1

2
2
5

10
10

2

22
2
2

2369.8 10 236.98

TOTALlB41B 71



APPENDIX 7.1

Tes t

210.

F

ANALVSIS OF VARIANCE SUMMARY TABLES

FOR EXPERIMENT 8.

2000msec interstimulus interval condition

Source S.S.d.f. M.s.P

x3

1(
2(
3(
1xZ
1x3
2x3
1x2

subj ects )
REP/5HNR/OH)
finqers )

984660
237653
444536

35'759
290493

50635
56942

196932
118826
148179
3575.9

19366
8439.2
1898.1

5
2
3

10
15

6
30

2/1x233.?3
3.17

<.005
n. s. 3/ 1x3

2x3/1x2x3 4.45 <.005

TBTAL21DD67B 71

1 msec interstimulus interval condition

Source S.5.d. f . M.s.Tes tFP

1 (subjects)
2 (REP/?HNR/OH)
3 (fingers)
1xZ
1x3
2x3
1xZx3

127 1140
420223
409593

192808
11172D
2D5840
243049

254228
21D11?_
136s31
19281
?448.O
34307
B 101 .6

2/ lxZ
3/ 1x3

10.90
18.33

< .0n5
< .005

5
2
3

10
15

6
30

2x3/1x2x3 4.23 <.005

TOTAL2854733 71

APPENDIX 7.2
RELATED SAMPLES T TESTS FOR EXPERTMEN'I B.

(i) Diffe¡.enge betueen the overall repetition efflects for the 1 msec
and 200U msec ISI conditions

t <1, d.f. - 5,
Difference betueen the RT to the repetition response and the RT to
responses immediately adjacent to the repetition respBnse for:

(ii)
(iii)

t <1r d.f. = 5
(iv)Difference betueen the 1 msec and 2000 msec ISIs of the

differences betkieen Inner REP and Inner 0l-{ response RTs.
t = 2.16¡ d.f. = 5t P <.05 (one tailed)

2000 msec ISI condition
t-3.6'.1 , d.f. -5rP<"O2

I msec ISI condition



A
P

P
E

N
D

IX
 7.3

D
U

N
D

A
N

 M
U

LTIP
LE

 R
A

N
G

E
 TE

S
TS

 FO
R

 E
X

P
E

R
IM

E
N

T B
.

tuo treatm
ent m

eans not underscored by the sam
e line are significantly different

tr¡o treatm
ent m

eans underscored by the sam
e Iine are not significantly different

2000 m
sec in

terstim
ulus intetval condition

A
ny

A
ny

(i)
A487

B

50619

Index
487

561
5?1

t

5253819

F571B
465463110

R
inq
574
595
666

G

574876B4934133

t-l

574876B4934133

Little
506

525
540

J628

141
122
103B

B6757545433

tl
666

179
160
141
126
105959292?138

L698

2D
3

184
165
160
129
119
116
116957224

D
E

561
540533415

Finger
M

iddle
574
628
690

I595

108B
9

705534242121

shortes t
significant
rahges F <.05

51.4
54.0
55.7
56.9
57. B
58.5
59.1
59.6
60.0
6t.3
60.6

A
 

487
B

 
506

c 
525

D
 

540
E

 
561

F 
571

G
 574

H
 

574
L 

595
J 

628
Ì{ 

666

74553621

R
z=

R
l=

R
?=

R
:=

R
l=

R
3=

[:=iii=
A

B
C

D
E

FG
H

IJH
L

Table of the above m
ean reaction tim

es

R
E

P

S
H

N
R

tif-l

t\l-¡a



(ii) 
1

m
setr interstim

ulus

A
B

593
M

E
A

N
S

 5?6

interval condition

C
D

619
E

623
613

17

Index
613
661
660

43266

M
iddle
629
699
817

E

641654B28221812

H

660B
4ót4741373119

Ll ttle
593
576
619

J689

11396767A66604B292B

t1

786

210
193
173
16?
163
15?
145
126
12597

L817

241
224
?tr4
198
194
188
1?6
157
156
12821

F

629

Ibbt

shortest
si g ni ficant
ranges P

 <.05

A
 

576
E

 
593

E
 

613
D

 
619

E
 

623
F 

629
G

 
641

H
 

650
T 

661
J 

689
K

 
786

3720
4730104

533616106

Fi ng er
R

inq
623
641
786

B
56B4B423B32201

R
r = 106.1

R
: = 111.5

R
: = ri.o

R
1 = 11?.5

R
? = 119.4

R
l = 1zo.g

R
,{ = 122.1

R
l = 123.0

fi:q= 17í:Z

^);= 
125.1

A
B

TD
E

FG
H

IJI{L

Table ofl the above m
ean reaction tim

es

R
E

P

S
H

N
R

ßH

f$-tt\:a



213.

APPENDIX 8.1

ANALYSTS OF VARTANCE SUMMARY TABLES

FOR EXPERIMENT 9.
(i) Both hands compatible condition

Source S.5.d. f.M.5.TestFP

1(
2(
3(
1xZ
1x3
2x3

subjects )
REP/SHNR/OH)
fi ngers )

157985
120737
59443
15404
223e4
33367
26353

31597
60368
19814

1540.4
1492.3
5561.2
878.44

2/ 1x2
3/1x3

39:19
13.28

(,005
<.005

5
2
3

1B
15

6
30

2x3/1x2x3 6.33 .005
13 2x X

TOÏAL4366?3 71

(ii) Both hands incompatíbIe condition

Source 5.5.d.f.M.S.Tes tFP

1 (subjects)
2 (REP/SHNR/OH)
f (fingers)
1xZ
1x3
2x3
1xZx3

45 1 180
146417
44476
133n8
63028

5572.Ð
28816

90236
732t9
14825

133D.8
42tr1.9
928.81
693.86

55. 01
3.53

<.005
< .05

5
2
3

10
15

6
l0

2/ 1xZ
3/'lx3

2x3/ 1x2x3 1.34 rÌ. s.

TOÏAL744798 71



(iii) One hand compatible - one hand incompatible condition

Source S.5.d.f.M.S.TestF

214.

P

1 (subjects)
2 (RÊP/SHNR/OH)
f (Inne¡/0uter)
4 (compatibl-e/

incompati Þ1 e )
1x2
1x3
1x4
2x3
2x4
3x4
1xZx3
1x2x4
1x3x4
2x3x4

1x?x3x4

462525
134324

132A3
62835

27604
18440
40338

608.58
18586
17641

3278.9
4614.6
6045.7
4s64.5

1

5
1

1

1

0
5
5
2
2
1

0
0
5
2

92505
67 162
132D3
62835

2768.4
3687.9
8067.6
304.29
gzg2.B

17641
327.89
461.46
1289.1
2432.3

2/1x2
3/ 1x3
4/1x4

2x3/ 1xZx3
2x4 / lxZx4
3x4 / 1x3x4

24;33
3.58
?.?g

(.005
ll .s.
<.o5

<1
2A.14
14.59

<" 005
<.o25

1

I

2x3x4 / 1xZx3x4
1.80 fl .s.

13535 101353.5

TOTAL828443 71

APFENDIX 8.2
RELATED SAMPLES T TESTS FOR EXPERIMENT 9.

f,omparing the RT to the repetition response and the RT to responses
immediately adjacent to the repetition response flor:
(i) Both hands compatible condition

t = 2.4t d.f. - 5, F't.s.
(ii) Both hands incompatible condition

t - 3.75, d.f. - 5, P<.D2
(iii) One hand compatible trondition

t - 1.OZt d.fl" = 5t [t.s.
(iv) One hand incompatible condition

t = 5.94r d.fl. - 5, P <.01
Comparing the RT to the repetition stimulus r¡ith the RT to stimuli
immediateì-y adjatrent to the repetition stimulus for:
(i) Both hands incompatible condition

t = 5.58r d.f. - 5, P <.01
(ii) Both hands incompatible condition

f,=2.931 d.f. -5t P<.05



A
P

P
E

N
D

IX
 8.3

D
U

N
TA

N
 M

U
LTTP

LE
 R

A
N

G
E

 TE
S

TS
 FO

R
 E

X
P

E
R

IP
IE

N
T 9.

A
ny tr¡o treatm

ent m
eans not underscored by the sam

e line are significantly different
R

ny tr,lo treatm
ent m

eans underscored by the sam
e line are not significantly dÍfferent

(i) 
B

oth hands com
pat ible condition

E
om

paring R
E

P
, S

H
N

R
 and 0H

 m
ean ¡eaction tim

es for the four fingers
A

M
E

A
N

S
 444

D

4?9 
480

R
E

P

S
H

N
R

O
H

B

47329

Index
444
499

542

D
E499

F5025B2923223

R
ing
503
526

625

G

5t35930242341

ï5369263575637343310

J5429A696362434rl
39166

l1

625

181
152
146
145
126
123
12299B

9

L629

185
156
150
149
130
12?
1?B
18393874

H

526B
2

534746272423

Little
479
480

502

shortest
signifi cant
ranges P

 <.05

= 34.9
= 36.7
= 3'l.g.7

A
 

444
B

 
473

c 
479

D
 

4B
O

E
 

499
F 

5D
2

G
 

5tr3
H

 
526

I 
536

J 
542

H
 

625

356
55262019

Finger
M

i ddle
473
536

629

3671

.3B25B02

-38
=39
-39
=40
= l+0

_= 4D
l= ql
)= t+l

[:R
1

R
:

R
:

rárj
B

3

A
B

C
D

E
FG

H
IJIIL

Tabl-e of the above m
ean reaction tim

es

r\l-¡Uìa



(ii) 
B

oth hands incom
p atible 

condition
0om

parinq R
E

P
T S

H
N

R
 and 0H

 m
ean reaction tim

es for the four fingers
A

B
E

D
E

FG
H

IJ
M

E
A

N
S

 576 
587 

59t+ 629 
6t+2 6t+6 660 

6A
3 6gG

 
693

shortest
si gni ficant
ranges P

 (.05

A
 

576
B

 
587

c 
594

D
 

629
E

 
642

F 
646

G
 

660
H

 
683

I 
686

J 
693

t{ 
697

11 
18

534235

M
iddle

587

642
697

7
66554B13

705952174F

R
ing
576

646
683

B
4

?366311B14

11D9992574440263

117
1D

6
9964514733107

l{

697

121
110
1036B55513714124

Lv68

192
181
174
139
126
122
'108

B
5

B
2

7571

1D
7

96B
954413723

Little
629

686
?68

R
, = 31.1

R
.' = 32.6

R
: = 33.7

R
: = 34.4

R
'- - 

34.9
R

: = 35.4
R

j = 35.?
R

: = 36.O
å:s = 12:î
a)) = =s.e

A
B

C
D

E
G

H
IJIIL

Table of the above m
ean reaction tim

es
Fi nqer

R
E

P

S
H

N
R

O
H

Index
594

660
697

N
]

-I0la



(iii) 
O

ne hand c
tible 

- 
D

ne hand incom
atible condition

E
om

paring R
E

P
, S

H
N

R
 and 0H

 Inner and 0utel m
ean reaction tim

es
A

B
C

D
E

FG
H

I
M

E
A

N
S

 56? 
594 

6t? 
618 

620 
532 

635 
?O

3 
717

J721
731 '764

A
 

567
B

 
594

c 
6D

?
D

 
618

E
 

620
F 

632
G

 
635

H
 

703
L 

?17
J 

?21
K

 
731

27
4013

512411

5326132

653B251412

6B412B17153

136
1C

Ig
96B

583?11B

150
123
1109997B

5
8214

154
12?
114
103
101B

9
B

51B4

164
137
124
113
11199962B1410

19?
178
157
146
144
132
12961474333

t4 
L

shortes t
signi ficant
ranges P

<.05

R
D

R
:

R
:

ri[¡ãi:

-4?
= 

L+9

=50
=51
_ 

tr,,

=52
=52
=53
=53
-53
=53

.5.69726B0111

A
B

C
D

E
F

G
H

IJIlL

Tab1e of the above m
ean reaction tim

es

R
E

P

S
H

N
R

O
H

S
tim

ulus - response arrangem
ent

C
om

patible 
Incom

patible
Fingers 

Fingers
0uter 

Inner 
O

uter 
Inner

567 
620 

618 
607

594 
631- 

703 
'717

635 
721 

?64 
731

t\l-.l
{a



218.
APPENDIX 8.4

B x B MATRICES F0R EXPERIMENT 9.
Both hands compatible condition

T
H

I
5

R
E
S
P
0
N

Þ
t
MEANS

1

480
522

585
481
567

695
628
509

558

5

503
639

563
492
44?

483
556
483
521

6

521
594
643
51A
495

476
518
461

5ZB

?

493
607

621
559
509

513
524
478
538

I
486
645
638
537
545
602
511
483

556

MEANS

485
567

569
499
528
580
574
489

536

MEANS

?OB

65t
64?

666
674
673
661
732
676

1

2

3

4

5

6

7

B

LAST RESPONSE

234
454 472 471
481 sO3 547

52s 469 501

473 489 441
552 570 540
646 619 606

66U 609 615
49D 4e7 514

536 529 529

Both hands incompatible condition
LAST RESPONSE

T123456'1 
B

H I 625 654 701 670 830 710 ?23 752
T

å z ?06 5Bo 590 655 ?D6 640 652 66e

R 3 676 622 571 611 613 675 7D7 7D2

E 4 645 611 694 606 649 657 747 721
q
: 5 zog ?14 679 695 5Bz 692 686 632 P
0 6 ?o4 739 732 668 669 602 637 635
NI

: 7 696 7a1 73o 667 660 633 571 632 tr
E B 793 76t 791 785 688 711 692 632

MEANS 694 673 686 670 675 665 677 672

ûne hand compatible - one hand incompatible condition

1

2

T
H
I
5

1

638
748
733
658
654
735

7D5
616

686

2

?18
624

704
704
652

718
738
61t+

685

3

766
691
590
666
655
670
769

595

675

6

758
?40
739
747
605

631

579

585

673

7

785
748
743
716
60'7

610
609

592

675

B

836
738
725
?50
649
665
6t7
589

695

MEANS

757
?22
696
696
628
675
674
594

680

LAST RESPONSE

45
7t2 856

733 762

672 658

598 725
646 54?

716 651
715 668

638 525

67A 674

R3
E4
5
P5
06
N
S7
EB
MEANS



218.a

APPENDIX 9.1
RELATED SAMPLES T TE5T5 FOR EXPERIMENT 'IO.

Eomparinq the RT to the repetition response uith
resptrnses immediately adjacent to the repetition

Conditions uithout instructions for preparation

the Rï to
response fot:

(i)

(11J

2000 msec interstimulus interval
t = 2.49, d.f. - 5t fl .s.

1 msec interstimulus interval
t - 1.47, d.f . - 5, ft.s.

Condi tions in r.¡hich the¡ehJas preparation for SH stimu-Ii

(i)
(ii)

2000 msec interstimulus interval
t = 1.50r d.f. - 5, f1 .s.

1 msec interstimulus interval
| = 2.19¡ d.f. - 5, fl .5.

Conditions in uhichthere uas orenaration for 0H stimuli

(i) 2000 msec interstimulus interval
| =' 2.17 1 d.f . = 5¡ l-'ì.s.

(ii) i msec interstimulus interval
t<1d.f.=5

Conditions in r,.rhich there uasnreoaration for theREP stimulus

(i)

(ii)

2000 msec interstimulus interval
t, - 5.o5, d.f. - 5r. P <.01

1 msec interstimulus interval
t = 5.35¡ d.f. = 5t P <.01



219.

APPENDIX 9. Z

ANALYSIS OF VARIANEE SUMMARY TABLES

FER EXPERIMENT 10.

Eonditions ¡¡ithout instructions for ÞreÞaratlon

(i) 2000 msec interstimulus interval
Sou¡ce S.S. d.f. M.S.TestFP

5
2
I

10
5
z

1rl x3

1(
2(
3( 1x2
1x3
2x3
1xZ

subjects)
REP/SHNR/OH )
Inner/0uter )

368938
1176?
95584

6182.6
8559. B
1647.7
6142.9

73788
5883.7

95584
618.26
1'712.t
823.86
614.29

2/1xZ
3/1x3

9.52
55. BJ

<.005
<.005

2x3 / 1x2x3 I .34 Ír. s .

TBTAL498822 35

(ii) 1 msec interstimulus interval
Source S.5. d.f.M.5.Tes tFP

1 (subjects)
2 (REP/SHNR/OH)
3 ( Inner,/0uter)
1x2
1x3
2x3
1xZx3

210958
116184
76729

107681
1791t+
32797
BZBB5

5
2
1

0
5
2

I

42192
58tr92
76729
1ú6A

3582.7
16399

B2BB.5

2/ 1xZ
3/1x3

5.39
21.42

< .05
< .01

2x3/1xZx3 1"98 n.s.
10

TOTAL6t+5148 35



22A.

Conditlons in r¡hich thereuJasIEa¡ation for SH stimuli

(i) 2000 msec interstimulus interval
Soulce 5.S. d.f. M.5.TestFP

1 (subjects)
2 (REP/SHNR/OH)
3 (Inner/Duter)
1x2
1x3
2x3
1xZx3

142631
129116
42918
46323
45656
18598
27778

28526
64558
42918

l+632.3
9131.2
g2gg.1
27?7.8

2/ 1x2
3/ 1x3

13.94
4.'Ìo

( .005
fJ.S.

5
2
I
0
5
2

1

2x3/1x2x3 3.35 n.s.
1u

TOTAL453828 35

(ii) 1 msec interstimulus intervaL

SOUrce S.S. d.f.M.S.TestFP

1 (subjects)
2 (REP/SHNR/OH)
f ( Inner/Outer)
1xZ
1x3
2x3
1x2x3

186550
2?790D

32942
34983
22562

43123
zB85O

37310
13A958
32942

3490.3
4512.3

21562
2885.0

2/ 1xZ
3/ 1x3

39.81
7.30

("0r5
<. 05

I

5
2
1

0
5
2

10
2x3/1x2x3 ?.47 {.O25

TOTAL6?_683035



221.

Eondltions in uhich there ua5 DIEDATAtion for 0H stimuli

(i) 20t0 msec interstimulus interval
Source S.S. d.f. M.5.TestFP

1 (subjects)
2 (REP/SHNR/OH)
3 ( Inner/0uter)
1xZ
1x3
2x3
1xZx3

942n9
119041
106493
84906

6366.2
3955.1

17689

1BB4O
59520

106493
8490.6
1273.2
1977.5
1768.9

2/ 1x27.O1
83.64

<.025
< .0CI5

5
2
1

0
5
2

1

3/ 1x3

2x3/1xZx3 1.12 n.s.
10

TOTAL432650 35

(ii) 1 msec interstimulus interval
Source 5.S. d. f.M.S.TestFP

1 (subjects)
2 (REP/SHNR/OH)
3 (Inner/Outer)
1xZ
1x3
2x3
1xZx3

2853s5
1A546
14480
36482
13435
19034
58t96

57t77
9272.9

14480
3648.2
2686.9
9517;2
5809.6

2/ 1x2
3/1x3

2.51+
5.39

Il .S.
ll .S.

5
2
1

10
5
2

10
2x3/ 1xZx3 1.64 rl. s.

TOTAL445458 35



222.

Conditions in r¡hich the¡e uas pleparation for the REP stimulus

(i) 2000 msec interstimulus

Source S.S.d.f.M.5.TestFP

5
2
1

10
5
z

10 x3

1(
2(
3( 1x2
1x3
2x3
1xZ

subj ects )
REP/5HNR/OH)
Inner/0uter)

141765
31221?

4A535
78362

8258.6
26408

6687.1

?8353
156108
4t535
7836.2
1651.7

13204
668.71

2/ 1x219.92
24.54

<;005
<.005 3/ 1x3

2x3/1x?x3 19.75 (.005

TDTAL614233 35

(ii) 1 msec interstimulus interval
Source S.S. d. f.M.S.Tes tFP

1(
2(
3(
1xZ
1x3
2x3
1xZ

subj ects )
REP/SHNR/OH)
I nner/Duter )

175676
3411A8

91183
86299
12t63
33153
29631

5
2
1

1D
5
2

10

35135
170590
911D3

8629.9
2412.6

16576
2963.1

2/ 1x219.77
37.76

(. Do5
<.005 3/ 1x3

2x3/1xZx3 5.59 (.D25
x3

TOTAL76910535



APPENDIX 9.3
DUNCAN MULTTPLE RANCE TESTS FBR

EXPERIMENT 10.
Eomparinq REPT SHNR and 0H Inner and Outer mean ¡eaction times
Any tuo treatment means not underscored by the same line are
significantly different
Any tuo treatment means underscored by the same line are not
significantly difflerent

tonditions uithout instructions For preparation
(i) 2000 msec interstimulus interval

ABED
MEANS 494 528 5?.8 5BB

E

618
F

644

223.

s hor tes t
si gni fi cant
ranges P<.05

.5

.9cì
¡(J

= 34.4
= 34.7

sho¡tes t
si gni fi cant
ranges P("05

A
B
C
D

E

494
528
528
588
618

34 3494
60
60

124
90
90
30

150
116
116
56
26

R^
R:

ri R:b

R

R
R
R
R

31
32
33

ABGDEF

Table ofl the above mean reaction times
Fingers

Inner Outer
REP 5BB 494
SHNR 618 528
0H 644 528

(ii) 'l msec interstimulus interval
ABCD

MEANS 586 616 619 640

30 33

E

736

F

829

A
B
0
D
E

586
616
619
640
736

3
54
24
21

150
120
117
96

243
213
21D
189
93

= 117
= 122
= 125
= 127
= 129

a

a

2
3
4
5
6

1

4
5
5
B

ABODF E

TabIe of the above mean reaction times
Fi ngers

Inne¡ Outer
REP 616 586

SHNR 736 619
0H 829 640



224.

tondi tions in r¡hich the¡e Lras Dreparation for SH stimuli
(i) 2000 msec interstimulus inte¡val

ABED
MEANS 470 471 521 548

ABEEF

shortest
si gni fi cant
ranges FC05

s hor test
si q ni flcant
ranges P{"05

E

580

F

70t

1 A
B
E
D

E

478
471
521
548
580

51
50

7B
?7
27

110
1trg
59
32

130
129
179
152
120

R

R
R
R

R

2
3
4
5
6

= 6'l .B
= 7O.9
= 72.?
= 73.8
= 74.6

D

Table ofl the above mean reaction times
Fi ngers

Inner Outer
REP 521 47t
SHNR 548 471

0H 700 580

(ii) 1 msec interstimulus interval
ABCD

MEANS 525 539 555 598
E

66rl
F

s14

A
B
C
D
E

525
539
555
598
660

1L¡3D
16

73
59
43

135
1?_1
105
62

289
275
259
216
154

R

R

R
R

R

2
3
4
5
6

69.1
?2.2
74.O
75.2
76.O

ABCDEF
Table of the above mean reactisn times

Fi ngers
Inner 0uter

REP 525 539

5HNR 598 555
0H 814 660



225.

Conditions ln r¡hich there uras preparation for 0H stlmuli
(i) 2000 msec interstimulus interval

ABED
MEANS 471 551 552 586

E

640

F

706

R

R
R
R

R

54

BO
2
3
4
5
6

A
B
D
D
E

471
551
552
586
640

B1
1

115
35
34

169
89
BB

235
155
154
120
66

shortest
si gni ficant
ranges P<.05

s ho¡test
signi ficant
ranges P <.05

54
56
5B
5B
59

1

5
0
9
5

ABDDEF

Table of the above mean reaction times
Fi ngers

fnner Outer
REP 648 552
SHNR 706 586

0H 551 471

(ii) 'l msec interstimulus interval
ABCD

MEANS 590 502 6D3 624
E

662

F

734

A
B
c
D

E

590
602
603
62t+
662

12 13
1

34
22
21

72
60
59
3B

144
132
131
11t
?2

R
Dt\
R
R
R

0
0
0
7
B

?=1 ,=l

i =11
6

9B
o2
05.
06
07

ABCDEF

Tabte of the above mean reaction times
Fingers

. Inner 0uter
REP 603 590

SHNR 662 624

0H 734 602



226.

Conditions in ulhich there uas preparation for REP stimuli
(i) 2000 msec inte¡stimulus interval

ABED
MEANS 406 423 523 572

E

575
F

715

406
423
523
5?2
575

17117
1U0

166
149
49

AB

Table of the above mean reaction times
Fi ngers

Inner 0uter
REP 423 4CI6

SHNR 572 523

0H 715 575

(ii) 1 msec interstimulus interval
ABCD

MEANS 437 471 553 605

A
B
E
D

E

169
152
52

3

309
292
192
143
140

R
R

R

R

R

2
3
4
5
6

s hortes t si gni ficant
ranges P<.O5

shor tes t
significant
ranges F(.05

33
34
35
36
36

a

a

3
B
7
2
6

E D EF

E

634
F

754

A
B
D
D
E

437
471
553
605
634

34116
B2

168
131¡
52

197
163
B1
29

317
283
201
149
120

R"

r¡
R1
R:b

70.0
'73.2
'75.O
76.2
7?.0

ABEDEF

Table of the above mean ¡eaction times
Fingers

Inner 0uter
REP 471 437

SHNR 6i4 553

0H 754 605



227.

APPENDIX 9.Iû
B x B MATRICES FOR EXPERIMENT 10.

Conditions r¡ithout instructions for trretraration

(i) 2000 msec interstimulus interval

T
H1
I2
5

3
R

E4
S5
P
06
N?
5
EB
f'lEAN5

1

520
633

644
493
522
639
678
487

5?7

2

556
583
565
525
509

684
676

573
584

3

528
601

556
497

537

621
699
517
570

7

555
581
637
522

543
638
683
526
575

7

587
B18

BBB

687

737

?83
572

559
704

I
481
647

598
545
519
641
570
496
562

B

554
B1?

806
707

603
786
932

594
725

MEANS

540
616
618
509

522

638
639
522
5?6

MEANS

586
732
76a
645
672
801
767

595
696

LAST RESFONSE

456
584 549 549
626 643 614

671 621 651
467 505 514
550 490 507

656 627 609
651 618 614

523 519 538
591 5?2 575

(ii)1 msec interstimulus interval
LAST RESPONSE

123456
s42 575 739 499 5BB 607

690 622 628 673 824 785

797 674 616 A12 7'o3 787

686 625 610 536 67t 639

674 652 692 698 669 650

894 916 837 825 710 653

78? 863 833 814 703 631

582 674 604 607 627 514
7O7 700 695 683 691¡ 658

T
H
I
S

R
E
5
P
0
N

S
E

1

2

3

4

5

6

7

B

MEANS



228.

Conditions Ín r,.rhich the¡e bras Freparation for SH stimuli
(i) 2000 msec interstimulus inte¡val

(ii) 1 msec interstimulus interval

LAST

4

469
550
483

4s4
592
689

749
590

572

RESPONSE

5

585

7D3

632

568
469
590
569
457

572

6

633
695
674

574
437
524
544
466
568

LAST RESPONSE

456
466 655 655
7D9 817 789
603 ?t5 781
515 624 ?21
681 s40 549
7n6 626 507

817 64't 525
592 554 599
636 646 641

T
H1
I-
S¿
R3
E4
S
P,
06
N
S/
E8

T
H

I
S

R

E
5
P
0
N
5
E

MEANS

1

479

548
595
453
592
705
733
604

589

1

537

581
612

590

753
776

832
637

66s

2

479

53A
559
491

538
713
760
568

580

2

475

566
560

625

692
950

BB7

646
675

3

511
500
476

428
581
6BB

679
576

555

3

624
529
478
544
B2B

911
908
678
6BB

?

5e4

720
676

535
472
512
553
476
566

?

613

732
B9B

650
565
535
548
470
626

B

527

739
646
602
575
6D2

517
472
578

B

56?

711
778
557

591
699
544
561
626

MEANS

s33
623
593
513
532
628
638
526
573

MEANS

574
679
677

6D3

65t
714
714
59L
650

1

2

3

4

5

6

7

B

MEANS



229.

Conditions in r,lhich there Lras preparation for BH stimuli
(i) 2000 msec interstimulus intervall

T
H
I
s

R
E
S
P
0
N
S
E

MEANS

I
565
669
769
595
477

559
585

469

586

2

589
686

695

569
509

564
540
461

577

3

682
728
615
678
495

553
561
475
587

3

622
574
550

616
668

636

760
663
636

?

451
567

498
446
615
724
63?
614
569

B

456
570
517
453
5BB

672

743
572

571

MEANS

522
629
605

523
533

620
635
518

573

MEANS

568
693
694
645
622
695
692
598
651

1

2

3

4

5

6

7

B

LAST RESPONSE

\56
541 504 471

694 581 5U4

688 53t 527

523 456 465
479 545 553
517 668 700
5BB 7?1 704
462 554 533

562 570 562

LAST RESPONSE

456
587 609 529
773 635 678

565 682 'l2B

57t 587 713
576 6t7 556

764 694 548

796 653 622

596 612 5Bu

653 635 619

(fi) 'l msec interstimulus interval

I1T2
55

E455
Ë6
N7
:Bt
MEANS

1

557

718
742

779
697

774
657

541
683

2

5?4
674

765
683
546
816

787
62t
683

?

505
BU4

832
544
654
587
640

546
639

B

562
6B?

689

669
6?3

743
619
624
658



230.

Eonditions in uhÍch there uras preparation for REP stimuli
(i) 2000 msec interstimulus interval

T
H
I
5

R
E
s
P
0
N

5
E

1

2

3

4

5

1
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639
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481 622 615
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494 621 633
360 453 562
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679 583 419
765 618 564
536 4?4 57?
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LAST RESPONSE
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751 592 542
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6

7

B

(ii) 1 msec interstimulus interval
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