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mean RT for an incorrect response by an amount which increased with an

ABSTRACT
The'resulgs of three experiments requiring the jsdgement of the
temporal order of two qontinuohs vigual stimuli were repcrte&. The sttmuii
were spatially-separated and eaqual iﬁ intensity. Although the proportion

of correct order judgements'increksed with the inter-stimulus~interval

(IS1) in each experiment, there were differences in the resnonse time (RT)

, results. When acgﬁracy was stressed, mean RT increased as the ISI de-

creased. However mean RT was relativelv independent of ISI when RT dead—
lines were emvloyed As mean RT increased the slope of a linear relation-
ship between.the difference in mean RTs for the two ordet responses and a
meagure of performance accur&cy.decreased from positive to negative.

Under accuracy conditions the mean RT for a correct response was Jess than the

incrqase in ISI. When RT deadlines were imposed thé mean RT for a correct
4 , .

respénse exceeded . the mean RT for an incorrect response by an amount

which increased with an iAcrease in ISI.

The covariation bepween RT and response proportfbp\heasures.was
accouﬁted for by a meodel which proposed that order discriminati;n involves
Lhree stages. In the stimulus informatfon encodiné stage,va gample of
stimulus fnformation is stored in a sensory storage Sﬁffer. ;n the
decision staée the information obtained in the buffer drives a random
walk nrocess wﬂich generates quantitative predicciéns for response prbporr.
tion ;nd the mean RT for each order resmonseée. The resboase outptit siage

containg -processes such as motor actions which are assumed to contribute

'3 constant component to the mean RT for each stimulus condition.

iii




A model specifying that the order decision results from whichever
‘stimulus 1is perceived first was shown, to gener;te mean RT predictions
which.were not suppbtced by the data obtained under accuracv conditfons.
It was concluded, therefqre, thgt order discrimiﬁation involves a decision
process which utilises information obtained from the stimulus pattern.

"The use of a gap 'in one of the stimuli ok a pair did not éenerate
changes 4n response proportion which were predicted by a random walk .
decision process which was driven by 1nformatibn sampled directly from the
stimulus pattern. ﬁowevér, the éesplts of each experimcn% were consistent
with the_predictions'of-a model specifying that the parameters of the
stored stimulus 1nforqgtfon vary with time since the commgncem;nt of éhe '

. ¥
decision process. '

When accuracy was stressed and the mean RT was long, the decision N

process was approximated by a Ebrminal zero drift random walk. This model
vas shbwn to fit the data from Experiméhte,l and IITI with a hiéh'degree of
accuracy. -. Egstimates of atimulue and response strategy narameters nrovided
a means for assessing their separate contributions to order discrimination
performance. However, this approximation faiied toﬁaccount'for data

obtained when RT deadlines were imposed. >‘~

The covariation between response time and response proportion

measurces was similar to that obtained in other psychophysical tasks. It

was concluded, therefore, that the model proposed in this thesis has wide

applicability to a variety of'two—choice.tasks.

iv
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N ’ INTRODUCTION

A ottaracteristic of human perceptual processing is the ability of
various sensory receptor systems to code stimulatioﬁ provided by physical
stimulus energy. The 7Lysical energy generated by the stimulus may be

J described in termé of both physical location in space and the rate of
change in the level of stimulus energy at each spatial location.
Perception involves the coding of such séatio-temporal variations in
stimulus energy or intensity in,terms of coyrQSponding changes in the
activity of thoge neural structures which are activated by the transduced
stimulus energy. . ¢

“ Suppose that the physical position and intensitv of a stimulus
are fixed and the stimulus, once turned on, remains on. In this case
the stimulus is continuous. Under such conditions .the sensory ‘effect
generated by th; stimulus may vary as a functionm of time since stimulus
onset. In order to track the time course of the sensation generated by
a st£mu1us, an indirect psychophysical procedure is required.

In experiments described in this thesis two visual stimuli, equal
in physical stimylus intensity and locgted in different fixed positions
in the visua% field, are illuminated sequentially. Both stimulus orders
occur equally often during a block of experimental trials. In a simple
psychophysical task using.a set of suéh temporally separated stimulus
pairs, the subject decigdes whiéh light .appeared to be illuminated first.
Performance in this task can be described in terms of the percentage of

correct order responses as a function of the time interval between the
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S I

stimulus onsets. This temporal order discrimination task is a type of

masking task since the order information provided .by the stimulus pair
is boundéd by the times at which the two stimuli are detected by the
visual system. For continuous qtimuli, response accuracy in a }emporal
order digcrimination task indicates the amount of order information
available during the time interval between detection of -the two stimuli.

A plausible mechanism underlying temporal order discrimination
asserts that the perceived order of two stimulus events is governed by
whichever stimulus is detected first. This mechanism is equivalent ;o
a race between two stimulus dependent detection processes, the "winner"
of the race being the process which firsé detects a change in the
stimulus input. Accordingly, order inversion errors result from
variability in the complétion times for each process.

Alternatively, the relevant stimulus information for each stimulus
is the amount of neural activity integrated over a'sampling period of
relatively fixed duration. If the sampling period is sufficiently long,
the integrated neural activity depends on the pattern of stimulus events
sampled, Hence order discrimination-performance depends not only on the
relative stimulus onset times but on &ll those changes in the stimulus
input occurring during the sampling period.which alter the neural activity
in the vi;ual system. " :

A quantikative account of order discrimination performance requires
examination of decision processes aswell as\mechanisms for the accrual

i
of stimulus inﬁormation. A distinction can bé made betweeﬁ decision
mechanisms which uEilise information obtained directly from the stimulus

display during a sequence of observation intervals, and those which utilise
)

the stored information obtained from a single observation of the stimulus

\
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display. In both cases, an evaluation of the separate contribution of
stimulus information and respbnse strategy influences on order discrimination
performance 1is required.

In this thesis a random walk model for the decision process,
together with suitable assumptions concerning the accrual of stimulus
informaiion, is proposed. The modgl generates independent estimates of
stimulus information and response strategy parameters influencing order
discrimination performance and accounts for the covariation between the

relative proportion and the mean response time for correct and incorrect

responses.
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CHAPTER I

Temporal Order Discrimination and the Concept of Prior Entry

The historical antecedent of reseafch‘on temporal order
digcrimination includeé some of the earliest work in experimental
psychology: the compiication experiments (Boring, 1950). The term
"complication™ was originally employed by Herbart (1816) to refer to
tasks involving the processing of stimuli from disparate sensory modalities,
but the complication experiment evolved from problems astronomers often
encountered while determining the precise time of a stellar tramsit. At
the turn of the nineteenth century and before the introduction of
methanised methods of observation, tﬁe observer was required to synchronise
the time at which a star passed a hairline meridian marker with an ‘external
time s¢ale such as a click presented at one second intervals. If the
stellar transit occurred bétween clicks the observer estimated the fraction
of a second that had elapsed between the previous click and the sighting
of the transit. When the transit occurred almost simultaneously\with.the
click, variafion between observers in the perceived orqer of the click
and the transit was obtained (Sanford, 1888).’

A commonly employed laborato;y simulation of the stellar transit
observation task consisted of a pendulum which was allowed to swing along
a graduated scale in such a way that it rubbed against a metal bar at a
predetermined point aiong the scale producing a click sound. The observer's

task was to estimate the positidﬁ of the pointer when the click was heard.

4 .
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The position of the metal bar was varied from trial to trial so that there
was a variable time interval between trial onset and presentation of the
click. In some early experiments using this apparatus (Windt, 1893) it
was found that judgments of pointer position did not always correspond
with the true pointer position. The direction of the error varied with
the extent to which observers divided their attention between the click
and pointer, Observers who attended to the click often reported the
pointer position to be displaced to a location that it would have occupied
if the click had occurred earlier. A displacement in the opposite direction
f
was often reported by observers who tended to concentrate their attention
on the pointer (Kulpe, 1893).

A similar effect of attenfion was observed by Exner (1875) wh?n
observers were ask;d to discriminate the order of two rapidly successive ~
stimuli from diféerent sensory modalities. Exner ﬁemonstrated that under
s&me circumstances a click would appear to occur‘before a light flash even
though the light flash was actually presented firég. He discovered that
attending to the second stimulus in a click-flash pair made order inversion
errors more frequent. In order to account for the effect of attention on
order inversion errors in both the pendulum task and the click-flash
experimen, Titchener (1899) proposed that directing one's attention
towards a stimulus produces a more rapid rise of its ;epreséntation in,
consciousness, so that its temporal location relative to a second stimulus
is altered. This idea.fofms the basis for the concept of prior entry,
guggested by vonTschisch (1885), which stz&es that the stimulus towards
which attention is directed is accorded more rapid processing by the

sensory system stimulated.
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A direct approach to the measurement of a prior entry effect using
temporal order judgments was devised by Stome (1926). In an experiment

employing auditory and cutaneous pulsed stimuli, Stone found that when

.subjects were asked to attend to the cutaneous stimulus and then report

" which stimulus appeared to occur first, the click cduld precede the

cutaneous stimulus by 17 msec and still appear to occur simultaneously
with it. When subjects were asked to attend to the click it was found
that the click could be presented 23 msec after the cutaneous stimulus
and still appear to occur simultanebusly with it. Hence the effect of

directing the subject's attention towards one .of the two stimuli in a

4

temporal order discrimination task was to generate a shift in the temporal

separation of the.stimuli necessary for the perception of apparent
-
simultaneity, the point of~subjectiVe simultaneity (PSS).
Similar shifts in the PSS have been observed for visual stimuli

when both relative retinal location and relative inténsity have been

"varied. Rutschmann (1966) obtained temporal order judgments in a task

empleing equaliy intense monocular pairs of light flashes with duration
500 msec. The ;lements of a stimulus pair were presented at various
stimulus onset asynchronies to the light adapted fovea and the peripheral
retina. On each trial one light flash stimulated the fovea and the other
light flash stimulated a point equally likely to be 30° of wvisual angle
either to the left or to the right of the fixation point. JThe results
indicated that for apparent simultaneity the peripheral stﬂm;lué preceded
the fovealhstimulus;by 39 msec when presented nasally to #he fovea, and

!

by 46 msec when presented temporally to the fovea. HenchRutschmann
{

concluded that peripheral light flashes have a longer me#n perception
!

e e .
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-light flash. 1In a temporal orﬁer discrimination task which used as stimuli

.

time than foveal light flashes., This result might be accounted for by
assuming that during central fixation greater attention is paid to the
foveal flash than to the peripheral flash. The foveal flash is granted

"prior entry" and its perception time is thereby reduced.

S L zaa N -

Rutschmann (1973) presented pairs of 10 msec light flashes, one
to the fovea ang the other at various degrees of eccentricity along the
horizontal meridian. The foveél flashes were binocular and the peripheral
flashes were monocular. In a temporal or&er judgment task Rutschmann
found that light flashes presented to the left visual field have a longer
perception time as_inferred from the PSS than light flashes presented
at cbrregponding eccentricity to the right visual field. In a second

experiment Rutschmann (1973) showed that the displacement of the PSS wit@ >

increasing eccentricity of the peripheral stimulus is a linear function

.
[P

of visual angle. Hence the work of Rutschmann indicates a clear difference
in relative perception times for stimuli p;esented_at different positions
in the visual field, when these differences aré¢ assumed to correspond
with‘a displacement in the PSS for the psychometric functions obtained in t
}‘

a temporal order discrimination task.

Using a similar experimental design Gibbon and Rutschmann (1969) . ?;

N .

presented 10 msec light flashes, one to the foveal region of the left
eye and the other to the nasal region of the retina of the right eye at

a position 50° of visual angle along the horicontal meridian. The luminance "

of the foveal flash was varied between conditions se that its intensity

was efther higher than, equal to or lower than that of the peripheral

pairs of foveal and peripheral light flashes, the PSS of the psychometric

~
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function for order discrimination shifted to a greater lag for the
peripheral stimulus as the intensity of the fo;eal frasg decreased. This
result was interpreted to imply that the mean perception time for the
foveal stimulus increased as its intensity decreased.

.The use of thg PSS of the psychometric function feor temporal order
discrimination as an estimate of the mean difference in perception times
for the two stimuli is a variant of the "perceived-order™ method which
is commonly employed in visu;l psychophysics. In this procedure the
subject sets the time inter§al between the stimuli go that critical
stimulus events appear to occur simultaneously. It is then assumed that
the temporal separation of tﬁe stimuli which corresponds to a judgment
of simultaneity equals the difference in the mean perception times for
these two stimuli.

The validity of this procedure relies on the assumption -that in
judgmenFs of simultaneity the contribution of the decision proce;s is
independent @f the tempora{ separaéion of the stimuli. Whereas the
temporal order method is akin to the method of constant stimuli, the
"pérceived—order" method is a variant of the method of limits (Woodsworth
& Schlosberg, ;951). Using a variéty of visual stimqlus configurations
and the "perceived-order"” method, Hansteen (1971), Lewis, Dunlap and
Matteson (1972) and Walsh (1973) have all demonstrated that the mean
perception time for stiﬁulus offsets is less than the mean perception
time for stimulus onsets.

A f;rther application of Lhe "perceived-order' method has been

made by Efron (1973) and Haber and Standing (1970) Qho used clicks to

be set by the subject so as to appear simultaneous with the apparent

¢
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"of attention and stimulus variables such as relative stimulus intensity. i:

}

f%

onset of a visual stimulus in one condition, and with the apparent offset

of a visual stimulus with variable duration in another condition. Both

studies reported a marked persistence of apparent stimulus duration beyond

the actual stimulus duration for stimulus durations less than 125 msec.
Tasks employing judgments of temporal order and subjective

simultaneity have shown that the distribution o%‘attention between two i

stimuli and stimulus parameters such as the relative location of the

stimuli in the visual field and their relative intensities influence

the temporal separation of the stimuli necessary f;r the perception of

apparent simultaneity. The studies by Stone and Rutschmann have shown

that either focussing attention on one of the stimuli or increasing the

relative intensity of one. of the stimuli decreases the mean perception

time for that stimulus relative to the mean perception time for the

i s A

unattended or less intense stimulus. 1In addition, compared with foveally
presented stimuli, equally intense stimuli presented peripherally have

a longer mean perceptién time. With central fixation this latter effect:
is likely to be mediated by an attentional bfas directed towards the
foveal stimulus. So use of the PSS as an estimate of the difference in
mean perception times for two stimuli has indicated tﬁat temporal order

judgment§ are influenced by both subjective variables such as the allocation

The displacement of the PSS as these independent variables are varied

provides a measure ‘of the prior entry effect.

~

Results analogous to those found in the literature on prior entry ‘
. ° )

phenomena in vision also apply for the simple mean reaction time to visual
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stimuli. For example, Swift (1892) found that with a distracting auxiliary

stimulus, the mean simple reaction time increased with attention to the
disturbance. The classigal resul;s of Poffenberger (1912) demonstrated
that simple reaction time increases as the stimulus is displaced further
into the periphery of the visual field. Further, Cattell (1886)
demonstrated that as the intensity of a light flash is increased the mean
reaction time to that stimulus decreases.

What is the relationship between the difference in mean perception

times for two stimuli inferred from the PSS whigh is obtained from

+ judgments. of temporal order or successiveness and from the difference in

mean reaction times to the stimuli presented singly? Roufs (1963) used
simultaneity judgments and simple RT (reaction time) to measure the
relative perception times for two light flashes. 1In the‘iimultaneity
judgmént task subjects set the time interval between the light flashes

so that they appeared simultaneous. The corresponding measure for si:§le
RT was the difference in mean RT to these stimuli presented separately.
For one of his tug subjects the correspondence between the two measures
of relative perception times was high.

Using bisensory stimuli, Sanford (1971) failed to find a
correspondence between r;action time and simultaneity judgment mqasﬁres
of the difference in pe;ception times for the two stimuli. He used an
apparatus similar to Wundt's complication pointer test. The stimuli used
in the temporal order task were a click and the position of a pointer
on a graduated scale. On each trial the subject located the position

of the pointer as soon as he detected the click. The click 4intensity

was varied between blocks of trials and the effect of intensity on

\
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perception time for the click relative to that for pointer position was
measured in terms of changes in the appafent position of the bointer
when the click was detected. In the RT task the same apparatus was used
except that the pointer defined the duration ofla va;iable foreperiod
before the critical click stimulus was presented. The results showed
that for the same decrease in click intensity the increase in mean RT
exceeded the increase in mean difference in perception timgs. Hence
reaction time measures tended to magnify the effect of changes in stimulus
intensity on perception time. ’ ™
Using cutaneous pulsed stimulus pairs, one to the index.finger
and the other to the contralateral second toe, Halliday and Mingay (1964)
showed that a 20 mset difference in the onset of the cortically evoked
responses to the two stimuli was not reflected in measures of the
displacement of the PSS in é temporal order judgment task employing the
same stimulus pair. Hence the temporal asynchrony required for subjective
simultaneity in order judgments may not correspond exactly to the delay

transmitted throughout the sgensory and motor systems involved in a reaction

~
time task.

In the Gibbon and Rutschmann (1969) experiment simple RT was
measured for each light flash presented singly. Using the distributions
of simple RT as estimates of the perception time distributions for each
stimulus, predicted psychometric functions were obtained by convoluting
appropriate pairs of RT distributions. As is customary in the ''perceived-
order" method, it was assumed that the subject's order response is

generated by the first stimulus of a pair detected. The predicted

psychometric functions in ihe Gibbon and Rutschmann study were quite
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"o close to the observed functions for one subject. For the other subject
the predicted psychometric functions were displaced from the obtained

.4 functions so as to indicate that the mean perception time for the fov?al
stimulus was shorter than that for the peripheral stimulus to a greater
extent in the temporal order task than in the simple RT task. This
result suggests that attentional faétbrs operating when two stimuli are
In "presented in rapid succession may not operate in the same fashion when
each stimulus is presented alone.

- Although the qualitative effects of various independent variables
such as relative stimulus location, relative stimulus attention and the
allocation of attention have parallel effects on both the PSS in a

t oral order discriminationd task and the difference in mean simple RT
emp : 1

ié: to each stimulus presented élbné, an eéaft quantitative correspondence
i;%i between these measures does not always apply. The simple RT measufés
’ do not allow for possible interactions between the sensory effects
generated by temporally conciﬁéuous stimuli. 1In order to investigate
the processes underlying temporal order discrimination a model describing
r ) a mechanism whereby stimulus information is sampled from the stimulus

display and used in effecting an order decision is required.

.
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CHAPTER 1T

Random Walk Models For Temporal Order Discrimination

Consider a pair of mutually discriminable stimuli Sl and 82 for
which S1 precedes 52 by a time interval 7. For example, in the experiments
to be described the stimuli are two equally intense lights situated
equidistant above and below a centrally located fixation poing: At the
beginning of an experimental trial the fixation point is illuminated.

T msec later‘S1 (say) 1is illuminated, followed by the illumination of
82 T mgsec later. All three lights remain illuminated until the subject
elicits a judgment\of their order by depressing one of two response

buttons indicating the response R1 (Sl first) and the response R, (S

o

2

first). From a series of experimental trials in which both stimulus

2

order and inter-stimulus interval (ISI),T , are varied the average data
-are represented by the relative propartion of each response and the mean
response time for each response, conditioned upon both order and ISI.
The aim of the models described in this chapter is to account quantita-
tively for the measured covariatrion between response proportion and mean

response times.

Associated with each stimulus S, (L = 1,2) is 2 set of n

i i

independent and mutually exclusive information sources or channels, Ci'

which transmit neural activity generated by S When the fixation point

i!
is illuminated at the beginning of a trial the subject (S) begins gampling

neural activity in the two sets of chanpels. During the kth observation

period of duration bt, the total activity sampled from channels Ci

is represented by a randem variable A_ ,i = 1,2.

ik
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The critical stimulus information producing an order decision is
the difference in total activity sampled during the kth observation
period, dk = Alk - AZk' Over a sequence of observation intervals s

accumulates differences in total activity until one of two preset
'y

response threshold values for the accumulated stimulus difference is

either reached or exceeded. An order regponse associated with this

) ' s
response threshold is then’elicited. After n ob%ervations of stimulus
\
information the accumulated activity difference is"given by

n
Dn=Do+ £ d
k=1

where Do’ the initial value of the sum is the starting point for the

k .

random walk. Since the‘sign of dk is positive or negative depending on
the relative values of Alk and A2k’ Dn is represented by a positive or
negative real number. Without loss of generality the respomse thresholds

are set at A and -A for responses Rl and R2 respectively. The decision

rule is then defiped as:

Respond R, 1if Dn > A,

1

Respond R, 1if Dn < -A,

2

Otherwise sample another stimylus difference, dn+
L 3

1°
The mathematical representation of the decision process is in

terms of a random walk- of the random variable Dn along the real line

constrained by absorbing barriers at A and -A. The expected value of
. N \

Do’ E(Do), equals C, -A <C < A. The random walk qecision process is
similar to the sequential sampling scheme devised by Wald (1947) and
applied to choice RT tasks by Stone (1960) and Laming (1968). 1In the

»
sequential sampling model the random variable representing the step size

S

-

-
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, .
to the random walk is -the difference in the logarithms of the probability

that the observed stimulus information arises from two hypothesised
probability density functions (pdfs) with stimulus dependent parameters.
A problem with this representatiwon is its assumption that the
observer has a complete representation of the pdfs cpnditioned upon
stimulus presented for the range’of possible stimulus information values.
Although thisxassumption might be appropriate in statistical hypothesis
testing where known probability density functions are ;mp;oyed, it implies
that S is capable of inferring the statistical properties of stimuius
information variability. In contrast, the stimulus information accrual
process considered in this chapter requires that S measure the difference
between two stimulus dependent random variables. knowledge of the form

of. the pdfs for these random variables is not necessary. -

Properties of the Random Walk YHodel

The basic properties of the random walk decisioﬁﬂpﬁp >SS are
represeﬂted in terms of both the probability of abso%ﬁt§pn and the mean
numbér of steps to ;bsorption at the two response thresholds. Predicted
values for these measures in(terms of A, C and parameters of the mgf for
a stationar? step size pdf are derived in Link apd Heath (1975) and t
summarised in Link (1975) for the case in whic the starting point for f
the random walk is fixed. An extension of ches% results in the presence

" of star;ing;point variability is provided in the Appendix.

In~a temporal order discrimination task a pair of temporally

separated stimuli presented on a trial is defined as a stimulus pattern :

ni,vwhere the subscript i = 1,2, indexes the stimulus, S which is

i’
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illuminated first. Hence w, represents the pattern S, before S, and

1 1 2 2
represents the pattern 82 before Sl.
Two stimulus patterns L and L) drive symmetric random walk

decision processes if the step size distribution for n, is the mirror
image of the step'size distribution for nl about a value of zero (Link,
1975). For equally intense stimuli, patterns LB and wy drive symmetric

random walk decision processes provided that the ISI is the same.
Stinulus patterns which drive symmetric random walks are def;neﬂ as
symmetric stimulus patterns. Hence, the random walks generated by such
patterns have mean step sizes which are equal but opposite in sign.

‘ A pictorial representati?n\?f a random walk decision pfbcess is
given in Figure 1. The yertical scale reprgsents the accuﬁﬁiated
stimulus difference and the horizontal sgale represents time since the
commencement of the process. Response thresholds are set at A" and -4,
and the distribution of starting points bounded by the iﬂterval [-A,A]
has itd mean value at C. A typical stochastic path for a random walk

with positive drift is indicated. This path’ reachés the response threshold,

A, and an R1 response is elicited. Paths absorbing at -A generdte an

R, response. Since absorption is certain (Appendix p. 164) either Ry or
R, is elicited. )
Rgsponse ngggbility Predictions

Let Pji be the probability of response Rj

ﬁi (i,j = 1,2). When there is starting Point variability,

to stimulus pattern ¢

P11 ds given

by Equation A9/ﬁn the Appendix. For normally distributed starting points

with megn C, variance %5 and a sufficiently small probahility that D,
. . T

Ve -

-
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The random walk decision process.
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lies outside the interval [-A,A], equation AlD in the Appendix implies

that
Ol(A+C) Olk

e
11 eei(A+C) i e—el(A-C)

~ e

p

-A <C <A, K <A +C (1)

2

where K = 0.5 5,

Ul, and Ol is the non-zero root of f*(0) = 1. £*(0) is
the moment generating function (mgf) of the step size for the random walk,
d, defined by

0

£+ = Ele™]. o

If the random walk always begins at C, the starting point variability,sﬁ,
and hence the parameter K in equation (1), equal§ zero.

In the absence oflstarting point variability, Link (1975) has
shown that data obtained using symmetric stimulus patterns provide

estimates of AOl and COl. These estimates are given by

~ _ -];-

A0; = 5 &n [(Py,/Py)) (P /P, )] @
1 4

CO = 3 fn [(Py,/Py))-(R),/P)))] 3

When starting point wvariability cannot be ignored an estimate of

AOl, (&bl)', is given by

0, (A+CHK) 0, (A-C) O,K
1 1 1 -
on e -1 e -e (4)
Ol(A—C+K)‘ - 01(A+C) @1K
e -1 e -e

”~ -~ 1
L — —
(AOl) = AO1 2

where Abl is given in equation (2). Since the second term in equation

(4) vanishes when C equals zero, comparison with equation (2) reveals

TP
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that &bl is unaffected by the presence of starting point variability

when the mean starting point equals zero. For Ol > 0, the second term

in eguation (4) exceeds zero when C. <0, andiis less than zero when C > 0.

llence in the presence of starting point variability, the estimated value
of Ael obtained from equation k2) exceeds its correct value when C <0
and is less than the correct value when C >0.

When the ééan step size for the random walk is zero, the process
is defined as having zero drift. In this case the stimulus pattern is

represented as "o' In the Appendix (Equation All) it is shown that

!

=1 -
Pio =7 [L+(C/0)], -A <C <A. (5

For zero drift, the absorptfbn probabilities do not depend on the variance

of the starting point distribution. For A fixed, equation (5) generates

the expected prediction that as C approaches A the probability of an Rl

response increases.

Decision Time Predictions

The decision time predictions of the random walk model are given
by the number of steps to absorption multiplied by At, the time consumed

by each step. If C is the mean starting point, m the mean step size and

A the response threshold for a random walk with starting point variability,

then it follows (Appendix p.172) that the marginal mean number of steps

to absorption conditioned upon the presentation of Sl

responses is given by
. . A(2P11-l) -C

ED = (6)
m

and pooled over both

—r e o s o
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Hence the marginal mean decision time equals (ED)At kime units. As
ex;ected, an increase in A alone is accowpanied by an increase in the
marginal mean decision time.

Link (1975) hés derived a test for detecting the presence of a
random walk decision process based on a relationship between the marginal
mean number of steps to absorption and the absorption probabilities for
symmetric random walks., The test is valid when there is no starting

point variability. The estimated marginal mean number of steps to

absorption, is given by
ED = 2/m0, Q)

where z = Abl(ﬁllnﬁlz)' Since z can be conveniently obtained from the

data, equation (7) implies that for m and Ol fixed, éb is.a linear
function of z. ‘

When there is no starting point variability and C = 0, the dif-
ference in mean aumber of steps to.absorption conditioned upon responses

Rl and R2 respecfively for the same stimulus pattern ni’ thiA— ENZi’ is

given by

Y Y o
1 ” BNy = 2D (8)

(Link and Heath, 1975)

where m is the mean step size to the random walk, and Y }s a parameter
measuring the asymmetry of the step size mgf (Appendix: p.l755.
Depending on the value of y, the difference in response conditioned mean
response times can be either positive, negative or zero.

For symmetric stimulus patterns generating symmetric random walks
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without starting point variability, the difference in the mean number of

steps to absorption conditioned upon response R, for patterns T, and 7

1 1 2°
BNll - hnlz, is given by
. - AL ;b !
ENll - Lle = (A C)Olh (9)
-
where K’ = (y—l)(ymol)'l (Link, 1075).

The corresponding result for the difference in the mean number of steps

to absorption conditioned upon response R, for patterns w, and W

2 1 2’
EN ~ EN i i
21 22° is given by
. _ !
ENzl - EN22 = (A+C)OlK (10)
Lstimates of (A—C)Ol and (A+C)91 are given by
A~C)0, = In(P,. /P 11
(A-C) 1 = n(f’ll 12) (11)
700, = n(P. /P ‘(12)
(A+C)0) = n(P,,/P,})

(Link, 1975), where the fij’ i,j = 1,2 are estimates of the corresponding

Pij'

For a random walk with starting point variability and zero drift

the difference in the mean number of steps to absorption at A and -A is

-

given by (Appendix, Equation A21)

_ hAC

3 #

H
where s2 is the variance of the step size to the random walk and C is

EN,. - EN

10 20 (13)

the mean starting point. This result does not depend on si, the variance

of the starting point distribution.

e
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Elimination of ¢ from equations (5) and (13) yields a linear
2
4 - LN _ . .
relationship between EllO IAZOand PlO on for fixed A and s~ since
2
: el
ENjg = ENpg = 3.2 (P10 = o) (14)
s

Equation (l4) describes a relationship between the mean number of steps
to absorption and the probability of absorption which is independent of
the response bias parameter C. It provides a non-parametric test for
detecting the presence of a zero drift random walk under conditions which
maintain A and 52 fixed.

Th; random walk model generates predictions for the probability
of absorption and the mean number of steps to absorption at the two
response thresholds. When starting point variability is negligible,

equation (7) predicts a relationship between the marginal mean number of

steps to absorptiom and probability measures for symmetric stimulus patterns.

In the case of zero drift, equation (l4) predicts a linear relationship
between the difference in response conditioned mean number of steps t;
absorption and the difference in the probabilities of absorption at the
two response thresholds. These results provide the basic mathematical
predictions of the random walk decision process for temporal order
discrimination. Specific predictions for the covariation between mean

response time and relative response frequency in a binary choice task

are also generated.

A Limited Observation Time (LOT) Model for Temporal Order Discrimination

The LOT model for temporal order discrimination describes both

the accrual of stimulus information and the manner in which a decision

Py

[P

’Q‘e( et
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is reached. According to the pictorial representation of the model in
Figure 2, temporal order discrimination involves three stages, a stimulus

information encoding stage, a decision stage and a response output

stage.

-

In the stimulus information encoding stage information from the
transduced stimulus pattern presented on a trial is sampled for a finite
sampling period T. The duration of the sampling period is either
potentially modifiable by instructions, or constant, as is the perceptual
moment (Stroud, 1955). The output from this stage is a difference in
the summed sensory effects of the stimulation generated by the stimulus
pattern during the sampling periéd T. This difference is stored in
sho;t—term memory and accessed during the decision stage. In the simplest
version of the model it is assumed that the statistical properties of the
stored representation of the stimulus pattern do not vary with time.
Consequently the stored difference in stimulus information is a random
variable with a stationary pdf. In a modification of the model the
stationa;ity assumption is relaxed.

The decision stage depicted in Figure 1 consists of a random walk
process driven by the stimulus difference information stored in sensory
memory. During each arbitrarily‘small time interval, At, a sample of
information is retrieved from storage and added to the accumulated
stimulus difference. Depending on the value of this sum relative to the
response Lhresholds set at A and -A either an ordec?decision is executed
or the sampling of stimulus difference information continues.

/

The starting point for the random walk decision process represents

a response bias chosen by S on the basis of his expectations concerning

PP




iy

Figure 2.

The LOT model for temnoral
order discrimination.
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which response is likely to be required. Changes in expectancy
over trials generate variability in the starting point for the decisioA
process. As showm in the Appendix (p.166,17) the presence of starting
point variability decreases both the probability of a correct Rl
Pll’ and the marginal mean numbe; of steps to absorption, LD.
The predicted decision time on each trial is the number of steps
to absorption of the random walk process multiplied by the time consumed
per step. The total response time (RT) consists of the decision time,
the fixed stimulus sampling time T and the time required to select and
execute a motor movement. The latter time is consumeé in the response

execution stage. The components of total KT which exclude the decision

time are defined as the non-decision components. It is assumed that the

-

mean non-decision component of total RT, ETij' for response Ri’ Lui, is
additive with the decision component for that response, EDij,but
independghi”df the stimulus pattern "j presented. Hence
ll \\
. - +
. ETij EDij EHi . (15)

For a pair of equiprobable symmetric stimulus patterns, equation

(15) implies that the marginal mean RT is given b&

- ED + & - -
ET =~ ED + 5 [EM +EM+(P, ~P,,) (kM ~EM )] gy (16)

where kD is the marginal mean decision time and P i=1,2 is the

i1’
probability of a correct R1 response. For different symmetric stimulus

pairs, the second term is constant provided that either EM., equals EM

1 2

or Pll equéls P22' Any problems introduced by a difference in EHl and

EM2 can be avoided by examining the effects of experimental variables on

the mean RT for the same response.

response,
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.

Psychometric Function Predictions

The psychometric function for temporal order discrimination is
a plot of the probability of an Rl response for each stimulus pattern
LFg For normally distributed starting points to the random walk with
mean C and variance 5(2), the psychometric function for ()l > 0 is given
by equation \(l). From the properties of the mgf (Cox and Miller, 1965, >
p. 48), Ul > 0'when the mean step size to the random walk is positive,
Ol = 0 when the mean step size is zero and 01 <0 when the mean step
size is negative. If equally intense stimuli Sl and 52 generate a
positive mean step size when 51 precedes 52 and a negative mean step
size when 52 precedes Sl’ then 0, > O when S1 precedes 52 and 0; <0
when 32 precedes Sl' When Sl and 82 are simultaneous, 91 = 0. When
'SZ precedes Sl’ equation (1) can be modified by changing the sign of
OL' From the definition of K, this does not change the value of the

second term in the numerator. When S]. and 52 are simultaneous, K equals

0 and equation (5) applies. lience the psychometric function is defined

by
Ql(A—C{gOl(M—C)— Gll{!
pn=e € , 0, >0 7)
ZGlA »
e -1
- l =
I

0, (A+C) LGI(A-—C) olx:l
and P, =1- = &2 0, <0 (19)
12 26. 4 1
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For A > C and K <<A, P (i = 1,2) increase as Ol increases.

11

Hence the psychometric function is a monotonic increasing function of 01.

The intercept approaches 0.5 as A increases. ' For non-zero values of 01,
the proportion of correct order responses increas;s as A increases.

When starting point variability is negligible, estimates of AOl
aﬁd COl ca; be obtained from equations (2) and (3) for‘symmetric stimulus
patterus. For equa;ly intense continuous stimuli, symmetric stimulus pat-
terns witiithe same ISI but different orders generate mean step sizes to

the random walk which are equal but opposite in sign. In this case the

values of 01 are equal but opposite in sign.

*r

Mean Response Time Predictions
For symmetric stimulus patterns equation (7) provides’a test for
the preéence of a symmetric random walk process whenistarting point
variability'can be neglected. Provided that the mean noéon-decision times
for each response are equal, equation (16) impl%es that these ‘components
of mean gT al;er the intercept but not the slope of equation 67). llence }
for a\rangé of experimental conditions which do not cause m@l to vary,
equat%ong&7) fmﬁlies tha£ the marginal mea; RT is a ‘linear function of
; with slope (m@l)_l and intercept:% (EMi + EMZ). .
For the .samé response, equations (9)‘Qnd (10) predict’linear
relationships between the difference ﬁetween mean RT cond;tioﬁed upon
stimulu; presented and e§timakes of (A+C)91 and (A-C)G1 obtained from
response probability data. In this case the predictious are unaffecteq

by a difference in non~decision components of mean RT.

For both éests of the random walk model, linear relationships
<N

s
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are predicted for a given palr of symmetric stimulus patterns when, under
instructions generating an increased marginal mean RT, $ increa s the
response threshold value, A. As implied by equation (6), an increase in

A generates an increased marginal mean RT for the same stimulus™condition.

The Real~Time Model For Temporal Order Discrimination , v~/>

: before'the first stimulus has been detected, and when the neural activity

(v The real-time model for® temporal order dis@%imination specifies
that information is sampled from the stimulus pattern until sufficient

information in favour of one of the response alternatives has been ac- -
3 . N N

o

cumulated. The term real-time, borrowed from computer tef;inology,_{hﬁlies
that the sampling of information from stimulus events, aﬁd the.decision
process‘which is driven by this information operate in parallel. Un%;ke
the LOT model, a‘sampie of stimulus information is not plaéed in short-

term st&rage and accessed later b( a decision process. In this respect

A ———— o

~

the real—timé model is memoryless.

A .Sampling of stimulus informatfpn begins when the fixation point

is detécted, Thereafter, successive samples of stimulus information are

obtained from tﬁ;\stimulus display during each sampling interval of '

duration A. The stimulus information driving the random walk decision

process during the kth sampling period is Lhe difference, dk’ in the

t?tal neural activity in the sets of channels stimulated by each stimulus.
vhen no stimulus information has been sampled from the display

the mean §tep size to the vandom walk is zero. This type of decision

process occurs wiiég no stimulus.contingent neural activity has occurred

generated by each stimulus is the same. The latter condition holds for

equally intense stimuli when both stimuli are continuously present.
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When more neural activity sampled during the sampling period
emanates from 51, the mean step size to the random walk is positive.
When more neural activity-emanates from 55, the mean step size is
negative. Hence the absolute value of the mecan step size depends on the
relative contribution.of the neural activity obtained from each stimulus
during the sampling period.

The random walk process corresponding to a stimulus pattern
in which 51 precedes S@ by T msec is depicted in ?igure 3. If A is

sufficiently large, the random walk process consists of three stages.

The breparation stage with zero mean drift represents the effects of
stimulus information accrued before neural activity generated by 5& has
occurred. Any'increments to the random walk occurring during this stage
result from spontaneous neural activity (Kuffler, Fitzuugﬂ &-Barlow, 1957)
with identical statistical properties for both sets of ch;nnels.

v
Following the preparation stage is the stimulus information stage

during which a difference in neural activity generated by the two stimuli
=

drives the random walk in a generally positive or negative direction.

During this stage the order information present in the stimulus pattern

shifts the mean displacement of the walk towards the response threshold

associated with the correct ordef-response. For example, if the response \“//

threshold at A corresponds to the respounse Rl (Sl-first), then the stimulus

pattern depicted in Figure 3 tends to displace the random walk decision

~

procesg from a mean initial value at C towards A.
. -
When no more order information is available from the stimulus

pattern, the mean step size to the rdandom walk reduces to zero. This

terminal zero drift process continues in the third stage, the masking

e e
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Figure 3. The real-time model for temnoral
order discrimination.
. R .
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stage, until it absorbs at one of the response thresholds and the corres-
pﬁyding resbonse is elicited. During this stage the order information
p;:vided by Sl during the stimulus information stage is maéked by the
presence of SZ'

Provided that absorption of the decision process does not occur
prior to the commencement of the masking stage, the decision process for
the real-time model can be represented by a zero drift random walk with
starting point-variability. Variability in the starting point results
from variability in the step sizes during the preparation and stimulus
information stages. The mean starting point for the terminal zero drift

process is a function of the order information contained in the stimulus

pattern. In general, the larger the value of T the greater the displace-

PRS-

ment of the mean starting point for the terminal zero drift process to-
wards the coxrect response threshold and the more probable is the correct

order response.

Psychometric Function and Mean Response Time Predictions

Equation (14} provides a test for a zero drift random walk decision
process when A and sz, the Jaria;ce of the step size to the randqm walk,
are fixed for various stimulué patterns. Under these conditions
equation (14) predicts a linear relatiouship between the difference.iu

-~response conditioned mean decision times and the difference between the
proportion d§ Rl and R2 responses to the same stimulus pattern. The
slope of this line is strictly negative. From equations (14) and (15) P

» the difference in response conditioned mean RT is given by

2 .
~2A :
Tl(r) - Tz(r) = 2 (Plo-rao) + ml - m12 (20) '
3s .
1
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where s2 = 2s..
_ 1
Hence the intercept of equation (14) is non-zero when the mean non-

decision times conditioned upon responses R. and R2 differ.

1

t/hen the gampling period, A, is arbitrarily small and the mean
step size to the random walk during the stimulus informaticn stage is
constant and equal in absolute value for each stimulus, the duration of
the stimulus information stage is bounded by the times at wiiich the two
sEimuli generate neural activity. If these times, measured relative to
the illumination of the fixation point, are denoted by ci for stimulus‘
Si (i = 1,2), then the mean displacement of the sfarting point for the
terminal zero drift process is given by mftl-tz) Jhere m is the mean
step size genera;ed by Sl alone.

1f At = tl—t2 is a random variable with pdf {12 (At), then
provided At is bounded so that absorption of the decision process does

not occur prior to the beginning of the masking stage, the predicted

psychometric function is given by

o

P (1) = {1+ (GHmT)/A}, =A <C +mr <A (21) :

where T = E(Ati. ,
- In this casé Pl(T) is ? linear function of T with slope %(mlk)

and intercept %[1 + (C/A)]. As A increases the slope of the psychometric o

function decreases, and the intercept approaches 0.5. hSince At assumes &

both positive and negative yalues, the domain of equation (21) is a

closed interval on the real-line containing zero.

Since si, the variante of step sizes to the terminal zero drift

random walk process, 'Is the sum of the variance of stép sizes arising

!
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from independent neural processes generated by each stimulus, its’ value
is independent of At. Consequeﬁtly, the predicted differcnce in response

conditioned mean RTs is given from equation (13) by

- o _ =2A(C + n1) o
Ai(:): 11(1) 12(1) = =5+ BN - 1M (22)

3sl 2

where Zsi = 52 and T = L(At).
In this case Al(T) is a linear function of T with strictly negative slope.

Estinates of the parameters, A,C and m s¢aled by s, are obtained

from ¢
A= 6/2p, (23)
C = (24,~1) #/25, (24)
g - (—351;")2/2)1"251 (25)

wheré ﬁl is an estimate of the slope of the best-fitting least squares

linear plot of §1(T) - %2(T) against T, and 62 and 62 are estimates of
the slope and intercept respectively of the best-fitting least squares

plot of ;l(r) against T.

An estimate of the difference in mean non-decision times for the
two responses is obtained from the estimated i;tercept of the best-fitting
least-squares linear fit of equatjion (20) to the data. The parameter
Estimates obtained from equations (23), (24) and (25) can then be used
to predict the slope of equation (20). This procedure provides a

consistency test for the model's predictions.
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Comparison of the Fredictions of the LOT and Real-time Models for Temporal
Order Discrimination
The LOT and Real~time models specifv that temporal order discrim-
ination performance depends on three inter-related processes, a stimulus ’
information accrual process, a decision process and a response execution
process. Both models generate predictions'cbncetning the form of the
psychometric function, the trend in mean RT data, and the covariation
between these performance measures for different stimulus patterns.
Although both models incorporate similar random walk decision
processes and response execution processes, they differ in the manner
in which order information is obtained from the stimulus pattern. The

PR

LOT model specifies that a sample of information contained in the stimulus
paglern is obtained during an observation period of finite duration.
The stored information determines the sequence of increments to e'
random walk decision process, and no further information is samplé e s
directly from the stimulus pattern. The real-time model, on the other
hand, specifies that increments to the random walk decision process are
generated by information‘sampled directl& from the stimulus display. In
this case no storage of stimulus information in memory is required. L
For both models, parameters of the random walk decision process
provide an assessmeng of the effects of response strategy and stimulus
variables on performance. Both the value of the response threshold and
the mean starting point for the random walk indicate the response
strategy adopted by S. As Link (1975) has demonstrated, Ss performing

a two-cholce RT task select a.starting point which is closer to the

response threshold associated with the response corresponding to the
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more probable stimulus alternmative. Also, chaﬁges in response threshold
alter tée average time consumed hy the decision process.

Although the representation of response strategy is the same for
both models, the models differ in‘their repre;éntation of the order
information available in the stimulus pattern. I[f, for the LOT model
there is no loss of order information in storage, at least for ;he duration
;f the decision process, then the order information is represented by the

- drift rate for the random walk. For the real-time model, on the other
hand, order information is represented by a bias in the mean starting
pgint for the random walk. In this case the random walk process 1s zero
drift, provided that absorption does not .occur during the stimulus
;ﬁformation stage. Under these conditions,.thc predictiogs of the model

are unaffected by starting point variabilicy.

For continuous stimuli, both models, predict that the psychometric
function is a monotonic increasing function of the signed value of ISI
(positive when Sl precedes 32 and negative when 32 precedes Sl). Although
generally curvilinear for the LOT model, the psychometric function }s
linear for the real~time model when the sampling time is arbitrarily[\
small and the mean step size to the random walk generated by éach stiﬁh&us

\
\
is constant. In this case, the slope of the psychometric function \

AN

decreases as the response threshold value increases. For simultaneous
stimuli the intercept measures the response bilas adopted by §. In con-
trast, an increase in response threshold value increases the mean slope

of the psychometric function predicted by the LOT model.
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llean Response Time Predictions

Critical tests of the two models involve predicted linear relation-
ships between nean response time measures and transformation of the response
probability wmeasures. In each case, the covariation bétween response
time and response proportion measures depends on differences in the
stimulus information sampling assumptions.

The models differ in the permissible relationships between response
conditioned mean response times for gach stimulus pattern. Whereas the
predictions of the LOT model do not constrain the sign of the difference

between response conditioned mean RTs, the real-time model predicts that

response conditioned mean RT is less for the more probable response.
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CHAPTER III

Wy

Temporal Order Discrimination Under Accuracy Instructions

In order to obtain reaction time data in a termporal order
discrimination task three expeypiments which examined the effects
of response and stimulus variables were run. Response proportion

and mean response time data were collected to test the predictions

of the random walk models. 1In Experiment I reaction time data were

. obtained under instructions emphasizing accuracy, and in Fxperiment

’

I1 the speed-accuracy trade-off for order discrimination vas examined

“arith s

v sy v
o ,"'"-

using response time deadlines. Experiment III examined the effect of
changes in stimulus parameters which have predictable effects on the

psychometric function for order discrimination if the real-time model
is correct.

Fach experiment employed the same stimulds display. The
successive illumination of two equally intense lights situated
equidistant above and below a central fixation point served as the
LN critical stimulus events. This vertical arrangement of the stimulus
lights wa; chosén in order to eliminate the effects of a left-right
visual scanning strategy which Sekuler et al (1973) have suggested
operates in order discrimination tasks using visual stimuli. Except

-~

in Experiment III, once a stimulus light was illuminated it remained

illuminated until the subject (S) responded. Hence there was only one

order cue for each stimulus light. In Experiment III gaps were included

-
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in one of the stimulus lights, but the stimulus onsets were still

the critical events to be ordered by S.

EEQeriment 1

Temporal Order Discrimination Under Instructions Fmphasizing Accuracy

Experiment 1 was performed in two phases, Experiment Ia preceding

Experiment Ib. The same apparatus was employed in each experiment and

* the procedures used were gimilar.

"METHOD . .

Subjects

' Each phase of the experiment employed four university students
as Ss. The Ss in Experiment Ia had had no previous experience in order
discrimination tasks, whereas two of the Ss in Experiment Ib (B and |
MG) had had previous training: Each § had satisfactory 20:20
corre;ted or uncorrected vigion as measured.by a Snellen eye-chart. .
They were paid $2 for each experimental session which lasted approximately

®

one hour.
Aégaratus

The Ss viewed three Ne51H neon bulbs, the image from which were
projected on to the vertical plane at eye level by means of beam
splitting prisms. The average rise time for each light was specified
as approxinately 25 psec. Since all computer timing was achieved to
within an accuracy.of 100 usec, the rise time for each light was
instantaneous for all practical purposes. The intensities of the lights
were measured by a Spectra photometer which was focussed on the images

formed through the beam splitting prisms. The intensities of the top

and bottom lights were each 5.5 ft/l and the intensity of the centre

light was 0.03 ft/l.




'
i

e e

The visual display is depicted in Figure 4. The
top and Bot tom lights were each 1.5 cm in diameter and shielded
by a vellow faceted convex lens. The centre light was shielded
by a ;ed faceted convex lens so that the light transmitted
through ghe lens had a diameter of 2 rm. The top and bottonm
lights were equidistant 3 cm above and below the central
fixation light, as measured between their respective centres.
The § viewed the display from a chin rest at a distance of
120 cm  so that each light was separated by 1.52 of visual angle.
This degree of separation together with the presence of.a centrally

located fixation point was chosen so that interaction of the visual

effects generated by the two stimulus liphts would be reduced and the

42

whole stimulus display could be viewed foveally. From the S's position,

the stimulus and fixation lights subtended visual angles of 43' and

5' respectively. -Ambient illumination was provided in order to reduce

the effects on the $'s adaptation level of a visuallyv presented feedback

display. .

The resbonse panel consisted of a box with dimensions 38 cm x
30 cn x 10 em which contained two regponse buttons protruding 6 mm from

the side of the box opposite S. The buttons were-} cm apart and could

be depressed by the forefinger of each hand. The §'s arms rested

gently on the upper surface of the box. For Ss RM, IK, MG and R the

4 w

left button indicated thé response ""Top light first" (Rl) and the right

button indicated qpe response ‘'Bottom Light first" (Rz). For Ss, VY, CC

NB and N the opposite response mapping was employed. Upon depression,

each response button activated an 80 g. microswitch,

The sequence of trial events was controlled automatically by a

PDP-8I computer which was situated in a different room to that occupied

)
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o by the S§. All tining of trial events was measured to within an accuracy

of 100 pusec by a Type KW8/I real-time cloek. Response accuracy
feedback was provided by means of a calligraphic display (Tektronix 602,

P4 phosphor) which was positioned approximately 10 cm below the level

P g g W A N BN 48R

of the bottom stimulus light.

Procedure

’

Each experimental session in Experiment Ia coutained three

blocks of 235 trials. The first block was preceded by a five minute

TR e My et TE g P
-

dark adaptation pexiod and there was a two ﬁ}nute break between blocks

of trials. Since the sequence of trial cvents was initiated by §, a

rest could be taken at any time during the session. The first ten
trials of each block contained at least one presentation of each trial
. type in a random order, They were treated as warm-up trials and ignored
in subsequent data analysis. The rémaining 225 trials contained
presentagions of each of the nine trial types in a random order. Lach
\ . trial type was gresented with equal frequency within the last 225 trials

- of each block.

For two of the §s in Experiment Ib, N and R, who took considetrably

longer than the other Ss to coumplote each-block of trials, each
expaerimental session contained two blocks of trials. For the other two
S8 each experimental. seasion contained three blocks of trials. In

order éo ensure that runs of the same trial type were minimised the final
e 225 trials of a block consisted of a sequence of‘tnndoﬁ permutations

of cach of tha nine triai types.

~

The sequence of trial events for Rxperiment Ia ias depicted in

el | %igure 4 Each trial was initiated by S§'s depression and release of
o _ ona of the rosponse buttons. Following a 275 msec delay the centrally

;:i’ . located fixation light was illuminated. After a dolay of 825 msec the
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first stimulus light was illumivated. This was followed by one of
five possible inter-stimulus intervals (ISIs) which was terminated
by the illumination of the gecond stimulus 1ight. For VY the ISI
values were 0 msec, 5.5 msec, lf msec, 116.5 msec and 22 msec
and for the other three 8s the ISI valucs wvere 0 msec, 6.6 msec,
13.2 msec, 19.8 msec and 26.4 msec. All three lights remained
11luminated until S responded by depressing one of the response buttons.
If §ldepressed a resporise button prior to the illumination of the fitst
stipulus light the same trial sequence was presented again.
As goon{na S depressed a response button all three lights
ware extinguished and following a 550 wmsec delay, response accuracy
feedback (CORRECT or ERROR) was written on the calligraphic display.
On simultaneous (0 ISI) trials false response accuracy information was
provided by displaying CORRECT when the number of msec recorded for the
RT on that trianl was odd and ERROR when the number of ‘msec recordgd for
the RT on that'trial was even., Following términntion of Fhe'feedﬁack
display which lasted 1.1 sec, the § was free to initiate the next trinlx
The sequence of trial events for~Experiment Ib is depicted in
Figure 4, FEach trial was initintéd by the S$'a simultaneous deprassion
and releare of both regponse buttons. All time intervals are 10Z less
than those employed in Experiment Ia. |
The Ss were instructed to fixate the centre light once it was
illuminated and to attendAequaily to the two sEimulgs lights., They weré
asked to'obtnin as many correct responses as possible. If Ehey felt
tired during a block of trials a short rest period was pernitted.
Excluding practice sessions, data were anélysed from 10 sessions
for NB and 30, 11 sessions for RM and IK, 13 scasions for CC and V& and

15 sessiona for N and R. A total of 58,500 observations were obtained

\
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for the eight Ss. RTs exceeding 4095 msec were not recorded.
RESULTS

The raw data obtained from each § are contained in Tables

Al and A2 for Experiments Ia and Ib respectively. The pooled data
for Experiment Ib are cortained in Table A3. The trends in both
relative response frequency and mean RT as a function of the ISI

(inter-stimulus interval) were examined.

Psychometric Function

The psychometric function for teTporal order discrimination
is a plot éf estiqptgs of the proportion of Ry ("Top light first")
responses as a function of t, the ISI. 1 is arbitrarily designated
fositive when Sl, the top stimulus 1igﬁt, preceéea Sz. the bottom
stimulus light, and negative when S, precedes 8, The psychometric
function, 51(1), is then a function of t.

Figure Al contains plots of the psychometric function, 5‘(1)
for each §. Excépc for IK, ﬁl(r) was a monotonic iﬂcreasing funqtion

&5 t increased. For IK there was no improvement in accuracy with

increased v when SI preceded 82.

Linear regression of ﬁx(f) ag;inat t indicated that for each
S a highly significant linear fit to thg data points applied.” This
conclusion was substantiated by highly significant t-values for i
linearity (Hays, 1963, p521) (p< .01). So, in spite of an apparemt

curvilinear trend for some Ss, the hypothesis of linearity could not

be rejected. /
i

. Table 1 contAina estimates of the slope and intercept of the -
boat fitting linea according to a.least squares criterion, together
with their respective 95X confidence intervals., Although there were

individual differonces in the estimate of the slope, the ostimate of
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TABLE {

| LINEAR REGRESSION FOR 51(1) AND

T,(0 - 1,(1) As A FUNCTION OF

SLOPE INTERCEPT t(7)(linear)
t ) n

| cc B (o) 0.01556 + 0.00145 0.501 + 0.027 25.4 (p < .01)
T ) -1, -4.33 + 0.92 46.2 + 15,3 " -12.5 (p < .01)
Rt B (n) 0.01735 + 0.00113 0.478 + 0.019 36.5 (p < .01)
g T () - T,(1)  =5.12 + 0.69 4.8 + 11,7 ~17.7 (p'< .01)
K Py(r) 0:01260 + 0.00574 0,516 + 0,098 5.2 (p < .01)
k : T = 1(0 <479 4 203 | 17.4 + 34,7 -5.6.(p < .01)
V¥ P (D) 0.02148 + 0,00297 0.529 + 0,042 17.1 (p < .01)
T - T -5.57 % 1,57 8.4+ 22,3 - 8.4 (p <" .0L)
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NB %'1(1)

SLOPE

0.01658 + 0,00184

TABLE 1

T, (0 - T,(1)  ~3.05 + 0.95

R ﬁl(r)
Tl(r) - '{z(r)
4

MG Pl (1)

3

il(r) - %2‘(1)

N f’l(r)

0.01708 + 0.00095

-7.18 +

2.43

INTERCEPT

0.583 + 0.029

-81.9 + 14.7

0.510 + 0.015

9.0 + 37.6

0.01975 + 0.00290 0.504 + 0.045

"5.31 i

1.92

-0.3 + 29.8

0.02008 + 0.00320 0.478 + 0.050

T, (1) - T,(r) -23.55 + 4.01

POOLED f'l('r)

(0 = 1,0,

0.01839 + 0,00191

.

-6.64 +

1.82

- o o R weea e
P e T

43,0 + 62:1

0.519 + 0.030

-48.1 + 28.3

)
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(linear)

21.3 (p < .01)

-7.6 (p

42.6 (p

© =7.0 (p

16.1 (p

"6;5 (p

14.8 (p

-13.9 (p

22.7 (p

-8.6 (p

<

.01)

.01)

.01)

.01)

,01)

.0l)

.01)

.01)
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the intercept of PI(T) departed significantly from 0.5 for
one S, NB (p< .05). For the other seven Ss, chance performance
when 1t = 0 indicated that there was no response bias for order

discrimination performance using equally intense visual

stimuli.

Fipure 5(a) contains a plot of ﬁl(r) for data pooled
across Ss in experiment Ib. Py (1) was a monotonic increasing
function of t. The trend was significantly linear (p<.0l) and

the intercept did not deviate significantly from 0.5 (p >.03)

Marginal Mean RT

Marginal mean RT pooled acrosa both responses is plotted ' -
as a function of t in Figure A2 for each 8. Marginal mean RT is
indicated by the filled data points and the standard error of
each estimated mean is shown, Tor six Ss the curve was convex
uanrds, the maximum mean RT corresponding to’# value of 1t close
to zero, For.five of these six Ss marginal mean RT decreased

steadily ag ISI increased. Conseguently.nthq improvement in

- parformance which resulted from an increase in ISI was accompanied

by a decrease in marginal ‘mean RT. ‘The trend in the plot for these
five Ss was also evident for data pooled over the four Ss in -
Experiment Ip. These data ar§ plot%ed in Figure 5b.

For N a leveling off in the function folating-marginal
mean RT and T occurred vhen S, preceded §, by a time interval
excéeding 12 msec. In contrast to a ;taady decrease in marginal
mean RT for values of t less than =13.2 msec for the othqr Ss,

there was an increase in marginal mean RT for pesitive values of

t for IR, The segmont of the curve forpasitive v corresponded
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‘ inversion in the trend was observed for positive t for IK, and k3

. for t = ~24‘maec for R. For all Ss mean RT conditioned upon R N

" upon R

83

to the non-monotonic segment of the psychometric function. This
result was consistent vith the inverse relationship between
marginal mean RT and the proportion of correct order responses
obtained for the najority oé the Ss. For NB a trend opposite

to that observed for IK was obtained. For negative t marginal
mean RT increased with an increase in absolute value of t until

a maximum was reached when t equalled -18 msec. The displacement
of the makximum value of marginal mean RT towards a large ncgative
value of t resulted from a large mean difference between RT for
responses Rl and R2 booled over 1. For this § mean RTs for
responses Rl and Rz were 447 msec and 535 msec respectively.

.

Response Conditioned Mean RT

Estimates of mean RT conditianed upon t and the response :
elicited are plotted in Figure A3 for each S. Mean RTs for
respouses R, (top light first) and R2 (fottom light first) are

indiqated by the unfilled and filled points respectively. The

-

standard error of each mean is indicated. For all Ss except IK

and R, mean RT conditioned upon hl decreased as Y increased. An

2 . =
generally increaséd as v increased, This trend was slight for ' -
NB and inversions in the trend occurred for positi;e t f8r R and
MG and for values of T leass than ~12 mgec for N. :

A plot of éesponse-condiéioned mean RT as a function of

T for data pooled across:the Ss in Expétiment Ib is contained in

Figure 6. Except for inversions. in the trend for extreme values

of v, mean RT conditioned upon Ry decrcased, and mean RT conditioned

2 increased with increasing r. This trend was similar to that




Figure 6.

Response conditioned mean RT as a
function of ISI for FExperiment Ib.
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observed for most of the Ss.
Comparison of the trends observed for both the
proportion of R1 regsponses, and mean RT conditioned upon
Ry as v increased indicated that there was an inverse )
relationship between response proportion and response
conditioned mean RT. As response proportion increased mean

RT decreased. A similar inverse relationship was noted for

response R,. Figure A4 depicts the relationship between
¥ 2 8

14
response proportion and response conditioned mean RT for

each S. For each § there was a statistically significant

negative correlation between response proportion and response

conditioned mean RT for both responses (p<.05). A similar trend

for the data pooled actoss the Ss in Expgriment Ib is shown

in Figure 7. a
The estimated difference in response conditioned mean

RTs as a function of t, Tl(r)—Tz(t)is plotted in Figure Al for *

cach §. %l(r) - %2(1) decreased as t increased. For NB,-MG

and R inversions in the trend occurred for the largest values of

ISI. The trend for the data pooled acrogs Ss in Lxperiment Ib is

o

depicted in Figure 5¢. Except for inversions in the trend for

the largest values of ISI, T‘(‘) - ia(r) decreased as t increased.
Linear regression of fl(r) - ié(r) against + demonstrated

that for each § and for the pooled data from Experiment Ib, a linear

fit to the data was adequate. Thia conclusion was substantiated by

the highly significant (p<.01) t values for linearity (Hays, 1963,

p521) contained in Table 1. Table 1 contains estimates of the slope

and intercept of the best-fitting linear relationship according to

N
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a least gquarts criterion. Overlap of the 95% counfidence

%ntoerIa indicated tﬁht thore were no significant individual
differences ih estimatea of the alope far all but one of the \
oight Ss. The catimated slope for N wés\aianificnntly more
negative (p<.05) than the mean ostimate of -3.12 obtained for
the otho; Ss. Tho eastimate of tho intorcopt departed significantly
from zoro (p<.03) for two S8, CC and NB.

Summary of the Rosults of Exporiment I

The general trends obacrved in both rospense proportion and
moau RT data for Experimenta Ia and Ib wore aimilar.

(a) Paychomotric Function

Fox ail Sa but one the pa&chomotri; function was a monotonic
futction of t. In spite of an apparent curvilinearity in the
psychometric function for four S8 no significant departura from a
lincar trond was obtainad by rcarohaion.unalyaia. Individpnl
difforences in the astimata of the alopo of pha’beac gitting linear
paycﬁomctric function wore,slight compaéed Qlch~thu.25X confidence

tnforval for the estimate, For'all 8¢ but_ona, tha estimated

atercopt of the paychometric function for. v equal to zexo did not

depart aianificantly from 0.53 unncc fox uqually intense viaunl
atinuli thqre was no ovorall. :endoncy for a roaponao biaa affqgc.

(b) - Moan BT
(1) Margin Naan RT

Mntginnl mqnn RT a8 a tunctton of t was a convex upwarda
tuneeion of t for aix of :ho aiahc 8s. The mnximum\ponn RT ocaurred

ac a valua of T cloae to matro, For cheae‘lix 8a narginal mean RT

. wae a doerdaning funatien of ISI. tha lonaq: tho ST’ tha ahottur the

moan RT. This rcaulc. in eonjunction with the response ptopO:&ion

59
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data, showed that the shorter tha ISI, the more inaccurate was
temporal order discrimination performance, qnd tha greater was
marginal mean RT pooled acroas stimulus ordér.-

The estimated mazginal moan RT pooled acrosa stimulua
order and ISI togother with its cotrusponﬁina;ntnndnrd arror .
are given in Tahle 2. For each § cxcept NB, mean RT oxcecoded
300 maec indicating that temporal order diacriminaﬁion invalves
a lengthy decislon process. The maan RT values approached those ’
found in othor discriminative RT _tasks which employed instructions
streasing accuracy, o.g. Pike and Ryder (1973), Carterotte ot al
(1965). The maan RTs for IK and N oxceaded the mean Rfs for the

othar §a, which were betwoon 450 msec and 750 msec.

(11) Reaponae Conditionad Moan RT

" In general tha mean RT for responae Rl dectonsed as v increoaaod
and a trend in tho oppoaite direction was obaservad for raaponse Rz‘
Kxcept for 1K, whose data ahowad an invaréion 1n-cho‘trn§d for reaponao
Rl for poaitive t: thean_relationahipa hald for ISI valuna leas than
18 msec.  Qutoide of thia rauge aome 1pvcrai6na ig the tronds wora |
found for sama of the Sa in Experimont Ib.

" The trond for response conditioned mean RT as a function of

v, togothor with tho increase in the proportion of R, vosponsoa with

1
inexcasing t, {mpliod that radponac conditioned moan RT waa a decreasing
function of tha-cstimated tﬁanonga proportion !or.éhat rasponaa for

aach value of t. Excopt for aome inveraiona for low valucsof roaponaa

proportion thia nogative correlation wae found to be sipgnificant for.

oach §. Thase plata are asscntdally the latoncy.prabability funations

plotted by Pike (1971)« A oinilar neaniivc corralation betwoen mean

RT and roaponue'ptopotcion vas obsorved in ona of Pike's exporimenta.
. . s Ll
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' OVERALL MEAN RT IN EXPERIMENTS la AND 1b

TABLE 2

EXPERIMENT la

cc
RM
1K

VY

EXPERIMENT Ib
- NB

R
MG
N

POOLED

-

MEAN RT
(maec )
603
650
941
613

484
674
620

1071
712

S3

A SEGID )
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For each §, the differonce in response conditioned mean
RTs as a function of r, il(T) - %2(1), docroased as 1t incroased.
Regrossion analysis revealed that the trend could be accounted

for by a linear function with negative slope. The eatimatad value
of the slope wam between -3.0 and -7,2 for all Sa except N, For

this § the alope was' conaiderably higher. The intercept was not

significantly difforont from zexo for aix of tho eipht Ss.

‘ The genoral accordance betwoon the resulta for Fxperiménts

+

Ia and Ih implies that any difforence in timo intervals and the

procedures for tho twb experiments did not, alter the tronda in the

data to any aignificant extent,
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CHAPYER 1V

FXPLRLUGE 11
Panporal Order Diseriminntion Under Iosnonue Tl (RT)

- et wen ® & W A e

besiline Conditions.

-

Rt deadlinoa have been employed to examine the aveed-nocuracy
trade -off in atm?le paychophyaienal tasks (Fitts, 1066: Link % Tindall,
1971y Pachelln & Pov, 1968). The technlque lnvolgga an experimenter
lmnoséd limit bé the time taken by S to effect a decisjon. ULink .
(19(1) has rropogsed that the wse of RP deadlines sy an independent
variable provides information on the tima courne of the dectalon
process by forelng § to terminate the accrpal of stinulua iufo?muttou
at tlwea conatrained by the RT deadline.

ixperdnental work uaing RT doad¥MMm™ supporta the peneral

conclunfon that the longer the RT deadline, tho more accurate ia tagk

- perfornanco (Link- & Tindall, 1971), In cheice n“ taake, Yellott (mu)

u&oountod for the improvcmont in nerfarmaneo with incrqaaed RY
deadline by assunlog hhgtl¥§o RT diatrlbu}iou eon@ltioncd upon deadline

for the smae atimulud condition ia a nrbbabilihy nixture of. invariant

R diatributions generated {rom hynpathetical ahiﬁ&tuu.uontrollqd'nnd

nuéaﬂinm ftobea. Yellott did ot teat direatly for the presence of a

»

blnary nixture in the R diutribu&icn& which WQrQ obtuincd undor

varvihn R daadlino conditiona., Nevcrtheleaa. A moaox apacifying that

, bhe improvemanh in,porrormanoe with inareaaod R deaﬂl&nq reasulted
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fram a deercasineg contribution of taat psuess responses Lo the observed

mean R data, wag supported by the data., The eatimated mean RT

-~ ‘

conditioned uvon responses generated from & atimulua controlled

atate’ wan found to be invariant acrean chanea in the RY deadline,
Novever, in a diaériminutivo RT tank involvign the comparative
Judmment of liné lensths, Link and Tindall (1o71) Found‘ho support for ;
the invariance of the RT giatribution conditioned uron thoe reaponse
being menerated by ; stimulus controlled state as Wv(foadllne vng
varied for a fixed “atimulus dtffergnce. Changos in befﬁormuncc as a
Fguction of RT deadline could not be‘nccounted for in'bevms of a
mixture of atimquu}controllad and fast-guoas reaponses. Rnhﬁcr. théro ;

waa ovidence for ‘such a mizture of stato conditioned responscs as ﬂ

atinulug discrininability wag varied within an RY deadline condition. i

-

T T, Tp e T

Moreaver, in an extenaive atudy of Groen and lLuce (1973) which amployed

4 wide range of' Rl deadlinea, the pvedictiond of the Yollott (1971)

e
EYCUNE LA

g - faat-guosa model were not aupported, particularly when the R1” deudline

T. W
e

A . «wag, long and when utimuluu diaeriminability wag low, '

om Tt

In dincriminative RT taaku the improvement in parfbvmauco vith
an inerecase ih'RT.doadlinn cannat be interpreted an regulting solely

from a decreased proportion of faat orronoouu gueuu responacs., It

Tws s T

in oonauivablo. uowovqr. hhat changea in porrormange an a runebion of E

e

o

P

‘R deaddine venulb PrOm thq theuta of a timo limit on porrurmnuoo on

5 .t
S

the diviaion of total BT botvaon ihs several component timea, Ir
.dlueriminutiun narrormanco doteriorauOu 0a ﬁhn Rr dqudline la ahornoned
thon tne ohungo in parformance ooulﬁ rogult frcmAa deerenae in the ameunt

b of relevant stimuiun information sampled, ﬁn;&@ggtnd dqeia&on proeeas,

woter réonouao interference, or any coubination of thede effects. :lience

e
L]

. ‘ L - S AT




R? (lomlli.n'e:; may altect one ar v~veral stages of int‘ox?mn.tion proceasins
in tasks rém:xix‘lm: a difficult digerimination. It is worthwhile,
therefore, to consider the eftfects of RT deadlincs in terms of
asgunptions concerning stimulusa 1ﬁrormutlon sanpling and deciglon
proceases in Pnychonhyaical tasks. ﬁﬁ%

A temvoral ovder discrimination tpak.differs from certaln
other paychophysical tasks since the critical information. for the
discrinlination of order is available for a verv short tine. Ngen ’
both stimuli have Leen detected noe further st.lmulua display {nformation
rclévunt to the order deéiaion is available. 'This is pariicularly true
wvhen, ag in the exporimenté described here, order informutioq for each
stimuluy is confldgd”tq o aingle olhanpe in stimulus energy. By' |

fto very nature, the temporal ordcr.diucriminntion task imnosea a

lirdtation on éhe amount of atimulua information available fbr'un order

decinion. ‘When the IS! is reduced, order information is available fox
a shorter time and a decrease in per{ornance aceuracy i predicted.
Similarly yhon the RL deadline is reduced, the sadpling period during
wiilch order information ig chulrod might be shortened leadins to a

decroase in performance aceuracy. llerce a decreane in both I8I and

" in RL deadline should héve similaxr detrimental effects on order

diserdmination performance. aceuracy.

lixperdmont I examingd the effoct of R deadlines on pertormance

tn & tedporak order diserimination task. The expertment wos run in - -
two_phaoéns Expnrtment'lld preceding Bxperiment I1Ib. The apparatus
waa-identical for the two exporiuonts but nedificationa wore made in

the procadure for Bxpordment IIb,

’
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- Link (1971) has showun that g can control their mean RI in
accordance with the RT deadline csndition as the latter varies from trial
to trial., HHo acauential effects due to deadline were reported.
Conmequently, in ixneriment Il each indenendent vaciable, RU deadline,

EY

135 and alimuluwg ovder wvag presented cqually oftten within a block ot

trianla, ( .

METHOD
sublecta ' ’ S
Joven university astudents with no previous exnerience in
ovder diacriminntion tagka served as {s. Hach § had antisfactory
carrected ot uncorrected 20:20 vialon ag measured by o Snellen'eye;.

. *
chart, and wag paid $2,00 for each exparimental sesaion which laated

.

aboul. one hour.'
Apparatus -

Exeert Cor the réaponue panel, the apparatus waa identical to
that employed in Bxperiment I.. The reépona; vanel conaioted of a
box containing throee reaponse butﬁonn on 13 uppermost aide, nuéh

button had an 80 gm roéiatanee to denreamion.‘ The button closest to

H

8 vas the triul tnihiatton key (TIK). donraaainn of which would inittnte )

/

the afeauanco of hr&al ovonta. Tho O rasnonne buttona vere 3 o
unurt and oituated & om iu frout of tho‘nIK‘ Por’ 8a DR, AR, Ma and
V“ the ).ca(‘t 1\ubhou indicuted the roanoxme “'1'on ).irutz x‘irah“ (R ) an:{

the rmht button imlicnted bhe renpbuae “Bahtom lisht t‘irat.“ (Ra).

[}

FFor JN, G and Lit the oppoaite xjeax\gnae,mupp_im; vag enmployed.

' \PNQodure

Luoh axpor:.manbal/ oenaiox\ conmtnae} eiehur one. or twa’ hlocka ot

298 trials for DK, RK and m, wo blaeka for MG and oxm block for. v and G‘

e
’,

e N ]
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Depending on her state of fatisue LU completed two blocks of trials
during same scesions. V and G revorted congiderable fatigue vhen
ere than one bloek of trials was comnleted within a single session
wd extending their endurance wvup avoided, the f9ral block of each session

vha nrecatet bvoq five minute dack adaptatior reriod and tlere was a two

mtnute hreat hotweon hlacke of tvinle, N

Since the ascquence of events on each trial was initiated
Qy 5, n reat could be taken at any time during the scasion. The first
ten trials of each block contained a random sequence of different
trial typea. ‘Theae wvere treated as warm-un t:ric\lﬁ?‘ and {gnored in

subsequent data analysis. In Experiment Ila the remaining 288 trinls

'oontz\ined rregontations of each of the 8k trial types ( 2 orders x 3

deadlines x L_rSIa) in a random order. In ixperiment: IIb runs of tﬁe
same*tx‘iul type vere minimized b;r prenent..h;n a sequence’ of random
permutations of each trial bype. I;}z;clx trial type occurred with.equal
fraquency within the final 288 trials of a dlock,

The agquence of trial cventa is depicted tn Figure §. Fach

trial was initiated by §'s depresaion of 'the TIK with the riaht fore=-

finger. Upé"n deprossion of the TIK, the R‘I‘ deadline for that trial
wag dipélu&red- on the onuni_oaoope for 1.1 aee in Experiment 1Ia and 1
soc in Experiment 1Ib. The dumti‘on of the RT deadline vas either
?‘{'4 mgee, WG msoc or 990 msec for DX oither 330.wnec, Ml() mgac or' .
350 waoc for RR m\d Jis and oitmor %0 mnee, hou mgee or 900 myec tor
the other four 8o ‘
Ixmnedmtel,v follovih@ bermtxmtiox) ox‘ tho ﬁeadline diapltw. ‘
the ﬁxatzion poxm-. was nluminawa. mnqwm:; t.\ Qe:!,ax of, 025 rsee. in |

. -mportment Im or fSO maod inll&xper:lmant IIb, the rix‘at gtimulug J.iuht

..
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_ time abtennbing to beat the RT deadline for thay trial. ga wore

then execute n vovement from the TIK to the responoe bubton as rapidly

70 -

0

wog illuninated, After an ISI of elther %.5 mgec, 11 maec, 22 mscc or

~

44 moec for DX; either 5.5 mscc, iG.S nsec, 27.5 maec or Wk ﬁsoe for
RR and J'f; and either 5 msec, 10 mgec, 20 maec and 10 maec for tho other
four $ia, the second stimulus light vas' {Lluminated,

G regponded by rélenslng the &1K and depresaing a reasponse
button vith the same right fovqflnuov. “he trial vas aborted and then
reinitiated 1 § inadvertently depreascd a reaponse bubt&n without firat
roleasing the K. Whenover § released the TIK before the first stimulus
light was illuminated the aenuence@oq trial ovents was repeoatad vhen §

doprosaed tho TIK.

v

once 8 exccutod a response, bhe'lightu vore oxtinguished and

faedback wua provided by means of tho oseilloagope display. After a

delﬁy of 550 mae¢ rosponse accuracy feedback (CORRLCT or KRROR) wag
®

diaplayed for 1.1 gec, 450 mgec later responae’ apeod (eedback was

provided. If the RT for that trial waa lasa than tho RT deadline the
neanage "SPHLD OK" was diaplayoed. ’oihorwioq éhe‘mnaaage "Moo SLow" waﬁ
dihpiayed. The ‘mesadge Qemaiged on"tho soereen for L.L gec. & eoul&
thon initiate the next trial by‘doprouainﬁ the TIK. The 550 mgec

delay tinme in bxperiment IIa was reduced to Sdb wgaee in lixnoriment ITb, -

Similarly the 1.1 neoc diapldy timg in Experiment IIn wag reduced to

1 gec in UExperiment IIb, 7/ . - ‘ f
Tho §o were inotructed to fixate the centre Mght once.it vau
{1lwninated aud to attend equa}iﬁ*hé the. tvo-gthawdlug lighta,  They

wora fuatructed ﬁu respondl. ag aqouvately aa pasaible whilot at the sane

tnatruchod to keop the TIK depreascd wntil & decioion had Leen made and

&
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a8 poaeible. Sa ware given at leaat five practice agsalons containing
a total of- 6190 triala‘ Durins the practice sesaiona §9 vere informed
of the atatiﬁtica of thelr pertormaueo..,Eg_ﬂxpertment Ilb teaponaa apnnd
ol . foedback waa follound {nmadiately by a display of the RT ‘for that trial
provided ite valua wag 1eaa than 1000 maac. Ocrerwiae the diaplay re- '
mained blank duriua the 1 sa¢ di&play period. Thia procedure was dn-
" e °:ended to Eaeilicate ‘s adjuatmnn: of the mean RT in acgordance with
- - the varying RT deadline conditiona. RT £eedback waa not pravided
during axperimental aeaaiqna. (

In Exper:men: lla DK and RR aorved n 9 expevimental saaainns
yielding ;t bldeka ot 28& ﬁttala aaah. Ju aorved 1n 1 espe&iman&al :
aeeetgne y&eld&ns 13 hloeka of 288 :vtals each (for eaqh ‘ane nﬁ\thq L

[ Rar
@

- * | aesaions nouka:ned juat ane hlé\k oﬁ ;rtala}.( In Bapurtment ltb W

. ) | aqtved in lb expeximantal aeaaiana. LN tn 13 expa:imnneal goaadons and .

. | I anﬁ Q eank gerved tn aQ axparimgnﬁal aaaaiona. 46@9&4 ohaervatiéng

. | were reeotdcd tor the neyen Bay’ RTa.excﬁthna 40&3 maae wane ot ge-‘

| no:dad and data obtatnﬁﬁ on aunh tedale ware.@xclndqd ttem nha daea .j¢

; ‘ o annlyata. For g 6 ctigié wqte e&eludnd fqz thia :nnaon4 Fet tho oche:

‘ : ! ‘. ’Sa m R‘Ra wate leaa ﬁtag\mﬂ maem ° j; ';:: : : - ~~:';- :
A0 ; Cap / RE‘SULTS L
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3 ' | L .72
-dondllﬁe conditionn ara plotted in Wtkﬁ;e,Aﬁf In onch enaa ﬂl(f) waé
a monohontc-incranainnlruuccion of t. Hxeopt for the nainta for an
181 of "h moee for RR and JM and for an IﬁI cr ho maee for LN, the ‘
nuyohomahrin funotionn were linear, hxneur vouruanion of # (Y) againat
T 1nd1uqhod n highly uiunitiqnnh linaar trend Cov oach 8 undNEth we .,
' denddine vondition. Highly ofgnificant t valuen for 11nonriby (Haya,
' 1963. pe 581 (p « .09) indicated that the nranortion of total |
- varfance acopunted for by linear remreasion was.lilgh,
Tha'nidp@:-and intorqéppn of bho best ffttint Mnea bomehhaé
with hhéir resvective 951 confidenee intervalu are siven in Tablu 3,
In opit.e of o numortom. inereqas 1n tslm eutimc\ma of hhe alopea for
R amt aH ae NE demuinu &norqmwd the overlan tn the 98% QQI\I‘N&{XQQ\
1ntarv&la ror onnh padr ot alopen indteated that this trcud vas ot
ui‘nleiauaﬁ {3 » .QS)‘ For DK and G, on the other hand, thnv@ waa a
uim\w utfmﬂ.f‘&atmh ‘tnerezaue in the alane al uha navehomawte l‘uueu.an
w&hh an xncrﬁaan in_RT deaﬁl&ne; Qverdap of tho 93% contidnnea -
mherva\lu for the ﬁaumted alcpe oi‘ f‘xh) “Pox- ghe m ahorheat deadltne

.oqmithmnu m‘ Ly mm MG. am\ for Qhe m ;@xnnqnﬁ awmnu commzioua -

o x‘ov \! mmma ttm thém m (\ mn-amnti‘mant, Qhanm in eat&maﬁad

alcmn {‘Qx‘ thaﬂé qu\tﬁm\a t\a th:mu&ne ww.tml (!\ 3 ‘05). All. qttm
eemgm‘tmna fqr m, H@_am‘{ ?_ 3&9&{\@& e&m\u&oz\m mqm\aea &n tm a\qm

(flwxm mmmm R&!f,d;a&da.im tp ¢ \Qﬁlt g;. R ,' L -';::.Z,

s, .“3,

whtmm et‘ &ﬁq mﬁe‘ecexgﬁ t\mmmheﬁ 0;§ (\i'c ‘Wé dﬁﬁdum mrmm‘z,m

‘“0 mnen txmx "htie KSQ mcc aaq;dltnem “,Ehgm ma m aiamtﬂqmﬁ do;mwm 1, )
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LINAAR REGRESSION KOR B (1) unld, (r) = T,¢1) ks
: - A FUNCTION OF * ’
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Deeid;ine (maec:) SLOPE - °  INTBRCRPT
Me 250 . B (o) 0,00238  0,00160 0,396 & o.§37
() = Tyo) 0,38 £ 0,50 6.6 + 13,6
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Deadline ’(ma_ee ) SLOPE INTRRCEPT | t (linear) (df) .
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broy wad no: dr&:hm&mtf. J‘A tendency for the catimates of the inﬁercupt.

‘of the heuh fitting linear payehnmetrie funationa ho uppr@aeh 0.9

4 deadline inereaned van algo not uiuuit‘iez\nt f‘or JM and DR, Alﬁhqw{h

the euhiumi)e of t.lm inberoepﬁ departed alguificantly from a value of
0.9 {n ouch deadline conduion ror RR, a aignificant departure (‘rmn [}

“value of 0.9 wag (mly obaarved for the u!m‘hnue dot\dlmq corclition for

DK I*‘éx‘-lm the oobimmwd inbereoph‘l'ot‘-f? () fer vt & Q dapm‘wd,

aignd fleantdy fram 0.5 for all duadlim& ucmdih&anu {p < -.0.»). For

MG‘ V and ¢ the eatimatod in\ox‘c&m dapmﬂt:a(\ ammrmmuy :‘rom 0.9

Far the 240 meec demuim; em\\uﬁiun. rtm‘ bhe lmu‘;ei?" demntno eoml&*o.tonu

bhu depaiture fram 0.3 waa. net utant(‘manb (p > ¢0.$)n '

‘The nnxohomuhx\tc Nna&&on& mx‘ emm e x\omluna qonduion
ebha&nea from aata, peo&aa &crou& \me fowr tia in lsxperiment nu m-e

nlotbca in I!‘:tmu'u 9. Hoeh mmhtox\ Va8 o monomnm &ﬁamuuiua

~

. r\mahion cst‘ AS nagniha a ken@qu m\mmu ourvil&nem‘mf mgr the 1!09

mnc:\had tlm the hrexm &!\ m d&fm ug\a aihnu‘manux nnem‘ (p < .Ol)t

huﬂmuma M‘ the ﬂlepa of I‘lh\) S.ncmaeaml a&(m:f&ut\nmv em R‘l‘ Madune -

me;:mam, Altzhb\mh mm esmmtad nm;:camﬁf hhe pnvetwmcwie
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Ve

and the release of thé RIK (;PLEK releage time), and the time elapninm
\)eween the release of the TIK and the dem*oapion, of a responae button
{novenent time). Wheveas both component times vere measured in
Uxperivent Ik, qnla; total KT wao u\oz;n\xyed in ;r:xt;m‘iumnh la, Chonren
in mean RT aa-a funetion of the level of the independent voriablea
- vere o,y&n.&nqd. Correanonding changes in the higher mawenta of the RY
aiatalbubions vere not conaidered, -
(1) idgxw.‘m\l {fean RI

Total mean [l'a rooled over all tmlep@ndenb variables within each
LV t\am\lim: eom\th&un are a&.vm in ‘l‘uhlo 4-. The ab‘mdax‘d armr of -
ea:himnﬁe ia indicatzad for edeh mean ﬂ‘ valua. Aa RT dendiine ineraaaed.
mamtn&x mean R &mmaaod accordingly for eagh § and for data pecled

" 4eresd-the four fe fa l:hmarimenh Ib, In genoral, the Xonger the

M g

'(\&mmma, me [gx*et\w wxa tho d&aempmy vetvoen the mean 40 and tm
ﬂa&d&im. ltermn a1l ge Jere able to sacm:rol thedx overall. mtmn RY
An meemmme u«tﬁh tné thmn@ v\ dnaalim eauﬁtttonu. '

| ) Mamlnal me&m R‘l‘ q&ea ovar ttw t\m mamnaea RJ. and R? S a
' 'axmh vmue et \~ g, piewm &x\ I‘.tgura 1\6. In {bq;qx*&monh m\ maan ma;i

o e iaumanm \mm cm mweane 21 I“l‘ aoqdnnq m ed.l vcmmn qs o
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lacrensing demut‘m} vag alight, o \
A corresponding plot of the parminal mean KI' values as o
function of t for the pooled data of ‘ls:xpox‘imm\h Il‘b tn Figure 10 a.howod
o trend aimilov to that ocLserved (‘m‘a each & In that oxnerineat. |
< lxcent for n drop in mean RL for the lonment value of ISI in the 900
naoe ’ deadline condition, the n\a“r'nlm\l. mecui Rt for botl\ total R‘g‘q
- and 1ta measured components did not vary with changes in t.
(1) lReaponae Conditioned Mean WL ' c
~ The trends in mean totad l\‘l‘ cundittenml upon manenuo elioitoc\.
R&‘ i =1, &, are repraeaented in w:‘ma ot‘ hhe di F{‘Qronw {n those mean
Riu conditioned wnon rqnpgnaan By and Ry mapeaﬁi\'w. ‘I‘l(t) - ia(t}.
Qaa 't varted .mmu each RT (tdqdl,ine dondttion. The trende are depiotcd
“tn Mauee A3 for 15&1&{&&\;&1 88 and 3 Flgure 9 for data’ pooled aqx‘?.sa
the four Ha ia mmmm u‘.ﬁb‘ In ofch fifure the abe_\m\arﬁ" eirar ot
‘ tt\u eabim:\he of aeuch wm nean RT ia ixmemm(k. oo ,/
he retulta of lmqar rem‘euaten anndyaiq of ’l\ (e} - {t)
ag a t‘\mehiou ef t for eanh dcaanm qomltt&cm arq aummariaed h\
Table 3‘ A mqaaura of‘ u\o qunaaa-ei‘«-i‘it of & lmucw mmt&ennhip {a .
mmma w a wum rer uumsw (um, 1963. B asm). on‘ xm '

. ok baen m‘ «anmm antl fma dt{ at ‘hha hwc amm&t dandltma hlm‘é vag -

SO ng/qy{(mnqg ;ndmw;gug t\ unga» wcnd, (p L3 &5) In gach aam the, alopa .

..‘..

,":m‘ the uaae‘etmna mm fmw\&m tm a &eaatuaqumaa er&har;on dia xm
| - aepax\t amatﬁeanug m;x aer@; ip # &gh I«‘w JM m the 930 maae '
- ‘aemmno eeudumn txl\om waa & uisni&eank mmm* hreml \ei tx mm\um
empe (n < ;05)« {*‘m‘ B& ‘&h@ h\‘émi m oaetx aqaditm lwel mm

ut,em&t&qtmw umaﬁ% xti!m neuuivn n).,e;za (xx ¢ .Ql)‘ lt‘%\mwm m alope “ ,
*«m nab imamauo atm\sﬁeemtig &th m &mram ,tn m* \\cmni@z (n > &S)« ot

;r,/
o
s
.
M
¥

IF



2

.S

T

-

Figure 10,

4 . ‘ . 84
. 2.4
: ‘ ? -
) s , . , . Lo
) Lo . - : X E
’ ) ' . q . - \'
¢ Marpidal moan RT as a function of 18T for ° o

each RT deaditne aondiggoﬂ tn E’xplx)tmenc Ith. '

. . 4 - s

*




-400-

300}

200F

0 TOTAL RY
0 TiK RELEASE RT '
X MOVEMENT RT

e 400 MSOC

Lo el

ROTORP WO

P
o,.'to--.o,,,.o...,o.-‘o’,/’o"ar’o

LY

%0-20-10-5 5

" Stmnlr

10 20 40

Y
E o
o




86

For the 250 mgsec deadline gohdition a siﬁnit:ican; linear
" relationship was found }or thres ;t’ the four 83 in Experiment IIb
(n < .05) and for' the 900 maec deadline condition n significant linear
_relationship was found for only one 5, IG (n < 01) For the 400 maec
deadline c_ondi.t;ion a significant ‘linear rela.tionship appliedv for each
8 (p < .01). Yhenever o zi'gni/t’icant- 13:ncair relationship was found the '
slope of ‘i" (¢) ~ 7 (1) was significantly positive. For G, the
estimate of the slo;ae of T, (1} - %,{r) incressed sisnificantly ds the
deadline incrpaﬂed (p'<..05). - k '

For d;-.ta. pooled across, aLl four 8s in r,xperiment IIb the. slope
of 'i"l(r) - Tz(t) inckeased significantly (p < .O?),"as th? RT deadline
increaaéd. from 250 msec to 400 maec. A decrease in slope with an increase
in“ the RT deadline from 400 msec to 900 msec was found to be nonsig-
nificant. In cach®case a highly s?gnit’icantaliinrzar trend vas indticated
“(p < .01}, ' o .

Asséciateci with -each plot of 'f' (;J -7 (‘t“) as a function of t

" for preriment IIb is a plot of the diﬂ'erence in estimated n:an movement
times, for responses Ry amfi! respectively, M (r) = 1 (r\ for eadh
valuge- of T, The results of lineat »reg,ression analysis for the
differences in mean mmremnt tixnes are shm ih Table 3 Althdugh d
sigmﬁ'icant Iinear trénd was p:esent for each RT deadline cond.ition for
.the pooled data the estimates of thc s’.!opes differed sipnificsntly'

'_ p < 05.) from bhe cor:ezxponding estimates for 'ﬁLC‘t) - (t) for

the same RYT deadline condifion. For the two shortest deadline’

conditions the estima.ted. ‘slopes of ﬁl(‘r) - W (1'} were simificantly *

positive {p < .05} buf» not significanﬁly df.&’ferent from each other.

Althoush ‘the direcﬁion of ’(:he trends in 'both mean total R’l’s :md mean
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%
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rovenents R'I';:; vag si'mila;', the c”fi'é:'eiﬂcc in mean movement tires did
not show the siff,nii'ic;ant inereans with an _incx;esise in.RT deac.lline that
was observed for the difference in mean total 3Ts. F’or.'t_hé lomr,e’st
deadline comuti.on the trends in the differences batween mean total

‘P and mean mova'nént‘ RY w'ere in oppoaite directions. This finling
suzrests that wheweas movement RT and total BT are related when §

is required to r63pon& rapidly, this relationship is no longer apparent
when a rapid response iz; not required. This finding for .the pooled
data wag representative of the trends obzerved for each S.

“~

The general positive slope of the relationghin between
'3’1(1) - 'f!e('t-) and 7 indicated that the smean RT for correct responges
exceeds -the mean RT for an incorrect response by an amount ‘_«hich’
/increases a3 IST increases. Link and Tindall (1971) found a_.similar
relationship between medn RT. for cm'recf/t responges and incorrect
re_s;;onr:es for ﬁheif k60 msec deadline c‘on_dition.

[

General Conclusions On The Effect of RT Deadlines on Temporal Order

Digcrimination

For. all seven 83, cﬁang“eé ip RT deadlines ngenerated a sighificant

difference -in mean RT conditioned upon RT deadline condition. These

Ss demoristrated a capacity to control their mean RT for each RT
"dea&line condition as the latter was Varied over trials. Hence the use .
of R'I' deadl-ines was'a. convenient experimental procedure to in'vestigate

the speed—accuracy trade-off in a temporal order discrimination task,

[

(a) Igychometric Functions. - R "
For all Seven 83 the psychometric ﬁmctions were monotonig .

increasing funcﬁions of 14 the signed value of ISI. F’or all 83

-the psychometric function for each RT deadline conditian did not depart
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significantly from linearity. F"zcept for RR and Ji, and for LH

and MG at the twolshortest deadline conditions there was a significant

increase in the slope of the psycliometric function with inc?easing RT

deadline, This érend vas highly eignificant for the pooled data of
Experiment Ilb, This'result was consistent with the hypothedis that
dcquragy in temporal order, diserimination improves as the mean RT

increases over the range 200 msec to 600 msec. For the pooled data

in ﬁiberimcnt 1Tb the estimatcd.interéeptg of the psychometyic functions
approacﬁed 0.5 witﬁ an increage in the RT deadline from 250, msec to ‘
400 msec. A similar trend was noted for each § in Fxperiment ITa,

(b) Response Time Data

' Although the marginal mean BT increased vith increasing deadline
for all s, the sbsolute difference between this mean RT and the BT
deadline increased as the RT deadline itself increased.

' Harginal mean total RT pooled across both order responses was -

independent of 1 for all 8s and for the tvwo shortest deadline conditions.

o

There was a tendency towards curvilinearity for two 8s in Experiment
1Ib at the longest deadliﬁé éondition. This tendency was also apparent
in the pooled data for this Experiment. B

. Separate analfsis of TIK release and movement times in Experiment

TIb indicated that compared with the large intrease i; marginal mean Q
TIK release time with iﬁéﬁégéing RT deadline, the corresponding increase
in maréinal mean movement time w;s slight. There was anhincrease in |
the marginai mean movement time for pﬁe longest deadline indicating tha} )

the speed of finger movement was relaxed under reduced speed :eqﬁirements.
(11) . Response éonditioned?ﬁ:an Ré

‘o /

. ‘ O\ ) .
The dffference in response cqnditioned mean total RT as agﬂ

5 i
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-slope undef‘instructions emphasizing nerformance accuracy.

89

function ,qf T ;:ras significently linear with positive sl,opc' for, five of
‘the seven 8s ;pr the intermedia_t;: -RT deadline condition. A similar
trend was observed for four ;Qﬁ at the shortest dead,ﬂne condition and '
for two 83 at the lonjgest deadline condition. For M a sipnificant
linear trend with negative slope wag obtained \foz{;, & 550 msec deadline
condition, { .

For the data from Experiment IIb pooled across all four.3s, the
slope of ’f‘l(r) - @2(1) as a function of t increased sipgnificantly with
an increase in HT deadline-from 250 msec to 40O msec. In the 900
msec deadline condition, the eetmated slope did not differ significa.nt.'ly
from the value observed for the hOO msec deadlitie condition.

'COmpa.riapti of the\ trends in the difference in response

conditiaz‘zed mean RTs for varyinp' T in Experimentts I and II revealed a

'.predominantly pooitive slope under Bpeeded cdnditions and a negative

In genersl,
for the same stimulus condition, the meas RT for a cqrre,ct response
exceeded the meaf; RT for an incorrect response when reéponse speed was

émphasized. O_n the other hand, when perfoimance aceuracy was emphasized,

the mean RT for a eorrect reﬁponse was less than the mean’RT for an

incorrect !’651701135.
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CHAPTER V

Interpretation of the Data in Experiments 1 and Il in Terms of.the

*

.Randdm Walk Models

The random waik.modela for temporal ‘order discriminacion generate
\&§F" tcstable predictions for the relatfonships between performance neasures
;n ‘order discriminatlon taska. Thé success with which theae models
account for the relationships between these performance measures derived
~ from tﬁe data of Expetiments'i and 11 was_examined;
Real Time Model

The real time model represents the éffecc of a time difference
between the two Qcimulur-onsets in terms of a displacemehc of the mean
starting point of a zero drift random walk decisfon process tovards cha
correct regsponse threshold for that stimulus order. Provided that the
distribution of starcing‘points for the terminal zero drift process 18 .

.confined to lie between the response thresholds and the random walk
generated by each stimulus hds conscant drift rate m, then the predicted
psychometric function Pi(T) is a linear function of 7, the signed value
of 1S1, with positive sIOpe. The predicted difference betwecn the
estimated mean regponse times conditioned upon responses Rl("rop ligh:
firac") and Rz(”Bot:tah 1light first") respectively, 1('r) - '1'2(7), de~
¢reasas linearly with 1.

Using estimates of the sl&pe-anéilntercepb of ﬁi(;) and the slope
of ; (1) *vgz(f), escimatcs of the thrcc pérame:era A, C end s can be
obtaincd in terms of a scalc Factor ’1’ reprcacnting tﬁc atandard devi-
ation of the atep aize to the random walk gencrated by cach stimulus alone.

90 -

1

- S © v < -

Seeala e

-

3 b
Ao

Stle e ks
POREE RN

R
o AT
2% e

) "‘7\ .

Fodleraa- 4

‘
P

FURIL I SO

[P —




‘I’hé parcmeters A and C provide estimates of ;:he 8's response bias, They
.provide an assecscment of performance in a temporal order discri/.mination
task which is in&ependenc of the contribution of stimulus factors. The
latter e;r:e summarised ?y the parameter m, o .

iA convenient test of the rcal-time model is provided by a
predictcd linear .relationship between Tl('t) - 'r (1) and ZPl(t) =1, In
practical applica,tions of this test eati.mates Tl('t) Tz('t) and Pl('t) of.
) 1(1), 71'2(1') and PI(T) reéspectively are employed. This linear‘ relation~
'ahip ‘has strictly negative slope. If the mean non-decision‘ component
of RT does not depend on T, chen the intercept provides an. estimate of
the mean difference 1n the non-decisicn compcncnt.s of RT for respmes
'Ry and Ryo S e o

“ A plot of TI(‘r) ~.- Tz(f) against 2? (1:) l 1 for each s in Exper1~ '
ment I 18 depicted in Fipure A7, .For each 8, 'r (T) - '1' (1') decreased
amZPl('r) = 1 increaged and an apparent linear trend provided aubatanbial
support for the real time model. .

The r.’esults of a linear rcgression analyois of ’L’I(r) - 'r ('r)
against 2?1(1) ~1 a:e givcn in 'ram 5, For all eighc 83 the estinated
slope vas ncgativc. .The 95% confidcuce intervals for ean!h estimate in-
dicat:cd that the Individudl diffm:ences 1:1 slopc vere non-significant
(p > .05) fat 311 ﬁa except RE aud N. The estimates of the “intercept
diffcred significsutly Ip { .05) from ze:o £or cc and NB,

A pldt of (’F) - Tz(‘t) aﬁaimt 2 (*t) -1 £or data pcolcd across

j four 86 ﬁ: Experiment Ib 13 .d’égiétcd in Figure 11. Thc t:rend was similax:

mcrmcd. ’L'he results of e Iincar rcgmsston analyaiein l'abla 5 in~
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TABLE 5 e

Linear Regression Analysis of T,(1) = T,(¥) o
Against 2;1(::) ~ 1 ip Experiment 1 .

" » S | S |
F ‘ Experiment Ia . Slope . Intercept * p? t(linear) (d£) )
C e -152,2 + 22,3 48.3 + 11.9 0,974  -16.2 (7) p £ .OL "
R4 ~146,5 +:23.7 ~L,7 £ 1.1 0,970 L4 () p<.0l - L
IK | 177.9 +.52.9 23,0 £ 25.5 ‘0,901  ~ 8.0 (n p<.o0l
vy (12874 36,4 15,9 + 2.4 0,916 - 8.8 () p<.0l
i ' Experiment Ib . _ .
, ' NB - 929 % 19.9 ~65.8 £ 11.0 0.945  -1L.0 () p < .01
- "R ~210.4 + 71,3 1;.4}_ 37.7 0,874 =~7.0(7)  p<.01 | 4
. - MG -135.3 + 40.0° 1.0 % 24,9 0,901  ~ 8.0 ()  p<.o1 , 'A

1= ‘ N -583.7 # 61.5 15.8 39.0 0.986  -22.4 ()  p < .01

; * POOLED ~181.4 4 43.6. ~61,7 + 25,0 0,933 - 0.8 @ p<.0

. / L
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dicated a highly significant linear trend with negative slope (p < .0l).
The finding that the estimated 1ntérccpt differed significantly from zero
(p < ,05) implied that there was a difference in non-decision components

of mean RTs for responses R, and RZ. The high values of the correlation

1
cocfficient gquared, R?, and highly aighificant't values for linearity.
(p < .01) indicated that a high proportion of the total variance was
accounted for b§ a linear trend. An interesting discovery was that IK's
data could be accounted for quice adaquatcly by the real-time model. The

relationship betwecn<T'(1) - T (t) and 2P1(1) - 1 does not depend on a

substitution of a particular va;uq_of T in order to cxamine the applicpbility ,

of the model. It examines the relationship betwegn response propotcian
and nean response time measures of performance 1ndepcndenu1y of particular
values of the stimulus parameters. Hence it was concluded that the anom-
olous daia obtagncd from IK resulted ftom_stimulus encoding processeﬁ and

not from the response strategy chosen,

Estimates of the parameters A, C and n were obtained uging equations

(23), (24) and (25) in Chapter II. Estimates of the difference in mean rion-

~ ~
decision times M, ~ M, were obtained from the estimate of the intercept of

~ ~ . . '~ , .
TI(T) - Tz(r) plotted against 2?1§T) - 1 according to equation (20). A
consistency test cmployed estimates of ‘A and C scaled by,s1 (the standard

" deviation of a step éize‘to the random walk ptocess generated by each

stimulus alone) and the estimatcd value of Ml - ﬁ to predict I, the es~
tinated 1ntercepc of equation (22), and 5, the-estimated slope of equation
(20).

The results of the parsmeter cstination procedure are prosented

in Table 6. The f£it of the model to the data was quite satisfactory.

~
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TABLE 6 ‘

Parcmetey Estimation for the Real~Time Model

. ' for Temporal Order Hiscrimination '

‘ In Experiment I

-

* : S

8 2% 1 | g
2 3 ‘ E ; ﬁl - ;;2 ohs, pred., obs, pred.
. € 66 153 0,0 048 .48 46 48 <152 155
: B o s e -0 02 -2 5 5 -1 -u7
§- X 79 169 0S5 043 22 17 1 178 . -190
\ ‘ W46 1.9 0.8 0,60 16 8 8 -120  -1%0

8
=] L .

" W 60 1.7 1.9  0.39 66 =8 . -8l  -93 - 92
g R 58 1.8 04 0.6l 13 9 9 210/ -210
‘g W St 162 01 0.5 1 0 0 135 13
W S0 297 L3 C 119 16 43 42 =584 ~589
Paoled 54  .16.5 . 0.6 0,61 -k 46 49 -181 -1l




-the rte-timc modol engompassed stimulus proceu\ing and response

Por each 8 and for the pooled data in Experiment Ib the correspondence

.
s

oo n
betwcen the observed and predicted values of I and § was close. This
meant that the model provided a consistent account of the data.

The paramater estimates illustrated the cfﬂiciency with which

sttategy variables in gn order discriminacion task, Thé"{x}timatc of m

y

provided a mcnsure of the msan step aize to che random walk generated by

each stimulus alone. Although the estimates of m were similar for some

.of the Bs differences betwoen 85 would be cxpected 1f the value of the

‘scale factor, 8y varied, A similar discrepancy would be expected for

the respoﬁd{gﬁttatogy measures A and C. A value of C close to 0 for six ,
Ss indicated that there was no tendency towards a response bias, The |
eacim;ces—of the differonce in mean residual ”R‘rs, ﬁl - §2’ provided a
measure of cile'tclative effect of components ;of RT untelat;ed to the
decision process. lence the real-time model provided a measurement pro-
cedure for evaluating the separate affm':ts of stimulus variables, response
scr&éegy and processcs unrelated "tol the deciéion pro}:eas in a tem;;otal order
d:lscrimination task,

’l'he ratio of che estimates of A and m proVides a measure of per-~

Yc}mance which does not dopend on the Bcale factor’ 81'“ It can be shown

T oansn .

that 2A/m gives an esgimate of the time’ intef:val spanned by. the linear
ps;hometrié function givén by cqug‘tg,op (21y. The egtimat':es pf chiG rétio
are provided in Teble 6. Exceptfor IK whose psychometric func'ti*on was
no;x-monqtonic. these estimates léy betwaen. 46 mpeg .and 64 meec. The

mean value for séven 88 was 55 msec, a value close to that repotéed by

"Kristofferson (1967) for an estimate of a psyéhoiozical unit of tempo}al

8
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pfogéssihg. In terms of the teal-time model A/m provides an estimate of
‘the minimm decision time for the correct detection of a stimulus prior to the
?tese;xtation of a second masking stimulus. On the average, the data of
Experiment I indicated that Eor vigual stimuli this minigum time interval
g about 27 msec. |
Although the real-time model provided an adequate fit to
data obtained in an order discrimination task stressing Tesponse accuracy,
it did not fare so well when RT deadlines controlled performance. The
results of a linear reéressioﬂ analysis of ‘;1 (v) - ;2(1) against
2;1(1’) - 1 are given in Table 7. Associated with each estimate is, its
952 conf:[demée interval. Por all the Ss in Experimént iI the slope of
the qust-ﬂttiug 1linear plot of ;1(1') - Ez(r) against 2;1(1') - l‘y:a;s
eithel; significantly positive; or zero, Only for the pooled data for
JM and RR in the 550 msec deadline conditfion was there any evidence for
a significantly negative slope (p < .05). Hence.th-e'i'eal-time mo&el
fa'iled to account for data odtained under RT deadlineticcnditions. ’

The LOT Model

The data obtained in Experiment 1L can’ be used to test a
prediction of the Limited.otser\.mtion Time (LOT) model for temporal order
digérimination under special conditions. There must be no Btatt':ing
point variability to the random walk decision process and th;a stati‘stic;la
properties of the step size to the random walk tust be symmetrieal when
only the order of the stimuli 1is var.i‘ed; This latter condition implies
that the mean step size to the random walk for the order Sz first is the
negative of that for the order S, first. Under these conditions, equation
(7) in Chapter 11 awiies for changing RT deédIine conditions provided 1t

“«
.
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TABLE 7
Linear Regression Analysis of '1'1(1) - '1‘2(1) Against
‘ 2P.(t) - 1 For Experiment II
~ LA . .
Deadline (msec) Slope Intercept R? t(linear) (df)
Experiment Ila .
M 330 -46.2 + 136.8 21.2 + 69.3 0.180 -0.9 (4) ns
440 -32.3 + 49.4 - 2.3 + 27.1  0.452 -1.8 (4) s .
r 550 =63.9 + 84.5 2.5+ 51.8 0.524  -2.1 (4) ns
N ' i/
1 RR 330 1.2 + 22.3 3.8+ 11.9 0.006 0.1 (4) ns <
3. . . // ‘. év.::
440 - 0.2 + 35.1 - 2,5 + 19.1" 0.000 0.0 (4) 1us [~ i
i. ) . 550 2.2 + 13.6 -18.3 + 8,3  0.048 0.4 (4) ns° .
JM + RR 330 -8.9+17.4 7.1+ 8.4 0.334 -1.4 (4) s
“ 440 -5.3+28.3 1.3+ 152 0,064 -0.5 (4). ns }
550 20,3 #'14.6 -11.7 + 8.8 0,789  -3.9 (4) p < 0.05 -
DK 275 . 284.8 +.87.1 20.2 + 13.8 0.914 8.0 .(6) p < .01 -
440 . 161.7 + 59.7 9.0 + 15.5 0.880 6.6 (6) p< .01
990 | 1591+ 33.9 2.9+ 12.6 0.956  11.5 (6) p < .01
®
‘N
‘ -
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N
P

Deadline (msec)

Experiment 1Ib

LN

Pooled

250
400

900

250
400

900

250
400

900
250
400
900

250

400

900

Slope Intercept

42.0 + 330.2 83.1 + 36.7
242.6 + 164.0 -25.1 + 37.6

- 4.8+ 43.1 -61.6 + 24.1

225.7 + 184.4 57.4 + 51.5
166.7 + 25.7 31.0 + 11.8

16.0 + 142.6 14.7 + 78.8

302.7 + 103.2 -51.7 + 14.3

105.8 + 65.4 28.8 + 16,6

148.7 + 51.2  27.3 + 15.0

129.8 + 45.0,, 5.8 + 19.6

241.1 + 91.2  28.0 + 14.4
‘206'1 i,lo.s f - 5.5 i 2-9

70.0 + 27.4  26.3 + 13.7

Rz

0,016

0.686

0.016

0.599
0.976

0.012

0.895 .

0.854

0.073

0.723
0.893

0.893

0.874
0.998

0.865

t(linear) (df)

0.3
3.6

~-0.3

3.0
15.8

0.3

7.2
5.9

0-7

4,0
7.1
7.1

6.5
/
'46.5

6.2

(6)
(6)
(6)

(6)
(6)
6

(6)
(6)

(6)

(6)
(6)
(6)

(6)
(6)
(6)

*

P <

ns

.05

.05

.01

01

.01

.05

.01
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01
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18 -asgumed fhat the statistical proﬁerties of the step size distribution
remain invariant during the course of the decision process,
| Chaﬁges in measures of order discrimination performance as RT
deadline 1is increased - may be &ue to an increase in A; the response thresghold
value, alone. 1In this case a plot of the estimate& marginal mean RT, E,
against ;, as defined in equation (7), is a linear function for each value
of ISI. The intercept of each function is én estimate of the mean marginal
non-decisién.time and the slope is inversely related to the mean step size
of the random walk process; Hence, as ISL increases, ;he slope should de-
crease monotonically but the inté}cept shpdld remain invariant,

The relaﬁionah;p'between marginal mean RT and z is fllustrated in

Figure A8. The upper graph shows -the plot for Experiment 1Ia. Each line

”

‘Tepresents- the relationship between maréinal‘mean kI and z for a fixed

value of ISI., The three points on each line,fepresent the values obtained

- under increasing RT deadline conditi@nam Except for the data obtained for

’

the é7.5 mgec Q?ndition for pooled data obtained for RR and JM the relatgbn-
ships were ;pproximately linear.

The estimates of thqaintercept,sa, of»tﬂe best fitting line té éach
set of three p&in'ts. according to a 1east-§quares-criterio'n are shown in
Table 8. For DK the intércepts were close for the two largest valuéé of
1SI. Zor'gﬁe pooled data for RR and JM, the intercepts were the same for
ISIs of 16.5 msec and 44 ﬁsec. Qlthough the linecar relationship was sig-
;ificanc for only two I?nes (p < .OS);lthe availability of.just one degree
of freedom for the t test for linearity (ﬂayé, 1963, p. 521) required’a
close apxirouﬁ'nation to linear.i;ty for s:a:‘.ist-ical significance to be

aghieved; Except for tbe_;atgeéf value of ISI for RR and JM, the reci-

[y s
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- Linear Resregsion For lMarsinal ‘lean 'R7 N
Amainst 2 In Txveriment IT
ZXPERT'IETIT 1Ta S EXCFRIZHT 1Ib ;
) T ..._.-_--..---..-._-..'.,--...._ M --__._.-_......._.__‘__...._....__._-..__.
ST mMia Ay, ' IST " :
: msec msec msec Asec
|
DK 5.5 -0.0073 291 ns Release 5 0.0n03 1kl ng
: RT
: 11.0 #.0073 211 ns Pooled 10 n,0010 127 v < .05
. Over Ss
22.0 0.0046 259 ns 20 0.0037 135 ns .
.0 0.01h0 261 n < .05 hn n.4n97 " 1kl ns b
. U‘:«':
RR 5.5 0.0008 343 ns‘] Total 5 0.0n92 -2h6 ns
L ) RT . ‘ o
J1  16.5 0.002k 157 » < .05 ‘Pooled 10 0.00n8 . 226 n < .05
| : Over Ss
{ 21.5 0.0128 265 ns : 20 0.nn28 235 ns
: )
" k.o 0.0128 157 n3 - ho n.nn8n 251 ns
lf . r,

f . S - .
i 2. m, is the estimated slome of the least squares linear plot of marsinal mean RT
ardinst z.

, b. 1 is the_ estimated 1ntercept of the least sauares plot of narpinal mean RT
aﬂainst z.
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procal of the estimate of the slope of each Iine, which provides an esti-

mate of mB, increased as ISI decreased. Hence the mean step size to the

random walk increased as ISI increased.

~

The plot of marginal mean total RT as a function of z for the

pooled data obtained in Experiment IIb is shown in Figure 12. Although

x RS

there was a close approxiyation to linearity for the two shortest ISI

4 values (for ISI = 10 msec the graph was significantly linear, p < .05),

the Blope decreaged with 1ncrgasing RT deadline. This result was consis-
tént with the hypothesis that an increase in RT deadline causes an increase
‘in mf, for, a fixed ISI value. In spite of a departure from linearity for fﬁ%
;7' \ ) the longest ISIs, the éstimated intercepts were close, LT

r Laming (1968) suggested that Ss might commence sampling stimul&s

C information before the registration of the first stimulus event, The

effect of such pre-stimulus sampling is to introduce starting point . 3

”~

/variabilicy in the random walk decision process. -In the estimate of z

in equation (7) it was assumed that starting point variability is |
E negligible. However, it is clear from equation (4) that starting point 53%
: variability modifies the estimate of A®,, cbtained from equatfon (2). :

1f the intercept gg\the best fitting linear psychbme:ric function
accoéaing to'a least squéres criterion represents thﬁ prabability-of an R Fo

1
- - ! . .
respongse when 0, = 0, then the random walk decisfon process generating L
1 . i ,

A AT IR T IR

R

ol

this Qa;ue'has zero drift. TFrem equation (5), a significant departure of 0l
- the intefcept fror a value of 0.5 indicates that C non-zefo. For the .

250 msec RT deadline conditioﬁ,in Expéti@qn; 1ib, 7Lq estimated intercept

of the psychometric functfon was 0,45, 5 éaihe 8 ficantly less than

0.5 (p < .05). Since the corresponding value. of C is less than zero, the
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estimates of A8, obtained from equation (2) over-estimated the true value

1

Ael when starting point variability was present (see Equéiion (4) and

subsequen

A

low for the effect of starting point

~ ~

A reduction in Ael to
variability results in a corresponding reduction in z. Since z exceeds
‘0 for 1SIs greater than 0, 1t/ is clear from Figure 12 that correcting.
Ael for starting point var bilify will not produce a linear rglationship
beéween marginal mean RT and'; for the 20 msec and 40 mseg 1SIs. Hence
the failure of a predicted linear relationship betwegp mean R& and ; to
be suppqrted by the pooled data from Experiment IIb could not be'ex-.
plained by assuming that there was starting point variability for the
r;ndom'walk decision process. .

A plot of the difference in mean RT for response Rl for stimulus

patterns T, and 7, respectively, k“ll - 2"12’ as a function of the estim-

2
ated value of (A - C)B1 obtained from equaiipn (112 is ghown in Figure 13.
Each curve is for a constant value of ISI and the direction of increasing
RT deadline is indicated by the arrow, If increasing the RT deadline
causes a change in the response strategy, e.g. an increase in A, and does
not glter the stimulus dependent parameters, then each curve should be
lineart This prgﬁiction.wés not supported by the data and it is con-
‘cluded that the change in KT deadline alters the stimuius processing
stage; in fempozal order disciiminatiop. A similar conclusfon éas drawn
from the plot of the difference in mean RT for response R2 for.stignlus
patterns W, and ﬂi’respecgively’ BNy - Bﬁél' as a functi&n of the estim-
ated’value of.(A + 0561 obtained from equation (12). These trends are

also depicted in Figure 13, oo _ o
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" Figure 13. Differences in response conditioned mean %
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General Conclusions

The real-time model provided an adequate account of the covariation
between response time and response proportion measures in a temporai order -
digcrimination task employing continuous visual stimulf and instructions
stressing accuracy. The tiodel failed to account for the direction of RT
results obtained under %Jatructions cmphasisiné responsge speed.

The LOT model, which could encom?aas the direction .of RT results
obtained under both spced and accufacy conditions, was unable to account
for the covariation of RT and response proportion data under the assumption
that changes in fnstructions altered §§ response strategy. It was con-
cluded that the decrease in tesponge speed generated by RT deadline
instructions altered the etinulus information processing aspects of tem-
poral order discrimination. In Chapter VII it ﬁf”;;;;;aed Epat the results
obtained in Experiments I and II can be accounted for by the LOT model

N
with s non-gstationary random walk decision process.

-~
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CHAPTER VI

EXPERIMENT 111: A Test of the Real-time Model for

Teaporal Order Discrimination.

The real~tire model for temporal order disc,rininai:ion‘ is based on
the assumption that § }smplec stinmulus inft;mation continuously over time
until sufficient evidence to generate sn orde*r:' response is obtained, In
the simplest version of the model, the decision proceai is driven by the
information sempled from the two stimuli, Hence eny changes in‘the para~
moeters of the stimuli should modify the rate of accrual of stimulus
infomation, and alter the cource of the decision process accordingly.

Figure 14 dep!cts the expected semple paths followed by the dee
cigion process generated by stimulus patterns ny and . For s stimulus

\sl ptecedes 8, by 27 msec. Waon 8, is turned om, 8, 1s extinguished for
¥mc. Thereafter, S1 is turned on ggain and both: stinuli remain
111\=urmted For m,, stizulus S, precedcs 8y by T m=gec, - When s,

turncd on, S, is turned off for 27’ meec. Tbereafter, 82 is turned on

is

again and bqth stieuls ra:ain .111u:31nated. 1 and 82 have the sane :ln-
tensity end generate the sezc constant mean step size for the randoa walk.
The sezpling p'otiod la gogsuzcd to be arbitrarily emall.

In the rondom walk reprecentation of the 'dcciaf.on process for
judging the onset order of the two stimuli, the process begins at C when
tige, t, cquals 0. The-yosponse thrcsholds at A and -A/tcpmcnt res~

po&mcs Ry (s first) and R, (3 firse) tcspcccively. Tize. 13 represented
in the horizoaul_d:trcction. , -
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The sensory effect of S1 generates.a mean stép size to the random
walk equal to m, and the sensory effect of S2 generates a mean step size
of -m. When both stimuli are preseiit, the mean step size’to the random
walk is zero. For,stimulus pattern ™ the expected position after 37’
msec equals C + 2mt’' - mt' = C + mt. Similarly the expected position after
3t' msec for stimulus pattern K, is C - mt + 2mt’ = C + mr’, Hence the ex-~
pected positions for sample paths of the random walk process generated by
both stimulus patterns after.31 msec are the same. In additiom, if the
variance of the step size distribution is the same for each stimulus, the
variance of starting points to the zero drift process at time 3t' msec is
identical for both stimulus patterns.

. Since stimulus patterns Y and T, generate the same distribution
of starting paints forthé terninal zeyo drift random walk decisioﬁ’;;ocess,~
the results derived in Chapter I1 for the real-time model imply that the
predicted proportion of Rl responses and the difference between response

conditioned mean RTs.should be the same for both stimulus patterns. Hence

_use of patterned stimuli provides a critical test of the real-time model.

Experiment III tested the validity of the stimulus information
sampling assumptions of the real-time model when respomse accuracy was
stressed. Oxder discrimination performance was exsmined using stimulus

patterns *‘1 and w, as test conditions for t' equal to 10 msec. Together

.

,with the test patterns generated by reversing the order of §, and )

sz, these four test cases are sfxaén fa Table 9 as trial types 8 to 11.
Except for the ISI values, tfial types 1 to 7 were those used in Experi-

ment I. The values of ISI were 0, 10, 20 &nd 30 mséc. For each trial

type both stimylus lights were continucusly 111uminated 30 msec following

-

the onset of the first stimulus light. A

L4
.

S hat

»

L
E
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N The predicted proportiona of Rl responses, Pi(Rl)’ as a func-~

s - tion of trial type i are given in Table 9. According to the real-

»
time model the estimated values of Pi(Rl) should not be significantly
3 different for trial types 3, B and 10, and for 5, 9 and 11. 1If the

gaps have any effect on temporal order discrimination then P3(R1)~should

not be significantly different from ;8(R1) and ;lo(Rl), and ;S(Rl)
should nog be significantly different from ;Q(Rl) and ;ll(Rl).

METHOD '
Subjects

Four university students, three of whom had had previous

\

™
¢

‘b(.",':'h PPEY .

B
e
&

training in temporal order discrimination tasks (V, R and RH), were

5

FW ) employed. Each S had'satiafactory 20:20 corrected or uncorrected ¥

%J vision as measured by a Snelien eye~chart. All except RH, the author,

[

were paid $2 per experimental session which lasted approximately

FREIA

forty minutes. .
Apparatus

The apparatus was the same as that used in Experiments I and
IX. fhe response panel was that used in Experiment II. For §fs‘V

and R, the left button indicated the reponse "Top light first™ and the

right button indfcated the response “Bottom light first")' For JO and

1 R the opposite response miapping was employed. -
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TABLE 9
PREDICTED VALUES OF P(R;) FOR EACI

TRIAL TYPE USED IN EXPERIMENT III

Condition Trial Type

Control 1

2

Test 8" (m, 5 1st)
9 (1, § 1st)

11 Umi: 52 1st)

(A +
(A +
(A +
(AM +
(A +
(A +

A+

(A +
(A +
(A +

(A +

115

P(R,)

C + 30m)/2A

C + 20m)/2A

C + 10m)/2A

c)/aa

10m)/2A
20m)/2A
30m) /2A
10m) /2A
10m) /2a
10m)/2A

10m)/2A

ot e el RSN i e 07
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Procedure '

Each experimental session contained three blocks of 230 trials
for all §§ except V. For this S, who took longer to perform the task
than the other Ss, only twb blocks of trials could be completed within a
segsion. The first block was preceded by a five minute dark adaptation
period and there was a two minute break between blocks of trials. Since
the sequence of trial events was initiated by S, a rest could be taken

at any time during the session. The first ten trials of each block con—

" tained a random presentation of different trial types. They were treated

as warm~up trials and ignorxed in subsequent data analysis. The remaining
220 trials consisted of a séquence of random permutations of each of the
eleven trial types. In this way runs of the same trial type were minimised
and each trial type was counter-balanced for positfbn with the block of
trials. Rach trial type occurred with equal frequency within the final

220 trials of a block. -

The trial initiation key (TIK) was not employed in this experiment
and Ss were :équested not to depress 1it. Bach trifl was initiated by
depressing and releaain& both response buttons with the two forefingers.
250 msec after Eriai inttiatton the central:fixatibn 1ight was illuminated
and the sequence of trial events was present;d 750 msec later.

| All three lights rcmsined illuminated until S responded. The
l1tghts werc then tugne& off and’'S vas free to initiate the next trial.
No response accuracy feedback was provided since an illusofy effect of the
presence of gaps was being investigated. If § responded before.th; onset

/ . - ,
of the first stimulus light the trial was aborted and presented again.
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The Ss were instructed to fixate the centre light once it was
illuminated and to attend equally to the two stimulus lights. They were
requested to perform as accurately as-Lossible. If they felt tired during
a block of trials, a short rest period was permitted. '

. Excluding practice sessions, 30 blocks of experimental data were
analysed for each S. The'gata were obtained from 10 experimental sessions
for RH, JO and R and 15 ex;erimental sessions for V. For 3ll Ss there was
a total of 26,400 observations. For V 7 trials generating RTs ex-

ceeding 4095 msec were excluded from the data amalysis. For the other

Ss data obtained on all trials were analysed. N

RESULTS
A

The raw data obtained from each S are given in Table A7. The data

pooled across all four Ss are contained in Table A8. Differences in per-

-

formance under test and control conditions were examined in terms of the

data pooled across all four Ss. -

(a) Psychometric Furiction

The psychome;;ic function is depicted in Figure 185. Tﬁe control
conditions are represented by filled points and the test conditions are
represented by unfilled points. E;ch point is based on 2160 ;hservations
and the standard error of estimate does not exceed the unit of meaéqiement,
0.01. Although ménotonic,thtodghout its range theré'w;s a diétinct ten-
dency for ihe_psychometric funciion to be curvilinear.

A comparison of the edtimated proportion of R1 responges, ;1(1).
obtaine? for the value of T in the test and control conditions is p?eaénted

in Table 10. A z test applied to the aiﬁnifigance of the difference between

twvo independent proportions (Ferguson, 1959, p. 146) revealed that PI(T)

R T
L. .
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TABLE 10
Proportion of Rl. Regponges Under Test
And Control Conditions in Experiment III
T(msec) Test Control z
v 20 0.82 ¥ 0.03  o0.80 ¥ 0.03 0.84 ns
10 0.57%0.06 o0.66F0.04  -3.06 p<.01
-10 0.3 Y006  0.22% 0,04 3.36 p< .01
-20 0.1 £0.03  0.17%0.03 -1.36 ns L
RE 20 0.93%0.02  0.93%0.020 0 us
10 0.77% 006 0.77% 0.04 0 s
~10 0.2 0,06 .o0.21%0.03 1.0 p < .01 -
- 20 0.06 0.02  0.06 % 0.0 0 s
R 20 0912002 090t 0,03 0.5 ns e
10 0.7 *0.06 0.1t 0.08 1.10 ns
) 0.32%0.06 o0.23%0.06 T3 p<.o1
B 0.1 20,03 0.12%0.03  -0.52 ns
- . —— \r'-.w-y. .
» 20 0.87 ¥ 0,03 o0.88 £ 0.03 0.50 ns -
10 0.66 20,04 0.65%0.08  -0.3 ns
-10 cosstos  oastoes 2.0 p<.mm
) =20 023t ons 0.55%0.06  -0.77 s
Pooled 20 0.88 ¥ 0,01 0.83 ¥ 0.0 0 ns -
10 0.68% 0,020 0,70 0.02 . "-2.42 ns
-10 0.3 Y 0.02. . 0.5 % 0im2 © 648 p<.ol
-20 osZoor  oast 0:02 -0.93 ns
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wvas significancly less in the test condition compared with the corresponding

eonttol condition when T equalled -10 msec (p < .01). All other comparisons

ificant (p > .05). Hence the gap only affected temporal order

GZIAS Mg 7 RATIY  d hy

If \\‘tho stimulus information sampling assumptions of the real-time

model are ¢orrect then the proportion of incorrect order responses for

stinulus patﬁetn 10, 3

waich S2 preccdad S by 10 msec, should equal 0.70,‘

-
~ s

the proport:lon of corriéct order responses for pattern 3. Clearly the in-

crease in otdét error rate gcmarated by the gap in stimulus pattern 10 wes
1 . '

significantly iegs than t predicted by the real-time model. Moreover

" the faflure of the model's pPredictions for the other test conditions to -3

»
TR PPN

)

. ‘ be veirified experimentally quastioned the validity of the stimulus inform-

" ation sampling essumptions.

LB Av

v L
L IR APTRAT TNy

} (b) Response Time Data
' (1) Marginal Mean KT,

pattem is depicted in Figure’ A9. The 95% confidence inteﬂal for the . B L"'
cstimate of each marginal meen RT is indfcated. Control conditions are

(' mdicate.d by fmcd pointa ::nd test cond:lu.ona are teprencnted by unfnled

| o points. The ovo:lap of hcaﬁdcmee intervals fox each conpariég\n of test :

“ and control condittons at éacli value of T indicated that marginal pem KT 1~
di.d not d:lffe: aignificantly bcmen umdit:tcns The shapo of the funcuon
rclating parginal moan BT end T was s:haiht for the eontrol. conditfons in o '

» . this expoximent znd for- th,e&ataof.Expaﬁnc_pcI.

. vLe
. . \
. .
. ' .
.
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(i1) Response Conditioned Mean RT

A plot of the relationship between T and mean RT conditioned
upon response Rl and R2 is presented in Figure 15. The trend in the
data for the control conditions was similar to that observed in Experi-
ment I. Mean RT for response R1 decreased monotonically as T increased.
Conversely, mean KT for response RZ 1n$reased monotonically as T in-
creased. Associated with each point in ?igure 15 1is it§ standard error
of the mean.

Figure 16 contains a plot of the estimated difference in res-
ponse conditioned mean RT against ZP (r) - 1 for each stimulus pattern
employed in both control and test conditions. Linear regression of these
estimates indicated that there was a highly significant linear trend for
both the control ;nd test conditions (p < .01). The correlation co-
efficient squared was 0.94 for the control conditions agﬁ 0.99 for the
test conditions. The 95X confidence jntervals qu the sl&pes of the

best-fitting lines according a least squares criterion were -243¥62 and

-229t59 for the control and test conditions respectively. The 952 con-~-

fidence intervals for the'intercepég were 38f42 and -13%34 respectively.

Hence overlép of the confideﬁce intervals indicated that there were no
significent difﬁé:enéea (p > .05) in the glope and intercepts .of the

best fitting lines for the control and test conditions. Although the

negative slope of the plot of T,(1) - T,(7) against 2P (1) - 1 indié;tes
1 2 i R

that the data can be accounie&’for‘by'a,real—tiné model, the failure of
the predicted corteSpnndences‘betuacp.rcsponse p:obability measures for
test and control conditions indicates that the stimnlus sampling assump-

tions of the noﬂel require modification.
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Figure 16. T -T P
Tx () rz (%) against IZI“l (t) - 1 for
Control and Test conditions in Experiment EtII.
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The real-time model may still apply if the assumption that i

the mean drift rate can be predicted directly

from the stimulus pattern is relaxed. It is not valid to conclude that the
mean drift rate for the random walk is constant and that the sampling
period is arbitrarily émail. The finding that the gap‘ﬁad“no significant
effect on order discrimination performance for an ISI equal to 20 msec

P r
indicates that the gap is “hot included in the neural activity sampled.

-y

This could occur because the visual system ig not sensitive to 10 msec

©

gaps in 3 continuous stimulus,

General Conclusions -

The results of Experiment 1II indicated that the simplest assump-

y ' tions of the real-time model regarding the sampling of stimulus information

I Vi IR O

dn a temporal order discrimination task are wrong. The predicted equival-

éhce in performance for certain control and test stimuylus patterns when the
A 2 . ~
wmean drift rate generated by each stimulus was assumed to be constant was

. not ?ﬁppotted by the data.

A‘gap in one of the stimuli in test patterns caused a significant

change in performance for one patterm, namely that in which the bottom

C N\ N S
light receded'ihs;top ht by 10 msec. This result was found for all o
R ’ :

four §§' and pioﬁi&éd evidence fpr\an asymmetxry in the sensitivity of the i fi

ponse time data varied with ISI'ip é@nilé; fashion to that observed in

Experiment I. The psychometric function' incieased monatonically with t

and marginal meani RT was a convex upwq}és fun ioé of T .attaining its

ad
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| marginal mean RT decreased monotonically. Mean RT conditioned upon

response Rl decreased monotonically, and mean RT conditioned upon res-

L
“

ponse R2 ipcreased nonotoniecally as T increased. Plots of the difference

in response conditioned mean RT as a function of 2;1(1) - }1 for control

and test conditions indicated that in both cases the data could be fir

by lines with nepative slope. The real-time model could account quite

{3adeouate1y for the covariation in mean RT and response proportion
provided that it is aséumed that the éhangcs in wean drift rate of the

random walk during the stizmlus information stage cannot be predicted

diyeftly from physical changes in the stimulus pattern. .
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CHAPTER VII

A Generalisation of the LOT Model For Temporal Order Discrimination.

The data obtained in Experiment III failed to support the simplest
stimulus information sampling a§;umptions of althe real time model for
. temporal order discrimination. The RT predictions of the model were
not supported by Fhe data obtaine& in Rxpenimeﬁf II. However the ‘ -
results of Experiments I and IfI under accuracy conditiouns proéﬁded

substantial support for the assumption of a terminal zéro‘driﬁt masking
stage. ‘ o
If the LOT model is correct and the concept of a limited

-~ ~

ogserVation period is valid, then the mean RT results of Expé;iment I

pose no problem for the model. Eqnation (8 acc;mmodates the general

result that mean RT conditioned upon a correct respohse was less than

the mean RT conditioned upon an incorrect response'by allowing y, the

asymmetry parameter of the step size aistribution of the random walk,

té be }ess than ope. However, the dif:eregqé bet?een response conditioned
n@an RTs incteased as ISI increased. Hence éhe absolute vaiue of
\'(’r-l)fmn%b in&ease hlit:h ISI. \ ‘l‘hi’s constt&int resttict:s the class
“:\'b\f step size distribut:ions that: m aeconnt: for t:ha datav

\' Similarly the mr mdel ea:i »&‘;cmuﬂt fon :ha result of Bxperiment

~\

IIb that ™an RT conditione& upon & qoxjtect m«pense‘ w&s 33/eat:er than

-

P
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mean RIs to increase as ISI increased requires a constraint on the class
of step siz; distributions sinifar to that needed for the data of ~
Experiment I. ) '

The pattern of results obtained in the three experiments showed
that as ‘perfomance accuracy increases the slope of the plot of
'i‘l(r) - 'Ez(t) against t changes from positive to negative. In Figure 17
marginal mean RT poaled across bot;h' responses and ISI is plotted against
the slope of il(t) - i‘z({'). The points plotted in the fig.m:e were
dexrived frgn the individual au.bject data for all 'three experiments.

For Experiment II a separate poin.t\m plotted for eacb' RT deadline
conditfon. "the correlation was s:lgnifica'n.tly negative (p~ < 0.01)

.as expected, t;nd the estimated intercept of the be:t fitting line was '
399 + 39 msec. This valt;e :epresan:s‘the marginal mean RT associated
with equal teaponse conditioned moan RTs for all values of ~.

The e‘xpression for the narginal nean RT for._ the LOT aodel
(equation Al6) does not %epend on the asymmetry parameter y. This
ms}xlt appliea because t:he e;presqicn for the probesbility of absorption
at A, P A does not depend oir y(eqnai:ion A10).’ Hemce the LOT model with

a st:ationary aaymetrical st:ep size dist:ibution cannot account for the

‘negative cmelation bame:i wsinal nean RT and tha slope of
@ - = (1) 238 fmﬁm of . - L )

. it :ts&nost unlikelx t;hat acroaa & range.of narg:lnal nean RT values

from 200 msec to over ona cecond tha atoted repreaentation of- the
stizulus diffe:cnce aczplcd ot a c:ial haa ‘atationary grope:ties. “1f
a rapid mepme is requitc.d, the tiza epi:nt in Qt:n:ulus p:cccaaina

. ] vl .
., o




(ARG ]

¢

e n e w ere s amenan b T aaal Te ‘
vy o e IR - i
..,.- . . o i L A m A : . .
< . , R ) ., ) o
Py . o
& o\ ‘. ) .
. ) .
. . .
- * . . :u -.
P - . ) .. -
~ . . o wl . i ) — e
e . S
a w0 . ) . o
t a £ - " » -
’ K] ]
N a . , .
u.. . &.‘O -,u.l . .
. w i g . -
2 . o w . B .- S .. -
B m . B} » ] - ..sw... u..l . . . .
: ) u. . s T .
u ) . . s . -~ 7,
3 K | T
2 . . : th IR .
..A“ ) m) (-] .t . ...\.w, . . L.
N1 . dg s | e N
«..n . o . . ) R - .
o | ol Y
. i .
" % 5 feg . R . . . R )
: ) ) v;’ )-< ~ . \3 . e
- - . - m - S ey ) e . .
3 ’ ” \ e oLl - . N ) L
.,,m w ) i : . & I\ ! . ’ N UL
. 4y e T
o . [} - . . e
- ew . . s . L. < -
B : ‘ (-] ., ‘. . - T
ps . . o . . . . . . . S
g p ‘ PN
5 ) -, . . . o
. . . .o . ) o S
. - ~ . : L
. . » -4 . , R . J
b : C L ST T
. F . .... - ..«. . ..
1] B . ) ) ) N N o
. . . . . , ) . .M.., .
v ) - . .
: *
. . .
GO S R W D - S SRR RS > -



) r . NIRRT 11 SE S R A N  L AI ’ . -
R ()2 -(2)'L 3d07S S |
O ¥ T 0 2 %- 9- 8- Oi- Z- %i- 9i- 8- 0Z- TC- ¥T- o
T T T 1 1 ¥ 1 3 | ¥ ¥ ¥ ¥ LIS ¥ -f A
“
A |
} . :
4 - | 00%
6E766E€ = LdIDMIINI |. 2
L38%E-= 3dOTS | - m
T tTTTotmetooss-os-o-=--4007 W
>y
, s
; 009 -~ -
.w, @.

.”.,_W (10->d) goi- S

; 88-:0-=14

loos

- Joool

e
" . S s R R REES
Vo N S T\...@ B R AR R A R




=

131 »

fidelity. Hence the decision process will operate with a noisy stimulus

image in short-term visual storage and performance accuracy will suffer

accordingly. On the other hand, when the mean RT is long, the fidelity

S o

of the stored stimulus imsge may decline gradually over time if there
is no further information in the stimulus display to update it. Hence

it is hypothesised that the initial increase and gradual decline of the

3 cnch ag DA R PN Yk g P 0%
.

fidelity of the stored teprbsentation of the stimulus difference sampled

in an order discr:lmix;ation task generate a non-stationarity in the
distribution of the step size for the random walk decision process.

A pictorial represcntation of the modified LOT model for temporal
order discrimination is presented in Figure 2. According to this ,
representation tcmporal order discrimination involves three Qtages,
a stimulus information encoding stage, a .decision étagg and .a response

_ outpdt stage.
In the stimulus information encoding stage a sample of stimulus

®
" information is obtained during a finite ssmpling period, T. The sampling ° *3:' '

period may be under the control of the S and therefore susceptib-la to - giﬁé? "'
the influence of RT deadlines, Alternatively, it may be a fixed time - ﬁz}&;% ;
. intexval like tha gercagtual noaent: (Stroud, 1955). In the cont;xt of ‘f"‘?v ) 3
' temporal ordct diactdnination it will de aemed that a diffetcnce in - :
vinfoxﬂntion dnr:lvcd froa. eack dtimtlua dutina the 1th observation mterval . i
&31 ia tha critical :l.nfo:t:ation acccnaed by t‘.he deciaion proénaa. » L, /
/ Bach stirulus differcnqo ;l! ntoted in & ahorb-tern vigual utorasa ! :‘,/

rc'g:later. Initially the ftdélity of, thn rcprcacntation is inproved by P
variona eignal ave:aains and tutetina hechhiqucs such as thoae ptopoaed .
by Shallice (1967). By ‘thedo méans a clear inago of the stinulua
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information is built up ig shPrt—term storage. If no update of stored
information occurs as the result of another stimulus difference sampled
from the display, the fidelity of the stored representation decays
sponéaneously.

The assumption of a decay of information in short-term visual
storage has been verified in studies by Sperling (1960) and others.
Vanthoor and Eijkman (1973) measured the meﬁory strength of visual
stinuli as a function of the delay of a partial report indicator cue.

From the change in performance as a function of the cue delay an

approximation to the form\éf the iconic memory signal was obtained. This

. .

function reached a peak -value about 125 msec after presentation of the

stinulus and then declined rapidly over the following'BOO msec. It is

hypothesised that a similar time course for the fidelity of the sampled.

stimulus difference occurs in tt;e p}esent modol.

In the decision stage the random walk process is si&ilar to tﬁat
described for the LOT model, except that the distribution of step sizes
to the random walk is no longer stationary. While an image of the

stimulus difference is being built up in short-ternm visual storage the

%

mean step siZe to the random walk incteases, wvhereas the mean step size

gradually decreases as the fidelity of the stored stimulus difference

declines.

?igure'la depicts fhavmean‘sample paths for two realisations.
of a non-stationary random’ walk decision process, For both paths P
and P2 the drift towards th& tesponsa threstold ag ‘A increases to a

maximum value. and then decreases to an asymptotic value of zero. The

‘possibility of pre-stimulus sampling is allowed for by assuming that
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- Figure 18. The tandem random walk decision process for
the modified LOT model for temporal order
discrimination.
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the decision process begins t, msec before the presentation of the

stimulus. Duxing this period the proceés has a zero drift rate.

A possible means of exémining the non-statiogarity property of
the decision process is to force/the § to vary the position of the . ’
response tﬁreshold values. When the response threshold is large (say
at A) then a considerable amount of the decision process is controlled

by the terminal zero drift, whereas at A"' close to the origin, the

.

process is governed by the.initial non-zero drift section.’ At intermediate

: values,j such as at A' and A", the process is governed to various ‘extents

v

- by both an increasing and decteasing'dgift rate.

I

RPN

B . It is assumed that the larger the 1SI, the greater is the mean

IO Gt o4 0s

&
Py

: displacement of the random walk process prior to the terminal zero drift
‘ . e ¢ . . .

. segment. Hence path Pz arises from a larger ISI value than does path
P

P
R AN
[EPCI AR

u

1 For intarmediate values of the response threshold such ag at A',

v

the dominant trend‘of che random walk process depends on the value of

Ll
PR P

e

YA

,
R

ISI. For path P2 the non-zero drift segment dominates whereas for path

cdesa’ o

LN

B ) i N
Pl»there is a significant coantribution from the terminal zero drift

rar

-segment.. Hence the characteristics of the decision process depend not

P

only on the position of the response thresﬁold but on the range of ISI
_values used.

Sinoe it 18’ difficult.to deriwa siﬁpleaanalytic expressions for
the predicted statistics’ £or o_non—scationa:y taudom walk process, the u

non-stationarity will de approximated by a tandem random walk process.

AR

The approximate tandem proceos cgr:esponding to path Pz conaists of

B it dra

three segments. Tha first aegment iz a aoro dtifc process terminating

at the point K, T, .msec after tho onset of. the first etimulus. This

te
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is followed by a non-zero drift process terminating at R;, T., msec

after the onset of the first stimulus.

The final segment is a terminal

\

zero drift process.

( For the response thresholds at A" and A"', the non-stationary
process can be represented approximately by a non-zero drift process
with starting point variability beginning at Ri at time Tl. On the

other hand, for the response threshold at A, the non-stationary random

walk process can be represented approximateély by a zero drift process

with starting point variability, begirining at R; at time T,. In such

2
cases the decision process for the modified LOT model can be approximated
by a process which ig conceptually similar to that described for the

real-time modél.

In order ‘to calculate the probability of absorption at A and

the mean number of steps to absorption at A and —-A respectively, we

‘cén use the results derived in the Appendix} These rusults apply to a

range of ISIs for which the probability of absorption before the

beginning of the terminal tandem process is negligible. Using the .

assumption of normally distributed steps to tﬁe random walk an expression
fbr the difference in mean ‘number uf*steﬁs‘to absorption at A and -A _
is given by equation 520. The sign of this diffetence is detetmined
by :he gign of K; ﬁ gbefficient ptoportional to the mean difference in .
at:ep size for the two pmeesaea cont:ibuting to. the tendén process. “The
probability of absorption at & is~given by equation A10.

Hhen tha response thxeshold is Buffie-;ent]\v cloge to the origin

so that the contribution of the, terminal ze:o dtift ptocesa Ia negligible.:

the decisinn process cen be repreaented in’ terma ot a aﬁationa:y randcm
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walk process with starting point variability. Ip this case the
coefficient K in equation (A20) can be represented by 3550291 - C where
C is the mean starting point of the process- and so2 is the starting
point variance.

When 61 is small so that terms of order 612 and higher can be
ignored, approximate expressions for the probability of absorption at
A, Pl(el), and the difference between the mean number of steps to
absorption conditioned upon abébrpti;; at A and -A respectively,

Tl(el) - rz(el), Qan be obtained.

2 2 2
amc, A —C -s, 2
. Pi(0;) = 55—+ 3 )8y, s <A (26)
) :{
»
2
24s .
~4AC o 2 .
T)(8)) = Ty(8;) = =) + (—08y, s, <A . @D
351 _ 3sl

.

where 812 is the variance of the step size to the non-zero drift process.
When Gl

ig proportional to T, the ISI, so that O, = at X
then Pl(‘f) is. a .l'inear function of T with intercept

(A+C)/2A and
T 20t TR N : -
positive slope a(4d'=C -8, )/4A. As A increases, the intercept
appj:oaches 0.5 and the slqpe;mcréaéee. An’ increase in starting point
- variability, soz, causes a decreage -in the slope. - . .
Similarly T,() - T2615 is a linear function of t with intercept -
~4Aé/3812 and positive slope 2aAsdzf3éI‘."As both A and $°2 increase the

-

&lope increases.
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When A is large so that the process is dominated by the terminal

. L]
zero drift process, we obtain the psychometric function and difference
betweeg mean response conditioned RTs predicted by the real-time model.
In this case the mean starting point for the t:eminal zero drift process

is given by (Tz-Tl)m(r) , where m(T)=at if the mean step size for

the non-gzero drift process is a linear function of 1. Hence the predicted

results are those derived for the real-time nodel in Chapter II.

Io generai, the predicted results.are determined by the value
of K = cel where a = 15502[1 - (eg/el)i.n The sign of a, and hence K,
is determined 'by the‘ratio of the-values of 6 for the two cmtituent'

processes, If 8, < 8,, K>0 and the results are similar to those

obtainad in the presenca of starting peint varisbility. When 6, > 8, SN B
K < 0 and the results are similar to those abtained for the real-time

"model. When 60 - 61, K = 0 and the tandem process degenerates into a _ %
single process with a stationary stop size distribution,

i
For the general case, equaticn (26) becomes: ‘

“ee .]: ’ ) . :
P (8 z.+(A z"‘) 0 |

(28)
end equation (27) becomes: . ‘ B .
Ty(8)) = T,(8,) = (-—'Me (29

. . 3
. [ MR S - . . .
s . AR v ~ ~ -
ra . . A * . - .
s .

" Blﬁ:hiatdng °1 fron equationg (28),and £29) “’lﬂht(ain: - g } ,

e 7
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Tl(el) - Tz(el) = b [2P ) - 1] (30)

148

vwhere 9
8A @
3¢a? - 2a)sz1

b =

‘

Since a < A, the sign of b is the sign of a. Hence when 8 < 0, a> 0 and

’ b is positive. When 8, > 8y, a < 0 and b is negative.‘ Finally when

60 = 61, a=0 and b is zero. So the slope of equation (30) provides

- 4 a measure of the direction of the non—stationatity in the decision process. gﬁ

<,
.
2. AEE

; Figure 19 shows plots of T (9 ) - T(e ) against 2P (el) -1
< 5

ol
ey

TR I,
et

: using.equations‘(AZQ) and (A10) with C = O a%? K= gso 91. Two values

3

of A were used and « was varied, where a =‘ks 2[1 - (8_/6,)}. Each 'ﬁlot
s o o 1

AR
D

om
I

R b v

was approximately linear indicating that equation (30) provides a good

R approximation to the predictions of the model. A positive correlation
4 between o and the slope of the plot was evident. : N 2

AT et s,
s 0 wns AFE s AL W

i

I I

Figui‘a A‘ms!i;{vgs a plot of estimates of A8, obtained from equation

7 ) (2) ‘for the LOT xnode; with a atatio‘hary step size dist:ribution as a

Gl

function of T for pooled data fr:om: &:periments Ib and III. In each case
the estimate of‘Ael was \a“l:l.near ,function of the ISI, t. GClearly for
) 61 = @7, where 8 is a conatant, the lineax relationshig of equation (30)
) " ' .alsa appl;i.es fox, a plot of P (‘t) against T ('r) - 41’ ('c)
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Pradictions of the tandem random walk
decision process for the relationshin
between T ®)- T, ©,) and 2P ) - 1.
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A,

S
In this case the intercept of §l(r) - Tz(r) includes a difference
Rl - ﬁz in mean pon-decision times resulting from the response output

-~

stage depicted in Figure 2. We maintain the assymption that Mg - ﬁa

is constant for all values of r.

In Figure 20 fl(r) - iz(r) is plotted as a function of 2§1(r) -1,
where fl(r), fz(r) and ﬁl(r) are the estimated values of Tl(r), Tz(r)
and Pl(r) respectively. For the accuracy conditions of Experiments Ib

and III the plots had negative slope imdicating that 8, < eo for the

1
non-stationary tandem randem walk decision process. For the control
conditions of Experiment III, the slope increased for the longer values
of Zﬁi(r) - 1. «Su;h a departure ig likely to occur when t, and hence
el. ig large., Imn this case the linearity of the approximation equations
(2@) and (29) is no Ionger valid. A tgndcncy for the slope to increase
with increasing 01 is reygaled by observing the trend in the plot for

a = -.4 in the A » 20 condition in Figure 19.

For the RT deadline conditions in Experimont IIb each plot had
positive slope indicating that a > 0 snd § < 6;. In the 900 msec
deadline condition the slope was clese to zoro for small values of .
This indicated that o = 0 8q that faor snali t the decision process was
ezsentially s:ationaiy. Waen t was larga there was clear avidence for
a depattnro from stationaxity. Such a trend night be cxpotted if the
response t:h:eahold is poatucnud at A! ia Bisure 18. For pa:h P
gonerated by a short value Qf t tho o\rorau chenga in the ra:o of drift
is alight go :hac any mcasure of a,doP&rtutu frea a gtationary process
will bo eloao-:o Q. For lataet valnca oﬁ T aenqratina the path R, tho

departure froz stationaxity is zore mqmccd.

N g Drgit, Lo i




Figura 21, Relétionahtps betwaon Tx (t) - '1‘2 (t)
and 2P‘ (t) - 1 for ocach exparimant.
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$,(T)-T,(T) (msec)

-,

2001 EXPT II: ACCURACY CONTROL
MEAN RT = 628 msec
U
EXPT. IIb: 250 msec DEADLINE
A MEAN RT = 231 msec.
100k XPT Ib: 400 msec. DEADLINE
\ MEAN RT = 319 msec
- (o}
e |
EXPT. ILb: 900 msec. DEADUINE
. o MEAN RT = 460 msce.
',ﬁ A a
. QF * \ I/
QY » \ * +*
L ]
; ’A XPT Ila: JM+RR 440 msec DEADLINE
. R MEAN RT » 405 msec.
®
EXPT. I : .GAP TEST CONDITIONS
‘100 - MEAN RT a 632 msec.
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®
~200p . EXPT. Itb: ACCUBACY
.o MEAN RT « 712mace.
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Data pooled across S§s JM and RR for the 44Q msec deadline in

Experiment Ila indicated a stationary decision process since the slope

"was close to zero. These data exemplified a transition case betweaen the

generally positive slope for the RT deadline conditions of Experiment

" IIb and the negative slope for the accuracy conditions of Experiments

Ib and III.

If it is assumed that relaxation of the speed constraint on RT
performancé allows the § to increase A, the response thrashold,‘then
these results‘imply that there’ is a change in the non-statioparity
of the decision process as Q increases. For small values of A gonerated
by short RT deadline conditions ché increase in the drift rate dominates .
so that a is greater than zero and the alope of equation (30) is positive.
As A increases further, the non-stationarity parameter reduces to zero,
In this case thg drift r;te is relativoly constant over a large proportion
of the duration of the process. ‘Fgr the Largostlyalues of A, the terminal
zero drift process dominates so that «.is less than zero and the slope
of equation (30) is negative. ‘

The data obtaited in the three eipqrimenpa on temporal order
discrimination provided support for the gocion of a séored stimulus .
ditferenco_with tine Qatytns fidelity. Initially an image of the p
stimulug differcnce is eonéttucted in short-term visual storage. Unless
furthor information ean.bo sesinled ftom the stimulus display to
reconatruct the imqée, tho image dqga&a;sponcaneoualy. =

Tha dacay of tha 15:3@ is 1m§égeqn§ i1 an order discrimination
task cmploying stimulus onsets aa'ctiniéél ovedtp to ba ordered. Tf

the sampling interval T ia larga velativa to the range of ISIs, no

'
o

h
i
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e
order informatiowW<an be obtained from subsequent samples. Hence under

no RT constraints, a terminal zero drift process is likely to dominate

and the covariation between RT and response proportion measures observed

in Experiments I and III would be predicted.
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CHAPTER VIII

DISCUSSION

A tandem random walk model for temporal order discrimination has
been ﬁropoaed. According to this model, order discrimination involves
three distinct stages, 2 stimulus information e;coding stage, a decision
stage and a response output stage,

In the stimulus information encoding stage the difference in
stiqulus infarmation sampled from the.two temporally asynchronous stimuli
during an observation intarval is stored in a short~tern visuai register.
As a result of further information processing of the stored astimulus
difference, the fidelity of the image improves. Following an increase
in clarity of the Qtorod information thero is a process of gradual deacay
of the image in short-term storage. Unless the fidelity of th; image
can be restored by another cbservation of the stimulus display there is
a gradual loss of stinmulus §1££arence information over time. In a temporal

order task in which tha critical events arc the stimulus onsets, all of

the mlavgnt order infornation is contaiqud in the initial observations

>

of the digplay. Hence loas of order information from the short-temm

visual storegze rcgiuté: is to ba cxpetted,

Tha dacision _procoa; is reprosented as a rnnéom walk between two
absorbing barriers deﬁ..ning map'cmmo thrasholds, Tha step size distﬁ-
bution is detarmined by tho statistical proparties of the atimulua.
dﬂ!etonc-c information stored in tha short-texm storage registor. 0§1n3
to changes in tha fidelity ot" the stored image, tha atep siza distribution

for tho randem walk ia assumed t§ ba non-stationary, The oxtent of non~
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stationaritv of the decision process is represented bv a tandem random
walk process. This renresentation generates approximate analytic expres-
sions for the probabilities of absorption and the mean number of steps

to absorption at the two response thresholds,

In the response output stage the motor rasponse associated with
the response threshold which is reached first during the decision stage
is selected a;d executed. It is assumed that the non-decision components
of me;n RT that are consumed in this stage are additive with the response
conditioned mean decision timé and are independent of the temnoral

»

asynchrony of the stimuli.

The results of three expofiments involving the discrimination of
the order of illumination of two rapidly successive visual stimuli pro-
vided auﬁport for the tandem random walk model. Under instructions
emphasizing response accuracy a tarminal random walk decision process with
zero drift provided a close approximation (to the obtained response propore
tion and response conditioned mean RT data. A version of the tandem
random walk model which assumed that a:imulustinformation vas transferred
continuously into the decision procesa without being temporarily stored
was invalidated by the data obtainod in the teat conditions of Experiment
I11. 1In thesa conditions a gap in ona of tha stimull did not alter par-
formance to the axtent predicted by this version of the rodal.

A compariaon'of data obtained from Expérimnnt Il which used RT
daadlinaes to'control 8s' mean RT, with the data obtained undor accuracy
conditions indicated that tha aéatia;icai~ptopottioa of the atimulus in-
formation utilised by the dociaion process are not ciﬁq invariant. In the

RT doadline conditions the decision procoss utiliaodlintormatiOp obtained -

[ YTy~ -
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during tha build-up of an Image of the stimulus difference in short-
term visual storage.

The concept of prior entry suggests that order discrimination in-
volves a race between the processing of the information provided by two
temporally asynchronous stimuli, The stimulus registered first is the
"winner" and is reported as occurring first. The prior entry concept was
-originally employed to account for the somewhat puzzling effects of
attention on order inversion errors (Von Tichisch, 1885). It forms the
theoretical basis for the commonly employed "perceived-order" mesthod in
visual pavchophysics. The predictions of these models have been
examined in the literature. For execmple, Gibbon and Rutachmann3
(1969) showed that the prior entry concept could sccount for the
temporal order discrimination performance of one §, as the relative in-
tonsity of the two stimuli was varied.

For two cqually intense stimuli S1 and S2 with Si preceding 82
by § msees, the prior entry concopt implies that order diserimination
results from a race between the perception times for sl.and sz. Vari-
ability of order discrimination parfortiance and the occurrence of order
tnversion errors are acecm:odacod'by assuning that the parception times
for both atignli are identically and indapondently distributed random
variables, If the marginal moan RT for a fixed value of & is equal to
the sican winning tine for a raco between these random variables plus a
constant mean motor time, than it can ba shown that the marginal mean

RT decrecases monotonically as § docreasts (Appondix p28Q). lowever the

data obtained under accuracy cinditfons in Bxperiments I and III did not

uphold this pradiction. Rather, marginal mean RT increcaged as & decroased.
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The concept of prior entry provides a theoretical account of
order errors in terms of the variability in perception times, The failure
of the prediction of this model in terms of marginal mean RT suggests
that the decision process plays an important role in order discrimination
tasks. It has been shown that a tendency for marginal mean RT to increase
as the IS1 decreases results from particular assumptions concerning the
decision process in order discrimination.

The random walk decision procesa offers a convenient means for
measuring the relative contributions to performance of stimulus factors
and response bias factors. Under accuracy conditions it was suggested
that an estimate of the muan‘drift ratdld%ring the' non-zero drift astage
of the procoss was related to thc'infomati‘.on accrued from the stimulus
pair. Estimates of the reaponse thresholds provided an independent
moaéure of response bias in an order discrimination task.

An evaluation of response bias in order discerimination tasks alds
in the mc‘mpi‘etation of the effects of various in;iepandent variables on
performanco. For excnple, tie displaccment of the psychometric function
for order discrimination observed in Stona's (1926) exparimont on the
effect of attention on "prior entry" could be accounted for by a changa
in C, tha meaan atarting point for thHe random walk. If greater attention
to the click cavaes an tneréacc in C and greater attention to the tap

cauzes a dacreasa dn C from an unbiased value of 0, then according‘:o
cquation (21), tha intargopt of the psychemotric éﬁnc:ion. (A + C)/2A,
should change wi:ﬁ the focud oF p:tentioﬁ. Attontion to the click.should

displace tha pqychomutrté function upwards relative to that obtained when

-attention is focussed on the tap.
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Sternberg and Knoll's (1973, p. 661) replotting of Stone's data
indicates that the effect of attention is indeed a response bias effect.
They noted a distinct change in the intercept of the psychometric function
as the focus of attention was varied. The shape of the psychometric
function was relatively unaltered by attention, This prediction would
apply 3if the total distance between the response thresholds, 2A, was not
altered with focussed attention. Accordinp to equation (21) the slope of
the psychometric functionm, m/2A, would then be constant, provided that
focussed attention does not affect the mean drift rate, m, generated by
each stimulus alone.

The assumption that the § sezmples information f;om the stimulus
display during an observation gﬁtiod i3 similar to the concept of the
perceptual moment. Stroud (1955) hypothesized that temporal resolutiom
is constrained by an upper limit to the rate at which order information
can be extracted from successive inputs. The porceptual moment defines
a tima lnterval during which no order information can be extracted from
inputs to the sensory ayatcmé. Stroud suggested that the perceptual
noment operates independently of the times of arrival of input stimulation.

The results of Experiment III tndicated that Ss might sample
stimulus information for a short pericd of time., The finding that the
presence of a gap in one of tho stimull 20 msec aftor the onset of the
Firat stimulus of a pair hed no effect on order discrimination performance
suzgesta that an aversge obaefvat!on intervalﬂof about 20 msec might

suffice for adequate performance in en order diaer{mtnatiou task employing

visual stinmuli.
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The non-astationarity assumptian for the statistical properties

of the information utilised in waking an order decision allows for the
¢

. effect of memory processes in the discrimination of order. Both the

rejection of a prior-entry ''race' model, and the transitory nature of the
order information provided by the illumination of two lights in rapid
succossion suggest that the time course of tho representation of inform-
ation in short-term visual astorage is reflocted in order discrimination
performance.

The representation of order discrimination performance under

accuracy conditions in terus of a zora drift randem walk
reminiscent of Kinchla and Smyzer's (1967) Qitfusion nodel) for peércop~
tual menory. According to this model, the decay of information in short-
tem atorage is vepresented ﬁy a linear increase in noise o with
time. In torms of th:h%hndoa walk medel discusacd in this thesis, such
an increase in noise variance is equivalent to the effect of a random
walk © process with:au:o'drift. In fact, the non-stationary
random walk . process is aquivalent to a process in which the
noise variancae decrﬁaaqn as a rosult of a filtering process and then
increases as the,fide11t§ of tha stared inaga decays: leonce the signal-
to-noise ratio of thao stored stimulua differonce 1é'aasumcd to vary over
timo, For cxemple, for no;uqlly distributed 1n§rc=cucl to tha randonm
valk, a chenge in 6, ovey tind czn result fren either a change in the
meen step siza, m, or tha.atup sixe vardenca, ‘l{’ stoce 0).= 2n/a)? tn

this casa.

The pattorn of rospenso eondikt@nc@fnéén RT data xnéxeated that

~ the dircction of the diffarcace betwepn tean R?‘te: corract and incorrect
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responses depends on the value of the tlarginal mean RT. Under accuracy
conditions, order discrimination performance was superior, marginal mean
RT was long and incorrect responses were longer than correct responses,
Under RT deadline conditiona the opposite trend was noted. A dec1i$e in
performance accuracy accompanied both a decreased marginal mean RT and,
relativaly faster mean RIs for incorrect responses.

The pattern of RT results obsorved in tha three expgrlments has
been reported in previous work on discriminative RT. In the line length
discrimination experiments of Henmon (1911) two of the S's who exhibited
long marginal mean RTs alao had longer mean RTs for incorrect respounses,
Kellogg (1931) rmoasuyred RT in a brightness discrimination employing a
range of differences in stimulus intensity. A similar pattern of RT
results to that observed in Expariment I was obtained. Marginal mean RT
dacreased as the atimblus differonce increased and mean RT for incorrect
responses exceeded mean RT for correct responses fqr the 8&@0 stimulus
ﬁifterence by an eount which increased with the stimulus difference.
Ferhaps, then, the tandem random walk model proposed
in ghis thesis haa applicabili;y to a variACy of discriminative RT tasks,

Sekuler (1965, 1966) investiggyed th; ralationship betweaen correct
and incorract mean RTa in a backwaxrd cusking task Qeiug vigual stimul{.
In each expariment, a teat flash was followad 40 msec later by a 100
msec masking flash. The dontsistent fiﬁdina'wan that the mean RT for a
corroct response was leas than the moan RT for an 1neartnc£’reaponsc, a
trend similar to that found in Ekpceindnca I and III, .

A tendency for matginii nean RT to decroasa as the stimulua

diffcrence increased was obaarved by Qiekerg. Nottoibeck end Willeon(1972).
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The task involved a discrimination of line lengths which ware magked after
various time intervals by extoending both ?cmparison linea until they wore
equal in lenpth. Vickers et al observed both an increase in thoﬁrobabuity
of a correct rosponse and a dqe:oaae in marginal mean RT as the delay of
'th; masking stimulus was inereased. ‘Theao rasults are similar to those
reported in this thesis for the offect of increasing the ISI in a tem-
pg;di’;;sz} discrimination tagk. Tha studies by Sekuler and Vickera et al
which employed a backward masking procedure witﬁ an offect similar to that
gonaratod rhen bothk visual astimuli in an order discrimination task have
been illuminated, revealed a pattern ot.RT ;oenlta similar to that observed
for tha accuvacy conditiona of Bxparinent X. ,
The tendency for incorrect reaponses to be faster than correct
reaponaes under RT deadline cenditions in Rxparimang’ll ﬁas aimilar to
the tronda noted by Link and Tindall (1971) fod thé affoct of R; doa@linea
on comparative judgmonts of line length. In this study the mean RT for
odtracproaponae; waa greator than the moan Rf for incorrect :eapenéea
in a 460 mace doadlina condition. This ditferonce incraascd with en ine
cre;ae in tha stimulus Qitter&ngﬁ. § :nﬁtlar effoct waa chaecrved in -
Experinent IIb vaported im this theais for cach RT deadlina‘condittong

'Ehu approndmation of A nen-atattenary randon walk deciaion pro=

' ceas by a tenden eanden, waut pmeaaa o!teu an additional t:uehmgue to

that pt‘epoacd by Ltﬁk and uca:h (3.§?3)‘ te: rozolving a problez’aith the -

-original formulatien of a tanéaa eaik danilten ptoceaa. to: payeheghynieal

tagka by Stena (1960).- In Sgona‘s méal racn Rie- for ccmaeu and o=

gorract :Qapomaa fo: tha ecty atit:.uma dttﬂcmemq are p\‘ﬁdtetﬁd to bc

cqual. In the Link and Reath (1973) mde&. dﬂ:e:ama in :qapcman .

<
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tonditioned nean RTa roaulch}tom an asymmetyey in the mgf of the dstep aize

for the randem walk. In the tandem randem walk model proposed in this

theais, those differences raault{trnm a non-stationary random walk decision

[
proceas, ; .

The tendency for mean RTs for incorrect responses to exceod mean
RTs for correct vesponaes rasulta from a decreoase in 01 ovor time. For
- normally distributod stepa thia docrease in 01 may result from an increase

in tha variance of a stép with time, : * )

Tha _accumulator wodal asawnas that information samplad from tha
atimulus digplay- ‘genarates an tncxénehit 4n ono or thavnthut-ef two in=
‘dopendent eountotq with thqangﬂroapenan thrasholds. “When the count -
racorded by one eoqnééé reachggfits éhteahold value the response associ-

w

ated with that countar ia elicited. Thia model gonorates mean RTs for
corract vosponses which' ave 1egaiehgn raan RTs for incorrect rasponses,

Vickoxs, Caug:ef‘and w1115qa(1§?1) havae suggosted that a forn of the

aceyaulatox moda)._' with normally disteibuted incrementa can aecoun; for

7 . "
data obtained fn a variety of discrininative RT taska cmphasizing accuracy.

The inpxuaentatiéﬁ of tcasor&l ordnr &ineriminatten in terms of
tha gcnﬁ:al nandea rauéan walk mndol ptqv&doa a Eranﬁwark tet exenining
the otteeea et h@m nt‘&mlu:s md mdpenae stiateny va:!pblqa. 'l‘he roaulta
. of two expe:imnu u.:in:; vtwal -aticult have' ahsmn cha& \"mn mapenao

'acnuﬁaey ia at:nmnd. tha mmmm tsdvmcan mr:pmao tina end rosponga
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Yo
preportion measures can be accounted for by a aimplo limcar relationship.

This relationship does not depond on specific assumptions concerning the

nanner in which the visual information is ropresented. The results of a

third cxperimont, which forced gfc to vary thoir marginal mean RT by ime

poaing RT doadlines, indicated that the rate at which information is ac-

quiraed frem a stimulus varies 23 a function of time since stimulua onset,
The theorotical ‘account of tha data chtained in the exparimonts

deacribed in this theata has implications for the interprotation of data

cbtained in othet discriminativa RT tasks in yhtch the difficulty of the .

discrinination is varicd by altaering both the znount of stimulus inforome

ation displayed ;nd tho tima during widch the information is availablae.

In pa&;eula'r. tha randcn walk decisicn t:odedl may provide an adaquate

aceount of &a:q chtainod frem oxparimonta on short-tegm senaory memory,

It would provide an cxtension to tha cocumenly cméloyog signal dotaction.

procadurcs, (Murdoeck,1974) by elucidating tha covariation between :Aaponee

tino anq roaponza accuregy tigdaures obtained in such taska. Furthemmore,

the tanden randen walk nodel Qnableavgho expaerimenter t6 datemine the

timo course of the hutld-up and éécam'of tho sensationa evalked by a

atinulua by nbu:vina chargea in dtrﬁatt&a of the deminant componont of

a nan-a:aﬁeaaty renden wa).k dcachm\ procasa driven by the transduged

aut:mu& iutémauon. i '
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APPENDIX

Wald's ldontity for Random Walka with Starting Point Variability

Lot Xi raprogont tha ith valua in a sequenca of n independont

obsarvations of a atationary unidimensional real-valued random variable

X. Let zo be the initial valua of the sum

n
Z w2 + & X (AD)
n o {=) i

Then Zn is defined as a random yalk process along the veal line. Lot

£(x) and r*(a) be the pdf and mgf respactivaly for tha stationary random

variable X, and fo(x) and !:(ﬁ) ba the pdf and maf rospectivaly fox the

initial value Z,. Tha mgfs t“(e)_and £:<e> are defined by
£'(0) = u(o ~%)

and t:(e) n E(e‘ez°). taspgo:iveiy.

When abgorbing barriera for the bLoundad random walk p;6§aaé ard set at Aand
=A along the real line, thaorem Al applics.

Theorem Al (Wald'as Identity)

Lot A, = %4y + Xy + X+ o o+ X bO the Bun of a randem variable A

with pd: t (x) and mat t (&), oud a acquencc of u idontically and in-
dqpandnnely dmwtbumd :andcm vax‘tablea xt, i = 1. n, with atationary

pﬁ!a £(x) mm idem:&cal mah ' (6)‘ Than. for A> 0 caeiatyins
‘pecled > 8 =0 and for ofd(0). s L,

{cxp(-vo m (on““} ) © (a2)

: wtwm n-n 1e thu m:p upon which abao:pmn ¢nuut¢.

1
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Proofs
The proof follows that given in Cox and Miller (1965, Ch. 2) for
the derivation of Wald's Identity for a fixed starting valua.
Lec/k ba a real poasitive number and dafine
én(x) dx -:I“r(-Al< I T S o 2.y <M x < Z, < x +dx)
' n®l, 2,04 3 =o®<xX <O

Aggume that zn-l = y 80 that if Zn = x, the lhcrement x“ " ¥=y, A roa-

eutrnuc& ralation for tha f“(x) can bo derivod ha followa: ¢
Pr(x <z | <x +dx|z, = y) = Priey < X < x=y + )

= f(x-y)dx

Henco

S“(x}dx -IA I‘r(x <R <x+ dx!t\‘ 1 " y)f“_l(y)dy

{S beteyt 1(y)cly}

£ (x) 5‘ f(x"Y)f“_]I(Y)dYo nel, 2, ... (A3)

Taking Lap).aea trangfoxrma of both sides of equation (A3) wa obtain

j-co -«9?(53 (X)glx - ‘ng. l(y) £(x=y)dy } dx
J:-A ey‘“.l(y) {5,,, N"‘”t(x-v)h}

“e "o f ‘e”fﬁ_x(y)dr

RRERTAN ﬂ» m«» E ad
whoro - (Q) .ﬁh ’0, Q}’s (y)dy. | o .
aquatten (M) i.n a toumtcmem: Qt thb !ac\t :hm: :txa sunm ?. ‘conaiata of

xndepcnkntly and :dm\tt.cnny dia&x&buﬁcd mqmmenu Ki p:ovtdod that
a‘bm:pucn haa not oequrmd at the (x\-k) th mp aa L‘hnt -A <2, ot < A

v -




- i = & m e ——————— A=

164

Wo now use the dofinition of aquation (65) derived by Cox and
Miller (1965, p. 33) for the mpf with rospoct to n and with respect to

X ovar tha absorbing states,

'est ) = §1 {S Ox (x)dx +SA o'Oxfn(x)dx}
“51 {S-ﬂ“ Oxg pR)ax - & (8)} / (AS)

Using aquationa (A4) and (AS).

@ - £ 810 o 1(a) -t s " (0)

n=l n-l
¢ “at®@) I 8 " (0) - z{ a“¢n<o> +0,(8)
a=o =g’

. . @ q
- @0(6) « {1~ af (9)]“5° 8 @h(e)

By auumptionf_ﬁ fo(x)dx = 1 @0 that ¢ (0) = t:(e).
Hance

. -0z M £ .
Ble  NeM) = £ (0) = (1 ~af (®)] * a®® (0)
=0 n

Wnon a£"(8) = 1, va obtain
Bo Mgt £5(0)

The mathod cmplayed to obtait{ oxpraogiona for both the probabil-
itics of absorpticn and the mementa of tha numbe_r of staps to absorption
nondttienad upen abaorption at A and =A ig similar to that deacribed in
Ge.‘t end tmm (3965. P 56)‘ end in Link and Ueath (1973), .

I.m: Py tfa tha prehah:.iuy o! aheorption at A.  Wald (194‘2. e 187)
has shown that in tha two ahcetbina ba:tin: casa, qutual ahsorption at

ona of the barriera oequta vh:h nmbc:hﬂiw cma. llance
‘ PA #-?'A LY 1
whe-.-c P - ia the p:obabuiw o! abaotptien at -ﬁ. Le: EA( ) and B_ ( )

ot
v ot
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denota expactations takon conditional upon absorxption at A and -A res-
pectively. Suppose that the ovatrshoot of ZN acrosa the absorbing barriera
at A and -A when absorptien occurs ia negligible, so that 7y = A'when

H
ZN > A and ZN = -A whop ZN < =A. Then Wald's Idontity (Equation A2) can be

rawritten as

-OA. ] ]
P RE ([ (0)]7 o+ p_o¥E_ 1" @™ - £(0) (A8)

(1) Abgorption probabilities
.
Let £(0,) = 1 for 0, $ 0. Thon equation (A8) bacomos J

-6,4 7 0,4
1 1 *
Ppe U o+ P_Ae - fo(gl)

3

Since P, + P-A w1, vo obFaiq

o018 o e*(e )
R Ty T, (a9)
'l w o7

If £ (x)- e a truncatad norn&l pdf with parametera C and aO*

defined on [=A, A) then-

$,€0) - & ,(0
NG -( Al = ¢\ @ axp[~C0 + da_t03)
0 %
°A(°),' °_A(09
- where ' s ! -0))?
‘9 @ = 2,:0 exp - *[x A : ] dx,
: °

" When A 48 au:ftetnnt;y 1aggg auch tha:’@a(e) 41 and ¢_,(0) &0, thera

exist valuca of 0 such- éhé!: .

£y w) $ mptwo ¥ ia *e‘x

Subneitutins :hiu exprosadon tor £ (0) tnto cquation (A9) ylelds

i e .
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8, (At0) 32302012
(5] - Q

A 0, (AFC) =8, (A0 ° AiCca
(<] - Q !

(A1Q)

Suppose 61 >'0. Thon for A and C fixed, PA dacreases as aoz incroases.

When 61 < Q,
2 .2
ekao 01 X 0-01(A+C) 5
) w -
8" O G0) T ey 0 A G

¢ - @

Honce PA incroasecs as 302 increagos for A and C fixed: So an increase
in the starting point variability, aoz..for the random walk process
increages the aerrvor rate. This result was algo proven by Laming (1968,
p. 141). ‘

In the limit as 61 + 0, tho probability of abaorption at A bacomoea

A+C )
PA"-ﬂ-— , -AS_CSA’ (All)
2

aregult that doos nonhaopnnd on 8"

LS

(11) Moau number of ateps to absorption.

B ((€" (017N and B_;[0£"¢2}™¥] aro the pgfs for tha number of

ateps to sbsorption at A and =A rospectivoly. Succoasive _'difmmn'uauon‘ )
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of thoso oxpreossions and setting the value of s = [f“(@»)]'1 = ] ylolds

tho moments of tPo conditional distributions of tha number of atops to

absorption of A/and =4. The marginal momonts can also bo obtained,
Following Cox and Miller (1963, p. 57) lot rl(s) and rz(a) be

two real roots of the aquation g = [f*(o))-l, for 1 < a s [mln(f*(o))]-l.

Provided that s » min[f*(o)]. such roota exist by virtuc of the convexity

proparty of the mgf (Cox and Miller, 1965, p. 48 ),

Substituting 0 = ri(a), i = 1,2, succossively into equation (A8)

wo obtain the seot of simultanoous oquations:

-r, (a)A r,(8)A -
IR NCURS ICR R INCOR N O N R

whexe " °
aui(s) - fo(ri(a)), i=1,2,

Solving for E (af) and E_, (8V), we obtatn

N). w ot N ¥
~EA(5 )' P H 3 E"A(a ) - P 'h

A Fea
. rz(n)A rl(s)A
vhore - ¥ = u(@)e - uz(a)e <
-z, (8)A -t (;)A
W= uy(alo 1 =y, (8)e 27, f

H . é(:fé(p) - j.t,.('é))A LSt £y (8D
. 2 '

r

Ve

sq::thg @ q"u. wa 'otgtain the cumulant .gey_et'aung functions (ogfs)

h § e A 2
K €(0) w fa{5=3}. - and K ,(0) » fn (r-ﬁ,. } . (A12)
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corveaponding to EA(aN) and E_A(aN) regpectively, Although weuwilg only .

derive ‘exproseions for the firat moments of the.distributions of the i
number of atepa to abaorption, the uge of the cgf greatly facilitatoa ' 4
caloulatione of the higher momonta. T ) i
Differentiating 6quaciene (Al2) wigh reapect to 0, wo obtain ?
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Heath (1973) discuaa the importance of this parameter in some detail,

Fron the oxpressions for W, we obtain

: ’ ‘ -t (nﬁ\ ' -r, (8)A
W tua‘(u) - Aua(a)rl‘(a))o 1 + [ul‘(a) - Au (a)rz‘(n)le 4
v " EENGL SO
. \;2(5)0 - ul(a)a

\

We caleulate the valuo of this oxpreaeion when & w» 1, uaing the exp:eaem\a
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' Let h(A) = ¢

1

Similarly,

iy 8,A
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~ 7 s

nut 0,2 «e(2) so that

[A = (2,004 = [A + E(2)1P.

. n

The roault of Theorcn A2 is equivalent to equation (86) of Cox
and Mme:'(mﬁs. P 58). It exproasas the aimple relationahip that the
marginal moan numher of stops to asbaorption fa equal to tha uxpeomd die=
plnoomanc. {A = B(R )]PA « [A+ m e " divided by tha avarege die=
placement par unit mm. 1

' Rowriting equatien (ALY).es
Ar, = [A+B@I] ;

N w . e . . (A16)
[n]

wa find ehe\e for A, E:(? ) and o uscd. the. talauemhipa mauuina fron

chanpes fa D and !‘ to D and PA raepauetvaly are a&vm\ by

¢ e DAD' 4E0, 80
:\“.uas & R

) " ¥AE A~ \ .‘ i
L papt @ pdDv a0, <0 |
” AEA‘ - [A + B(E, }]
v where n' —
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mmmx z:can g Jm et atepa m ahaérptim aa s mmaam
‘ Fer ﬂ; < ) (and u. tz Qh ‘QA Snwéaaoa tm c & tmmana w z:hm n

A K
v
. I
, e Lo
-

I3
.
O A




. | 178

(114) Difference in Moan Number of Stepa to Absorption Conditioned Ugoﬁ
\ Abmorbing BAYTL6L,

From equationa (Al3) and (Ald),

-0, 0,0
(avtgoyiany B 4+ taeny Wyge 0 en Ve Vataregopony )

Kk ™ . -alx ' x“
Ym[fo(ol) -e ") ynle

/ (AL8)

Cage 1  No Stavting Point Variability.

- In this case £:(0) U a'ec for a starting podnt at C defined by a
Dirac delta funation at G. ‘ & '
New '
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Honca

kA,é:_k_A ift y,}l‘ m>0

kA § k-A 1! Y § 1, n < 0,

These relationshipa were derivad in Link and lteath €197%). They imply
that tha direation of the difference in the conditional mean number of
ataps to absorption at A and =A for a fixed p:arttna point at 0 depends
on the value of tha asymmetyy parameter ¥. In particular whoen y = 1,
kA " k_A irreepaegiGc of the value ot'm.
Case 2 Seqreion Todnt Vardabilicy and Norma tatyibuced écn: 8ima
to_tho Rendom Walk . ,
Lot £(xw) bu:a newmal pdf with mean m and variance a' and let
sotx) he a etuncaeqé noymal pdf with paénmecera My and yo‘..dattnod on

the interval ‘I-A. Al«  Then tho correaponding mgfd ave ‘

') « cxp -m0 + JatoY)
and - t,,(ﬂ) w d01A) axp (=0 + la ‘0‘), maponuvaly.
whare #¢0fA) 48 a E\mae:on 9: 0 and A teca pe 108),

-

ILAXQ s autuetenuy m-ae then’ thiere oxiata a mnaa ot vahma ot

0 for whm\ ﬁ(om &}, cllenga.

e .
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M AN it S TUE st M e =
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1T
dr2(t)

finilarly ¥, 13 -—a-€-— n
t=l

ald

N

Honge for a normal pdf, v = 1 owiqg to the avmmetry. of the mgf about ita
_ nidndmun value. _ N .

Q) )

- » w
de om0 \

N

@ , O

L) -—-g—e——-eo ‘(-m + 8 Ol)exp(me vH;a 2
"
‘ 1

, ao
» Whore R %

Scat:m\g yuldn equamn (AL8) tmd eubaumﬁmg for iy ) “)‘(2) and
( o$0y) we abtatn - .
K 2““°1 AR -
bpmkoy ™ oy eaﬁ Kd - aesﬁ R' ‘ (420)
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Stmilarly for |A| > |K], 8, €0,

coah A0, > aosh liel > 0,
smhyx 2 A :
8ince % " l+3 +§‘.+-..

d ,ai
T;(!—-%Lé‘-)u%‘.?-p%of e

>0 LEX > 0 .
<0 48X <0

For {a] » |K], elé’o

ainh A0 1 ainh ‘“’1
Ty TRy
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Honce the sign of the differonce in mean number of atapas to absorption

corditioned upon abaoxption dbarrior dopenda on both the aigh of 01 and

on the‘aisn of 01 - 00.

In the casae of stavting point variability with a constant mean
starting point at 0, 0= 0 and 0, > 0_ 4f 0, > 0, lUonce K > 0 and
“A a k-A‘ a reault obtained by Laming (1968, p. 142), I¢ 01 {s amall
and fixed, then for 0 * @, » 0 k, < k-A‘ Honce the reault in equation
(A20) generates all ordera of kA and k-A and 1ia a genoralisation of theo

ataréina point varlability reault obtained by laming (1968).

When 01 w 0, an oxpreasion for kA - k-A can bp obtained by takiug

lintte ae 0, approaches 0. In thia case . )
- dAmo )
. 2 °

independent of 8,
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Proof That the Maan Marpinal Regponae Time for ého Raco Model for
Temporal Ordor Discrimination Increamca as the I8I Increases.

Conaddor two akimuli 81 and 82 for which S1 precodes S2 by ¢ maec,
Lat the bereeptten timc‘laas conditioned upon .atimulua presented be denotoed
by the randem variable Yy for atimulug 844 i --1.2. and asaume that the
dongdty functiona for theae random variables are identically and indupegddhtly
distributed as £(t), t 2 0,

We are intereated dn tho digtrdbution of the firet arriving ae;mulua
conddtional upon 8y baing prenonted § maes before By “In other worda
wa are intarested tn the rendon variable T = nin (TL'TE)‘

™ .

Now

R 1 @
Be(eg) = £(8) f £u=8)du + £(t=d) J E(u)duy ¢ 28
- C t . . -

= £(t) N . v QgEad,

1

8o for the expoactad wvalue of T, EGCT). wa have '
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¥

<

(e (1= (kad ")) + £(e=8) [1=F(L)])dt

0

N I R TN
D BT & B W] UEsterdE W |

“’N’ ] cz(c)dtf Jc C{ECt) [L1=F(L=8)) + £(t=d) [1=F(t)]))de

i

N t{E(t) [1aP(tat')) & ECed M) [1«F(L) ) )de
?

. . 'Gl\
E6\<T) - EG(T) - J

ef(t)de +‘J
4 G ‘

- J: C{E(6) [1=F(tat)] + £(t=d)[1-F(t)])dt.
* By Tay;m"a' Theorem: .
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Now the integral ‘between & and §' becomes
’ > . o

-

8! .
X {tE(L)P(t~6) - tf(t-~8)[1-F(t)]}dt
§ , . i '

&

* 6"'6 ' ] 4‘? t '
. ( . ) (-8"£6"-6) (177 (8] + 8£(0) [1-F(8) )

W

x ﬁ; {~6"£(")[1-F(§")] + S£(0)[1-F(8) ]} where F(0) = 0, F(8") = O

Nl
" 9 N

* = [6£(0) ~.6"£(8")+ 6"£(8")F(6') ~ 8£(0)F(8)}

»

If £(6") = £(0) as q" i3 small,

)

~

then LHS = 5% [(6-8")E(D) + £(O)(87F(6') - 6F(8)}]

.

As §'F(8') = 8'{F(8) + 6"£(6)} by Taylor's Theorem, .‘*’
then 6'F(8') ~ §F(6) = §"F(8) + §'6"E(5)

= 8"[F(8) + 6'£(8)]

L4

5y 2 - y »..
s = 5P [£00) + £OLECS) + 6°£(8))] = K6"D) w0

~

!
!

B o(T) - E(T) = s:f“ L{E(E)E(L-8) - £ (e-8) [1-F(t)]}dt.
(N .

Integrating thé integral on the RHS by parts and noting that ~

L)
,

d ' -
ol T {£(t~6)[1-P(t)]]} = £(t)E(t~8) - £ (t-G)[l‘F(téJ

)

we haée

8! o
+ J f(t-8)[1-F(t)])dt

© F. M

B (1) - E(T) = 6" | E(E(E-8) [1-F(D)])
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Since f(t) 18 a pdf assume that F(») = 1, £(=») = 0,

.
-
L] N

i
i .
S0 Bé’<T) - E6(T) 56" {6'£(8'~8)[1-F(8)] + X £(t~6)[1-F(t)]dt} . % )
(i

3! ) ¢

. >0 as £(t-8)[1-F(t)} > 0, for all ¢, .

!

l% ) ‘ ;:
’ EG.(T) > Es(T) . ’

*;
!

| . §

| §

§' > é-‘#EG,(T) > EG(T)

As 8 increases E (T) increases monotonically. o
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IS

Ce

RH

IST  RESPOLSL Pi(T)

7
(wee ) o fmmec) o MENIRT .

20,4
19.8
13.2
6.6
1]
~6.6
-13,2
-19.8

~36.4

26.4

19.8

‘1

14

2

G

TAILAL

DATA FOR FAPERIIONT. 1a

.87
0,80,
0.75

10,65

0,48

0.4

0.28

0.18

0.09

0.91

0,83

P 4.5
w0 7
652 21
o 6
641 18
615 8
636 15

629 9
o 12
645. 10
615 13

6T 15
578 8

r
685 17 .
567 8
697 20
550. 7
607 30
'520. 6
625. - 6
47 . 2%
629 6

738 18

185

Iy = "Top lat"
Ry = "hottom 1st"

T12(1) " T1(1)~T?(r)

N OMARGTUAL S.L. Tyy(1) S.L.
1A BT

808
117
734

189

691
232
601
322
479
445

379

546

256

669

170

755.
85
840

ovarall Yean RT 60312

793
82

606
608
620
636
631

6lo

600

. 536

630

648

7 ~52 22

O ~41 16

7 ~19 15
ﬁ 30 16
8 93 17
8 118 19
y ? 147 | 21

1 177 31

6. ~122 25

6 ~10Y lg‘)

[N S
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I8  RLSPONSE PI(T)

(moec )

At R A Y B A A A e D A ikt Y A AN Bt

13.2

‘6.6

~6,6

‘1302

~19.8

~26.4

26,4

19.8

13.2

6.6

~0.6

Ry

Hz

R

"2

n

00 71

0.62

0.50

0.36

0,21

0,12

0,04

""’5

0.74

4,75

. 0.75

0.65

TABLEAL

~

W Bk, M HARGIJAL S.L. T, (1)
(msec ) ’ RT ]
647 7 621 662 6, =52
699 12 252

661 7 542 673 6 ~32
693 9y 333

684 9 43 687 7 -5
689 10 439

715 12 312 - 678 7 53
658 B 563

679 14 182 636 6 54
625 6 693

711 19 102 627 > 7 95
616 8 773

749 40 37 599 6 157
592 6 838

overall niean RT 60512

1002 - 14 505 1023 13 -6
1063 25 270

430 16 577 947 14 68
998 27 198

97 17 585 955 15 -3
979 20 190

924 17 579 938 15 54
978 32 196 :
914 10 501 922 9 -22
936 18 270

959 16 398 957 14 4
955 24 WS

" -

11

13

14

21

40

29

31

33

36

21

29

186
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181 - REsvrofist, vl(i)

(msec

13,2 R
",

-19.8 1w
v,

=264 my
Ky

22 P,
Ry

165 Ry
iy

11 ry
Ry

5.5 R
R

V] Rl

Py

5.5 R
L)
~11 .‘n;
\ o n
-16.5 B,
Ry

-22 -“x
Ry

).---————m--“ ———— -

0.31

0.17 -

0.11

0,93
0.87
.80
0.73
0.58
n.3%

0,27

0,12

0,07

(43

nsec

it 23 b o B> o s 7 A o s A s > A— -

1001
941
1002
889
1053

836

585
681
602
649
602
684
613
657
636
645

624
674

605

660

580

S.[:O

"~

32
18
42
14
57

20

34

23

- 18

747 -

573

14

10 .

il
9

15

23

44 -

H

238
537
13¢
644

83

691

overall Yean RT 941:5

207

67
850
124
777
197

715

259

" 566

405

381

593
263
714
116
859~
’ 64
9211

MARGIUAL S.E, T

959
908

5

59

592
608

619

640
636

624

590

584

~

e

TMHLAI’ 187
12 (1) £
16 00 36
14 113 hh
19 217 60
7 -96 35
Y 24
7 ~-82 19
8 -4 17
7 -9 13
7 31 14
8 69 17
6 80 24
6 174 44

overall lecan RT 01322
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S TABLE A2 . 188
| ; DATA FOR EXPERIMBNT Ib
< -
«i R, = “"Top 1st”
‘} R, = "Bottonm lst"
| IS1  RESPOMSE 31(1) ® MAEGINAL S.E, §1(r) - 52(1) 8.E.
(MsEC ) , OisEC ) S, N  MEAN RT
' B 24 R, 0.92 626 4 688 436 4 -121 22
R, 547 22 62 :
18 R, 0.89 426 4 668 441 4 -139 18
R, 565 18 82 |
12 R, ,0.81 43 5 608" 461 7 ~140 28
R, ! 576 28 142
. 6 Ry 0.73 437 5 543 468 5 ~114 13
- Ry - 551 12 206
" 0 R, 0.60 48 6 448 483 . 6 - 87 13
R, 535 12 302
o -6. Ry 0,49 461 7 368 501 7 ' =79 13
: R, 540 11 381 |
-12 R,  0.38 490 15 281 519 8 -41 1
R, .~ 85317 9 469 . _
-18 Ry 024 -518 20 179 530 10 - 16 23
R, . 53% 12 511
-24 Ry 0.9 519 19 143 514 76 21
R, 513 8 606
o . ) overall +
o MEAN RT 484 =2
T R 24 R,. 091 603 11 679 626 . 12 ~219 70
i | Ry . 822 69 T
18 Ry 0.83 628 11  621. 636 11 - - 46 - 34
. Ry 674 32 129
‘ 12 R, 072 660 13 538 686 14 - 91 37
R, 751 35, 210
6 R, 0.63 688 17 473 636 13 - 21" 25
. R, 709 13 277
0 R, 0.50 718 19 377 726 14 ' -16 28
Ry | 73% 21 373
k '
F A




TABLE A2
DATA FTOR EXPERIMENT 1b

"

181. RESPONSE Pl(r)

1

R, = "Top 1st"

Rz'- "Bottom lat"

23

T MARGINAL 8.E. T,(t) - T,(1) 5.E.
(HSEC ) (MgEC ) 8.E, H MEAN RT 1 2
20 n om0 qul o 303 T in 151 39
_ Ry 700 18 A4 )
-12 R, 0.28 770 39 210 695 13 104 32
R, 666 14 539
-18 R, 0,19 822 40 161 661 11 198 41
R, 626 10 609
-2 R 013 742 89 628 11 131 40
R, 611 11 651
. oversll +
MEAN RT 674 =4
24 R, 0.9 5% 5 704 593 5 - 56 31
Ry 646 31 46
18 'R, 0.90 600 5 .678 614 5 ~150 25
750 25 72
12 R, 0.79 609 6 59 625 6 - 75 16
R, 684 15 156
6 Ry  0.67 604 6 502 625 6 - 64 13
Ry 668 12 248
0 R,  0.45 623 8 340 627 6 - 8 11
R, 631 8 410
-6 Ry  0.33 665 12 2044 639 6 39 13
R, 626 6 506 - _
~12 R, 0.2 668 16 167 633 5 71 \ 17
R, 617 5 583 ‘
-18 R, 013 723 .2 96 619 6 119 22
R, . 604 6 654
~24 R, 011 715 2 82 607 4 121 21
Ry 594 4 668
; overall £
. MPAN RT 620 ~2
26 Rg  0.96 852 - 1 72 872 15 -530 110
R, 1362 109 29

iR
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TABLE A2
DATA FOR EXPERIMENT Ib

L

190

R, = “Top 1st"

R2 u» "Bottom lot"

1S1  RESPGISE ;1(1) RT HARGINAL S.E, ;1(1) - ;2(1) S.E.
(MsEC ) (M3EC ) S.E. N MEAN g
18 Ry 0.90 905 18 672 950 .19 ~450 80
R, 1355 78 75 ‘ :
12 Ry 0.74 990 23 554 1067 21 =295 52
Ry 1285 47 19 1080 15
6 Ry 0.61 1133 30 451 1138 = 22 - 12 43
R, ‘ 1145 31 295 ,
0 Ry D.41 1205 - 40- 303 1169 23 60 49
1145 28 444 )
-6 Ry 0.27 1336 50 202 .1151 21 254 55
R, . 1082 22 544 _ .
~12 By 0.19 1432 68 141 1094 22 417 71
R, 1015 20 602 i
-18 Ry 0,13 1491 77 98 1096 21 455 B0
R, 1036 20 650
-24 Ry 0.09 1549 91 66 1104 20 488 93
Ry 1061 19 679
overall -
MEMT AT 1071 =7

e 2




191
TABLE A3
POOLED DATA FOR EXPERIMENT Ib

Ry = "Top 1st"

1] 1"
# Rz » "Bottom 1lst

D ed

151  RESPOIISE le KT MARGINAL S.E, 31(1> - 52(1) 8.E.
(MsEC ) - (MSEC ) S.E, N  MEAN RI ‘
' 24 R, 093 620 6 2792 631 6 ~159 36
J R, 779 35 208 ‘
18 R, 0.88 640 6 2639 660 6 -167 27
Ry . €07 26 358
124 R, 077 667 8 229 709 8 -181 22 1
/ ‘ R, 848 21 702 ,
A 6 R, 0.66 700 10 1969 732 8 L 93 6
. R, 793 13 1026
0 R, 049 - 7146 12 1468 751 9 - 73 17
| Ry, 787 12 1529 |
-6 Ry 0.37 740 15 1117 752 © g, -19 18
'R, 759 10 1878 '
~12 R,  0.27 7711 19 799 73 8 © 50 21
Ry . 721 8 2193 ,
~18 Ry 0.17 B25 25 514 726 8 119 26 |
R, 706 8 2484 :
~24 R, 0.3 791 27 3% 713 7. 90 28 i
R, 701 7 2604
overall + :
MEAN RT 712 =3
. ' ? .
i
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TABLE A4 EXPERIMENT Ila -
IDIVIDUAL SUBJECT DATA
Ry “"Top 1st"
TOTAL RT R, "Bottom 1st"
n " . - MARGINAL
DEADLINE T RESPOSE N P (T) MPAN S.E. T, (T)-T,(T) S.E. MEAN RT S.E,
330 5.5 R 139 0.68 328 4 -1 12 328 4
5.5 R, 65 329 11
-5.5 R, 109 0,52 330 6 8 7 326 4
-5.5 R, 97 322 4
330 16.5 R, 168 0.82 338 6 16 11 335 5°
16.5 R, 36 322 9
-16.5 R, 77 0.38 319 5 -9 7 325 4
-16.5 R, 127 328 5
330 ,27.5 R, 178 0,50 334 0 10 33 4
27.5 R, 20 334
~27.5 R, 33 0,16 344 20 10 20 336, 57
-27.5 R, 174 336 4
330 44 R, 193 095 338 5 19 11 337 5
4h R, 11 319 10
-4k Ry 21 0.10 331 9 -11 11 341 6
~44 R, 183 - %2 7
overall +
MEAK RT 333 12
40 5.5 R 120 0.59 404 5 -1 "8 404 4
5.5 R, 85 405 6
5.5 R 110 0.5 396 5 ~14 9 406 b
-5.5 R, .9 413 7
40 16.5 R, . 158 0.77 398 3 ~20 1% 403 4
16.5 R, 46 518 14
-16.5 R, 51 0,25 416 11 13 12 406 4
-16.5 R, 153 . 403 4

. R ———— gy

R

e, ny
a.»n DOTR N VN
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MEAN RT 428 %2

TABLE A4, EXPERIMENT Ila
1NDIVIDUAL SUBJECT DATA
1" "Top 1st”
) TOTAL RT* R, = "Bottom 1st'
n . A oA MARGINAL
DEADLINE T RESPONSE Il Py(v) MEAN S.2. T,(1)-T,(T) S8.B, MEAW RT ' §.E,
hhn.k?7.5 ‘ i) 1@6 0.91 k13 5 16 11 k17 5 a
27.5 R, 19 397 10 , ‘
-27.5 R, 28 014 397 -6 8 402 3
27,5 R, 176 403
4460 44 R, 197 0,97 404 4 18 16 403 4
VRN 7 386 13
-4 R 11 0,05 417 11 11 12 407 5
-44 R, 193 406 5
overall +
MEAI RT 405 11
550 5.5 R 125 0.61 418 5 ~22 9 427 4
5.5 R, 79 440 7 )
-5.5 R 92 0.45 416 6 -28 s 431 5
5.5 R, 112 4G 7
550 16,5 R, 161 0.79 429 6 -15 10 432 5
16.5 R, 43 4hb 8
-16.5 R, 49 0.24 418 6 -10 8 426 4
-16.5 R, 155 428 5
550 27,5 R, 196 0.9 427 4 -13 21 428 4
215 R, 9 W0 21, :
-27.5 R, 17 0.08 . 406 10 -21 11 425 4
~27.5 R, 187 827 4
55 4 R 202 0,99 426 4 60 23 423 4
W ow, 2 366 23
-4 By 8. 0.04 418 25 -11 25 429 5
-4 Ry . 197 ‘429 5
overall

Fla R Wl el s

PP

R,

R
G R PATRN
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EXPERIMENT 1ls

: TABLE A4
INDIVIDUAL SUBJECT DATA
- R, = “Top 1st"
’ TOTAL RT ' R, = "Bottom 1st”
n . ~ MARGINAL
DEADLINE T RESPONSE N P (T) MEAN 8.1, T,(1)-T,(7) S.E. MEAN RT S.%,
JM 330 5.5 R, 61 0.39 361 11 20 14 349 7~
55 R, 95 341 9 .
-5.5 ‘nl _ 51 0.33 359 15 19 *20 346 10
-5.5 R, 105 340 13
. 330 16.5 Rl 99 0.63 347 8 ~ 2 14 348 7
16.5 R2 .57 349 12
~16.5 R, 26 0,17 492 165 141 165 375 29
-16.5}(.;, R, 130 351 10 -
330 27,5 R, 112 0.74 352 6 10 13 349 5
$27.5 Ry 40 342 12
) -27.5 R, 16 0,10 330 13 -2 15 332 6
-27.5 R, 141 | 32¢ 7
330 44 Rl 147 0.94 355 9 21 50 354 ¢9
44 R, 9 334 49 .
~44 . Rl 4 0,03 340 59 -3 60 343 8
~44 az 152 343 8
overall +
' MEAN RT 349 =4 .
440 5.5 R, 82 0.53 415 15 17 17 407 9
. 5.5 R, 74 398° 7 \
-5.5 Rl 55" 0,35 414 11 -1 15 415 8
-5.5 R, 101 415 10 ‘ O
i
640 16,5 Rl 112 0,72 430 '12 2 23 429 10
16.5 Rz 44 428 20
~16,5 Rl 3? 0.21 425 20 31 22 400 9
-16.5 R 124 394 10
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TABLE A4 EXPERIMENT Ila
INDIVIDUAL SUBJFCT DATA '
Rl = "Top lst"
TOTAL RT R, = "Bottom lst"
. ~~ . R MARGINAL
DEADLINE T RESPONSE N P,(T) MEAN S.E. T (T)-T,(1) S.E. MEAN RT S.E,

440 27,5 R, 128 0.82 419 13 -52 77 429 18
27.5 R, 29 471 76

-27.5 R 9 0.06 406 20 9 22 398 9
~27.5 R, 147 397 9

4o 46 R, 152 0.97 397 6 -58 69 398 6
44 R, 4 455 69

~44 R, 1 0.01 395 - -2 - 397 10
-44 R, 155 397 10

' overall +
o MEAN RT 409 24

550 5.5 R, 84 0.564 458 § -3 13 459 7
5.5 R, 72 461 10

-5.5 R, 49 0.31 469 13 21 15 455 7
-5.5 R, 107 448 8

550 16.5 R, 116 0.74 444 9 -43 25 455 9
16.5 R, 40 487 23

-16.5 R, 29 0.19 472 17 12 19 462 8

-16.5 R, 127 460 9 ™

550 27.5 R, 140 0.90 449 11 ~16 28 451 10
27.5 R, 16 465 26

-27.5 R,- 6 0.0 561 50 122 50 444 7
-27.5 R, ' 150 439 7

550 44 R, 152 0.97 455 11 56 15 454 11
44 R, 4 399 10

-44 Ry 5 0.03 417 41 -7 41 424 6
-44 R, 153 426 6

overall +
MEAN RT 450 -3

.
AN e e B
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TABLE A4

INDIVIDUAL SUBJECT DATA

~
DEADLINE T RESPONSE W Pl(T)

e e

196

KXPB%}MENT I1a

"Top lst"
"Bottom 1st"

MARGINAL

.MEAN RT S.E.

275

275

275

275

440

440

5.5
5.5
-5.5
-5.5

11
11
-11
~-11

22
22
~22
~22

44
44
~44
~44

5.5
5.5
-5.5
-5.5

11
11
~11

N R R =
N e N e

NSU H:U NW H:v Nﬁ Hﬁ N;ﬂ Hﬂ

Q”»anjaij”

-
[Su1

N7 N

N” HN &? D—‘z

100
104

97
105

100
104

80
124

112
89

-84

122

118
86
73

131

114
89
86

118

108
96
89

115

0.49

0.48

0.49

0.39

0.56

0.41

0.58

0.36

0.56

0.42

0.53

0.44

AN Rl

TOTAL RT Ry
—~~— . n N
MEAN S.E. Tl(r)-'rz(r) s/.E.

283 13 31 16

252 9 '

253 -15 14

268 12

273 10 19 13

254 8

245 9 ~33 14

278 11

290 18 42 21

248 11

245 10 -25 14

270 10

298 12 75 - 14

223 7

223 7 -69 14

292 12

overall
MEAN RT 265 =3

293 12 18 16

275 11

265 ~23 12

288 9

297 10 19 15

278 11

268 10 -17 14

285 10

267 8
261 7
263 6
265 8
271 11
260 7
266 </, 8
267 8
285 8
278 6
288 7
2718 7
4

P il
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MEAN RT 325 T3

g *13Lur . .
197
TABLE A4 EXPFRIMENT Ila
INDIVIDUAL SUBJECT DATA '
23 1, 11"
Rl Top lst
P " 114
TOTAL RT R2 Bottom .38t
n —— . HARGINAL
DEADLINE T RESPONSE N P, (T) MEAN S.B. T (0-7,(1) S.E. MEAN RT S.E.
Whh 22 N 12 n.61 307 11 o0 on png a
22 Ry 80 287 17
-22 L 70 0.35 268 12 -30 15 288 7
[N
=22 R2 131 298 9
440 44 R, 138 0.68 322 12 98 13 290 9
4h R, 66 224 5
46 Ry 55 0,27 246 10 -58 13 288 7
-46 R, 149 306 9
overall +
MEAN' RT 287 -3
990 5.5 R1 107 0.52 336 11 S 17 334 8
5.5 R2 97 331 13
-5.5 R, 95 0.47 312 10 3 15 310 7
-5.5 R, 109, 309 11
990 11 R 108 0.53 312 13 & 17 310 9
11 Rz 96 308 11
-1l Ry 83 0.41 320 14 -28 18 337. 9
-11 R2 121 348 11
990 22 RI 142 0.69 349 15 66 21 329 - 11
22 R, 63 283 14
~22 Rl 57 0.28 275 12 ~91 18 341 10
~-22 Rz 147 366 13
990 44 R1 161 9.79 334 100 12 313 7
44 R 43 234
=44 33 0.19 268 16 ~74 18 328 8
~44 165 342 9
overall

r A et
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TABLE A5 EXPERIMENT IIb 198
INDIVIDUAL. SUBJFCT DATA

R, = “Top lst"

TIK R, = "Bottom lst"
TOTAL RT RELEASE RT 2 MARG1NAL

,_A-\ ,-A-\ A MEAN RT

DEADLINE Tt RESPONSE N Pl(T) MEAN S.E. MEAN S.E, Tl(T)-TZ(T) S.E. (TOTAL) S.E.

250

250 10
10

-10
-10

250 20
" 20
-20
-20

250 40
40

40
-40

400

400 10

10
-10

-10

- I -

N e N

m W™ m
SIS

NW”NN

N N e

o3
[

Al ol s

Nafia \agte

rjavj°¢jnrjn

111
129
106
134

103
137
104
156

114
126
111
129

114
126

99
141

145
95
158
82

150

90
125

115

0.46 212 14 86 7 27 15 197 7
185 6 B0 4
0.44 201 10 89 7 10 13 195 6
191 8 82 4
0.43 180 10 73 5 -10 14 186 7
190 10 83 6
0.43 214 18 85 7 23 19° 201 9
191 6 87 5
0.48 190 9 78 5 -9 14 195 7
199 11 88 6
0.46 199 11 87 7 -3 18 201 9
202 14 86 6
0.48 201 14 78 5 7 17 197 9
194 10 77 5 ‘
0.41 193 14 82 6 ~13 .18 201 9
206 12 90 6
overall +
MEAN RT 197 =3
0.60 252 9 140 6 24 13 243 7
228 9 121 7
0.66 259 10 140 6 1 21 259 9
258 18 127 8
0.63 272 14 139 7 60 16 250 9
212 7 109 7
0.52 249 9 140 8 -23 17 260 9
8

+ 272 15 139

e S 2 i S A W o Sbdiadn

N LI L
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I ; - TABLE A5 EXPERIMENT IIb 199
. INDIVIDUAL SUBJECT DATA
Rl = "Top 1st"
TIK R, = “Bottom lst'
f TOTAL RT  RELEASE RT MARGINAL
A NN S MEAN RT
DEADLINE T RESPONSE N P,(T) MEAN S. z\. MEAN S.E. T (r)-‘r (T) S.E. (TOTAL)  S.E.
, 400 20 R, 161 0.67 281 10° 159 7 68 12 259 7
20 R, 79 213 7 110 6
-20 R, 125 0.52 231 7 124 7 -35 15 248 7
-20 R, 115 266 13 \142
400 40 R 153 0.64 286 14 150 7 77 15 258 9
40 R, 87 200 6 101 6
40 R, 106 0.44 242 14 119 6 -43 20 266 10
-40 R, 134 285 14 148 8
overall
MEAN RT 255 +3
900 R, 175 0.73 502 11 325 7 -85 25 525 10
R, 65 587 23 374 15
-5 Ry 107 0.45 505 15 346 11 -66 19 542 10
-5 R, 133 571 12 372 8
3 900 10 R, 196 0.82 502 9 337 7 -79 25 516 9
10 R, 44 581 23 373 17
-10 R 86 0.36 502 15 339 11 -41 19 528 9
-10 R, 154 543 12 356 8
>y
. 900 20 R 223 0.93 506 8 335 6 -41 81 509 9
L. 20, R, 17 547 81 293 38
5 207 46 0.17 496 35 325 26 -62 37 546 11
N -0 R, 1% 558 11 372 7
j 900 40 R, 236 0.98 492 7 331 6 2711 22 481 7
4 R, 4 221 21 93 28
. -40 R 29 0.12 374 37 222 26 ~139 38 496 9
-40 R, 211 513 8 348 6
overall

MEAN RT 519 ¥3

S e v I
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TABLE_AS FXPERIMENT 1Ib
INDIVIDUAL SUBJECT DATA
R, = "Top 1st"
TIK R, = "Bottom lst”
TOTAL RT  RELEASE RT 2 MARCINAL
a ~~ L - MEAN RT
DEADLINE T RESPONSE N P, (T) MEAN S.E. MEAN S.E. T (T)-T,() S.E.(TOTAL) S.E.
M& 250 5 R, % 0.38 221 12 100 ¢ 8 18 216 10
5 R, 150 213 14 102° 4
-5 R, 78 0.33 203 100 6 -7 9 208 4
5 R, 162 210 106 4
250 10 R 9 0.40 219 8 109 6 14 12 211 6
10 R, 144 205 101 4
-0 R, 86 0.3 201 6 96 5  -23 11 216 6
0 R, 1% 226 9 110 5 )
250 20 R, 121 0.50 “221. 8 106 5 23 9 210 5
20 R, 119 198 103 4 ,
20 “r, 79 0.33 216 12 101 5 -1 14 217 7
-20 R, 161 217 8 103 4
250 40 R, 125 0.52 228 10 105 5 39 11 209 6
4 R, 115 189 9% 4
-40 R 83 0.35 212 107 5 0 9 212 5
-0 R, 157 212 105 4
overall +
MEAN RT 212 32
400 5 R, 107 0.65 331 11 186 .5 28 16 315 8
R, 133 303 11 167 5
-5 R 95 0.40 316 10 179 6 21 12 303 6
-5 R, 145 295 7 181 5
40 10 R 143 0.60 313 10 175 5 37 145 298 7
10 R, 97 276 10 159 5
10 R 87 0.3 300 13 160 7  -11 16 307 8
-0 R, 153 311 10 178 5

.00 .
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” " TABLE A5 EXPERIMENT 1Ib
INDIVIDUAL SUBJECT DATA
R, = "Top 1st"
TIK R, = "Bottom 1st"
TOTAL RT  RELEASE RT 2 MARGINAL

N N L MEAN RT

DEADLINE T RESPONSE N P1m MEAN S.E. MEAN S,E, Tl(T)-Tz(T) S.E, (TOTAL) S.E,

400 20 R1 145 0,60 343 8 199 5 65 10 317 6
20 R2 95 278 6 166 5
~20 Rl 83 0.35 284 10 169 7 ~36 15 308 ) 8
-20 R2 157 320 11 178 5
!
4n0 40 Rl 17? 0.72 351 8 189 5 90 11 326 7
40 R2 68 261 7 154 7
~40 Rl 67 0.28 264 8 155 8 - 50 12 300 7
-40 R2 173 314 9 180 5
overall +
. MEAN RT 309 -3
900 5 R1 132 0.55 368 10 214 5 - 6 15 371 7
R2 108 374 11 225 6
- R1 99 0,41 364 32 211 7 - 8 15 369 7
- R2 141 372‘ 9 230 6
900 10 Rl 145 0.60 395 10 232 6 / 31 16 38} 8
10 R, 95 364 13 216 8
-10 R1 84 0,35 358 15 210 7 - 1 17. 359 7
-10 Rz 156 359 8 225 6
900 20 Rl 174 0.73 389 9 227 5 59 17 373 8
20 RZ 66 330 15 192 10 N
-20 Rl 76 0.32 342 14 198 8 - 24 16 358 7
-20 R, 164 366 7 234. 5 ' ’
900 40 R1 215 0.%0 387 7 232 5 113 18 375 7
40 Rz 25 274 17 163 16
~40 Rl 45 0,19 271 10 160 10 -106 12 352 6
~40 R, 195 371 7 236 5
overall

MEAN RT 368 13
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TABLE A5 EXPERIMENT IIb
N INDIVIDUAL SUBJECT DATA
R, = “Top 1lst"
TIK R, = "Bottom 1st"
TOTAL RT  RELEASE RT 2 MARGINAL
A NN A MEAN RT
DEADLINE T RESPONSE N P, (T) MEAN S.E. MEAN S.E. T,(T)-T,(T) S.E.(TOTAL) s.E.
250 Ry 130 0.54 251 12 136 % - 18 18 261 9
5 R, 110 271 14 149 o
-5 Ry 128 0.53 225 8 126 - 55 14 251 7
-5 R, 112 280 11 158 7
250 10 Ry 126 0,53 237 10 131 8 - 26 14 249 7
10 R, 113 263 10 150 8
-10 R, 128 0,53 237 10 132 8 - 42 16 257 8
-10 R, 112 279 12 154 8 ,
250 20 R, 144 0.60 273 13 149 8 6 17 271 9
20 R, 96 267 11 148 7
-20 R, 118 0.49 230 9 130 7 - 60 15 261 8
-0 R, 122 290 12 156 7
250 40 Ry 153 0.64 301 13 157 7 44 17 285 9
40 R, 87 257 11 141 8
40 9 R 106 0.43 223 8 125 7 - 81 16 269 8
-40 R, 136 306 11 180 9 ,
.overall +
MEAN RT 263 =3
400 5 R, 126 0.53 333 14 199 8 - 18 23 342 11
5 R, 114 351 18 197 8
-5 R, 104 0.43 299 12 181 8 - 65 18 336 9
-5 R, 136 3646 13 217 8
400 10 R, 131 0.55 330 13 190 7 - 19 20 339 10
10 R, 109 349 15 204 10
-10 R, 97 0.41 303 13 180 9 -100 19. 362 10
-10 R, 142 403 14 234 9
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TABLE A5 EXPERIMENT TTb 203
k INDIVIDUAL SUBJECT DATA
; i p R, = "Top lst
- } TIK R, = "Bottom lst"
; TOTAL RT  RELEASE RT 2 MARGINAL
! N st Y cnthen YIS - MEAN RT
DE E T RESPONSE N Pl(T) MEAN 5.E. MEAN S.E. T, (T)-T,(T) S.E. (trotrAV  s.E.
RO T R o 0,58 3k 11 206 8 ) 19 3ho 0
20 R, 100 30 15 204 9
-20 R, 92 0.38 334 18 202 12 - 46 21 362 10
-20 R, 148 380 11 229 7
400 40 ‘“1 155 0.65 1377 15 222 9 25 27 368 12
4 R, 85 352 22 190 10
. =40 R, 85 0.35 273 13 165 9 -117 17 349 9
-40 R, 155 390 11 233
overall +
, MEAN RT 350 74
jl %0 5 R 127 0.53 439 17 286 10 -103 28 487 14
L R, 113 542 22<321 1
-5 R 106 0.44 450 22 282 11 - 76 27 492 13
* -5 R, 134 526 15 333 10
900 10 R, 137 0.57 472 16 300 9 - 54 32 495 15
10 R, 103 526 28 296 12
-10 R 101 0.42 496 26 292 13 - 53 30 527 14
-10 R, 139 549 14 350 11
e 900 20 R 171 0.71 491 16 316 9 - 29 32 499 14
-4 20 R,y 69 520 28 310 19
'" -20 Ry 69 0,29 425 28 258 12 -111 31 504 13
# -20 R, 171 53 14 341 9 o
. 900 40 R 201 0.8 494 12 330 8 - 75 54 506 13
40 R, 39 . 569 53 302 27
‘~ -40 R, 42 0.18 419 38 238 19 - 77 40 483 11
N -40 R, 198 496 11 322 8
;T, overall +
( MEAN RT 500 =5
R
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TABLE_AS FXPERIMENT IIb
INDIVIDUAL SUBJECT DATA
| R, = "Top 1st”
TIK R, = "Bottom 1st"
TOTAL RT  RELEASE RT 2 MARGINAL
A N . - MEAN RT
DEADLINE T RESPONSE N P, (T) MEAN S.E. MEAN S.E. T (T)-T,(T) S.E. {forA)  S.E.
250 5 R, 107 0.45 245 16 182 12 18 26 235 13
5 R, 133 227 20 164 12
-5 Ry 91 0.38 282 16 200 12 33 21 262 10
-5 R, 149 249 13 196 10
250 10 R, 126 0.53 268 14 199 10 47 21 246 11
10 R, 114 221 16 160 10° )
-10 R, 83 0.35 246 14 189 12 -7 20 249 10
-10 R, 157 251 14 190 10
250 20 R 134 0.56 252 12 193 10 62 20 225 10
20w, 106 190 16 138 9
-20 R, 71 0.30 295 31 190 14 45 34% 263 13
-20 R, 169 250 13 191 10 .
250 40 R, 147 0.61 319 15 226 9 134 19 263 11
4 R, 93 175 12 141
-40 R 64 0.27 176 14 130 10 -130 21 13
-40 R, 176 366 16 209 9
overall +
i MEAN RT 252 =4
40 5 R, 144 0.60 378 13 289 9 45 22 360 11
5 R, 96 333 18 266 12
-5 R, 106 0.43 375 15 269 8 22 20 363 10
-5 R, 136 353 13 286
400 10 R, 151 0.63 384 13 283 6 72 21 357 1
10 R, 89 312 17 250 12
-0 kR, f 95 0.0 357 11 25 7 -10 19 363 10
-10 R, 145 367 15 272
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TABLE A5 ) EXPERIMENT I11b
INDIVIDUAL SUBJECT DATA

R ' "TOP lst"

1
TOTAL T1K R2 = “"Bottom lgt"
RT  RELEASE RT MARGINAL
A TN T L MEAN RT
DEADLINE T RESPONSE N pl(r) MEAN S.E. MEAN S.E, 11(1)-12(7) S.E. (fOTAL)  S.E.
hon 2n R 172 n.B0 380 11 287 5 171 20 360 1
20 R, 48 265 17 230 15
~20 Ry 64 0.27 336 20 248 10 -46 24 370 11
~20 R, 176 382 13 298 7
400 40 R, 195 0.81 369 8 284 5 157 17 340 8‘
- R, 45 212 15 174 14 , e |
-40 Ry 31 0.13 282 29 207 18 - 90 31 360 10
-40 R, 209 372 10 295 6
overall +
MEAN RT 360 =3
900 5 Ry 129 0.54 462 14 354 9 - 19 22 71 11
R, 111 481 17 366 11 '
-5 Ry 98 0,41 453 17 333 11 - 19 22 465 11
-5 R, 142 474 14 378 9
900 10 Ry 155 0.65 457 13 345. 8 - 25 28 466 12
10 R, 85 482 25 352 15
-10 Ry 72 0.30 430 22 328 14 - 48 27 464 13
-10 R, 168 478 16 359 8
900 20 Ry 180 0.75 452 12 336 7 - 31 36 460 12
20 R, 60 483 32 362 20
.~20 Ry 40 0.17 498 40 322 25 - 46 41 460 10
-20 R, 200 452 10 358 7
900 40 Ry 219 0.9t 40 8 339 5 156 51 426 9
40 R, 21 284 S50 212 34
-40 Ry 15 0.06 563 87 405 49 143 87 429 10
-40 R, 225 420 9 345 6
overall +

MEAN RT 455 -4
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TABLE A6 206

EXPERIMENT IIb ~ POOLED DATA

Rl = "Top lst"

T1K R, = "Bottom lst"
TOTAL RT  RELEASE RT = 2 MARCINAL
- r~ . - MEAN RT
DEADLINE T RESPONSE H P,(T) MEAN S.E. MEAN S.E. T (T)-T,(T) S.E. (TOTAL)  S.E.
25 5 R, 438 0.46 236 7 127 4 12 10 527 5
R, 522 222 7 122 &4
-5 R, 403 0.42 227 6 128 4 -3 8 229 4
R, 557 230 5 135 3
250 10 R, 451 0.47 220 -6 132 4 12 8 223 4
R, 508 217 6 120 3
-10 R, 471 0.42 225 T 124 4 -0 9 230 5
R, 559 234, 6 136 4
/
250 20 R, 513 0.53 237 6 135 4 26 38 225 4
R, 447 211 6 117 3. - o
-20 R, 379 0,40 230 8 123 {. -0 - 10 235 5
R, 581 239 6 136 1
250 40 R 5¥ n.56 268 7 147 4 67 " 239 5
R, 421 201 5  1ne 3
-0 R, 350 0.37 293 6 109 4 -55 8 238 4
R, 610 258 6 148 4 .
Overall Mean RT . 2312
400 5 Ry 522 0.54 322 6 204 4 16 o <315 5
R, 438 6 7 187
-5 R 461 0.48 306 6 186 4 ~18 8 1315 4 &
R, 499 326 6 211 4
s
400 10 R 575 060 325 6 107 3 35 9 311 5
R, 385 200 7 181 5
-10 R, 404 N.42 299 6 186 & ~42 9 323 5
R, 555 %1 7 209 &

R A

T

R

N A e e e s



- i

TABLE A6 207
EXPERIMENT 1Ib POOLED DATA

Rl = "Top 1lst"”
4 TIK R, = "Bc;ttom 1st”
TOTAL RT  RFLEASE RT 2 MARGINAL \
A TN TN L s MEAN RT 1
DEADLINE T RESPONSE N Py(T) MEAN S.E. MEAN S.E. T,(T)-T,(T) S.E. fOTAD  S.E. ¥
, ‘
' hnn 09 R A1 n,6T 30 5 217 3 ‘1 2! 3N T %
R, 322 279 6 174 4 [
] -20 R, 364 0.38 288 7 176 5 -55 322 5 ;
R, 59 33 6 28% 4 g
k]
400 40 R, 6750.70 347 6 215 4 82 10 323 5 ;
R, 285 265 8 152 5 A
4 -0 R, 289030 260 7 150 4 -84 3 319 5
R, 671 344 6 222 3
Overall Mean RT 319 %2
: 900 5 Ry 5630.50 447 7 297 4 ~40 12 464 6
< R, 397 |\ 487 10 316 6
e -5 Ry 410 0.43 444 9 294 S -40 11 467 6
: R, 550 484 7 328 4
] 900 10 R, 633 0.66 460 4 307 4 ~15 16 465 6
i R, 327 475 13 298 7 :
~10 343 0.36 450 11 291 6 -30 13 469 6 i
R, 617 480 7 322 4 ¥~’
00 20 R 748 0.78 462 6 306 3 10 17 460 6 ;%
B, 212 452 16 287 10 ‘ g
-20 R, 231 0.26 426 15 263 8 -57 16 467 6
R, 729 481 6 330
900 40 R, 871 0.9t 45 5 303 3 51 30 449 5
R, 89 403 30 %32 15 .
-0 R 131 0.34 375 19 227 11 -77 20 451 5
R, 829 452 5 315 3

Overall Mean RT 460 t2
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TABIE A7 EXPERIMENT I11
INDIVIDUAL SUBJECT DATA
v
C = CONTROL R) = "Top lat"
T = GAP TEST Rz - "BOCtOﬂ 1st"
P \
: e “ MEAN MARGINAL A -

T RESPONSE R Pl(T) RT 8.E. MEAM RT S.E. Tl(T)—TZ(T) S.E.

c 30 R, 505 0.94 963 18 974 18 ~162 95
R, 35 1125 93

-30 Ry 46  0.09 1593 104 833 18 831 105
R, 494 762 14

20 R, 432 0.80 1004 21 1011 20 -37 58
R, 108 Y0.007 1041 54

-20 R, 93  0.17 1315 67 895 19 507 69
R, 447 20.006 808 15

10 Ry 357  0.66 1043 27 991 21 154 40
R, 183 20.010 889 29

-10 R, 118 0.22 1341 57 972 22 473 60
R, 420 %0.007 ggs 20

0 R, 217  0.40 1161 40 986 22 293 47
R 323 868 24

overall +
MEAN RT 952 © 8

T 20 R, 440 0.82 98 20 1018 21 ~172 70
R, 99 Yo0.006 1158 67

~20 R, 75 0.1 1274 59 844 16 500 61
R, 563 Yo.005 774 14

10 R, 308 0.57 1053 25 1026 21 62 43
R, 232 Yo.011 991 35

~10 R, 167  0.31 1183 42 984 22 289 49
B, 371 Yo.009 895 25

— . -
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TABLE A7
IRDIVIDUAL SUBJECT DATA

EXPERIMENT III

RH

R, = "Top lst"

209

C = CONTROL 1
T = GAP TEST R, = "Bottom lst"
R MEAN MARGINAL R R
T RESPONSE N P (1) RT S.E. MEANRT S.E. T,(D-T,(1) S.E.
¢ R 524 0.97 475 4 476 4 -35 37
R, 16 510 37
-30 R, 11 0.02 531 54 483 3 49 54
R, 529 482 3
20 R, 503  0.93 490 4 492 4 27 22
R, 37 *0.003 517 22
20 R 31 0.06 578 26 504 4 79 26
R, 509 Y0.002 499 4
..
10 R 418 0.77 533 6 537 5 -16 11
R, 122 %0.008 549 9
10 R, 112 0.21 563 11 532 s 39 12
R, 428 Y0.007 524 5
0o R 228  0.42 555 7 549 5 11 9
R, 312 544 6
overall 511 1-2
MEAN RT
T20 R 503 0.93 499 4 504 4 -73 .22
R, 37 lo.003 572 22 ‘ -
-0 R, 33 0.06 560 21 504 4 60 21
R, s07 ¥o.002 s00 4
1o R 413 0.77 523 8 531 7 -33 14
R, - 127 Yo.008 ss6 11
-0 R 157 0.29 540 527 4 19 10
R, 383 Y0.009 s21
L]
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TABLE A7
INDIVIDUAL SUBJECT DATA

EXPERIMENT III

R R, = "Top lat"
C = CONTROL . .
Rz = “"Bottom lst
) T = GAP TEST
- MEAN MARGINAL n N

T RESPONSE N Pl(‘t) RT S.E. MEAN RT S.E. Tl(T)-Tz(T) S.E.

c3 & 520 0.98 457 6 462 7 -258 126
B, 11 715 126

-0 B 21 0.0 695 127 500 7 203 127
R, 519 492 5

20 B 487 0.90 511 8 521 8 -101 33
R, 53 Yo.004 612 32

-20 B 64 0.12 674 45 546 9 145 .86
R, 476 Yo.005 529 8

10 R 385 0.71 557 11 584 9 - 94 ~20

R, 155 Yo0.009 651 17 s

10 R 126  0.23 641 28 600 10 53 30

R, 514 Yo.c08 588 10
RN

. o ® 249  0.46 596 14 619 10 - 43 21

R, 291 639 15
overall +
MEAN RT 548 33

T 20 B 430 0.91 489 8 501 9 -134 51
R, so Yo.004 623 50

-20 Ry 61 0.11 605 33 545 7 68 34
R, 479 Yo.c0s 537 6

10 R .39 074 539 13 559 1n - 75 24
R, 141 Yo.008 614 20

-10 R, 174 0.32 570 19 572 10 -3 22

R, 366 Y0.009 573 11 ‘
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TABLE A7 EXPERIMENT III
INDIVIDUAL SUBJECT DATA
Jo Rl - "TOP 18t"
€ = CONTROL R, = "Bottom lat®
T = GAP TREST
- MEAR MARGINAL ~ -
T RESPONSE N Pl(T) RT S.E. MEAN RT S.E, Ti(T)-Tz(T) S.E,
30 Ry 513 0.95 461 6 462 6 -28 36
R, 27 489 35
~30 Ry 72 0.13 499 24 496 6 4 25
R, 468 495 6 ey
20 R, 476 0.88 482 6 490 6 -66 30
R, 66 Y0.005 548 29
~20 Ry 133 0.25 522 13 506 6 21 14
R, 407 0.008 s01 ¢
10 R, 349 0.65 S00 9 521 7 -60 15 -
"R, 191 ¥o.010 se0 12
-10 Ry 189  0.35 485 518 7 ~51 13
R, 351 Zo.010 536 _
0 Ry 237 0.4 503 9 518 6 -26 12 -
3N
R, 303 529 8 S
ovorall St
5\ %
MEAN RT 502 %2 é{{i;ﬁ
,"\ \**‘
20 R, 469  0.87 481 7 490 7 -71 21 vl
R, 71 Y.005 552 20 S
-20 Ry 126 0.23 520 30 509 8 14 31 )
R, 814 Yo.008 505 6 -
10 Ry 347  0.64 473 7 492 6 -53 13
R, 193 ¥o.010 526 11
-10 R, .231  0.43 495 9 505 6 -18 12 .
R, 309 Yo.01m1 s13 8 : hes
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TABLE A8
EXPERIMERT III1 POOLED DATA
C = CONTROL R, = "Top 1st”
T = GAP TEST R, = "Bottem lst"
N MEAN MARGINAL A A
T RESPONSE N P,(T) S.E. RI S.E. MEAN RT S.E. T,(1)-T,(1) S.E.
C3 R 2071 0.9 586 7 594 7 -185 51
R, 89 771 51
=30 R, 150 0.07 865 55 577 6 309 55
R, 2010 556 S //“\
/
+20 R, 1898 0.88 0.002 610 7 628 7. -150 29
R, 262 760 28
-20 R, 321 0.15 0.003 787 29 612 7 205 30
R, 1839 582 6
+#10 R 1509 0.70 0.005 652 9 658 7 - 20 14
R, 651 672 11
-10 R, 545 0.25 0.004 722 20 655 7 89 21
R, 1613 633 7
0 R 931 0.43 694 ‘13 668 8 46 16
R, 1229 648 9
overall +
MEAN RT. 628 =3
T 420 R, 1902 0.88 0.002 605 7 628 7 -197 34
R, 257 802 33 .
-20 R, 295 0.14 0.003 734 28 600 6 155 28
R, 1863 519 5
+10 R, 1467 0.68 0.005 627 9 652 8 - 78 17
R, 693 705 15
-10 R, 729 0.34 0.005 680 15 646 7 51 17
R, 1429 629 8
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Figures for individual Ss.

Appendix III
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;i:: Fi{gure Al. Psychometric functions and the difference
= in response conditioned mean RT as a function
§ of ISI for each § in Experiment I.
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Figure A2. Marginal mean RT as a function of
IST for each S in Experiment I.
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VR A

g

Responge conditioned mean RT as a

Figure A3.

function of ISI for each S in Fxneriment 1.
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Figure A4.

Latency probability functions for

each S in Experiment I.
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'R

Psvchometric functions and the differences
in response conditioned mean.RTs as =z
function of ISI for each RT deadline condi-
tion and for each S in Fxperiment II.
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Figure A9. Marginal mean RT as a function of ISI for
ggontrol and Test conditions of Experiment III.
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