SIMJLTANEOUS TEMPORAL- INTERVAL PRODUCTION AND' DURATION DISCRIMINATION
< . IN PRACTISED SUBJECTS

.

By

~
.

JOAN MARTHA BREWSTER, B.A., M.A

A Theslis

Submitted to the School of Graduate S‘tudieg
“in Partial Fulfilment of the Requirements
ot for the Degree
¢ Doctor of Philosophy.
. o Sy

¥
-~

McMas e ¥ finivers ity

@ © 1983



- "

SIMILTANEOUS SYNCHRONIZATION AND DURATION DISCRIMINATION

-



Fy

DOCTOR OF PHILOSOPHY (1983) McMASTER UNIVERSITY
(Psychology) L -Hamilton, Cmtario ”
TITLE: Simltaneous Temporal Iqterval Production and Duration
Discriminaticon in Practised Subjects.

AUTHOR: Joan Martha Brewster, B.A.

(McMaster Uﬂl»erSLtv}
M.A.

{(University of Western Ontarlo)

—~—

SUPERVISOR: Professor A.B. Kristofferson

NUMBER OF PAGES: 189 (xii)



Abstract
Theories of the perception of short time intervals have
generally postulated a single timing mechanisa which serves in all

- h ol
experimental situations, imcluding both duration discrimination and

a ',

interval production. Desplte this hvpothesis, the characterlstics of- ;

. timing behaviour are aot always the same for different timing taéks. " ; -

A dual tining task was devised, in whiech subjects concurrently

perform.hoth respongelstimulué:sypchronization.and“ddr;tion A )

T P : ¥ P . L.
discrimination,-_The? were required to di;cr}ninate the time of, ,'
occurrence of a brief audltory stimulus presented during a-ApO-msec;
_sfnchronization interval, aléo narked By brieﬁ auditory stimuli. Ther“' ,"ﬁ

x. C . . : N .

internal interval produced to perform reSponsekstimulus synchronization =

-
' Fo. . REE

can' be deterministic and if thls intervaI could be used as’ a criterion ,:;"

P . ¢
. f - ‘ .

. for duration discrimination in the dual task, "perfectf diecrimination"

~ R - -0 [

‘might result. This end was not attained but both synchronization and

'_duration discrimination were performed as. well conCurrently as- they are '

" .\ - «

when they,are performed Separately. The independence of. the variabllity

. found in’the_two taeks,euggests.rhht they way not be accomplished by the,d

Usame_timing mechaniSm..r-' N -
\ " * . . B - - ! ' b -
Although performances on the concurrent tasks were 1argely . .o

A

independent, the stimuli marking the duration discrimination interval
) ey

had systematic effects on synchronization performance. CA qualitative -

~mode1‘was‘proposed to accdunt.for:theseﬂeffects., When stimuli.are‘ . -

expected during the synchronization interval the produced'interval is
Bt — .
occasionally_interrupted until the stimulus is observed é?@he momentary

(111) [P SO

~ " L
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discontinuities, each of which adds a small amount of :rime to the final e

response, occur within a temporal "observation window” which is - '
established after experience with a'particula: stimilus set-

s

" The variances of the twg concurrent tasks were independent,

findicating thart aisingle timing mechanism_wili not gaéily account for

behaviour in all‘situatioﬁs'involving theftiming of brief intervals.

.

E . ) . . ‘ . c; _
However, the systématlc effects of the -duration.«discrimination stimuli . g
on synchropization behaviour suggest‘thaﬁ the two tasks do share some Lo
processing resources. . ‘ _
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Introduction

Previous research on time perception has usually approached the
area as 1if there were a, single "time sense”. That is, investigators

using different methods and studyiﬁg different time interval lengths

" have assumed they were dealing with a unitary process - the perception

of tiﬁe._ Despite this, theorizing associated with the perception of
different ranges of temporal interval lengths has been qualitatively
different. Relatively iong intervals (more than sevefal second;) ﬁave
usually been studied within a cognitive framework (Doob, 1971; Fraisse,
1963;'anstéiﬁ, f96§), while quantitative models of time perception have
been based on experiments involving shorter intefvals of less.than a few

.

seconds. The presént research is concerned with the perception of very

-

short intervals of time - less than 1 sec.
Ior a recent review of the experimental literature on thq

perception of short intervals of time, Allan (1979) summarized the
‘ ! : it

-

methods commonly used. She grouped these into two general categoriles:

duration scaling and durtion discrimination, In duration scaliﬂg,

_ which includes the me;ﬁod of responsefst}mulus,synchronization,‘subjectﬁ

(Ss) are requiréd to'gstimate; produce, or reproduce stimilus intervals.

. In duration discrimination experiments; Ss must distinguish among very

sim{lar stimylus 4ntervals. Although the different methods used to

study time perception have not alwaye produced the same results, most

- ) ‘ .

authors"assume,.at least {mplicitly, that a single mechanism is being

? +

stpdiéd. .

r



Some models of the perception of shgrt intervals are based on -

.
¢ -

both temporal interval production and duration discrimination tasks, and

are explicitly formulated to account for the behaviour in both

situations. 1In Eisler's (1975, 198la,b) model, stimulus durations pre
, :

accumulated in two temporal sensory registers whose contents can be

compared to perform duration discrimination or interval production. In
a_yodel<proposed by, Treisman é1963), ﬁulses which are 6utput by a -
pééemaké; are counted during a stimulus interval and these couats cén be
stored aﬁd retrieved for comparfson pufposes. In both models the same
timekeeper ana deci;ion process serve in both duration discrimination
and temporal prod?ction and reproduction experimenis. AltHouéh he does
not propose a specifi; mechanism, Getty (1975, 1976) has shown{that both"

duration discrimination and the reproduction of short intervals are

sometimes well described by a Weber's Law relationship between the °

standard deyviation of the psychometric density function or the

distribution q‘-reproduced durations and the mean stimulus duration or,

reproduced duration. Getty does not select among the possible models

~

that would lead to a Heﬁér's Law relationship but he does find that this
relétionship best fits the data obtalned b} hlm from bofh types of
tasks. Although Creelman's: (1962) experimentssdealt only with duration
discrimination, he suggested that his Poissop counter mechanism could
time observation 1nterva}s in additien cer;aluating the duration of
stimuli. Thus, Creelman also proposed that the ‘same mechanism could be
used for both interval production and duratign discriminatfon. ‘Thomas
and Brown (1974) presented a schema for relating different cime

perception tasks. Although different decision and response mechanisms

are hypothesized for duration discrimination and iaterval production

[



-

\

. . . L g S . : .
- tasks, both are dependent upon the same encoding of the stimulus

interval., The adcuracy of duration discrimination and the variance of
produced intervals are inversely dépendent on the same encoding
function. ' Hence, several theorists who have discussed both duration

: discrimination and interval produetion tasks have assumed that both
.8 i

1

tasks are performed‘by a single temporal mechanisn. -_ ' e

The aSsumption has-been-made throughout the time perception

"

literature that a. single mechanism is used for the proée551ng of short

durations 4in all psychophysical tasks. _However, a reviey of published

r

research'on responSe4stimulus synchroniiation and duration” . +

discrimination suggests‘that there may be some difﬁerenceé.in-the .

» mechanisas ‘used to perform the .two tasks..

Response-Stimulus Synchronization

v .

In:response—stimulus synchronizaéion ’Ss are required to time a
short 1nterval s0 that they can make a response in synchrony with the

'

secoqf»of two. brief stimulus pulses separated by a duration which is the-

same’ from trial te trial. Recent experiments have shown that. Ss can

\ s

’ perform this task with remarkable accuracy (Hopkins & Kristofferson, .

1980 Kristofferson, 1976). The mean reSponse latency quickly

.

’

stabilizes ro within a few milliseconds of the required latency.. After .

extended practice (at ieast 30 sessions of 400 trials per session), the
A
synchronization response 1atency distribution is sharply peaked and
v - ' Wt A
symmetrical and its variance is constant when the mean latency is

anyuhere in the'range from 170 to 550 msec. - Kristofferson (1976) found

3

variances of about 100 msecz. within this constant-variance ranget

 However, using a refined procedure, ﬁopkins (1982 Hopkins &



R

Kristofferson 1980) has produced variances as low as 35 msecZ ) The

‘fact that, within this -~ range, mean’ latehcy'can,be changed without a .

A
:

change in variance, 1mplies'that-deterministic,-or_inuarisﬁt delays of
up to 400 msec. can be inserted into the stimulus—response,(S-R? chain.

~

under some conditions.l

,There'is also_evidence-ﬁrom:other‘laboratbries supporting the .

= i i

ided of determiniétic internal delays. USing different synchronization .

i

paradigms, other researchers have found that synchronization response

1 .
- - . . - .

1

variance is constant or nearly s0, when the .mean latency is between the

lower limit set by reaction time and~an upper limit of about 500 msec. -

- -

(Bartlett & Bartlett 1959' Naatanen et al., 1974 Saslow'=1974) -
Although Saslow (197&) reports that the ratio of standard deviation to i
mean synchronization latency is constant Her tabled data do not support

this assertion. Examination‘of the data reveals that the standard :

. . Y
devlation is almost-constant as the mean changes. Although these oor

< -

investigators did not conclude that deterministic delays can be used in

temporal production experiments, their data support Kristofferson s

' »

" (1976) finding that, within the range of meahn latencies of interest

N

here, additional delays can be inserted into the §-R chain of the . .

synchronization task without increasing the response latency variance.

. 7

Another characteristic of these variance-free delays s the ease.

2
.

with which they may be reset. Small‘changes in the required ‘mean
- r

1

- - N

kY

' synchroniiatioh interval can be acconodated with no increase in variance

- 1
A ]

(Kristofferson; 1§76)- ‘In fact, Hopkins and Kristoﬁferson (1980) found

that Ss. could change their méan synchronization interval by naarly 100

msec.\between sessions withOut disrupting performance. However large .

changes in the synchronization interval within the constant variance



“information processing,nare regulated by the internal clock so that a - "

i s > -
+This theory postulates that .an internal clock produces a succession of

v , N - = . »

range, do produce short-lived disruptions in performance which are

-
1 . . L -

overcome by practice with theqnew interval. ’

i
- *

_When the nean synchronization response, latencies ‘are ia the °
comstant variance range, the latency distributions are,sharply-peaked

with'straight sides _and narrow skirts. Hopkins and‘Kristofferson (1980)

N l - -
suggested that such distributions could result frnm the convolution of a

»

distributidn which 1s. an isoceles triangle (which would contribute most

~
- N

of the varxance)‘with a low-variance normal distribution: The existence'
: . - - o

- -

of a triangular distfibution in timing responses-would be consistent

. -

with Kristqfferson‘s (1967 a,b} quantum theory of temporal processing.’

.
T ' -

r . 4
equally—spaced time points which ogcuryindependently of. external -

s > 1
E - -

stimuli. The Switching of attentiqn,,and.possibly other acts of central

. '
- : .-

r 3 n ?

processing step cin only begin when a‘time point occurs. Thus, the °

distribution of minimum times that an unattended stimulus must wait . to

be’ attended is uniform with a range of q-msec. (the time between T~

successive time points) The convolution of two independent uniform '

'distributions, which would result if two independent quantal delays were

L]

-

added:cogether is an isoceles triangular distribution with a range of

; 2q msec. The synchronization S-R chain would not contain two - -

Pl

independent quantal delays if all timing were under the control of a

N - " T ~ < -

single quantal timer. However, if two links in the chain (for example1

attention to the incoming stimulus and response emission) were under the

- H— -

' - o \
control ,of separate quantal timers with different periods, tno L -

v 1

L.
effectively independent quantal delays would result._ if the two quantal

At .

periods differed by only a very small amount, the reSulting triangular.

L PR

\ - A -

P



N ‘ [ - ) S - v

distribution would look almost the same as that produced by the

convolutlon of two independent but equal,.uniform distributions. " Thus, -

- a triangular distribution is-consistentlwith control of information

. - - .
- .. . .o . -

- processing by more than'one quantal timeT. Indeed, visual 1nspectlon of

the synchronization response distributions of Kristofferson (1976) and
Hopkins and Kristofferson (1980) suggests that a triangle makes an,

1
3 !

- N - ™

overriding contrtbution to their forn. Alséo, Hopkins (1982) has shown-.
. that a triangular distribution _combined with a ioh-uariance nornal‘ o

) -

distribution provides a better description of the synchronization

respopse distribution ‘than that provided by . several other possible:‘-

theoretical distributions. ) ) o T '
AR @ichaéis.(i???) studied_therdistribution‘of h&pothetical

response‘triggers in a synchroniaation\taskrbf.insertiné a

countermanding'stimulus on some'trdelsl ‘When the‘codnternanding-

. -

stimulus occurred Ss were to withhold ‘their syﬁcthnization response.

- ~

If the response trigger is the point beyond which the synchronization
s -

response cannot be recalled, the’ distribution of this’ trigger will be

revealed by the proportion of synchronization reSponses that are’

. » . -

suppressed at each temporal location of the countermanding stimulus ‘a5 -

v "

- it is moved closer to the synchronization stimulus. Michaels found that

A a
. .

- half- of the synchronization responses were suppressed whéen the,

J . . -~

countermanding stimulus occurred about 120 msec. before the

5 N a .
N .

A

synchronization stimulus. The range of-effectiveness of the -

A .
[ . ¢y S B N
countermanding stimulus, from the point wheré all responses wére
. . \ . .= o - ~ v .

¥

suppressed to the point ﬁhere no responses vere suppressed was about 50

msec., Thts experiment chanacterized the synchronization;response ' ,

o

trigger distribution as ‘narrow, fully-bounded and sharply—peaked like

S

- AS



;and)is nnt dne~tb the efferent component of the S-R,chain.’

Vcompodents, it-was found hat the entire response variance could be:

‘initiating signai-is auditory, and he speén;ated that?this may be the
P T ' T

a triang1E. This, suggests that the triangular-form oﬁvthe f_'x

synchronization response'distributidn arises before the response'trigger;

- v . * - -

~

,- Wlng and K}istofferson (1973b) modelled an 1nterresp0nse tlmlng

- - . - -~ :

task'(a repetitive key-tapping task) with two components. a central |

= 1
- a -

timing process and an efferent latency tomponent They were able to

- . - - ! TN

, separate the-contribntions_of ‘each of these twq»cbmponents-to the total

.
-

responSe time variance. Their estimates of the efferent latency'

varfad&e ranged from 10 to 50 msec?. These 1inits‘inc1ndé;seme ofithe

. . . . 2
- r . [ . f \

total synchronization_response distribution vartances obtained by *

-

Hopkins & Knistofferson (1980 Hopkins, 1982) Howeser, Hopkins{.SS had

4 “

more" extended practice than had those of Wing ‘and Kristofferson. Tn

. -

addition Hopkins experiments were conducted using a touch—sensitive'

4 x . N ot

response button whien eliminated,anj variardcé due to the movement of .a

I .

~ g - . - . v

> I - N 4 -
'mechanical reSponee button.. Any varidnce from-such a source would efiter

-

- into. the efferent resgpnse component of Wing and Kristofferson's model.

- ) v - vy

-Kristofferson (1976) pointed out that subtracting an estimate of .the

. Il .

efferent 1atency variante-suqh as that obtained by Wing'& Krietofferson;

-~ -~ . “~

from.the response. variances obtained 1n,h%s eynchronization task<hpaves

-

an amount which could be the variance of a_triangular distribution with

L. IS .

-a base of somewhat less than 50 msec, Thus, by dividing. the S R chain

R s - - ' T

of the synchronization task into afferent, central and efferent

[} - -

”
1 . -

F

acc0unted,for‘by a centr&l triangular component gnd’the_efferent;laﬁency

- . . o
- P . y R

variance. “Kristofférson concluded that, the afferent latency cdmponent

i - - . - . "_ ‘- - “‘ ".
of the S-R chain 4's without significant variance, at 'least when the ..

-
-



'Jthedstimulus beginniné the interval was auditory'or tactile. Rather

I

»

.‘synchronization performance. Two synchronization response latency<

_ locus of the additional deterministic delays which.can be insected into

the chain. Additional evidence for deterministic afferent latencies in

~

the synchronization task comes frog the Hopkins’and‘Kristofferson (1980)

J - ~

experiment.: Synchronization respoase variances were the same whether;

than postulate that the afferent IatencieSﬂha%e the same nom~zero

-

variance in the. twd mddalities, it is.more parsimonious toO assume zero ;

variance, ) . - ‘ T '
- o N - . ! . - . -

- - i -

.~ We have .seen that, after exfended practice,'respohse—stimulus

synchronization performance can be extremely stable and accurate.

N . - - 1

Response:distributions are triangular in shape and the mean

- - N I . ~

synchronization-latency can be changed! qithin”theéfange'fron 17Q’to.550

. - N . . . I

msec., without affecting the response variance, Figure 'l, which is

4+
4

-

Kristoffersonﬁs‘(l976)-Figure 7, clearly shows Ehese'ﬁeatures of ° .

.

-

“

distributions, produced by the same °S, have different means but the same

0 -

' variance, and are both,distinctly trianguiar'in_shape. Argunents'have

5

‘of the synchronization task:« an ihvariant afferent latency, a

i

been'made above for the inélusion of various components in,the S-R chain

. ’

~

deterministic delay whose duration can be easily adjusted two

independent quantal,proeessing steps, each uniformly distributed- an

- rs - L] .

efferent delay component which adds a low—variance (pOSSibly normal)

distribution to the final responsee.' This hypothesized chain of - events
. L n ~

; which would produce the above—described_hbhaviour in the response—a‘ y

stimulus synchronization,task is illustrated in Figure 2. The effe;ent
delay component (e) has low variance and is normally distributed The
r . ” i to.

uniform distributions of central waiting times are represented as . _

»

kY
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rectangles. The location of these variable components within the chain

is . not known but Kristofferson (1976) has speculated that the

.
L

N deterministic delay may be part of the stimulus afﬁerent latency. This

F

is the way ‘the components are ordered in Figure 2, with no variance
. 1 ~

arising before C, the end-point of 'd, the adjustable deterministic-

e  delay. . . T ,

¥ Duratf&l;?DJ.Scrimin'ationt T : . L i
‘ ) . F 3 - . -

In duration discrimination- Ss are required to classify or -

distinguish among - stimulus intervals-which are very similar to one

} . . -. \/, , -~ B -
A W another. When the\51ngle stimulus method is. used Ss are ptesented with}ﬁﬂ\
;‘3.‘ “:' ai ‘a single duration stimulus on each trial uhich they nust classify as .

i

short ,or long . In the forced choice method two duration stimuli -

i y . ';" - are- presented on each trial and Ss must say. whet:her the shqrter (91' RS

4. oC S ) " : P it FE - ;"aJ
A o 1onger) stimulus was presented first,or second. For a given set=of

v -t PR f ‘,

. o L duration stimuli the base ﬁnration is the standard-against which the

- . - . T "  Z . .
.f._ .

. \ stimuli are cbm@ared., The‘stimulus set 1s cre&ted hy adding small ,‘ C

oo -
kS . - . - .
o ' -+ RN

X positive or negative increments,to the base duratipn,-which usuelly )

e - S . ' ot
r - o

o forms th@ mid—point of the stim&lus set. A stimulus interval equal to

¢

| . P

'__': < e the base duration ‘may dr mﬁ? not be~incIuded in the.set of stim .‘-i:;_ ,

- B . . . . f . . . ",“‘(' L‘-‘ --_‘--_,'_ 4v.,l . .;b . ‘
-, Tl RS ihtervéls presented to Ss. ";3 B LY oY

. .o . B . i - ‘ oo -t .

'ﬁ_- ':j Researchers who have studied the discrimination f'shorti- f: '_ .

[

.. - v - - -

,i _-1' - temporal intervals marked,by auditory stimuli Aave gener ly found that

= PO LA ’ oo ‘ - ' -

) ~i e . the standard deviation (SD) of the psychometric density function is an el

' - - - 1. r - . . .
L

et MR 1ncreasipg function of the base duration (Abgl, 1972 a, b Creelman,
. - + » - "-—" g
T 1962 ifivenyi & Danner 1977 Getty, 1975) ’ In other words _as the base

3

. . . s
s fl . ~ 4.
ET]
e

) -duration increases, a cOmparison durd&ion stimulus needs to be - .

------



increasingly differenh'from,the base duration to be discriminated fronm

it at a constant level-of performance. Gecty (1975) found that his

- : durétion’disprimination data were well fit by a modified forﬁ of W&ber's

. Law, the original of which states that the ratio of the SD of the

. modified form of Weber's Law introduces a term for residual variance

., which 15 independént,of‘Qﬁration: The ratio of SD to base duration

' differs from the origiﬁél Weber's Law model only at very short base

‘durations. Most investigators have not found a constant Weber fradtion,
i ¥ - R . ) [

aXIthough they'havé-found’that the SD of the psfchometiic‘density .

. function increases as the base- duration increases. L, e

‘ - - -

Most theories. of duration discrimination assume that the mean

- -~
- -

. - - ) i l
and variance of an internal duration measure are some function of the
- J L = —

-

presented stimulus duratibﬁ (Creelman, 196?; Divenyi & Danner, 1977;

Getty, 1975; Masslro & Idébn, 197 6 1978;71ﬁomas‘&‘Brown, 1974). " This:

assumption is based on the ‘general finding, .deéscribed

.
-

of the psychometric dénsitysfﬁnction is an inéreasing functiom of base -~
¢ . N . -

. r . -
- .

duration., It is‘éiso based on the interval meashre‘hypotgkéis, which’

- M - -

assumes that Ss somehow measute the duration of a Preseqtéd stimulus by

“ !

. : . \ L .
.~ .,  .observing the entfre interval. Thus, according to most theortes of
- - . tr . < A -

—

- duration aisﬁrimiﬁation,'Ss observeg and meaghre tbe'entire duration of  a

- ~

-

. stimulus intérval, resulting in an internpal medsure .which is some -
~ .+ function*of the stimulus dufatidﬁ.' S )

r ' - N .
+ N ;

f o . Allan and Xristofferson (19%4a; Allén, Kristofferson; & Wiens,
1971), using filled durations markgd«by_vféuél stimhli, showed that the
o N 1 o S0 CoL ) B
. varilance of the inté{na{,dutation corresponding to each stimulus

- PR X -

4 s

\‘ddration‘is-the,same for all stimulus .durations within a set. That is,
oo - 5 H T s -

~ ) ’
1 . -
x ) - . .

psychometric density function to the base duration is constant. Getty's
< . i ,

v

abové,-that the 5D

‘



Fl

e

,'when the base duration wastbetween 200 and 400.mbec., which in turn was

Lt

‘each member of the set of stimuli -associated with 2 given base dnration

appears to produce an internal duration yith the same variancé as that

’

produced by the other wembers of the same set. -However, the variance of *

Y ~

all members may 1ncrease between sets if the base duration is, increased

- -

In a later experiment, Kristofferson (1980) showed that after extensive

. ~

practice (at least 17 sessions at each'base duration), -steps unfold from
N LR . . . . S -0 I

" the function relating the SD of the psychometrlc density function to the

base dhratién so that the SD is almost constant over each of several

- - ' . o

ranges of -base- durations. -Steps eccur at. base duratidns of- 200, 460

- Pl

and BOO msec. At” each step, the SD becomes tw1ce as large as it had

- -~ - -

been for the next lower’ range offbase durations.‘ For example when the‘

' ) . - -

v

' . base duration was between 400 and BOO.msec;; the estimated SD of the

’
4
~ 0

‘psychometric‘density5function was ahout-t@ice as large as that found,

s .= . d -

about twice as Yarge as the estimated SD for Bage Quratfbne between 100

and 200 msec. Within each of these rangés of base duratiens,'the

- . . - . N -
- - - . .

.

estimated 5D was almost constant. ~ ' £ . v

[
- ¢
- -~ - B
. . . - . K *

Wedhave gse€n above that in a'response—stimulus Synchronization

- - 4 -

task, the synchronization resp0nse latency diStributions have the same

~ . v -

variance when the mean 1atency is anywhere within the range from 170 to .

550 msec. (Hopkins & Kristofferson, 1980 Kristofferson,11976) L In”
L
duration discrimination Kristofferson (1980) has shown that the .

-

- - , ‘ o '

psychometric variance can be alnost constant over each of several ranges

]

of basé durations,= “How&ver, the range of;duratione for whlch‘the .o

Al - 1 . . A

i Ry . ) - . .
-psychometric variance-is coristdant is pmaller than the rdngesof - .
synchronization regponse latencies for which response vAriance is .

- i . v

constant. Specificafly,nthe ﬁunctibn relating psychometric varience to



i

’

base duration in duration discrimination has steps, where the SD
doubles, at base durations of 200 and 400 msec., both of which are

within the range of laterdcies’for which synchronization response
- .

- \
variantes ar€ constant. - -

~

-Rejecting the interval measure hypothesis, Kristofferson £1977)

- . 3

shoyedrthat duration discrimination may be performed by the production

4 - * —

of an inbérnal time interval. He used empty auditory intervals with -
base durations of 850 and 1150 msec., and speeded discrimination

~ . . \ -

responses. Ss were required to press a button lndlcating whether the

1
¢

presented interval was “short” or "long" as quickly as possible, as soon .
as they. knew which interval had been presented, Kristpfferson'nqdelled

d ' . ’ .

thé:internal events in the following way: -When the onset of the

1

v

- diration stimilus arfives at the centtral processor, the nroduction of an

- - » *

internal interval is begun. The end of this 4nterval functions as a

cfiteriun (Cj for duration discrimination. The diécrimination response '
S
is initIated by ‘the end of the internal interval or by the central

arrival of the end of the presented duration stimulus~ whichever occurs

K] . [ ~

first. If the end of the ﬁuration étimulus does not occur before C, the

v -

end of, the internal interval, S can initiate the responée 1nd1cating
that the presented duration‘is."long ‘before the end of the stimilus | .

.

interval has occurred. Thus, duration discrimination becomes a task

which involves the production of an internal temporal {nterval, rather -

- .
¥ - .

than ene which involves the- observation and measurement of .the entire

duration stimdlus. Kristofferson called this view of duratiqn -~
discrimination the real~t{ime criterion theory. " Thomas and Cantor (1978)
b 4 -~ >

have also recently interpreced duration discrimination as a temporal

* . * + ¥ x { -

1nte;val production task. ]
- . 1
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In Kristofferson's {i97?)-fofmulatiqn‘of the real-time ¢riterion

theory of duration discrimigation,.he concluded that the times of

occurrence of C, the end vf the internally-produced interval, are

triangularly distributed. The internal events are diagrammed in Figure

3. The afferent latencies of the auditory stimuli arelfeprgsente? by &
kY . ° - .

and B represents their ceantral arrival times. "Long" responses.are
; ’ -

E : o~ Y L
initiated by ¢ when it occurs before the end of the quration stimulus

(®, while "short" responses are initiated by the end of the duration

. ~

stimulus when it occurs first. Kristofferson selected the duration

N

. s .

stimuli so that two would fall within the range of the distribution of C

i .- . 3
x

and two were outside this range. Therefore, the varjance of C could be

-

&

Falcul%ted in two ways: 1) using the proportion of ‘errors on the
stimuli falling within the range of'the c;iterion'(sz;and L, in Figure

3) and”2) using the difference between the variances of the -

discrimination response latencies whem the stimuli falling outside ‘the

-

criterion range (5, and L, in Figure 3). are presented. ALl responses to

E " . ) v :
L, will be "long" and will be initiated by C whereas responses to S
] .

1 . ) T
will all be "short" and will be initiated by 4% p» which is without

significant variance when the marker stimuli are auditory. ,The i

distribution of "short" responses to stimulus S| will be reactions to
the determ}nistic I% ’ while the distribution of "long" responses

to stimulﬁs L, will have added to it the~-distribution of C, which forms
part of the S-R chain beginning .at P . The variances of these two

distributions of discrimination responses will differ by the variance of

C. In Kristofferson's experiment, the estimates of the variance of C

that were obtained in these two ways agreed almost exactly. ‘Both were

the vdriance of a triangle with a base of about 190 msec. Alse, there

»
-
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. 4 -

- -“ - X, rl 7 -
Figure 3. Kristoffersons s (1977) real—time criterion model of duration

discriﬁination. az afferent 1atency of marker stimulus' B: central

arrival time of marker scimuluS' I' internally timed interval R

triangularly dlstrlbuted duration dlscrimination criterion £1 ends at :.‘

K )

C); :- duration of quantal step, Pl,'Sl,_Sz, 1> Lz,. auditory stimuLi‘
marklng presen;ed duration. Only one. of Sy, S3,-Ly5 or L2 is presen;e&
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were no discrimination errors whean 3 and.L2 were pregsented., The s

distributions of "short" responses when Si was presented looked like -

- - -

reaction_times to~S£; Distributions of’"loug' responses to LZ were

-

tlme—locked to ¥ and were more variable than reaction times, by the,

variance of C. Thus, there is good evidence that C is- triangularly L -

-~ . _
. . - -

.

- distribntd. Such a-distribution is con51stent with the existence of. - ~

- ~ -

. : one or more quantal timers like that described by Kris;offerson R R

. -
« : . oa
‘ - - - ! -

(1967ab) R . -

- t ~

i » ~ - . oo 3y
'Another”Significant finding in Kristofferson's (1977) duratiqn

il
- v

discrimination study fs that the variance of the triangular distribution N
. of C accounts for the entire psYchometric variance, leaving no uariante

for the afferent latencies of the stimuli This provides additional

- - - L

D ‘__evidence that the afferent latencies .of auditory marker stimuli are

“~

s ; essentially deterministic. - * ' c T

¥ > ot
: - - w -y . .
» A .
. \ LR ' - 4 =
. g - Lo E - . ; - .
r - ) = ~ N e

»

S Comparison-betweenEResponse—Stimqus Synchronization and Duration,

- RN . - ) i ’ v .
‘Discriminatién . "¢ o oo, N o
. . ~ )
1 e [ Lo : PR LI N . S t *
' . L . - N - - Y B
We have” seen that the stimuius—response chains involved in 1
o Y * . kY T - -

practised response-stimulus synchronization and in 5peeded duratioen
. ’ discrimination tnvolve many of the same conponents. Apparently the

‘ ' - -~

N afferent latency of the auditory pulse marking the ‘beginning of the

4
% 3

- - K

stimilis duration is without significant'variance; Both tasks involve
~ . - Al
N [ v Y S N N

‘the Rroduction'qfran internal time interval whose duration can be

' -

adjusted within a certain range without aﬁfecting its’ variance. In

> -
v -

addition, there is evidence that the end df the internalitime interval

o . N

is triangularly distributed in both tasks. Such a distribution would

-

- . ) ) !



resuls,éfggﬁthe fnclusion of two, independent quantal processing steps,.

- ' v - . - -

each of which is uniforamly distributed in time.

Degpite these similarities, there are some importapt differences

- v - - -

- - . , . ) T 7 , ) ) T
between the performances found in response-stimulus synchronization and -

i ' .
3 * = 1

duration discrimination. .Ihé‘rangg'of base durations. which produce the

B . n
- v ~ . r ~

.~same psychomettric variance-in duration discrimination is smaller than
: ; p :

i N L

the conStant;variance range of“synchronization~latencies. Specifically,

-

- + -

synchronization response varlances ate constant when the mean latency is .,

- -

s B -
“

. anywhere in the range from 170 t'o 550 msec. (Kristofferson, 1976), while

.

- ‘the standard deV1ation of thewpsychometric density function in duration
~ ¢

- discrimination doubles twice (at 200 and 400 msec. ) within this range of

= -

“ base duratfons (Kristofferson 1980). Although-Ss can adjust the mean

- . [ -
~

. latency of their synchronization responses easily from one session to

- g ~ - -

: another\without disrupting performance (Hopkins & Krlstofferson 198Q;

Ay -

fKristofferson, 1976), practice at one base duration infa duration -

~ ~

" - - -

discrimination task. does not transfer as easily to a new base duration*

-
~ - -

. J(Allan & Kristofferson, 1974a' Kristofferson.,1980) Hany'sessions of

L
wro . -

practice are required to reduce the psychometric variance after each :

P =~ ¢ -

change in base%duration. Another difference between the two tasks is

I3 A -

r

that Ss may be able to use smaller "quantal eteps ‘in temporal
‘..prooessing for the Qynchronizatioﬁ?task than‘for ddration‘discrimination.«
IIn_!t,he qqantai step function for dorétion discriminationl(Kristofferson;
1980), the“estimate,of q‘(the.ooantun éi%e iﬁ,mséé‘) is\nevet smailer

. ’

than one éixteenth df‘the,base duration. in the synchronizdtibn task, -

- \ -

, much smaller estimates of q, relative to base’ duration, have been

-

obtained. ~Fgr example, with a mean synchronization Jlatency of 460

~ ~



» .

-

' discrimination performed by the same temporal mechanism° We have seen’

osec., g estimateszof’as_lbwtas’lZ'msec._have been'obtained‘(Hopkinsl’

1982). .-

n L, v

. 4 . -

"The customary experimental procedures in responSe—stimulus -

synchronization and duration discrimination paradigms differ in a’ way

that’ may contribute to the usual finding of higher variance in. du:ation

v -

discriminatiqn._{In responSe—stimulus‘synchronizatioh, immediaté

feedback on response‘accuracy-is-obtained by-qbserving"the.temporal :

order of the stimulus marking the end of the interval and the tactile

and/or auditory stimulation produced by making the response (Hopkins & ;

Kristofferson, 1980' Kristofferson, 1976) \In a duration‘discrimination ‘

- i ]

) paradigm Tesponses are typically withheld until the complete duration

! k4 ! -

haa been presented and feedback on the.response acchracy is preSented

' -
v

Lo

speeded response procedure in duration discrimination, but the signal
. ¥

. telling S'whether the.presented duration was "short" or'“long“*was not

v

presented'immediatelyﬁ HOpkins and Xristofferson (1980) have shown that

~

- - - .

immediate feedback in a. response—stimulus synchronization task

’ -

produces a sustained increasa in response Variance even though delayed

feedback 1s retained. 1t may be that the provision of immediate

' . v

feedback in duration discrimination would lead to increased accuracy of

‘ 4 '

performance, thus eliminating one of the differencee between duration

s o

discrimination and response—stimulus synchronization. ot
LY o n '
Are response-stimulus §ynchronization~and duratioﬂ o "

1

.
' .
. - T

- . . v

that both of these time perception tasks—can bé performed by the

+
v

generation of an internal time. interval and may in part involve the same

ST ) e / S
.

~at some time following the response. Kristofferson (1977) used a .“’J;“

\

'removal of the B2 stimulus ending the presented interval and hence‘ther. :

- 7
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£l

.

*".judgements about very small differences/in durationt, Indeed,

internal chain of events. Evidence~has_been'presented that the afferent

' .
. - -
¢ - - .

latency of an auditory stimulus makes no contribution to the variante

exhibited in either of thesé tasks. , Additional snpport.QOr essentlally

. 3 - 0 - . St ‘,' <
. . \ : '

deterministic afferent-latencies comes from-another duration

»

discfimination study.’ Divenyi and Danner (1977) stﬁdied duration -

discrimination.using time intervals marked by brief auditory stimuli.

.

They modified Creelman s (1962) counter model of duration discrimination

2

. S0 that the rate of firing or intensity (A) of the neural pulse source

18 a function of the time_since the beginning of the duration stimnlus.

Fl

_Their modei allooed then to estimate the variance of the afferent

latency of ., the acoustic pulses marking the stimulus intervals. When the

- . -
T -

markers Were tone bursts with an intensity of 65 or §6 dB, their average

v N . -

estimate of _the standard deviation-of the perceptual latency was abopt 1

T " )

msec. Elsewhere Divenyi (1976) has stated that the latency of auditory

detection has a standard deviation of. O 45 msec. We know'that the

.
13

internally produced interval in response—stimulus synchronization can be

P ~ -

deterministic and Kristofferson (1976) has speculated that such.a

a

determinietic delay may be«part of the afferent latency. That is, the

delay maf_occur within’ the S—R‘chain’before any rariability arises.

This is the 4rder in which the nypothesized internal events wereldradn*

_ . ! . ‘\~J v e .
in Figure 2. If the S-R-chdin were that illustrated in Figure 2, there
would be -a point, 1abe11ed_a 1n that Figure; that is invariant with
respect tohhl although'it is temporaILy.distantffrom it. If such a

¥ -
’

point could be accessed and used as a criterion for -duration

A\l s

N

.discrimination judgements, it might be possible to make accurate Z.'

1

)

LAY
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- . .

Kristofferson (1977) suggested that., under thesé’circumstances;T

; - S o Ll

"virtually, perfectf duration discrimination shOuld ocecur,

~ [ v

-~

Ihere have been no reports of perfect duration discrimination.

- .

However, other types °f temporal dlscrimination ‘can bé extremely e

precise. For accurate localization of auditory stimuli in Space the bf

v - . . -
L - -

difference»in arrival. times of the stimult at the two ears can be Iess.

than,one—tenth of a millisecond (Rosenzweig, 19617. Ihis level of ‘"_1 B

N PO -
discrimination of auditoery stimuli also provides evidence that the

afferent latency of auditory stimuli can have virtually zero variance.,

’

In auditory localization S8s do not ‘make a couscious gudgement abOut

" -~ . P -

which ear the stimulus\reached first but they experience a single .

“

= o e
~ . ? -

~50und the spatial location of which depends on the difference in -
arrival times. Yasargil and Diamond (1968) have desoribed a neural L.
circuit which mediates a startle- response in fish and can discriminate

~ \ ~ [

" between inputs which’are as little as 0. 15 msec. apart. . In a pitch N

- -

discrimination'experiment Jenkins—Lee (1971) presented Ss with a single

cycle of the stimulusltone. 'He found that Ss could discriminate ‘a 102

. -, =
i + “

difference in frequency at a “level of 75% correct. Thus for example-

Ss correttly discriminated a stimulus 1 msec. . in duration (1000 Hz tone)

r
+ >

from a stimulus 11 msec, in auration (1100 Hz" tone),.?SZ*of the time." ..

The present tesearch was an attempt to achieve virtually '

-

-

-

perfect duration discrimination in human $s. "If the internaI‘events“in‘,

< - - -

response~st imulus synchronisation are as. illustrated in Figure 2, c will

e

- -~ ta |

follow P1 by 'a fixeﬂ duration. If the possible(qiﬁes of occurrence of_

the stimuli marking the end of intervals‘to'be discr nated were _ -
= ! 4 ( - ' N \ - -

arranged go_that their central arrival times fall on either side of C

.

perfect duration discrimination might be possible. In the present

Y

- )
[ -

A

-
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S e i _,_research, é’synchrpnization task is used to enable Ss to geuerate a

- e ~— ~

- o . 'stable-internal 1nterval on some—trials, a third auditory stimulus

| e ~ - -

- ) R (P ) intervenes between Py and Py (the stimnli marking the

R synchronizati_on interval). On these triais y-85 ms—t make a

~
— - T
—

S —--discrimination response, fbllowing their synchronization response, which

- - -

e =

~ indicates whetherqthe interval betweeu Pl and Pz -was short“'or "long”.'

Ere . - - -
- LR - . -

AT Ihus, Ss are being asked to diseriminate the duration of stimili

.o -~ presented during Ehe synchronization interval. This paradigm should

~, . ™y - -

-, . inoptimize~the chadces of using the extremely accuraEE"synchronization

. T . . - . . N
— ehm, AT -

-- T e L timer for duration—discrimination. It might also allow us'to .see

L . ~. . whether the_eIEmEhts of'the-synchronizatfoq.chain are as dthgrsmped in -

— ——— . - - - - T

Figure 27 .. 7~
ST o - 6ne'previbus stud} thaE'hancombined temppral interval

T - production and duration diSCr{mination ia a single task is in the animal

T .

LT AL

literature (Stubbs et al., 1978). Pigeons produced a temporal interval

3

~.  on a fixed interval (FI1) schedule, ‘where the first response after a set

oowb - Nv"' -
. - =

- period of time has elapsed is reinforced On an FI schedule, Ss

LS . m._ ~ - -
. N —ra - R —_ =l . -
. o=

e typically walt some time after the interval~begins before starting to

e, respond - The response rate increases as*the_end 3f the interval-

. ;:? o approaches. Timing accuracy is messurédfby'the duration of the wait

= - e ot

N before S starts to respondaand~by the‘rate of increase in the response-

T N ,'”1~¥ rate. In~the Stubpg:et al:;studyj op some proportion—of the FI trisls;
*; el .;:h~;fhthe pigeoné'he;e interrupted h& the presentati;n of a choice response
" e Ahf:h'» problem duriag the FI. ‘The_tedporal plaeehent'of the choice,problem
.o A il‘ i:‘ '?;ithin the FI determined whichwof two- eltercetive responses was correct;
’ 'i' ' " :- There werexonly two possible 1ocations of the choice problem within the

- ¥ FIl: 20% or 1007 of the FI duration. “That is, the choice response was

“m
¢



actdally a duration discrimination task. Ss were require o]

discriminate the time from the beginning of the fixed ijterval to the

presentation of the choice problem. One~response indicated that this .-,

dupation had been "short”; the other indicated a 'Ioné"‘duration.

Accura;§ of the choice response was highly correlated with the accuracy .

of timing the FI. That is, manipulations of stimuli and task ';-f

<.

requirements that produced decrements in FI performance also reduced

choice discrimination accuracy. This suggests that, at least in this
particular experiment, the same timing mechanisp was, used to performl ¢

both tasks. 1In the Stubbs et al.- (1978) study, the fixed 1nterval (the
produced interval) wAs,the same on every tnial. Rilling @1967) required
pigeons to respond inxaccordance'with,qne,of twoupugsible_different

-

.. ' . T . . Y
fixed intervals on everyﬁtriala -After the completion of the interval,

Ss were required to indicate by pecking the appropriate choice key,

which interval had been presented Reynolds (1966) also showed that

pigeonf can E scriminate the duration of ‘an interval they have just ‘

>. 4 r -

produced. P cking was reinforced in thé second part of eacb trial only

if the fir T two key-pecks on each trial were separated by moT§ than 18

sec. ough the- E/fds.didrnot learn to consistently interpolate mor e

than 18 sec, between theéir first two responses, they were able to

discriminate whether or not they Had'done go - they made more pecks'in

the second part of each trial when'the first two pecks had been widely

- rd

spaced. In the Rilling (1967) and Reynolds (1966) studies, both

Al -

temporal interval roduction and duration discrimination-w-re involved,

but the produced interval was. not constant from trial to trial and Ss -

t 2

were required to discriminate the duration of the interval they had just

v

produced, The Stubbs et al. (I978)‘study,,withxaﬂconstant produced

‘
- -

. »
. - " -
. C . . bl
'
. ) . . - ]
- . d
¢ . . - .
- -
. ¢ /\

!

3

N
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existence of these studies, which involved both temporal

T . ) - S /_0
,r‘- " A ~ : ot z LE » . - -
.- . i . ..o, 247 ' : . ’
.. c . . .

Tt i ) Pl ) 4
- ) “ - A - L . N f ) ~ * ’
LT -, T PR ‘..‘ . ’ JR T B ) . N ‘. . - - i

~ 1nterval interrupted by a discrimination task, -is most similar to fhe
task usediin,the present research. It is difficult to relate the. : -
' -~ T ) ' ~ . é
.results. of \animal experiments directly to human time perception. )
Howevgf, th

ion, deserves mention.

has
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' Possible Méchanisms for Performing the Dual Synchronization—Duration

0

- ‘ Di‘scrimi’na.tion Task ‘\ . . - - . T ,

’ r . -

. - - ' ~ - . '
- “ .
-, i 1

N PR -

. N H T ' . .
Siedle Dbtermidistic Interval - . - ‘e

5 ~ . L. ] . , . — _ g
- . R In human subjects, can the apparently deterministic i ~
synchrdnizatioh‘t;mer‘bexused'to perform perfect duration
. - 2y . \

- - I - . >

discrimination? 1In order for the 'dual synchronization—duration .

Co= discriminatiog task to produce perfect’duratioq discrimination . 1- B

- »
Ay 4 - ) ; . . -y . N

= :
performance, several\aséumptions must be met: {1} _The components of
" _ } . h 3 > “‘
* 7+ the synchronization S-R éhain must be arranged-as ehei are Qhown in e
. - - B A . 2

Figure 2. If any variability were to-arise before C; the decision . "-',~ -

't - 1 - at
¢ r

. , .eriterion would,be variable. ‘;n deition, ie-tust be asggmedsnbef=thE‘ ) B

- Y -

. variable quantal components can be sepeiaqed from the endapoiﬁt’of;d; L e

. . N .

. i . R

That is, C mist be accessible to the discrimination dec{eiod'ﬁecﬁenfsm - R
. . Lo \¢ ‘ _ - . - .

. -'f'"withouRQ::jfece being added to it. (2) ss must‘be'able‘tb aCCurately”

Ed ’

'\T—;M . discrimi € the temporal order of C and BP3' the central arrfvél‘ i “‘ -
- P time of the end of the duration stimuluse(see Figure 3), when these two: -, '
- ; f‘ . “ K t . N‘ N . )

e Sl events are in close temporal proximity. (3) Jhe presence of an T

x ~ .

occasional stimulus in the P -P 1nterval nust not disrupt the timing ‘of

- L N - T

» - d or add variability tQ it. The synchroni&ation S-R chain must continue

“ Lo =

S « 1n spite of the presentation of duration discrimination Stimuli. - R
. - v o - N ’en
Assumption (2) above, deserves further discussion. If a -

- ~

w

would involve an order disc;imination between.the criterion and the time

. _ of occurrence of-the stimilus mﬁrking the end of the diScrimination o
- interval, Thue, even if a deterministic internal criterion’ were ‘-‘ -
‘ ¥ ' “ s S v - )



"7 temporal grder ofltwo_stinuii in different modElities (auditory and

e ' .
perfectly discriminate the order of an external event .the céntral- .

generated perfect duracion discrimination would not result unless the

- r [N

temporal order discrimination could be performed perfectly. An onset

» - ¥ - "

asynchrony of only a few milliseconds is required to discriminate

~ -

.

v

c0rrectly»rhe order of presentarion of two brief tdnes dhat différ in .

- [

freQuency '(Efr'én, 1973 Pattereon & Green; 1970). However, Jju gingithé

FY

M 1 , \ . - . .

. visual) requires a- much 1arger time difference between the stimuli

-~

(Allan, - 1975) JDespite the apparent inability of Ss to perfectly

bl . . -

discriminare the order. of two external stimuli it daylbe possible to

~ -

1

.o ES -

. arrival time.of qhich is without variarce; and an idternal ‘event. We da
. ) . » L \ : LT
p - ] : |
- know that extremely accurate temporal discridinations are'performed in
] ~ - ~ i

- auditoryrlocalization {Rosengzweig, 1961). Also, Kristofferson s (1977)-

s -

real-time rheory of duration discrimination agsumes thatrthe temporal

T
- '
- v

-arder of C and BPj can be perfectly discriminated (refer to Figure

o

’,3)(‘ Including this assumption, the'realhtime criterion theory provides

.
. . + -

' an extremely godd description of Kristofferson's duration discrimination 7

"

data., The assumption thét Ss will be able to perfectly discriminate the

."

. -

order of these two évents is also netessary td the prediction,of pérfect

] » “ »

duration dtstrimination in the present paradiga. ' . .

-

! Evidence has been presented that the afferent 1atency of the

-

Al M ‘Q,
" auditory—marker—stimulus is without significant variance. Io additio s

- -~ -

we know that a deterministic timer can be used to time the response

i

latency in a response-stimulps synchronization task.. If this exact time

>

interval could be added directly to the afferent latency, as shown in

A

Figure 2, there would be a point labelled C iﬁ that Figure,4that is_

- _‘

'l invariant with respect to P} althuugh it ts temporally distant from it

Py ¥

-



‘ ' * . - '
¢ “If this is the case,\and.ﬁf%the above assumptions are valid, C could
- ". & ) N . N ) K N

“

serve as a deterministic ¢riterion point about which "virtually perfect”
. ’ N Y

-~

ﬂh:ation'discriminatiéh is possible. Synchronization performance would

4
h

look like that previously found in response—stimulus synchronization

research, while duration discrimination’performance would be error—free,

L]

. when the central arrival times of the stimuli ending’ the duration

- s -
discrimination stimuli are centred aboit C. Alternatively, if the

*
4

“quantal steps are inseparable from the interval d so that C 4s

- 4 .

triangulerly disiributed rather than invariant, the use of’ the same

1 - : *

. AN - 0
-internal interval to perform both synchronization and duration

- . ! : - -
discrimination would lead to the same estimates of variability from both

td

{he(synchronizacion and duration discrimination results, when the
hY

~ tduration discrimination stimuli span:C. *

-

4

Sequential Model

The procedures used in the experiments to be described were

4
)

designed to enable Ss to use the deterministic synchronizatioh timer to

perform duration'ﬂiscrimination. Howewver, it is conceivable that Ss

will use some mechanism other than that described above to perform the

dual synch;onizdtion - duration discrimination task. One possible .
alternative to the above—described mechanism is that the two tasks could
be performed sequentlally. Such a hypothetical sequential mechanism is

illustrated in Figure 4. When P 1 the initial marker stimulus, is

presented, S begins to time: an interval, the end’ of Vhiéh serves as a
Fa

criterion in the duration discrimination task, “The distribution of end-

points, C, of this interval, 1,, is triangular. As in friétofferson}s

b

b . .
(1977) real-time criterion model of durafion discrimihation, the ,

duration-discriminationjresponse is determined*by which event occurs
i .. ( J‘ LS

. 4 ; - M L

-

-
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I
Figure 4. Sequential model of internal events in dual synchronlzation-
duration diserimination task. a: afferent latency of marker stimulus;
B; central arrival time of marker stimulus; I: internally-timed

Interval; C: triangularly distributed duration discrimination criterion

(I, ends and I,  begins at C); q: duration of quantal timing step; e:
. £ L, EY .

v t
efferent latency of motor response; Py, P,, P3: auditory stimuli

marking presented durations. Only one P, stimulus can be presented on

each trial,
- -

[P

N
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Fre)

. - . . . -

‘ . . . . -3
- first, C or'spéf‘ When C occurs bgfbré_BP3, S judges that

the P;-P3 interval is fléng"; Wheﬁ‘BP;‘preéedes €, S calls the
Pl-Pg’ipEer;a} “short”. khis duration discrimination respouse is .

withheld uyntil after the synchgonizatfon response has beeh made. A -~

v
)

~

~ second interval, Iy, is then timed from the duration discriminagion d

P el B -
- -event. -, That"is, I, is begun at time C.or BP3' whichever occues

x

firse. Thus,'gbe event that determines-the discrimination fésp6n3€ also
- . » ) ) . ” }

triggers I,. " I, terminates with the synthronization.response trigger.

. In Figure 4, the,éynchroni;atibn response trigger is shown as a boipt

el
t’ 1
-

for simplicity buE it should be noted that this‘response trigger may-

L= P . ¢ .
also be triangularly distributed (Kristofferson, 1976; Michaels, 1977).

This model states ‘hat Ss perform the two tasks in sequence, using the

real-time criterion mechanism to perform the discrimination task, then

Lﬁiming a deterﬁ{nistic synéhroni;afioq iqtékgalnfrdﬁ the discridinatiod
event. Tﬁe'sequéqtial ;odelz as 1llustrated in Figure 4, does not, .

‘predict perfect dJration disq}imination perfp}mancé. Hé#evgé,:when }3 . . ST
is sufficieﬂtly c%?fe to %2,‘I2 1s no longer re@uiréﬂ anﬂgs.uﬁét'timel
oﬁly a si?gle interval,-beéihﬁinQQaE BPl' If this‘interval-wétg : ﬂh”

1 ~ ' '
end-point could possibly be used as-a.criterion to .

deterministic, its

perform perfect duratibﬁ”discriminapion. Thus, Ss~could perform the two,

~ -

r

v tasks sequentially when the midjpoint_af the set of duration

< - g ) : -
~ - 1 ]

discrimination stimuli 15 near the centre of the P1-Py interval, but |

,-wheh P3; 18 close to Pz;'the“déterministic éynchrﬁnizati&n timer could be C

—_— - . o
" 3

- it . LY
- used to perform perfect duration discrimination, as described above.

- -

When I,=0, the intérnal event®s could become as Yllustrated in
. " A, ."\&3 \ a .
Figure 2, where only one invariant internal time inP&rval is produced. 3

- N

In Figure 2, C is deterministic and the two quantal ;Eeps are shown to

- ' ) \ N . B ’
. - s
. s : B .
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3
o -, ' -

be,Jeparate'from the end-point of d. Since the duration of d can be |

' X
changed with0ut changing the varlance of the dlstributlon of .

'synchronization responses yoit-is reasqnable to assume that the .

triangular varlabilltv q:lch would arise from the convolution of two

- ~

independent quantal stéps, does not arise from the generation of de :In

=
]

additfon, as mentioned above, the,prediction of perfect duration~

- - .. N ’ -

—_

discrimination ir the present dual task situation Tequires not only that

4 -

no variance arise before ¢ (as in Figure 2), but also that the quantal
. . . < 3
steps can be separated from the' internal interval so that € can be used .

J’ . - o

> . - N B . 3
-

. . h 1
as a deterministic duratitnx@éscrimination criterion. - oo

~

Previons studies of duration discrimination have found that the

. -

’criteriqn is triangularly distributed (Kristoffersgn 1977 1980) and

\

' 1
this {is the way C is depicted in Figure 4, I1f C repains trgangularly
‘distrihuted whep I;"= 0, the internal events would be as illustrated in

~ I

Figure 3;“?ather)thag Figure 2.‘ This would result if the quantal steps

cannot be separated from the deterministic interval and, in this case

5

the -same triangularly distributed time point would serve as both

Pl
-

duration discrimination'criterion and synchroq}zation _response trigger.

However, it may bé that when the only internal .lnterval produced is that

- -

1
used for the synchronization respounse, ¢ can be invariant with respect

i

to Pl, and can be used to perferm duration discrimination. PR

Tre sequential model makes specific predictions about the

distribution ‘of eynchrbnizétion responses when I,>q and § must produce

— ! e
two consecutive intervals. On trials when no P3 18 presented," the

o

synchronization interval I, will always be triggered by C. The

synchronization response latency distribution will be the_couvolution of
. .

. > .
the triangular distribution of C with the response trigger distribution

N
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~

-

4

-

:

. and‘lg will be triggered by 5?35'. When the &FScriminationﬂ ;T‘. T

‘and the distribution of the efferent response mechanisn. When P3g

("short”™) 1is presented;ﬁthe'distribntion of C will.oe censored-at

d?gS (Kendall & Sruartz l973); That is,-1f I; is not triggered by

« -

C before op S,Alt is triggered by BP g- The synchronizatlon - :

L

response distribution will contain this censored distribution of C,

convoluted with the response trigger and efferent latency distributions.

1 v .-

When PSL ("long™)*is presented the probability that lz will_be
triggered by C is larger than when P3S is presented The -;

L]

distribution of C is censored later and this la;ger portion of .Cils -~

-
|

Included in the synchronization response distribution. In this case,

v ’ -

the synchronization response distribution will have a larger meap, and -

-
~ - ~ ., -

will be more variable, than when P3g is presented. The
. :
synchronization response distribution will be latest and most variable

~ - - . -

when noe P3 is~presented, since I2 will always be triggered by C and the‘

A

entire C distribution will be:part_of the synchronization response

- Y
- . - -

N

synchronization responge distributions will not only depend on“Pa, as

~ a -

Jjust described but for a given P,-P3 interval, synchronization

« responses will be related to the discrimination response. Fbr example,i

- -
-

“hen P3S (" short ) is presented and C occurs before ﬁp =g <

discrindnation responses will be “long" and I, will be triggered by‘C.
~ ~ R N
When ﬁPaS occurs firse, discriminatioégrespgnses will be "short?

4 ' r

response is “short", synchronization resbonses will be later and'less

variable ﬁhan when the discrimination response is long ; since

] AN -~ ~ . A - -
P i B

" chain, - . - - ‘ o - . )
- : l . ~ T v N ¢ .. ~ - -
'% In the sequential model,.the event that triggers 12 (C or-
- " . . K . ) ‘ V LS - ’ - * !
- ~BP3) also determines the discrimination-fesponse. Therefore, ot

LN

-
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o ‘

. . R T . '
‘synchronization responseslon "short“ trlals are timed from 8p- g- .

This point 1s invariant ‘and occurs after the part of the distribution of

C which triggers 1 ‘when the discrimination‘response is "ldng”'(refer to -
- - N 4
) "
Figure a); Because the sequential model of the dual task ‘events. makes-

. - -

v '_"“' such spec1f1c predictions sbout the relationship of synchronization

. - N 1
- 3

response distributions to duration discrimination responses it.should -

- . . fl

s - ¢

o - _be«clear whether or oot Ss are using this, timing strategi to‘perforn,the'

_ S TL e " " - . “

o o - e . S L
e ‘dual tasky, - LT, S - ST

~ T Two Independent Hechanisms' Ce 7‘_‘ oo N L -

RV T . -
: - Another possible way of performing the dual synchronization - -

duration discrimination task would be to “have two parallel and

~ -~
PRy

M independent mechanisms,~one producing the synchronization intervalfwhile

. - . . w

¢ . T the other monitors the interval to be discriminated. Although the ““,' L

+ & . - - '
- - o

f - decision process would haverto be different from that described by

i

L. Eisler (1975 1981a b) his. notion of two simultaneously operatingt -

’ - ’ .t £ - N

temporal sensory regiSters could be applied to such a model A-recent'

-t ’ s "‘._. [

N experiment (Curtis & Rule; 197?) has shown that two cOncurrently ! -

oL . " S
- . .

presented durations are not treated in the. same way as when they are~ “

presented suchSsimely. Ss were required'tq.judge the‘total duration

- - M . A . A - v
- P 4 « -

of; average duration'of or difference between two temporal intervals.

I3 ’ ' -

- e The results.conformed to a linear model of time perception_when the

- L - -
N - . ' 1 L] -

e {.durations were presented sequentially but when the' two duratioms were"
™~ -

- N s

.

. . > <

U - presented simultaneOusly they were not- combined linearly. Elsler

» I3

> - .
<, - ¥ ~

(1981b) stated that his two sensory registérs cap nét monitor two -

. N -~ . I

different durations that start simultaneously and indeed Curtis and

N - 4 - \ . .

.- Rule 8 re5ults seem to provide evidenee‘that two concurrent temporal

- 1 . ’ . ) - vk - y

4 ~
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’

intervals are not processed independently. Curtis and Rulets stimulus
2 . .

in the present study. . : . -

We’do know that two different short duratjons can be stored_and.

-

reproduced in a temporal production task without interference when the

L)

two intervals are .ot concurrent. Saslow (1974) ‘had Ss respond withln a

| .
narrow tempsral payoff band. That is, Ss were reinforced Af their

response latency fell within a'specified range. Two different required

- i
L.

response latencies were randomly intermixed within a session and a

-

" warning signal informed S which‘interval‘he was to produce on.edch

trial. In this situation, there was no increase in response latency

- variance over that which was found when. only one _response latenqy was |

required within a session. In the present dual task situat&on, ir is

4

possiblé that $s could use indepenaent mechanisms to concurrently
- v ’-f?
perform the duration discrimination and response—sti ulus

-

synchronization tasks. - If this were-the case, theperformance on.each

-
AN

task would look like that found in previous experEhents where each’t task

. n

was performed aTone, - Also, if the mechanisms used to perform the two
- ' } ’ ~
~ tasks were completely independent, the synchronization response latency ™
variance and the psychometric variance of the duration discriminatidn

“task would not be related to one anothker.

" -

Use of Entire P)—P,-P, Stimulus Pattern " . .

In the present‘dual synchronization - duration discrimination

task .58 do not make their duration’ discrimination response as soon as

Py is. presented but this résponse is withheld until after the

synchronization responsé has been made. The previously-discussed

- . . :. b I \

r

intervals ranged from 0.5 to 10 sec., and so were,larger than those used

-



r

b

; . - ! -

mechanisms for performing the dual .task assume that duration

~discriminatjon will be based on the duration of the P1~P3.interval.
; .

~

However, the present péfqdigm mékeé'it:ﬁossigle for Ss to use the P3-P,

intervalgto perform the deration discrimination task. In order to

locate ﬂpa very close to €, the end-point.of the deterministic -

. ilnternal interval;illustratedFin_Figurg 2, étimqlus Py might be mich -

closer to P, than it is to Py.,.Thus, Ss may be able.to;discriminate’the

-

ﬂteﬁpéral location of P, more accurately by attending to the Pé—P2
interval rather than the P;-P3 interval. Alternatively, the three
auditory stimuli could interact in a complex ﬁéy, producling a state

which is discrimihable for different P;j-P3 intervals. A condition in

which ledoes not occur when P, is presented is included in the present

~

. ' * " N v . . -
.experiments to test for the possible use of these strategies to perform

’*

i

the duration discrimlnation tasks

Other Consjderations: - -
The present experiments were designed to maximize the
o .

i +

pégsibility that Ss will usé a single internally-generated time interval
4

to perform both response-stimulus synchronization and duration

R . y

discrimination.  However, it has been suggestéd that the two concurrent

I -
-

, tasks could'be performed by two parallel and indepéndent mechanisms, or

that the.duration_discrimingt#Pn could be performed\by observing_}he
overall pattern of the three presented stimuli while the synchronization
intérval is ﬁeing timed. That is, Ss might ;ot use the same timer to
perform the two taské. A concurrent memory task is sometimes uséq to
show the development of-éutomaticity in a letter detectioa task where a

lack of interaction between the two tasks indicates that the latter has

-,
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“

e beccme aEEematic (Logan,'19?9)f‘ 1f different timing mechanisms were

N - T -t }
' used to perform each.part of the.dual synchronization—duration &

"o Z - -
- .

’i_discriminatioq task, and if one or both of.these'processea were to -

i e - .-

become giytomatized, performance on theﬁtuq parts would be independent.

‘”Indeed‘ Kristofférson (1979 hasleuggested thab'stable internai time

- < ~ RN

. _;;, -

™ .. intervals may be- ‘the duration of“stored chains ofiautomatic processes

b e,

liké those proposed by Shiffrin &-£bhneider.(1977)‘ These processes. are

. 2. -, .
s - - -t 2

established after a great deal of practice and, once they are learneH,

v
- ’ R

:N_,they are executed in tHe same way, q;thout requirfng attention, each
- o : t
4 o time they are initiated. If responseJEtimulus synchxonization were to |

-~ . P -

become_automatized in this way, attention %ould be:free to concentrate,n

a4 EN - - z

on duration discrimination and. the two tasks could be performed hy

- T . - 2

#¢ different™: mechanisms, only. one “of which requires attention by the

e

SubJeCt OE course it %as not been shown rhat attention is necessary

e

\\_/, to perform dutation diLcrimination, and this task might also become Ve

) - - o o N .

automatic.m Consisten mapping of stimuli and responses from trial to |

#

ALY

. > Caeme -

trial has heen shown to, 1ead to the development of autonaticity in,

it - ..

-+ visual and auditory 1e€termdetection'tasks~(ngan,.1979§.Schneider &

- . : ot o L

‘1Sfisk 1982; Poltroch-et'al;: 19825; As recent research on automaticity )

- . -

has generally used- letter stimuli, generalizations to thming behaviour

,-4. ) s

nﬂght not be completely Jjusttfied. However.‘in-bgthzthe response-

- - R LT «

gstimulus synchronization*and duration‘discriminatipn casks used here

e
< s s b oL -

'*”'the consistent mapping requiramenf’is met.g“In synchronization, the

. required timed reﬂponke is exactly,the same on every trial In duration

discrimination, the “shor&_ stimulus always requires a "short™ response

v 8
i

and the "long” stimulus always requires a "long” response. Moreover,

s R

. .. . . ' 3
thesefconditionS'remain consistent from session to session throughout

e [

o
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most of the experiments. Thus, since this requirement for‘automaticity
has been met, the relationship between performances on the two parts of

the dual task may provide some indicatidp of whether one or both becomes p

automatic.
The present experiments were designed to see whether the
apparen&iz/geterministic'response—stimulus synchronization timer can be
. . T, .
used to perform duration aiscfimination, possibly with unprecedented
Accuracy. Even if this gbal is not attained, the experiments -mill show

S
whether the two tasks can be performed concurrently without disruption

and what the effect of each task 1s on the other when the two are h
performed togetﬁer. We will also see whether, in the dual task
éituation,“each task displays the gamé characteristics that have

. preﬁiOusly been found. The resdits-wiil shed light on the hypothesized
5~R chain of events in-response—stimulﬁs synchronization. Speéifically,

-

\\\ is Figure 2 an accurate representation of the internal events? More
i . . } , N
o ! )
: - generally,’ the-experiments will provide new data relevant to the
(ﬂquEStion of the existence of a single "time sense”. - That is, are
L] . .

;}different types.of timing tasks, performed separétely or concurrently,

accomplished by the same timing mechanishs?

- ~Freviously Obtained Performance ' /»ﬂé
\\ In order to see whather performance ofxgsigfnse—stimulus
F///— chronization and duration discrimination in the dual task gituatioa -

is cOmparable_to that_fouqd previously when gither task was performed

-

‘albgg,‘é brief summary of earlier findings is réquired. Only two

studies have looked at single—interval responsezstimilus synchronization

n well—practised subjects (Hopkins & Kristofferson, 1980;

Kristofferson, 1976). Table 1 shows the approximate synchronization
] .
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‘ —- I ‘ V ’ - A ) " - v - -
_Thus, 'q is directly propdrtional to the psychometric standard deviation
: N . . ne) N

¥

. of "q", -as closely as could be determ1ned from the publlshed data. The

‘with a-base of 2q mséc: is related to q in-the following ‘way: .-

-" . -
. * ' - , - ‘rlz o nooot ot
S IR B :
. .

- ) ) -~

- - .

response‘?ﬁriances-fOund by these authors for the range of response’
- I . - - ’

laténcies of interest here. Mean response latencies were always within

2 ] - 1 » -
=<

-a few msec. of the.required .latency. : )

v <
- N . v

> There ‘are several studies of Huration discriminatioa that have

used base dprations'éimilar'td'tﬂose studied here, but only three used

empty 1ntervals marked by brief. audlcory stimuli,.and well-practised Ss

e
, - .

(Dlvenyl & Danner, 1977; Getty, 1975; Kristofferson, 1980). Table 2

p:esents the duratlon dlscrlmlnatlon results of these studles, in. terms .

< -

k3

calCula ion’ of a. is based on Kristofﬁerson s (1967a b)\quantal theory of -

“central tlmlhg aaghigu;gpresents the maasure, in msec., of’half ;He,base

- -

of a hypothetical triangular distribution of .the durafion discrimination
o T - v - . L v o o N -7 - ’ \
. L ' . : e .
criterion (see Figure 3). 'Thée variance of' a triangular distribution
L T . S SR DA

cn - .
4 - o,

T s . .,_.‘ ' ‘_‘ e ’,6‘ s . * -

. - s . '

1 ' o ' - N Y -

. . - L R . ' R - .

in duration discrimination.. i . . o N -
N . - . Y

»

. The  present expérimenis were designed to see whether’the
. PR ' . :

+ LN

" - ..t . . 3 . P . . '
apparently deteérministic response-stimulis synchronization timer can be
b hd - '_y

- - ~ o - £
used to‘perform ‘duration discrimination, possibly with unprecedented ~
. : - o« s

¥ - A 1 -
. - Y
t

- . a ..
. acCuracy._ Evén if this goal is not attained, the experiments will show

'previoﬁsly been found,

.\

“whether the two. tasks can-be performed concurrently without dlS:uptlon

~

and what the effect:of each task is pn the other when the tuo are

LN

e
We will also see whether,-.in tHe duagl task
- 7
* . i |

performed together,

situation, each task displays the same characteristics that have .

* t

-,The'résults will shHed light on the hypothe;izéd

-

.
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generally, Ehé experimehts will ﬁroqide new data relevant to the
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_1is Figure 2 an accurate representatlon of che 1nternal events?
. ' . > . . . .

L
N 4
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. That is, are
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or concurrently,

S-R chain of events in response-stimulus synchronization. vSpecifically,

.
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£ - l General Method - . . A

- s .o ’ o ’ ¢
'Jéiﬁ\fﬁﬁbject§'and Apparatus » . i - i

Subjects were graduate students in the McMaster psychology”

department. The expariments were conducted using qbo male subjects and
one femald subject (the author). All Ss were aware of all experimental

conditions. = \

- -

Ss sat in‘a-dimly-illuminaged, sound-attenuated chémbgr. The

‘warning signal on_eagh-trial was a noisy, low-pitched sound emitted bx a
-~ T
speaker in the chamber. The auditory stimuli were presented binaurally

th;ough headphones. They were sinusoidal tones of 2,000 Hz gated at
zero-crossing with a fise—decay time of 2.5 msec. and an intensity of 68
dB relative to .0002 dynes/ém.2 when on continuously. The‘visual signal
was an 3gsily—détectab1e yellow—green light-emitting diode, 5 mm. in
diame;é;, locafed\gpproximately 70 cm. in front of S. The response
apparatus, which rested on a table top in front of S, was a flat metal

box measuring 43 x 25 x 5 cm. from which protruded a row of six plastic

response buttons, each 1.5 cm. in diameter and 0. 5 cm, high. S rested

his arms on the table and his hands on the response box with his index
finger poised ovey or resting lightly on the response button.
Synthonizatioﬁ responses were made with the right hand by depressing
the button at oneNend of the row. Duration discrimination responses

vere mad with the left hand by depresgzag one of the two middle

buttons e labelled “short" and the other labelled "1dng”. The '
presentati n of stimuli and the retovding of ,Jrespenses were under the

control of a PDP-8/e computer. | * ™

41



Procedure . ) . (

The sequence of events on each trial is shown in.Figuré 5.

- -

One second after an auditory warning signal, the synchronization
= interval, marked by P; and P,, was presented.™ Plland P, were auditory

. .
stimuli, each 10 msec. in duration. The P, -P, interval, -defined as the

2

L

time between the onsets of these two stimuli, was 460 msec. ‘throughout
. e

most of the experiments. Conditions under which this value was changed

are described below. A third tone, P3, physically identical to Py and

- P
- ) . . N R

P,y could be presented during the P,=P, interval. The PP, iaterval

could take on different durations from trial to trial. During sessions

' ‘when Py wasiﬁsed, the possible values of the P, -P, interval, and a no—Pj

tted, were all equally likely to occur on each
¥

condition, when Py wa

er occurred more than once on a trial.

s - L} )
5 was required«to press the synchronization response button in
synchrony with the onset of Pz-on-everf'trial. Response latenciles
(measured from P, ‘onset) were recorded to the nearest msec. Feedback on

synchronization perfqrmance was provided 1,100 msec. after the onset of

F,. If the response occurred before P, (early), the feedback was a

- 10,000 Hz Eone, the duration of which was the difference between the

times of sthe P, onset and the response. If the feéponse was late, the
o N
frequency of the feedback tone was 2,000 Hz and its duration was the

-

. time of the synchrdénization error., If the_computef recorded a response

latency of 460 msec. (perfect synchrony), no synchronization feedback_

‘tone was presented. Although this delayed feedback ‘was always pro¢ided,f
i o : -~

1t should be noted that Ss received immediate feedback on the accuracy

of their synchfonization response, through ‘the conjunction of P, with the

;‘sensdry effect of their response, including the sound of the response

"
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Figure 5. Evenhts on each trial through
2,000 Hz tones. . ’
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* » butten and kinesthetic feedback from the button—-pcess.” 1ndeeH, the © -

- v
r r - .

" relation between P, and the’ sensory effect of the synchronizat1on R n

- - - - - . . -

response was the only trial- to-trial feedback used by Kristofferson in

b1 -

his 1976 study of response—stlmulus synchronizatlon. ;HoPklns and .

Kristofferson (}980) concluded that delayed feedback.is usefﬁl during -

= - . N, -

vaulsition of accurate response—gtlmulus synchronizatlon but when

-
- 4 )

performance is uell establisHed, it can Be omitted with no detrimental

. ¥

effect on performance. In the present study, it was thought that -
. 1 -

-
*

retaining the delayed feedback abodt eynchronization aécurac& would‘helﬁw’~

v -

S5s to maintain stable synchronization performance throughout the vario%F ~

»

experimental manipulations. JIa order to maintain a constanc time

-
> - i

between khe synchronization interval and theé delayad feedback, the -

£
L

v .discrimination»responsé peripd“followed'the sYnchronization feedback

-

when the duration discriminatign task was added. . L

: »
r
s

Synchronization feedback was followed immediately by the

discrimination-regponse period, the duration of which was 1500 msec.

™ 1

The beginning.and end of the diserimination response:period were:each

— .

;! A ) <
marked by a 10 msec. light flash. When a P3 duration discrimination

:

stimulus was presented, the discrimination response pefiod was followed

-

-~

been "short”, the frequency of the'tone‘was 10,000 Hz; if the interval

was long”, the toné was 2,00Q.Hz. All Ss could easily discrlminate

these two feedback tones from one another. The next ttl\\_}egan 1,000

msec. later. . \

»

{ . : Kl ’
A daily experimental session consisted of four blocks of 100

trials each, sepqrated~by 30 sec. rest periods. Sessions lasted abont

. ¢

by a 20 msec.’ tone burst, the frequency of which indicated the duration

of the Pl-P3 interval on that trial. If the discrimination stitmlus had

—



40.min.- Duration discrimination responses were never required during

. “ . T - . . - ¢
N - . . H

-the first block of a session.: In the-first blotk 55 §ynchroﬁiied with

, - s
" - v -
v
~
[

P, on eyery trial. P3 was presented fandomry ‘on half the trials in

- - -+
. ~ , .

block 1,‘a1ways in the pOSltlon that was the nidpoint, of the possxble
- t i < . . H i . - - i

- - ~

TP —P3 durat1on values that wouLd be used in the rema1n1ng three blocks.,
-~ - - \

Thls duratlon wlll be referred td as the thPr}ﬂudPOIDC (P rP ?E) The

'
L

- dxfferent procedure in ‘the flrst block was' prov1ded to allow Ss ‘Lo

’ ‘

N
- " > .- \ 4 . . P

stabillze tbeir'synéhronization perfdrmanbe and become'faﬁiliar with the’
x

B - .

P-—P MP each day before the- addltlon of the duratlow dlscrlmlnatlon

- ~ - -

task 1n the remalnfng thtee blocks. The results from'tﬁe firsf'blocﬁ of

- each dally sessxon were excluded from Ehe‘da(a‘anaf}sié.. h}so, 8s

l

- -

A occasxonally repurced that the1r finger had "sllpped",tpfoduﬁidg an ‘

r
+§ . - .t

unlntentlonal and extremely-aberrant synchronlzat;on response. Such

s . ~
. ! \

responses, whlch occurred rare}.yl were excluded from the data analysls.
N R .

.

.

b T—— ] . . - .

Data Analysis =~ - T A

- L e A . - B -
- Duration discrimination.results-will -be reported in terms of -
. - . . [ Pl . D - k '
. . = L * . N . - . - . - %
< "g'™.  This is the meaéure 'in msec., of'half the base of a hypothetical.

*.

- tn;angular d15tr1but10n of” the duratlon dlscr1m1na tion crlterlon, C'(see

-

-

4

Figure 3Y. Calculati of q uses the proportlon Yors made when

L
' oy

each value of P P 3 is prééented; assumxng a trlang lar dxstrlbutlon of

- ¥
- -

) C.\,Kristofﬁereen (I977,4L980j has reported durat1on_d1scr1mxnation -

[} .
N Pa— -

résults in_terms of ¢ estimates. Although the q measure was@originally

3 . - -

. _: derived, from Kristofferson's-"(1967a,b) quan;al theory of central t1m1ng,

4 -

. - : et . . P L . Ty s . v
1t 1s used hereé as a descriptive measure of duration discrimination _
. 4 E ‘ " - ' . -

4

4 . : M e - .
performance, without necessarily implying ‘a specific quantal .

~ : ™~ -
. L

£
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.

discrimination mgfhanismh The smaller is thé:estimate of q, the better

\

is the discrimination performance.

.

,

~

The variance of a triangular d{stributioﬁ with a base of 2q

*

msec. is related to q in the following way:

.

1)
s

2
L]

u\c

2
=9
6

a

4

)

Thus, the medsure q'is.a direct meaépre of the Ppsycho

o

N

-

metric standard

deviation of dﬁra;ion discrimfﬁation-performaﬂce. The pean, fi of the

hypotheticai triangular criterion distribution will also be reported-for

—

the dyration discrimination results. Details of'the'ch%culationbbf q

and E-are given in Appendix

-

3.

F

-




- Training and Baseline Performance

*Method ’

. serhod N >

- - . Ss began training by performing only the synchronization task -
! 3 ‘

4

no.P; stimuli were presented. The P,~P, interval was 460 msec. for all
1 Ty , o : ‘ : :

5s.: After at least 20 s%ssions under this condition, P3 wars, added.
Initially, P3 occurred 240 msec. following P randomly on h@%iﬁfhe

; : trials, and no P3 was presented Qnt the remaining trials. Only the

i synchronizgfion response was required. The P;-P, interval remained at

460 msec. These conditions were the same throughout all four qupké of

/ o i s
each session. 8s ran aﬁ least 50 sessions under this condition before //

)

the discrimination task was added. | /j? - /
When Ss were performing‘gl a stable level in the synchronization

vtask, the duration discrimination tasks was added. The experimental

.r
n

. - t
//*\ ‘ condition described here will subsequently be ?fferred to as the
//// “baseline” condition. The'Pr'—P2 interval remained at 460 msec. During

the first block of trials in each session, the P,-P3 .interval yaé
e ' \ . . . w

240 msec, (the P,-P; MP) féndomly on half the trials andrno Py was -

- .
(ﬁ _,/izz presented on the remainin ftrialsl_ Only the synchronjzation response,
~— - _ .
i was required. Thekzsft’ﬁZree blocks of trials consisted of the dual
synchronization - duration discrimination task. No P3; was presented on

#.;; one third of the trials. On one third of the trials the P,-P, interval
P e

Whs less than 240 msec. , ahd on one'third of the trials the P}-P3

, dnterval was.greater than 240 msee. The three types of trials were

-

e

randomly intermixed. On trials when P; had occurred, S was required to

respond "short” if thg Pl—P3 interval had been less than 240 msec. and

. -
=~



e e X o -

"long” if_?lzPa was greater than 240 msec., aftér he had made the

. synehronization respouse. The possible P\-Pg durations were initially
S * T .
- 235 and 245 msecy for all Ss. These were adJusted because of the

difficulry of the discrimiﬁhtion; ' The final P|-P3 values for the three

R

T

- 7 __Ss were: JB.— 2307& 250 Dsect: GTH — 232 & 248 msec.,‘kg— 235 & 245

-

wmsec. The difference between the two possible values of the Py-P3

duration is referred to as AD., The pogizglg/éalues of the P1-~P3

—
-duration were always symmetrical about" the P)~P3 MP. The number of

sessions run by each subJect in each of the training conditions is

presented in Table 3. Subject JB had run many sessions under different

RN

%
conditions in pilot studies before those sessipns listed in Table 3.

™
=~ -

xS ‘ 4 “*Results and Discussion =~
“wr . - oY :
— During aynchronization training, the mean synchronization

;‘ response latency quickly ch\eito wiFhin a few msec. of perfect synchrony

//1460 msec, ) and remained there, S;ﬁiﬁronization variance decreased with
S
‘- ;/t{practice for all sz\fPerformapce on the synchronization task during

training and baseline sessions is shown in Figures 6, 7, and 8 for

Aoy -~ -

. o o e Ty
o L e subjeets JB GTH,wand CK, respectively. Subject JB had Tun many
. M LT

= sessions;under different gonaitions in pilot studies™before-those shown
k.

in Figure 6. Ihe values shown in Figures 6, 7,.and 8 are the oVerall

Bl

g ﬁéb:;eans and variances, calculafed By pooling together all responses in
r)f\> _Qiocks 2, 3, and 4 of each experimental session. For all Ss,

™« synchronization variance increased when a Py stimilus was first
1
" \"‘ o

. e, introduced into“the P —P interval but the variance decreased with
o . continued practice. When thefdiscriminationftask was added, A

ha] -
1 b - .,
sync::Qnization variance continued to decrease, for all Ss. The A

lls : Bl
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«
f
&
Table 3: Number of sessions run by each subject in training and
baseline conditions. -
+ ‘ \.j )
SUBJECT ) I <
CONDITION JB GTH - CK
SYNC. ONLY 29 23 32
P\ ~-P, = 460 . . :
SYNC. ONLY 86 78 _ 53
: Py = 240
SYNC.-DUR. DISC. , ) .
aD =10 . - 9 1 N19
AD = 30 2 ' “
aD = 20 25 5
AD =.16 ) 7 g e

LG
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Figﬁré 6. éynchronization Beffof@ance during traipiég and_;;;:;:)é'
sessions, Subject JB. P}-fz = 46b'm$ec. Filled circles: ﬁveréll\ ”
performance; open circles: ‘no P;; oben squares: P3‘=—240 msec.; filled
triangles: "short"‘P3; open tgiaggles: "long” P3. Asterisks denote

groups of less than five sessions. . .
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" Figure 8. -Synchroniéation pe;fofmaﬂhe during training and baseline
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g

baseline synchronization performance shown in Figures 6, 7, and 8 is .

that immediately foIIOwing the training sessions, before the other

experimental manipulations. One feature of the-data in Figures 6,.

il

and 8 is the difference in synchronization performance for the different

values of the P —P interval 1n the baseline condition. In most

se551ons, the mean synchronization Tatency was shortest,rand the -
synchronization variance was lowest, when the shorter PP, interval was -
presented. For SubJECt JB, synchronization responses were longest and

most variable when the 1onger P 1 F5 interval was presented while GTH - -

made the longest and most variable synchronization responses on trials

when no P was presented. CK 5 synchronization responses were longest -

when the lenger PI—P3 interval was presented, and were most’ variable

when no Py was presented.

'

Synchronization response distributions were symmetrical and

fully—bounded 11ke those of previous studies (Hopkins & Kristofferson,

; 1980; Kristoffersbn 1976) The synchronization variances in the’ -

baseline condition are similar to ‘those reported by Kristofferson (1976)

a for synchronization alane but they are not .as low ' as those found by S

T

HOpkinS and Kristofferson (1980) (see Ihble 13, using a refined response.

-

,procedure. Figure 9 shows typical synchronization response latency .

1

distributions for JB, averaged over the last five sessions under

baseline conditions. The variance is smallest when the short P1-P4

s
.

_interval is presented next largest when no P3 is presented, and largest

\

‘on the trials when the 1ong Pl—P3 interval 1s presented. The mean
synchronization latency is about the sam%}when the short Pl —P4 interval =
and .no P3 are presented it is longer than this when the long PI-—P3 e '

interval is presented..



54

\\k,.a-«‘

-

Figure 9. Synchronization response latency distributions, Subject JB.

. Responses are taken from the last five baseline sessions preceding
:Expa_ariment l. P,~P, = 460 msec. Filledftriangles: P,~P3 = 230 msec., .
X = 461 msec., 5% = 138 msec.Z, N = 499; open triangles: : P =Py = 250

msec., X = 468 msec., S2 = 218 wsec-?, N = .498; open cireles: no P, X
= 460 msec,, S% = 201 msec,z, N = 495, overall: X = 463 msec., 2 =199
msec.2, N = 1493. , . ' ' Lo
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Discrimination performance for the baseline task in the sessions

preceding Expe}imgnt ! is shown in Figure 10 for all three 8s, The C

value is the estimate of the mean of a hypothetical triangular

'discribupion of the duratien discrimination criterion and q is the

estimate of half the base of the triangle, as described above. The q

Al

that found byhother investigators using similar base duratiofs (Allan &

A

:Krisﬁofferson, 1974a; Divenyi & Danner, 1977; Getty, 1975; -

Kristofferson, 1980) (see Table 2) and the estimate of C was very near

240 msec. (the P -P ; MP) for all Ss.

Biseline pegformance on the-dual synchronization -~ duration
discrimination task showed clearly that Ss are quite capable of

performing the two tasks concurrently. Both tasks were performed at a

level comparable to that found in previous studies of the individual

Lasles, as described above. When the duration discriminatjfg;task was

introduced, synchronization variances were decreased. However, although

the presence of the discrimination task was certainly not disruptive to

synchronization performance, synchronization means and variances were

dependent on the P [P ; interval to a small extent, as described above.

"= L)

Thus, it has been demonstrated that both components of the dual
synchronization - duration discrimination task can be performed very
adequately,

The baseline performance data contain some evidence that the
responsg—stimulus synchroni;aﬁion task and the duration discrimination

“

task are not being performed by the same mechanism.. Specifically, the

-

,,%
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Figure 10.

Efberiment 1.

than five sessions. oo

S
v
36
%

-

»

Mscrimination performance during baseline task preceding

Py=P4 MP = 240 msec., Asterisks denot

t

e

-

e groups of less

-
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.- ' related to the varlance of the synchronization.résponse distributions.

T

- T o# . The variance of a triangular distribution with a base of 2q msec. (the
' ~hypothetical djstribution of C) is dependentduponrq in the following .

- . e

way: ; ,

e :

D -~ e
®If the duration discrimination criterion formed part of the

.(}

“

synchronlzation chain of events, as idlustrated in the sequential model

ri‘

N l in Figure 4, the psychometric variance would be less than or equal to
the synchronization variance. Figure 11 shows both the psychometric
. variance for the duration discrimination and the synchronization-

variance for the baseline éessions for all three S§s. For JB, the

. psychometric variance is consistehtly_higher than the synchronization

LR

variance. Also, her psychoﬁetric variance was reduced by practice

during the sessions shown in Fi "while the synchronization

- e

response variance remained cons , 'CK's psychometric variance is

&

similar to his synchronization vani but changes_ in his

discrimination performgace are notj reflected in the synchrqﬁ!%&%ion

fl

variance, which remains fairly counstant. The psychometriqg variance is -
* .

lower than the synchronization variance for GTH, the only S to show-this
pattern. Thus, at this stage in the experiments, there is no evidence
that the duration dTScrimination criterjpn forms part of the

- N :

sfnchronization chain of events, or that the variation.in performance on

—

the two tasks arises from the same soufce. Indeed, the fact that the

-4
-psychometric variance for duration discrimination and the

. ' ~ JIV' - ’
synchronization response variance were unrelated in the baseline

3 . - rd . g
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“

Figure 11. Synchronization response latency variance and duration
dlscrimination psychometric variance during baseline task preceding
Experiment l. P;-P, = 460 msec. P\=P3 MP = 240 msec. Filled circles:
overall synchronization performancé; open circles: no P3; open squares:

psychometric variancei“ Asterisks denote groups of less than five

sessions,
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tralning sessions suggests that the two concurrent tasks are not
performed by the same timing mechanism.-
It should be noted that during the baseline sessions just

described, the duration of the P|-P; MP (240 msec.) made it unlikely

that Ss could use the end-point of d (Figure 2) to perform the duration
discrimination, although the dual task ﬁight have.been performed by a
sequential‘mecﬁanisﬁ‘like that illustrated'in Figure 4. The purpose of
the-fifstieiperiment was to qhange'the duration of d or P;-P; MP so that
the two migﬁt become the same, allowing Ss to use the end-point of d as

a criterion to perform the duration discrimination.
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¢ P P 3» was made very large and then gradually decreased.

F i

* .Experiment l: Search for Perfect Discrimination

7l

After the baseline training sessions described above, an attempt

wds made to align the P P 3M§ with the end-point of d, the internal

Y

" time interval gené;ated in order to perform the synchronization task
(illustrated in Figure 2). It was thought that, if this possibly
‘inv‘ariant time point could be used as a criteri‘;n to perform the
duratio; discrimination, very accurate .(possibly éven}perfect) duration
discrimination performance might be found., Three ﬁfferent‘ experimental
manipulations were used in this attempt: A) the PP ; interval was held
constant while the P P y MP was gradu;lly increased; B) the P [P 3 MP Qas
held constaézhile the P I-I; 2 interval was gradually decreased; 'C) with
the P P 3 MP near the end-point of d (as closely as could be

determined), &, the difference between the two possible values of

b

Experiment’ la: P ~P ., = 460 msec.; P ~P, MP gradually increased.

Mec{lod' K . _ | -I . j

N The PP ; synchronization interval was 460 ms-ec‘:., throughout.

During each succeeding session, the P ~P ; MP, midpoint of the duration
discrimination stimuli, was increased by 5 msec, The P P yMP was

prefented on‘one\half of the trials during block 1, when only
synchronization respc;nses were required. In the ’naining three blocks,

P f:f,ﬁ could take on two possible values, centred about the P P 3 MP with

J‘a ® of 10 msec. Thep \l-P 3 MP ;remained constant throughout each

oA e _:\'
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session. No P 3 was presented-on one thifd-of the trials, and each of

the two values of P P 3was presented on one thxrd of the trlals. Bo

synchronlzat1on and duration discrimination responses were requxred o

<

th

n

each.tr1al, as_1n-the‘baseline'condition. The’fj;fg'MP'uas increased -

- from 240 msec. to 285 msec. in nine sessions in steps of 5

msec./session. Due to disruption of the discriminatioﬁ\Sfﬁformance,

LY

L

P P3 MP was held constant at 285 msec. for 19 additional sessions.
‘P P 3 MP was then decreased {n nine more 5 msec. steps to 240 msec,

Subject CK served in this experiment.
- _

-

e '7 s

]

Results

-

Flgure 12 shows the estlmates of q and C from the discrimination

performance in Experiment lA. 'As the Pl—P3 otd increased, the estimat
of C gradually 1agged behind the P:-P3 MP, Estlméﬁes of q shoued som
increase as the P —P3 MP increased until, when the P -P3 MP was 285
msec, , dxscrlm}ngtlon was severely disrupted. At this point it was
.dec1ded to run several sessions with the PP,y - MP EPnstant ar 285 mse
-Prev10us sﬁudles of duratxon discrimination have shown that several

sessions of practice are required to reduce the psychometric variance
' i

after each change in béifﬁf2£ﬂtion (Allan & Krisﬁoffe:i;?ﬁ 1974a;

KriJ:;;;;rson; }980).' The two sessions for which no data are shown i

Figure 12 are those for which q and C could not be ‘estimated because the

“"ﬂ.....!

discrimination performance was a below chance. After a total of

\ . ’

sessions fwith /a P -P 3 MP6F 285 msg¢c., CK!s discrimination performanc
, . - ‘

hadkgﬁéiéh::t re;%%n |

cwas much variability in q estimates between sessions and some individual
- LI

L]

¥

a Y - 4 I ¢ . . : - -
sesslons gave estimates of q that were comparable to those obtained in

a)

e
-~
“

the

The

e

e

C.

Fe

n

20

e

to its pre-Experiment 1A baseline level. There

¥,

-

A
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Flgure 12, Estimates of q and C for consecutive sessions in Experiment
1A. Subject CK,

R N
| ]
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"synchronization latency was within a few msec. of 460 msec. throughout

"Experiment ]A. \

63 -°

the baseline ses , the average gq estimate for the last

five sessions durlné which P -pP, MP = 285 msec., was 34.86 msec.
eomparedrto an average q estimate of 27.65 msec. for the last five
baseline sessions before Experiment 1A began. In addltlon the q
estimates did not sh;: a downward trend for the last ten sessions for
which P —P ‘MP = 285 msec. and estimates of C were less than the P -P

.

MP in many.sessions._

Since increasing ;}e Pl--P3 MP was so dlsf{ptive to performance

this manipulation was discontinued and the P, —Py MP was returned to the

baseline value of 240 msec. .Estimates ogfé’remained variable while the ¥

P - u was gradually decreased. In the five baseline sessigns #

endi Experiment 1A (sessions 43 to 47 in Figure 12), the average q

estimateswas 23.03 msec., lower than that for the basel;ne sessions

preceding Experiment.lA (sessions 1 to 5 in Figure 12). ‘ "
9

Synchronization performance for CK in Experiment 1A is shown in

.
Figure 13, There was an increase in synchronization variance while the

P —P MP was being increased. When the P P, MP was constant, overall
i
synchronization performance® generally returned to pre—Experiment.JA

levels, except for one Or two more variable sessions. In the five \-{

baseline sessions after Experiment 14, the average overall . Ce
. - '

' synchroniag:ion {Eiiance was 130 msec.?, lower than the lSO.nsec'.2 found

in the five sessio s\gggﬂre.Pl—és MP was increased. The overall mean "

N
In most sessions dvring this experimen » synchronization

responses were shortest and\{east'variable wheén the shorter Pl'—P3 value

-

was presented. DJ;ing pré-Experiment IA(Easeli e sessions,(and in the .

| | | /\/

-1

&
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~-Figure 13; ‘ Synchroni-zation performance in Experiment' 1A. Subject CK. _
. Filled circles: overall synchronization perform.ahce; open circles: no
@ Pa; filled triangles: "short” P;; open triangles: long Py
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¢

baseline sessions ending Expe;}éent 1A, synchronization responses were

- longest when the longer F1-P3 value was presented apd were most variable
in either this condition or when no Py was presented. This péttern ﬁf
synchronization latencies and variances was affected by the change'in
P,-P; MP. As P -P. MP increased, the synchronization latency onm "no Py"

- trials increased, so that ;he;e trials prodﬁced the longest latencyswhen :
Pl—P3 MP = 285. This differenc; in synthonization latency.between the

three types of trials decreased with practice with P-P3 MP = 285.

Similarly, synchronization variance on "no F3“ trials inereased more -
-

than did the variancg on trials when ?3‘3%5 preseﬁi as P-Pj3 MP

~

increased. When P14P31MP = 285, synchronization variances were almost

‘always largest when no P3 was pregsented, and the'diffetences,between'the
. . 3 :

variances on the three trial types was larger than it had been in the
) g

baseline coAdition, although overall synchronizifi9ﬂf;arianceswere
..comparable. Thus, with an increase.in P,~F3 MP, the synchronization
responses on the trialé when.no Py was preséntgﬂ showed a larger
increase in mean and variancé than did those on trials when the two
values of:{i:Paywer% presensed. ‘n % | B

It is possible that, if Pl—Pg'MB had continued to increase, a.
poiht would have peen found where the-end of the deterministic internal
synchrohization timi?g interval (d) could be u%pd to perférm‘the
duration §§scrimination,'resulting in greatly improved performance. -
Howevér? because the changeé that were made in P)-Pj3 ﬂw‘were §0 }f

disruptive to duration discrimination performance, this manipulatioq'was

discontinued and P1-P3 MP was returned to the baseline level of 246

mge Cy

(<

e
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n . ] w

Experiment 18: P,-P; MP = 240 msec.; P,-P, gradually decreased. -

. \\_
Meth;h i .' ~ ‘i .
| The P-P3 , the midpoint of thé possible P}-Pa durations, was
240 msec.rthroughout this experiment. The valué of iD was also constant
throughout: 20 msec, for JB.;ﬁd 16 msec, for GTH. The éluPz
sjnchfonizaﬁion in&ffval, which had previously always been 460 msec., \<T
was decreased by 5 msec. ! during each succeediﬁg experimental session.
The PL—P2 intervai remained constépt throughout each session. For JB,
Pl;szwas ;ecreased fram 460 msec. tol290 msec. 1in 36 sessions and then

——

was increased to 335 msec. in six sessions. For GIB, P,-P, was
decreased from 460 msec, to'360 msec, in 227§essions and‘then was
h~réturned to 460 msec., in 20 sessions., On a few occasibns, ﬁwo sessions . S
were run at a particulaf value of P|-P,. When P}-P, was decreasing,
‘céggﬁd§ in P,-P, betwéen sessions were a}ways 5 msec. However, when P ,—
P, was increasi&g,‘some of the steps between successive éegsions wé:e 10

m%> . The exact sequence of conditions is clear in Figures 14-17, which

show the results of this experiment.” Durihg block 1 of each session,

-

\\\le:?3 = 240 msec. Sﬁ one half'of the trials and no P, ggs presented on
the remaining trials. Only the‘synEhroﬁiéation response was requi?ed.‘ o -
Puring the remaining three blocks, no Py was bresented on one third of

& the trials, and éécﬁ of the two P;-P3 Gélues were ﬁresented on one ird -
of the trials. 3%£h)éynchronization and duration discrimination, ‘ N ﬁ%

responses were required on‘each trial, as in the baseline conditiion. (“\i
L ] R

' 4
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Results

Estimates of q and € as a function of P,-P, intérval are shown

in Figure 14 for GTH and in Figure 15 for JB. GTH's q estimates were
stable and were little affected by changing P)-P, until P, was close to
’

-

P

"3+ Discrimination was disrupﬁed when P, approached P, and was. quickly

restored when Pl-Pz‘was increased. Estimates of E-for te sessions

shown in Figure l&iwere never more than 5 msec. from the

msec.). Estimates of € did not vary systematically'ﬁith chan

P In Figure 15,:1t‘can_be seén that JB's discrimination performance

2"

improved as the Pl-—P2 interval was decreased. However, as P, approached
. » %

within 100 msec. of Pl—P3 MP, discrimination performance detefiorated.

Performance improved again when PP, was increased. The estimates of C

for JB also showed no systematic variatibn with changes ih”Pl—Pa.

No valuye of P,-P, was f;uﬁd at which’'discrimination performance
was dirkedly superior toﬁchat"at other P,-P, values, Michaels (197;3
showed ;hat the central arrival time of a _countermanding stimulus is
near the mean of the hypothesized istribution of response triggers in a
synchronization task when the countermaﬁding stimulus occurs slight}y'
less than 120 msec. b:fore the reéorded'Synchrpniégtion response. In
Experimént 1B, the.Pa—Pz interval became 120 msec. or less f?r both Ss.-

At the shortest P,~P, intervals, it {s unlikely that the midpoint of the

central arrival times of the Py stimulil were occurring before the end-

. =

point of d, the internal synckronization timing interval. It had been
hypothesized that the end-point of d could 'be used as a criteriod to

p€:ZLce virtually perfect duration discrimination. In Experiment
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Figure 14, Esti;matés of q and E as a function of P,-P; interval in

Experiment 1B. Subject GTH. Filled=circles: decreasing Pl-‘Pz,; open
i cit:cles:‘ incréasing P.l—Przf’. Asterisks denote vf‘alueswhic_h are the \-D
. average of two sessions at one value of P|~P,. Circled asterisks apply
to incxjeasing PI_PZ’ ) '
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' Figure 15. Estimates of q and C as a function of P -P, interval in

Experiment 1B. Sub&ect JB. Filled circles: decreasing P)-P;; open

~ circles: increasing Pi—Pz. Asterisks denote values which are the

average of two sessions at one value of P|-P2. Circled asterisks apply

to increasing Pl—PZ.
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18, d was shortened enough that its end-point probably came very near to

the duration-discrimination criterion, - However, no drazatic improwezent
in duration discrimination performance was observed.

It is interesting to note that, as P;-P; was decreased, the Pj;-—

P, interval became much shorter than the P,-P, interval and Ss could

have used the P3~P; interval as a basis for the duration discrimination.
However, there is no evidence that Ss used this strategy in this g
experiment. Another experimental manipulation, to be described laser,

-+

specifically tested for the use of this strategy.

i
Synchronization performance as a function of P1-P2 interval is

.

'ehbwn'inJFigure 16 for GTH and in Figure 17 -for JB. Although there is a

-

very slight trend teward an”increese in variance as P;-P; decreased for
beth Ss, synchronization vaeiance was relatively unaffected by changes s
in P;-P,. This confirms previous findings that the synchronization
-interval can Qe chaﬁged without‘disfupting performance and that the
synehronieation verianee is independent of mean s&nchronizatipn latency;-
fér_this range of synchronization latencies gHopkins and Kriefofferéon,

1980; Kristofferson, 1976). The mean response latency élosely followed

PZ as it changed. . : A “

L]

During Experiment 1B, JB thought that;tﬁe duration

discrimination task felt easiest when the Pl‘Pz interval was 340 msec.

N -

In fact, it was after PL-P& decreased below this value that her

discrimination performance worsened. However, the estimate of q when

P1-P2 = 340 msec. " was not 1ower than at some other values of- P1 Pz.
Whed P,~P, is 340 msec., the P,~P, MP is 100 msec. before P, This
value is near to that by which a countermanq;ng stimulus must precede Pz

to prevent half of the reSponses in a synchronization task (Michaels,f' :
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'Experimenc‘lB. Subject GTH. '}:‘gecreaging Pl—PZ; 11: increasing Pl-Pé.
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Py; filled triangiés:'P3 = 232 msecf}”bpénggriangles;'P3'=.248Jmsec{
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 Experiment IC: decreasing .

73

.1977).  Thus, when PP, = 340 msec., the end-point of d, the internal

time interval produced to perfocnlthe synchronization task, could be

.
3

very near G, the mean duration‘discrimination criterion. If this were
_the qase; lt mxght be p0551b1e to Lqprove duratxon dxscrxmxnatxon

performance by flrst maklng the dxscrlmxnatxon very easy and then .

gradually clos1ng in on" C_and the end-point of d. This was the aim of

\Enperlment {F. . o _ A-_J L e

Method L : . _

;Tﬁfbughout this experiment P -P2~= 340 msec. and P -P3 HP = 240

msec. The dxfference between the two pos51b1e values of P 4P3 in each

-y
LI

session, d) was 1n1t1ally 40 msec. "That‘is, che“two possible P P,
" . b
durations-yere 220 and.260'msec After several sess1ons with one value

- -

of HL this value was decreased by 2 msec, in each 5ucce531ve grOup of
e T | :
sessxons unt11 a O value of 2 msec. was . reached For each value of M,

between chree and nlne sessxons were ‘Tun before lD was decreaged by -
"another 2 _msec, The exact number of se551on5 “Fun’ Ulth each value of. d)

“is shown in F1gute 18, uhlch shows the dlscrxmlnatxon results for thxs h

experxment o was always constqnt throughout each sess1on._ A total of

.

106 se551ons were run in thls experlment Durxng block 1 of each
se551on, -—E = 2&0 msec. on’ one half of the trxals dand no P was

presented on the. remalnxng trlals. Only che synchronxzat10n reSponse

. s

_was requlred.' Durxng the remalnxng three blocks no P3 was presented on

one thlrd of the trlals, and each of the two possxble P]7P3 values was

”

presented on one th1rd of the trlals. Both synchron1zat10n and duratlon

dlscerxnatxon responses were requlred on each trlal as 1n'the‘baseline

condition. Subject JB cerved Lngthls experiment.
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. hypothetical range of C), which they are not. .Since the valueS'of AD

Results.

Figure 18 shows estizmate® of q as a function of AD. Although
the results are plotted againsthan increasing 4D, it should be noted °

that, in the exoeriment, 2D was successivelv decreased; That is, the*

temporal order of sessions is fron right to 1eft i1 rigure 18. No data

are presented for 4D =40 as, Nn this conditien, no errors were made

when P =P, = 260-msec ("long" response), so q could not be estimated. )
. " . .

]

The q estimates in Figure 18 were calculated'by cowbining the data

dcross sessions at each 4D value. That is, the errors from each session

were added together and a single q value was calculated. - Where the

number of sessions run was greater than five, the data .shown are from

i,

only the last five sess;ons run at that value of aD. It can be seen in

Figure 18 that perfect discrimination (q ewO) was not achieved. If the

' discrimination criterion (C) were triangularly distributed with a range

of 2q msecC., ‘estimates of q would be constant for. all values of ADF :

‘within. the range of C.‘ In Figure 18 ‘we can see that although q is

relatively constant for AD 1ess than 2& msec., q does increase with 4D

‘ r

atrthe larger AD values. “If q were constant with a value of abOut 15

msec. (the average of the q estimates for ap less than 24 msec. ), the q

A K

estimates should .be constant for values of AD less than 30 msec. (the

-
.

were tested in consecutive descending order the finding that q was an '

-4
+

increasing function of AD could be due to practice.. An alternative

_explanation of the finding that q increases with AD is that the duration

4

discrimination stimulus is not processed on every trial, Estimates of q

can- be calculated when chere is: only one error for each: value oﬁ P, P3

When 4D 1§’ large and P3 falls outside the range of C, an estimate of q—

'-will result if § makes a few errors by accidentally_pressing_the brong
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Figure 18.
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e X
S

duration Qiscriminat;on response button. If there were a constant small
number of such errn;e, q estimates would increase as AD increases.
Indeed, for 4D > 26 msec., JB never made nofe than five errors in any
one session for any value of P;-P3. Each value of Pl-P3 was presented

on approximately 100 trials in each session. Thus, the increasing q at
large values of AD would résult if the P,-P, stimulus was not processed
-

on a small number of tri%&f. That ié, on some trials, errors occur

. which are not due to the duration discrimination mechanism (Allan &

Kristofferson, i97&a). During this experiment, estimates of C were

never more than 3 msec. ff”om'Pl—P3 MP (240 msec.).

Figure 19 shows synchroniiation performance for JB during this
LY

expetiment.' The values shown in Figure 19 are averaged over the

-

_Jsessions run at_each value of AD, using only the last five sessions when

S - .
more than five‘sesslons were tun. Like Figure 18, the order in which

:sessions were tun proceeds from right to left in Figure 19. Overall

synchronization variance decreased during the course of the experiment‘

'?as AD was decreased. Overall mean latency was usually within 1 or 2
3"m§ee‘ of perﬁect‘synchrOny (340 msec.). Figure 19 also shows clearly
.;hat synchronization responses were earliest and least variable when the

‘shorter ?i*?a.inferVal was presented, and responses were latest and most

-

'_vatiable on’the trials on which no Py was-ﬁfeSenteﬁ. 'The_differences

,between the synhhronization means and variances'on the three types of

*

_trials (short P\ ~P,, long P P3, ‘and’ no, P )] decreased as AD decreased.
‘Figures 20 and 21 show the distributions of synchronization response

”-—latencies for the sessions where AD = 32 msec. and AD = 4 msec.,

P

respectively. ‘The nlfferenges between the meahs and varigjces of the

-

distribﬁfi§ns for "long and "short” P,-P; values are larger when AD =

32 ,Jmsec, than when AD 4 msec. 1In both figures, the lé%ding edges of

\ [ L, \



Figure 19. Synchronization performance as a function of aAD in

Experiment 1C. Subject JB. Filled ¢lrcles: overall«perfprménce; open .

circles: . no Py; filled triangles: "short"'Eé; open triangles: "long™ - -

. Ps. PI-PZ = 3&0 msec, ) '~ B . b.‘- L ' . ‘.:

qt

-~
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'j;':'lFi‘gure 20. Sync‘r};onization response latency distributions for. aD = 32
msec. 'in Experi/ent 1C. Sub_]ect JB. Pl—-ch 340 msec. Filled
triangles- P —P = 224 msee., X = 336 msec., $2 = 108 m.sec.z, N ='39§;\
open triangles. P-P, = 256 msec., X = 341 msec., §¢ = 123 msec:.2 N=. "
402, open circles. no Pg, _X— 341 msec., §e = 141_rpsec.2, N = 397;.
overall: X = 339 msec., 5% = 128 msec.z, N = 1'1(98.
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Figﬁ%e 21,

Synchrouization response 1atency distributions for AD = 4

msec. in Experiment 1C. SubJect JB.. PI_PZ = 3&0 mSec: “Filled’

" triangles:

Pi'Pa = 238 msec., X = 338 6 msec., §2

339 5 msec., 52 = 100 msec.?, N = 1499

=93 nsec.?, N = 503'

, N = 497;

open triangleé PI—P3 . 242 msec., X = 339 2 msec., g2 % 97 msec.?; N = ,"T
‘499' open circleS' no P3, X = 340 & msec., §2'= 110 mset.?
overall: X =

-y,
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' Discussion - Experiment 1 “ g:-- _ ig.'i Lo L

L variance and~were triangular 1in shape, like those previously found in

S . . 7 o k4 R a

the distriburions overlap;’increased_meansfand variances dre due to a

PR 5 - -
I -

‘larger proportion ofklonger responses. : . - Lo 5

. £ N : N
- . ] K . e L

e

‘In fxperiment'l:' virtually perfect duration.diseriﬁination

.

performance was not achieved.— Ihe PI-P3 HP cust have been very near the

'f‘end—'oint of-d the deterministic internal interval produced to perform

47 "

AR

the synchronization task (refer to Figure 2), in at least some of the T

- Y .

”~experimental sessions.f However no pairfof values of P1—P3 MP and Pl-Pz

‘was found for which duration disdrimination performance was dramatically

] -

better than ﬁo: other pairs of Pl—Pz and P1 Pd MP values. Ihus Ss were

N

apparently unable to use an invariant end—point of d as a criterion for

perfect Huration discrimination in the present experimental situation._

I :
) N . i

There is evidence that a deterministlc d interval was set up in‘

’ o . - - I

LA

Experiment 1.' Synchronization response latency distributions had low\" -

. W

experiments on synchronization alone (Hopkins & Kristofferson 1980'

T P

’(ri&stofferson, 1976) In Experimant lB, SYnChronization performance d-id -.

not suffervwhen P P2 was changed between sessions and the T ;.'7 -

r,._

-synchronization variance was constant throughout the range of P -PZ

i - 2 -~ “~

‘ L
Values used w'Ihe synchronization variancerwas influenced by the Pl—P3

- a. . “

-

duration discrimination=interval but it was independent of the P 1P,

usynchronization 1nterval The fact that the duratiOn of the . &

' VTl -

:synchronizatibn interval can be changed without affecting the variance

o

; suggests that an invariant . timer forms _part of the synchronization chain

(Kristofferson, 1976), although the effect of P3 shows that a single

W . 2

deterministic interval cannot entirely account for the observed :

a4, \'-'f-; A T o .

AN



B always be smaller than the synchronizhtion variance. In Experiment 1,

-
. specific predictions about the relationship of discrimination

:behaviour, 'Becauseisvnchroni;atipn‘veriance wasfindependent-offPl%Eg .
‘aura;iSh,ﬂipe fact that és.didfnot.use_a:determinisficisynchronization
timer—toiperform the.duration discriminaiionminlExperimentplfcannot be
attributed:to-a failure;to achiéyg-detsrministicftimingffor the:.
sjnchronization‘task, S '.i,‘. ,ff ' lf - T

o

j.“’*;"In‘Experiment 1, there is evidence Lhat a deterministic iuterval

. v
S f

d was generated but an invariant criterion was not used to perform_

3
-

duration discrimination. Thus, at least one of the assumptions

« - I ’

nécessary for the use ot an invariant C has been‘violateq. The order of

A [

_events in>response—stimuius synchronizatioh may_be-difrerent from,that .

--illustrated in Figure 2, so that C.is variable. Alternatively, Figure 2 ~
o ¢ ! ) . ’ . - N o “‘

* .-A . ~

- £ L . ~.' . d
‘may accurately represent the order of events,-but the variable q

"components may-not be'separable from d, or variance may arise in the

S
discrimination of the temporal order Qf B and C. The results do
: C 3

s 4 -

. not allow us to distinguish which\of these assumptions was violated.

e

As a result of Experiment 1 ; we can aiso,reject the sequential

- . model of performance in the dual synchronization~dufationﬁdiscrimination".'.

\task. Thig model illustrated in Figure & hypothesized that the **-h

triangularly distributed duration discrimination criterion forms part of

the response—stimulus synchronization chain such that a second time -

interval ending with the synchronization response trigger is timed

from C, the duration discrimination criterion. This model makeS\

T A R

»

) performance to synchrpnization response variance which were: not

l"

N s r

-

supported in Experiment 1.' Ihe sequential model predicts that the

-

psychometric variance found in the duration discrimination task will

R

. -

.l_,
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T

. the two tasks'gonld‘certainly be evident if tho‘separate timers were

psychometric¢ variance was not correlated with synchronization response

~variance. When the Pl—P HP was moved in Experiment 1A, and when'P, was o

- ‘ . .
noved in‘Experiment 1B, discrimination performance . could be severelv"

disrupted withoutiaffecting the synchronization variance. "In Experiment

- 1c, borh the psychometric variance Eor durarion discrimination and the N

A

»

synchronization response variance decreased as’ AD was decreased In

addition,,synchronization response latency distributions were 1atest and

r - -

T.most variable ‘on trials when‘no.P3 was presented and“were shortest and

e

least'variable‘on trials when the”“short""Peralinterval was presented,

%

\as_the—sequential_modek p:edicts. 'However, the‘fact that, in.

~

Experiments dA .and IB discrimination performance can show 1arge

fluctuations in variance Without an accompanying change in'

- -

synchronization performance requires the conclusion thar the timing A

chhanisms used to perform response—stlmulus synthronization and

duration discrimination are'not entirely the same, at least in the'

e

[

‘ :present eXperimental situation. The independence of variance seen iﬁ:"

- ~ 5 N

L

operatings .Ho@erer‘ the present results would be compatible with the

use nf a single timer with changes in. duration discrimination

) - . -
e . ~ .

r

5thefstimuli ar

or changes in thé response selection‘._“"'

mechanisa. N S Y T
. . - " -~ " " / rw + B
- The mechaniSms used to perform reSponse—stimulus Synchronization

- co ¥

and duration discrimination c¢an operate concurrently 1n the presentrdual.

.
- { -

task srtuatibn; Duration discrimination performance ig Experiment 1 was

- - - * N

]

- ak good as, if not bettev than, that previously reported by other

. i + -
- f

investigators using similar base durations (Divedyi &. Danner 1977;

1 . . - : r PO * . X

Ty B
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Getty, 1975; Kristofferson, 1980; see Table 2). In addition,

synchronization response variances'were comparable to those previously

reported (Hopkins & Kristofferson, 1980 Kristofferson, 1976; see Table

L). The results also. confirmed previous findlngs (Hopklns &

'Kristorferson, 1980; Kristofferson, 1976; 19809 that a change in base

duretion is disruptive to duration discrimination performence while mean
synchrdnization-latency can be changed by small amounts, usually qith no

effect on. performance.

Responseeétimulus synchronization and duration discrimination

. may’not be timed by the same mechanism when‘the'two tasks are performed-

coucurreatly. In addition, bothwere performed adequately in the dual

taék'situation.'.However; in the .present experimental paradigm, the two

tasks are not 1ndependent} Duration discrimination performance is

"*disrupted-when P, is’very close to'P -Pj MP. ‘in addition,

"synchronization responses are affected by tHe value of Pl-P3, the

duration discrimination interval ~as is shown clearly in Figures 20 and

I

21, althOugh this effect f P3 on .the internal synchronization interval
did not influence its det rministic property.‘*

Although Ss apparently did not use the end—point of d as a .

]

‘duration discrimination criterion in the present study, we cannot reject

.

the hypothesis that duration discrimination is performed by generating a

'{deterministic internal in;erval. TIE anainvariant‘incernal_cri;erton a

were generated,.duration discripd&ation would 1nbolvefe temporal drder

~ J

.discrimination between the criterion and the time of occurrence of the‘
'fstimulus marking the end of the durat*on discrimination 1nterval Thes,'

' perfect duration discrimination would not result ‘unless the temporal

order discrimination could be performed perfectly. An onset asynchrony. 7
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of only acfew millisecondsvis required to discriminate correctlf'the

~order of presentation of tno:brief'tones that differ in frequency

. (Efrom, 19733 'Patterson § Green, 1970). - However, judging the senporai

¥y -

order of two'stimuli infdifferent modalities (anditoryyand visual)
requires a larger time difference between the stimnli_(Allan,_1975).

alifthe psychometric Variance in-duration discrimination in Experihent -1
discrimination performance'is usually much better than that for bimodal
stimuli but not qdite as'good as that fot-toneS‘of different frequency.

For eiample' in Experiment 1B, whenr Pl-Pz > 390 msec., the estimate of q

”

T.for subJect GTH averaged about 17 msec. with a aD of 16 msetc: fsee

Y -

",

Figure l&). If we assume that a deterministic internal criterion is

located mldway between the two possible values of P —P, GTH s ‘f ’
e : -
performance‘would'mean that‘he was correctly discriminating the qrderof

Lwo érents (BP and the criterion), 8 msec. apart 862 of‘the DA

cr ) -

time. There is some subjective -evidence from Experiment 1 that

‘lindicates that C may function like a stimulus. Both JB and GTH began to

N

“hear” the criterion on trials when no P3 .was presented. JB_egperienced

. L . -

sometimes reported difficulty in deciding whether or not Py had . v

occurred, although he rarely made a duratibn discrimination response

EaRan .

when no P had been presented Indeed Ss often reported that‘the A

C e

- * i

SUbJective duration discrimination task involved discriminating between

- T

two qualitatively different sensory experiences, each associated with a

-+ ~ v

o particular Pl—P3 value, rather than deciding on ‘the duration of Pl—P3.rw

* -~

This is similar to the phenomenologfcal report of Ss discriminating the R

Y

Pl

order of two brief tones (Patterson & Green 19?0),‘ The two different

-
-

. . -t e h .. [N B - 2 S - . . o
. were attributed to an order discrimination mechanism, the temporal order -

" a distinct auditory sensation at the-time when P3 was expected, and GTH .

‘ordérs produoe sensations that can be,qualitatideiy discriminated.rather R 3
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- ~ ~ -
p

— . - i B ) -

than a perception of one\tone having occurred before the other. ) s N

)
- . . e

Therefore although Experiment l showed that the duration discrimrnation

-

._‘A‘ ~

'task does not form part of the synchronization S -R .chain, we cannot

: reJect the hypothe51s that Ss performed the- duration discrimination by

3

However because of the success of the- real—time criterion theory of

. . r - -

producing ‘a deterministic internal interval. The psychometriC'variance-

- 4

could arise from the temporal order decision mechanism rather than from .

.

- a a timing mechanism.__Of course, the design of the dual task in the

i

present experiment does not prevent Ss from using an interval measure

strategy;‘or some complex aspect of the overall P _PS-PZ stimulus

pattern, to perform the duration discrimination.

f In the present experimental paradigm, ‘the variance in the ?t! '

P

duration discrimination taSk could arise from, a criterion distribution,

‘. - - > o \

:orifrom,ﬁariation due to the discrimdnation of the'temporal“order of

- ' . -y L

-

dP and an invariant‘criterion;“ However the'realftime criterion'

5.

theory of duration discrimination (Kristofferson 1977) assumes that 8,

am - v . -

the central arrival time of the stimulus ending the discrimination

’ {

interval and C are: perfectly discriminated and this thé%ryffits

Ay

Kristofferson s data very well Kristofferson used speeded duration‘

-

discrimination responding, which may result in the use of a duratiom.’

-
. 1

discrimination straoegy different from that usedrin the dual ‘task

situation, where duration discrimination responses ‘are delayed- ‘"éL~‘ T

A

o’
- 1. T El

duration discrimination, it is probably more ‘reasonable to’ attribute the

R - ~ -

present duration discrimination variance toa variationfin C, although ;

- N FEEY
- -, . .

there is net yet sufficient‘evidence :to entirely reject the—hypothesis

1.

that duration discrimination could be performed by the production of an’..

S y T .. - N -

invarfant internal criterion; . Tl T e oA

3 -
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Experiment 2:, Variable aD- . . - .. LT s

. “ - ‘ < ™ - -
.o - - - .

. . to - .- el e e
i -~ ' . . _—
o . ¢ . .

e M j_ In‘Exper,imen_t 1, “virtually perfect” ,dui-ation _discr’imihation.l O e

pex:formance was ‘not achieved. However,

- B - » -

: the similtaneous; performance of "o - _
i - Vi - - o .. -

both response—stimulus synchronization and duration discrimination. tasks B .

e
e - -

did show, that the two tasks are probably not performed by the same~ oo
. - . - ~
e timing mechanism. In addition, the interpolation of the durar:ion P o
., : R - " - . i
. - - o .

’\) discrimination task had systematie effects on synchronization response -

- ' s . o

~latency distributions.‘ In order to-study’ further the effect -of ' the P et

v

-

. y! - -

o -value of Pl—P3 on synchronization and ta examine the form of the . M_’ .

LT distribution of the duration discrimination cri'terion an experiment waS* L

’ L]

a - . F o _a:.

i conducted in whiéh @ covered a wider range of values than had | '. P

- - .- .

- A S
-

- previously been. studied and took on more than one value wit;hin each -

u_ .

experimental session.w L. ) A W T

vajects J'B 'ar'id GTH served inthis experiment. 'I‘he __:"'-- R

R synchtonization intervals throughout the experiment were. 'Pl

L \-'msec.' for JB and Pl—P2 ‘= 460" msec._fon GTH. For duration vl T T e

- ¢ - [ T TR on -

-

. " — -
. - L . ‘

s .discrimination, the P,-P, }fP wa's always 240 mse .. for both Sg. "n-le_i:e < .-

P
\’y ¢ - B

L were 21 poasible values of AD ranging from 2 to 42. msec. in steps of 2 -7

)r - - R ‘ “a - o .‘ - —" Py
. msec. These were divided into three groups. of. seven values eacti: sma“ll T

= 2 to 14 msec., - medium 716 to 28 msec., large - 30 to 42- msep. R e
v _Ihring eath Session, three values of AD were used one, seleeted from R

.

J ' L
! r - . v -

I :each of, these groups. 'I'hus on any trial P1-P3 c0uld take on, one of MR (( o
L :-si};; possible_ vaiues.. . _l-_:ach of ‘the six: values was equaliy 1ike1y to - : "b ,‘\ T

i ’

" AR 4
- . .‘» ¢ -
. . - - -
. '86 J . ~ R ~ T -
4 s f - - R i -
- - . ’ L s )
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* . - N - -
S -~ oTcur. In addition no P, was presented on one—seventh of the trials.
LT S Ss Tan a total of BS:&ssions in the experiment, sa that they were
oL N -1.—— -

exposed to each AD value in five sessions.- Each time a particular aD

- . B value was 'ﬁsed, {t was combined with different values of AD from the
- '_ - other two groups, as often as possible. -
N T : -As in the previous experiments,. no duration discrimination was

required in block 1 of each session; P, occurred at the P, —P; Mp- (240

- - . mSec.

_ ) on half of the trials and dJ.d not occur on the remaining trials.
T | Ss were required to re'sboud 1?1_ synchrony with P, on every trial. In the
— rena'j.nrng three blocks of eaeh sessionz- synchronization responses were '.
5 - “““made on every trial and du-rqetion discrimination responses were tequired
- - _T o wbenever a P, stimulus was presented. |
o : - : ) Re‘snlts.:. .i}-udration Dis'crimine-tiori;z"'l - )
::. _.‘.:fw'_ ‘” o S :I'he p'robability of a ‘:'l'gng:" duration "didscrimination response,
b-.:"- - _ﬂ;f I:.:_':-' - as, A fdncz:ion of the Pl—P3 1nterval is shown in Figures 22 and 23 for
B - ‘* subjects J“B and GTH respectively. For both subjects, a monotonically
. -.ﬂ. o - increasing ;‘shaped function wa’s obtained The best-fitting cumilative
- ‘_“:N | . triangulaifunctions were. d'etermined for both sets of data.. If the
| ,— ) o : llentvire bsychometr'ic’nariance”were due to a triangularly distributed
L ,‘,é’ -. w - criterion there would be no di*serimination errors for the extreme
,., = . — o T va_lues o?‘ P.l-P_3 . Howeve:: .it‘.lwé's a'ssmﬁiéh that the duration
';“; :" - ‘ di'scrimination stinmlus _is fiot processed oi{’some proportion of the
;*" T - trials (Allam & Krtstof;”e‘r.e‘on, 197';b) ‘ That is, becauee .of momentary
o “ ii_ . *_ «inattenti.o; on some. trials, S does not use’the triangularly distributed
"' :" ~ﬁ A .'—w_-cri.ter:lko.n:tor d:termine whether the presented stimulus is-"short” or
. T _‘— ’“ldng. - 'I‘he:pr.oportion of trials _proceased by the theoretical
T N S - @
me ot ER el e , |
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Figure 22. Probabiliay Of a "long duration discrimination response as CoT '

a function of Pl'Pa interval in Experlment 2. SubJect JB. - Filled
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";-Figz.l,':re 2.3 Probabillty of a- long dunation di’scrimination response as
a’ function of. Pl--P3 interval in Experiment 2. Sub;]ect GTH. Filled
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‘Bl Thus,_these duration discrimination data are consistent with a

lsmallest,=and it was thOught that ‘the decreasing qiestimates eould'be

_—

triangular\criterion 1s- labelled K'in Figures 22 and 23. The

probability of making a. ”long discrimination response on a trial oxq

-

which the stimulus was not processed is labelled B. The q estimates

(half the base of the best -fitting trlangle) ate 15.5 msec. and 17 1 -

msec. for JB- and GTH respectively. The cumulative triangular

distributions provide good fits to the data. However, JB's data were -

also. fit with a normal distribution which fit almost as well as the

-

L

‘ triangular distribution. Details of this ana1y51s are given in- Appendix

N
. '

triangular distribution of the criterion although they do not require'

this assumption. L ) T 1. oo
¥ = .

' The duration discrimination data df,FigurES'ZZ'and 23 are

presented in a different form in Figures 24 and 25 These Figures show*

PR -
-

q estimates as a function of AD in Experiment 2 for subjects JB and GTH

respectively, Ihe q eétimates,were obtained-from,the number of . errors .-

‘
5

made at each value of Pl_P3’ assuming the stimulus is processed by the

duration discrimination mechanism on every trial As in Experiment lC

the estimates of q are not constant across all values of AD.n Estimates-

- o N -

of q are: an increasing function*of AD, exceptﬁfor the smallest “AD- values

for JB. . In fact, the data in Figure 24 are almost exaotly the same as

those in'?igure 18 (except for the three smallest values of AD) which

‘

represent JB s performance in Experiment 1C.- In that experiment JB was

exposed to the" AD values consecutively, from thevl rgest to the |

-
t

due to. practice. However, as was noted in the discussion of Experiment
- Es - 1-' » - ) .
lc non—processing of ‘the duration discrimination stimulus on only a few

’

trials would result in uncotrected q estimates\that increase with AD
:\ ) 1 . - . . \ M. d ‘. H '
- - 5 A ﬁﬂ} f ]

w

-
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2 for‘large valueéz:;:AD when Py would be outside the ranée of thel;
distributlon'of C. The data of Flgure é& were collected about a year ..
after the beginning of Experiment 1c, demonstratlng very stable duration
_discrlminatlon performance. GTH's datar(Figure 23) show the same form
_as- those of JB, except for the smallest AD values where GTH s q-

estlmates were.very 1ow. Thus, ic appears that a triangularly '

distributed criterion, accompanied by the assumption that stimuli are

"not processed on a small prOportlon of the trials provxdes a*reasonable
L . _ i o

.'description of duration dlscrimination performance in the present dual

e

task

: fResoltsi*‘gynchroniiation .
' . : . [

The mean 1atency and variance of the synchronization responses,

7'as a funcrion of P P interval, are shown in: Figures 26 and 27 for_
subjects JB and’ GTH respectively.' Both mean and variance are 1ncrea$ing p |

functious of the P P interval for both Ss, although the data,

2 . >

especlally the variances;'are quite variable.‘-ln fact for JB the
:synchronization variance when P —P = 261 msec. is actually 10wer than

A R

q7whEn P —Pa = 219 msec. Each point in Figures 26 and 27 represents.~i

L B
,

‘_performance on approximately 21& experimental trials. The data of

r
-

J'Figures 26 and 27 ate - represented differently in Figures 28 and 29._;Inﬁ o

e »

"'Figurea 28 and 29, the mean latency and variance of tﬁe synchronization

U responses are shown as a function of AD for JB and GTH, respectively. |

"In these Figuree, which fold in half the functions shown 1 Figures 26

4 and 27 the synchronization performance for both, the short and long Pl

P . B

'ﬁ.PS values, for each value of AD, is shown. In addition the means and

1

T variances of -the synchronization responses on the trials on which no Pq

N adw ‘ : o st w
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. was présénted are shown as a ‘function of the largest 4D value that was

presented in each session. For each value of 4D, the mean énd variance
. —
of the synchronization responses are almost always larger for the longer

-

P ,~P5 value than for the- shorter P,~P; and ifference between the

w0 means and variances increasés as AD increasesy\ The synchronization

E

.responses on the trials on which nd,P3 was presented are very similar to

"those for the longer P,-P; interval for each of the large values of AD.

[

Diséussion
In Experiment 1, -the hypqthesis that the duratlﬁn dlscrimination

criterion formed a pa;t of the S-R chain in response-stImulus

synchronization in the dual task was rejected becéuse duration

: discrim;ggiién performance could be_severely'ﬁisrupted while

synchronization performance.was 1i£;1e affected. In Experiment 2, the

e

séquent{al quél ismcontradicted by the fact that the differences
bétween the synchronization response distfibutions for the long and
short P —P”‘Galﬁes, at each value of 4D, are not as large. as wouldlbe
expected 1f the discrimination criterioﬁ were part of the .
synchronization chain. If a triangular duration discrimin#tion
ériterionfdistribution with a range of 29 formed part of the
synchroniza;ion chain of events, as illustrated in Figure'4, its.effects
‘;hpuldrbe Flgé?lyaevident when Bpa falls oéﬁside the rangefbf C.- F
For lar&e values of AD the synchronization response latency
distributions for each pgir of P|~Py values should differ in mean by the
time between BP 5 and C, and in variance by the variance of C. That 15,
the entire distribution of’C would be included in the distribution of

g

s ) '
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synchronization responses when P,-P3 is "long”, and no part of the
distribution of C would be included when P|-P3 is "short™. The overall
q estimates in Experiment 2 were'15.5 and 17.1 msec. for subjects’ JB nd

GTH, respectively. Triangular distributions with basés of 31 and 34.2

v o S
msec. would have variances of 40.04 and 48.74 wsec.2, respectively.

For J8, when 4D > 31 msec., the difference between the variances ofithe

synchroﬁization response latency distributidns vhen longer apd shorter

~

P|~P3 values are presented, should,bénao msec.? 1In Figure 28, it can be
seen that only one difference (for AD = 36 msec.) 1s this large. For
GTH (see Figure 29), there are four valués of 4D >1§4 msec, For two of

these (36 and 40 msec.), the difference in variahcé between the two
)

synchronization response latency distributions is about 100 msec.?, and

1

%
for the other two values, the difference is much smaller than the 49

2

msec.” predicted by the sequential model of the dual synchronizationm "

duration disérimindf?on task.

¢ Thevexact time of 3P3 ié unknown, but if the afferent

lgtency of an auditory stimulus is deterministic, BP3S shou%? be 4
msec, earlier when AD = 42 mgec. (short'%l—P3 = 219 msec.) than when Ab
= 34 msec (sHort P;-P3 = 223 msec.). Thus, the difference‘in‘the mean
synchronization response latencles for thettwo values of P, P, at egch
valde‘of AD shduld increa;e by 4 msec., as 4D iné;eases from 34 to 42
msec., 1f the sequential model gglds. Responses on trials when the
shorter‘Pl—P3 value 1is ﬁresented would become 4 mseé. earlier as AD
increases , while those on trials when the longer P,-P, value 1s
presented (I, initiated gy C; refer to Figure 4) would have const;ﬁ;

1atency,-for these values of AD. 1In Figure 28, it is clear that the

differences between theiqggn synchronization response laténcies for

-y

g



100
longer and shorter P, ~P3 values do not change as AD increases from 34 to
42 msec. In fact, the totaltdifferences.between the_two latencies are--’
never larger than about 5 msec. for subject JB. For GTH, as 4D

increased from 36 to 42 msec, the difference between the two

synchronization response latencies increased by 1 msec. in Fig. 29, but

-

this is'due to an increase in synchronization latency on long PI—P3
trials, rather. than a decrease in latency on short P, -P, 'trials.
.The results of Experiment 2 are consisteat with' those of Experiment 1 in
_that they do not conform to the quantitative predictions of the

'sequential model of the dual synchronizag

on—duration.discrimination
. task. - |
- In_alnost all of the results describ .olfar the1

chronization response latency distribution has been shorter and less

'n the long Py~Py ds presented for a given value of AD. The

Isequential model depicted in Figure 4, has been rejected as the’ basis
of this finding. Another possible hypothesishwhich could account for
’the Hependence of synchronization responses on Pl—P3 duration ‘is that
the effect is due to the filled-duration t1llusion. This illusion refers
to the fact that a short interval which contains discrete stimulus

‘events is judged longer than an empty interval of the same, duration -
o 1

(Adams 1977 1978;. Buffardi 1971 Thomas&Brown, '1974). In

Waddition, an interval containing stimulus events near its beginning is

]

_judged longer than an interval containing stimulus events near its end

(Adams, 1978; Buffardi 1971). In the present dual synchronization—

duration discrimination task, the synchronization task requires s to

ot

time an interval that sometimes contains an intervening stimulus event
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. '(93).' If-the filied-duration illusion were in effect, S would perceive

.

that more time had goune by on trials on which Py OCCurred and would thus_(r -

K:‘

B make h1s synchronlzatlon response earlier. The earller Pa occurred the

‘earller would be the synchronlzatlon reSponse Although this

explanation has'some 5gpeal there are dlfflcultxes in applylng it to

the present results. The dlfferences in possxble P3 locatlons in_ the
. o :
L]

present expériment are small compared to:the differences between heerly_"
and "late" intervening‘stfmuli that have been used to study the filled-

duration illusion (Adans, 1978; Buffardi, 19711. In compariéon to those

experlments, all of the present P3, locatlons are in the middle of the _

€ PR

.

n-P 1nterva1. In addition, .there is 11ttle ev1dence that the

. .
e

varlab111ty of a perceived interval is affected by the placement of the

1nterven1ng stlmulus.(Adams, 1977, 1978' Thomas”& Brown, 1974), Thus,i

although the filled- duratlon lllusxon might be 1nvoked to explaln the o

effects of P 1ocat1on on mean synchronlzatlon latency, it would not

predict the-variance effects found in the present experlments.: Indeed

'“1f attent1on were momentarlly dlverted to cake onote of an Lntervenlng

istlmulus,.tt mlght be expected that the synchronization variance would
bejincreesed_on.trials when P3 yao presented, reletive to that on‘trials
.when no ?3 Qés presented.' However in the present experlments,
s}nchroanatlon response dzstrlbutlons.on trlale when no P 3 was

presented were almost always more varlable than those of trlals on which

v

~ P3 was . presented ‘-- : .f _1‘ N .7' : ‘Mitn::



The‘Observation Window Hodel

Previous research has shown that a det_rministic time interval
can be inserted 1nto the S-R chain in a response—stimilus
synchronization task (Kristofferson, 1976). The synchronization
response latency variances are constant when the mean latency is”‘
anywhere in the range from 170 to 550 msec.‘ In addition, Ss can change

the mean latency of their synchronization responses by a small amount
> . .,o‘

. between sessions with little or no effect on the response variance.

In duration discrimination it has generally been found that the

psychometric variance is .an increasing function of base duration (Abel

. 1972 a,b; Allan et al , 1971; Creelman 1962 Divenyi & Danner, 1977

a

Getty, 1975}, although this variance can be- constant for a restricted
range of base ddrstions (Kristofferson 1980) Changing the base

duration in a duration discrimination task betWEen sessions ‘results in

an increase in the psychometric variance, which gradually decreases

after many sessions of practice (Allan & Kristofferson 1974 b;

Kristofferson, 1980).

The present research has confirmed these characteristics of both

W

the synchronization and duration discrimination tasks, when the two are

performednconcurrently. In Experiment 1, a small range of duration

discrimination base durations was. used but changing the base duration

between sessions disrupted discrimination performance. The mean

synchronization latency could be changed with little effect on response

variance. The interpolation of' a duration discrimination task within\ﬁ\?

~
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the synchronizatien Interval does not affect this property of ‘the

: synchronization timer:
In both Experiments 1 and”Z the 1nterpolation of the duration
discrimination stimuli within the synchronizition interval had .

systematic effects on’ synchronization responses in the-dual task

sftuation. On triils on whichAthe PI—PB-interval was: short the mesn S

latency and variance of the synchronization response distributions were o

-

lower than on trials When the P —P3 interval was "long”. The.
. Q’

differences between the synchronization response distributions uere S

"l

larger when the range of possible P,-P, values-was larger. Trials on
which no P3 was presented had synchronization response latency means and
.variances similar to, or larger than, those of* triais .on which the -

long P1'P3 interval was presented | Despite this dependence on the
value of P —P3, synchronization variance was independent of P -P
duration, showing that at least one timing component of 'the
synchronization S R chain is deterministic - the latency can be
increased without an increase in variance. -

‘ The above-described effects of the discrimination stimuli within
the: synchronization interval would reSult if the timing of the
deterministic synchronization interval were intermittently disrupted
when the presentation of . a discrimination stimulus is expected So many:

‘attentional and processing resources are used in looking for and
deciding the time of occurrence of P3 that the timing of the’
synchronization interval occasionally stops. Q;F is resumed almost
immediately. Each tiny discontinuity would increaseﬁthe total elapsed

time from Pl to the synchronization rEsponse, but the breaks are ignored

by S in producing‘the synchronization interval S‘looks for’P3 duringr

- .



when Pl is observed. At time 01, the beginning of the observation
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an observation window whose size and location is determined by the

-¢

.range and midpoint of the possible Pl—P3 intervals. Once a P3 stimulus -

"has been observed the timing of the synchronization interval is "'; T

- - 4

' completed without further interruption. _The-obseryationhwindow “_f.-

represents a period of-unCErtainty.during which § is'awaiting the L

mstimulus marking the end of'the-Pl—P3 intervalf 'The modei is.

‘illustrated in Figure 30 Figure 30 1 shows the chain of events in a- =

response—stimulus synchronization task. This illustration is like that

of Figure 2, except that the two. quantal steps have been omitted for

simplicity._ The remainder of Figure 30 shows ‘what happens when a
R

- "duration discrimination task is inserted into the-synchronization

, interval The size and placement of the observationfwindow are

u_determined by experience with the set of possible Py locations.,'A ‘ w.i_?f‘f
-specific mechanism for the-production of the deterministicll

‘::synchronization interval is not proposed here., The only assumption made IR

about the production of this interval is that -1t can be resumed

3

"accurately after very brief interruptions.~-A'

On any trial in the- dual- task situation S begins producing d

‘window, S begins to 1ook for Pa. The Py=0y interval fs deterministic.

The observation window begins after a fixed ‘amount of- d has been timed._h
During the observation window, when S is prepared to obserne the time of R
P3, ‘theré are uery brief discontinuities in d After each‘break, the

production of d is resumed where 1t left off CIf P3 is observed - no

further interruptions occur and the remainder of d is tined outs’ The”

total length of the deterministic interval d is always ‘the same. If-py-

does not occur, no more breaks in doccur after 0,, the end of the

-
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. Figureigo. 'Observation Window Model of ﬁerformance 1n the duai
héynchrenizétion—durétion discrimination task. (i) synchronization task |
"fonly, (ii) “short" P ~P31Iﬁterval (iii) 1ong” Pl-P interval; (iv) no )
. P3.- a. afferentvlatency of marker stimulus--ﬁ. central arrival time of
i marker stimuluS' d inxernally—timed deterministic incerval- e: efferent

laCency of motor responses; Pi, Pz, and Pj: auditory stimuli; 01 and 02.

“beginning and end, respectively, of observation’ window. ‘/ﬁ
- - al A )
. .
4 - - L
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observation gindoa.r'o does notloccur when P3 has been presented. When

'Pglis not presented the observation window ends when a fixed amount of
d has been timed after 0,. -Thus, the real time of the P,-0, interval is

variable, being longer on trials when there are more breaks in d. In

Figure :30, 11, 1.11-,' and iv, the straight line representing the
deterministic interval d is the same 1ength in all three cases.
However, thé synchronization response is latest in case iv because there

have been more interruptions in d. Each interruption adds a very small

s

.amount of time to the- synchronization response - latency. Ihe length of d

1s adjusted through feedback on synchronization performance s0 that

synchronization performance is accurate. In Figures 26 to 29, it can be'

&

';: seen that the mean synchronization latency was most veridical on the

4

-

trials on which no P3 is presented and on the trials with the longest

Pl-P3 intervals. This spggestg fhab}ein adjusting the duration of d, Ss.

give more. weight to synchroniLation feedback on trials on which no Py is

H -

"presented As can be seen inp Figure 30, the observed distribution of

'f,synchronization response latencies will be earliest and least variable

- when.a short" PI—P3 interval is presented and latest'and most variable

e

o

.'when no P3 is presented. The amount .of d that mist be timed after 0

-

before the observation window ends 1is determined by experience with a

set of P —P 1ntervals. Ihe Smallest useful observation window 0 0

,-.._ o 3 L4

wquld be timed such that, ‘should no checkpoints occur, 02 would occur

1

immediately after the latest possible time of,B 3: In this case,r

9 h\‘ e

..the" synchronization response distribution on trials on which no P is

preaented will‘look like that on the ”long Pl'Pa trials, as was the

e o

case in Experiment 2
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. : Evidence Supporting the Observation Window Model

>

In Experiment'lA when the P1-P3 MP was increased, the

synchronizatron response latencies for trials on which no P, was

presented showed a larger increase in mean and variance than did those

= Sy

-~ for trials on which P3 was presented (refer to Figure 13). The

fdifference between synchronization responses on "no P3" trials and on

:“Patrtrials, decreased as CK had more practice with the new value of the

A

Pl—P3 MP (285 msec.). Table 4 shows the average statistics for the -~

-5

first and last five sessions for which P 1 Py MPe= 285 msec. These
results are easily understood in terms of the Observatif? Window Model
of the dual task. When the P 17FP3 MP is increased, 0, and 0* the.
boundaries of the observation window, are in&reased. The “dmount by
wbich O1 may be increased without introducing too many errors is limited

v . v by the smallest value of P1-Pj. However 02 may be increased by a large
- o amount with0ur excluding BP from the observation window. This is
“-‘B._ f

' \\\_ apparéﬁti?*what happened in Experiment lA. According to the Observarion.

) . Wind; Model d continues uninterrupted once P3 has been observed. Hf??i‘ e
\_,// ’ - .o . J'G ) .IM\” -
Thus, a large increase in the size of ﬁge observation window vould have S

-y o

little effect on synchronization responses whén P3 occurs. On trials on «

i

which no Py is presented there are discontinuities in d until the—end .

of the observation window (02), adding to the mean ant ariance‘of-the.;-

f//;;nchron ation responses. When the P,-P, .MP was increased the” . f f*’fﬁ_éaﬁ

uncertain period, during which C&\:Ef:red for pj, increased and filled -
re of the synchronization interval Ag 0, increased more thaniol, the
"and variance gf synchronization responges, on trilals on which no- P3
was presented increased more than did those on discrimination trials.

After prolonged practice with a particular Pl—P3 MP,'the observation -~
~— .
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Table 4: Synchronization performance by P1—Pé interval, Experiment lA.

Subject CK. P1-P3 MP = 285 msec.; AD = 10 msec. — -

¢

. MEAN jxﬂéﬁRONIZATION LATENCY (MSEC.)

P,~P,: 280 . 290 | no By ) -‘g

TN

- -difference - : diffe:énce‘ .l - o L Ve
H“ . ’ . T

FIRST FIVE . 456.21 2.82 . 459.03 . 7.44° - 466.00 .

- SESSIONS . ‘ ' - _ :

MLAST FIVE 458.79  0.35 © 459.14° 271 461.85
- SESSIONS ' : ’ o L : -

T

MEAN SYNCHRONIZATION VARAMNCE (MSEC.2)

"FIRST FIVE
‘SESSIONS
—~ 7 | , .. o
{AST FIVE .176.13  22.39 ©198.52 18.11 . 216.63  *
SESSIONS' T o DA ST e

T176.65 © 6.55  183.20 0 79.13  262.33
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o window became smaller so that it more closely approximated the range of

l . possible P1-Pj3 Jﬁlues. . As’ the observation window shrank, the difference

-f - : between the distributions of s‘}mchronizarion response latencies on "no }»
[ , : : :
o P3" and "P3" trials was reduced Table 4 show's mhat the time by which

t e average synchronization response on "no Py ~trials exceeded the

average on "long” P3 trials changed from 7.44 msec. to 2. 71 msec. after

about 15 sessions of practice.f The difference in variance between these

F\\\_,;///{ two distributions changed from J? 13,msec.2 to I8, ll msec.2 Thus, after
practice with P1-Py MP ':=285 msec., “the breaks in d occurring after- the .
later p0531ble time of P3 added 2 71 msec. and 18;11 msec.2 variance to

onization response

d. ~ The diffeﬁi\jf between the means of the. sync

‘.distr§§utions on longﬂ;and_;ghor Ps trials was

‘the. last five sessions for which P P MP = 285. How

ess. than l msec. in

t

rer, the average

‘ difEErence betweeﬁ the variance,of these two distributions actually

S e i -

increased to 22 39 msec.2 It can be seen. in Figure 13 ‘that this result

is mainly due to one session in which an unusually high synchronization

- . variance was produced. -~

- d— % l The Observation Window Model is also consistent with the results

of Experiment 1c, where AD was decreased in congecutive sets of
sessions. .As AD decreased, - the difference between the\distributions of

) synchronization response 1atencies on the three types of trials ("short" -

Pl—P3, long PI-P3, no P3) decreased "A$ ean be seen in Figures 20 and

21, ‘the leading edges of the distributions overlap, larger means and

‘variances are due to a 1arger proportion of long responses. When AD is )

v - - -

flarge, the observation window {s larger than when AD is small._ Thus, LT

when AD is large and the Pl-—P3 interval is'"long,' the subject spends a

VRN

7 relatively long time in a state of uncertainty and a large number of
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.breaks occur in*the internal synchronization;interval._ The-distribution

P

“smaller, There are fewer 1nterrupt10ns in-d than when M is 1arge. In -

P

of snghronlzatlon latencies is later than that for the "short" value of

—P

1 Tf In Figure 20, where o = 32 msec., the synchron1zat10n responses

. when P FP 3—‘256 msec. are 4.4 msec. longer and’ 14, 58 msec. &mmrel

P

variable than those found when P -P3 224 wmsec. When D is small the

observatxon wxndow is. smaller and - there—are fewer breaks in d betueen 01

'(and when P P 1s long . Therefore the dlfference between
. 3

synchronlzatlon response dlstrlbutlons for. the two values of PlfPs is

1

Fxgure 21, where d) 4 msec., the synchronization responsestwhen PPy

' those found when P *P = 238 msec.: In these sess1ons, the observatlon

-on whxch P]fP3 is "1ong" and forqtrials on'which no:P3 is presented,

= be continuous. R -

~and 14.58 msec. 2 variance to responses when the "long" P ,-P , interval is

= 242 msec:’ are 0 6 msec, 1onger and 3.8'msee.znwre variable than SN

w;ndow is smaller than for the seSSLOns represented in Figure 20. 1In

F1gure 21, the 1ead1ng edges of the dlstrlbutxons are very close

together, 1mp1y1ng‘that,‘when the ocbservation window is very. small (D =

4 msec.) there are often no breaks in d. For the sessions represented
- .

in Figure 20 ID = 34 msec. and the observatLon wxndow is 1arger. The

S

.1ead1ng edges of the synchronxzatlon response dxstrxbutzons for trials

separate more qulckly from the 1ead1ng edge of the synchronlzaelon

' response dxstr1but10n for tr1als on whlch P1P3is "short" This shows

that when the observatlon window ‘is 1arge, it is less 11ke1y that d will

s Ty

e