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ABSTRACT

This research is an extensive investigation of the
discriminability of brief intermodal temporal intervals. For
intervals of less than 700msec., the level of performance is
lower than that of intramodal intervals. In that range two
psychophysical methods, Many-to-Few and Single Stimulus, give
very different discrimination functions. However, the duration
of the markers and the type of intermodal intervals are found
not to be effective variables. An empirical relationship des-
cribing SD/DT75 as constant is shown to hold for a number of
intra and intermodal psychometric functions.

Two quantitative models developed to account for
intramodal duration discrimination, describe very well inter-
modal discrimination in two experiments. Although none can be
rejected, the onset-offset model is prefered because it represents
better the totality of the results in this research. Finally,
response latencies clearly indicate the operation of a real-time
criterion mechanism in duration discrimination.

It is concluded that duration discrimination is under

1

the control of a single central timekeeper.
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I. INTRODUCTION

1.1 General statement of the problem.

The assessment of the duration of a temporal interval
has to be performed through the observation of a given process
whose state varies reliably in time. This is true of psycho-
logical as well as physical measurement. When a human observer
(0) is required to assess the duration of an interval defined

by two successive external events m, and m his assessment

i 27
will then be a function of variations in the state of some
internal process, I. Furthermore, it is a common éonception
that his ability to discriminate between two such intervals
of physical duration dO and dl, will depend on those intervals
producing discriminable states do(I) and dl(I)‘

The identification of a mechanism respcnsible for the
assessment of the temporal extent of a stimulus by a human
observer has proved to be a very difficult task. Most authors,
as pointed out by Michon (1967a), have proposed the existence
of some internal timing device or "clock" whcse nature has
been taken to be anything from heart rate and cerebral alpha
rhythm, to attention and neural pulse counting. These proces-
ses are assumed to operate only on the temporal dimension of
the stimulation whcese duration is to be evaluated and not on
the total content or gome other aspect of its sensory input.

However, that very same assumption has been strongly question-

ned by many authors; Fraisse (1967) and Ornstein (1970) amongst

1



others, consider I as being dependent on the fotal sensory
input of the stimulus and its memory trace rather than on the
activity of a so called "time sense" or clock.

This question of depeudence or independence of human
duration processing from non-temporal aspects of sensory input
has been one of the most enduring problems in the field of time
perception. As early as 1891, Nichols concluded that the
major reason for the state of confusion prevailing in the re-
search on duration was linked to the difficulty of isolating
a "time sense" independent of the total content of sensory
input. More than half a century later, Creelman (1962) reports:
"es«s this éuestion has not yet been resolved..”.

Allan & Kristofferson (1974a) reviewed recent eviden-
ce that brings some support to the assumption of independence
of duration processing from non-temporal stimulus information,
namely the energy content of the intervals to be discriminated.
However, there always remains the possibility of complex sen-
sory activity providing information with regard to the tempo-
ral extent of an interval. It had been proposed (Abel,1972a)
that using empty intervals marked by two pulses might obkviate
the problem of energy content carrying temporal information.
But, even in that case, modality specific sensory interac-
tions are likely to occur and possibly interact with a central
timing system. That eventuality could be greatly reduced by
having intervals defined by intermodal events i.e. events oc-

curing in different sensory modalities. Indeed, a temporal in-
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terval bounded by a light flash and a brief tbne is less like-
ly to allow for direct sensory interactions to happen during
the interval. Thus, the performance of an O in a situation

of duration discrimination oi such intervals is likely to be
mainly dependent on the characteristics of an internal timing
device operating on the temporal information content of the
intervals.

Then, obtaining information pertaining to such an ex-
perimental situation could be of definite value for the un-
derstanding of human duration information processing. Thus,
the aim of the present thesis will be to conduct an exten-
sive study 6f duration discrimination of empty intervals mar-
ked by the offset of a visual signal and the onset of an au-
ditory one. We shall refer from now on to such a temporal
pattern as an intermodal interval. In the present state of the
research only a short report (Rousseau & Kristofferson,1973)
is available on intermodal duration discrimination. Actually,
that study was part of the present programme of research and
has been summarized for publication. It will be reported as
exp. 1 in the present thesis, for sake of continuity and with
a much more detailed analysis than in its published form.

A major restriction will be imposed on the scope of
the present work having to do with the range of durations to
be studied:the observgrs will be presented with brief inter-
vals of duration in the range of .1 to 3sec. Indeed, it has

been stated (Ornstein,1970;Fraisse,1967;Michon,1967,a,b;Car-



botte,1974) that different mechanisms are likely to be opera-
ting at different ranges of duration. Ornstein (1970) and Mi-
chon (1967) following Fraisse (1967) report that different
mechanisms would be processing durations shorter and longer
than 2 to 5sec. Moreover, most quantitative models of duration
discrimination (Creelman,l196l;Allan,Kristofferson & Wiens,1970;
McKee,Allan & Kristofferson,1970;Carbotte,1974) have concen-
trated on brief durations, shorter than 2sec. Thus, the iso-
lation of the characteristics of an internal process specific
to duration processing is very likely to be facilitated by 1li-
miting the present investigation to a comparable range of du-

rations.



1.2 Temporal order and successiveness discrimination.

There is currently little evidence available on the
discrimination of duration of intermodal intervals. However,
there exists a large body of information that may pertain to
the problem coming from tasks where the Os have to process
intervals of null or near zero duration. The situations, dea-
ling with the question of temporal resolution power of a hu-
man observer can be partitioned into two major classes:1)
task where the Os have to report on the successiveness or si-
multaneity of two events (successiveness discrimination); 2)
tasks in which the Os are required to tell the order of occu-
reﬁce of successive signals (temporal order judgement, TOJ).
Much in the same manner as for duration discrimination, there
have been arguments concerning the nature of one or many me-
chanisms that could account for the performance of Os in such
tasks. In the following review of the literature on temporal
order and successiveness discrimination, we will try to ascer-
tain the value of the rationnale of the present work as deve-
loped in the previous section. That is, we will seek to eval-
uate the importance of the use of intermodal signals for spe-
cifying the operating characteristics of an internal timing
device indépendent of/non—temporal information present in a

given temporal pattern.



Hirsh and Sherrick (1961) obtained TOJ for pairs of
intramodal and intermodal pulsed signals. They used auditory,
visual and tactile signals. Each of the three intramodal con-
ditions and the intermodal one were run separately. The re-
sult was somewhat surprising; in all four conditions, the tem-
poral intervalibetween the signals required for the Os to cor-
rectly report the order of presentétion in 75% of the cases
(DT75) turned out to be constant around 20msec. Thus, the
existence of a common DT75 value for temporal order of any
pair of signals led Hirsh & Sherrick to propose the existence
of a common temporal processing mechanism independent of peri-
phal sensory interactions, i.e. a central processor.

That generalisation soon came under gquestion on various
grounds. First, in very similar testing conditions, Hirsh &
Fraisse (1964) and Gengel & Hirsh (1970) report much higher
DT75 (=60msec,) with intermodal pulsed signals. However, in
both cases, the authors argued that the apparent lack of sup-
port for Hirsh & Sherrick (1961) was due to the use of
highly experienced Os by the latter. Indeed, Gengel & Hirsh
(1970) lowered the DT, to l4msec. by providing their Os with
a large amount of practice. So, while Hirsh & Fraisse (1264),

Gengel & Hirsh (1970) do bring a qualification to Hirsh &
Sherrick (1961), it dé%s not affect their main reasoning.

However, much more serious were the claims that Hirsh



& Sherrick's results were dependent on the specific stimulus
conditions present in their experimentation and that their
interpretation of the results in terms of the existence of

a common central temporal processor was not warranted.

Indeed, Rutschman & Link (1964) report that the DT,,5 is in-
creased to almost 50msec. when Os are required to judge the
order of occurence of the onsets of a lOmsec. tone and a
50msec. light. The importance of the duration of the signals
to be ordered was further emphasised by the results of Oatley,
Robinson & Scanlan (1969) in a task involving intramodal
stimuli. Their Os had to give TOJ to stimuli whose onsets

were displaced in time by DTmsec., and which terminated
simultaneously after at least 2sec. in such a situation where
all the temporal order information is contained in the signal
onsets the DT7g was found to be around 60msec. Similar results
are reported by Kristofferson (1967) in an intermodal success-
iveness discrimination task. A light and a tone were presented
‘simultaneously and their offset could either ke simultaneous,
after a 2 sec. duration, or the tone offset could be delayed
by DTmsec. on a given trial. DT, for correct discrimination
of offset successiveness was found to be 60msec. So, the
existence of a single DT ¢ for temporal order judgements is
far from being supported by the evidence. However, the fact
that comparable manipulations in testing conditions induce
cimilar results with intramodal or intermodel signals, still

supports the assumption of a central processor mediating in-



formation about temporal order of events. Indeed, the very
same line of thought led Efron (1970,1973) to propose the
existence of a central centre for judgements of perceived
simultaneity of onsets of intermodal and intramodal stimuli.
In a typical situation, the O had to adjust the onset of a
brief index stimulus to either the onset or the offset, ac-
cording to the experimental condition, of a test stimulus
whose duration could be varied at random over trials. In such
a task, the Os showed a systematic error when adjusting the
index stimulus onset to the test stimulus offset. The error
is a slope 1 linear function of the test stimulus duration
up to a critical point around l30msec. where it becomes a
constant. Thus, the internal representation of intermodal
and intramodal test stimulus is claimed to be of constant
duration up to 130msec. Such results support the possibility
that tempcral organisation of stimuli is performed by a
common central mechanism.

However, there are reports in which the temporal re-
solution power for intramodal signals is markedly superior
to any value obtained with intermodal signals. Robinson
(1367) cbtained TOJ for luminous triangle and square. Under
binocular presentation his results replicate Hirsh & Sher-
rick's (1961). However, for dichoptic stimulation the DT

i3

was less than 5Smsec. - Thus, the existence of a constant DT75

for TOJ claimed by Hirsh & Sherrick is very likely to be de-

pendent on specific experimental conditions. This possibility



is further supported by many findings in the domain of audi-
tion. Green (1971) reports that TOJ for tones of different
frequencies can yield DT75 of Smsec and as low as 6usec.
under certain conditions. Fur‘:hermore, Collyer (1971) showed
that for successiveness discrimination of onset of response
terminated tones of different frequencies DT75 was 6émsec.
Moreover, modifications in the size of the difference in fre-
quency produced appreciable shifts in the value of the DT75.
Such results do suggest the existence of an action of sensory
interactiops on the judgement of temporal sequence of signals.
Actually, direct evidence of sensory interactions on

the judgemeht providing cues for TOJ has been presented by

Babkoff & Sutton (1963). Their Os were presented dichotically
with equal energy clicks and had to identify the ear which

was stimulated first. They reported a DT of 15 to 20msec.,

75
comparable to what Hirsh & Sherrick (1961) obtained under
comparable conditions. However, they also required their Os

to make judgements on the relative loudness cf the clicks, at
the same time as the TOJ were made. The results show that as
DT is increased from 12 to 20msec. the probability of equal
loudness judgements goes from 0 to 1.0 while that of a correct
TOJ drops from 1.0 to .70. So, it is very likely that in the
present case the TOJ were mediated partly by the end-result

of sensory interactions between the clicks, namely the dif-

ference in loudness between the signals. Furthermore, such
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a result points out that similarity in performance in two
experimental conditions can be by itself misleading and is
not necessarily an indication of a common mechanism underlying
botn sets of results. Thus, this casts some doubts on the
argumentation presented by Hirsh & Sherrick, and also Efron,
which was based on the comparable level of performance obtained
for intramodal and intermodal conditions of stimulation. So,
while under certain circumstances it can be argued that the
temporal resolution capacity of human observers is mediated
by a central processor, it is evident that it is far from
being the sole means of discriminating order or successiveness
of sensory events. However, this is not to say that the evi-
dence just reviewed rules out the existence of a central pro=
cessor, but it does point out the importance of controlling
for confoundiﬁg variables when dealing with temporal order
or successiveness judgements of intramodal signals.

In a recent review on the problem of temporal order
" judgement Sternberé & Knoll (1973) commented on the desirabi-
lity of using intermodal signals to reduce the likelihood of
sensory interactions, thus making the performance more likely
to depend on the temporal characteristics of the stimuli to
be ordered. Collyer (1974) reports evidence which supports
Sternberg's position. In a situation similar to Collyer (1971)
the Os were asked to discriminate the successiveness of on-
sets of response terminated stimuli. Three types of signal

pairs were used; in a given pair, the stimuli could either
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be two tones of same frequency (ST), two tones of different
frequency (DT) or a light and a tone (LT). The conditions were
run in separate blocksof trials within a session. The values
for DT75 were 6msec. in condition ST, l1l5msec, in DT and,
50msec, in LT, values which replicate those previously ob-
tained in comparable situations. However, the main feature
of the report is that the individual performances in condi-
tion LT could be very well accounted for by a quantitative
model assuming that the O is using only the temporal infor-
mation provided by the signals. On the other hand, the same
model gave a pcor fit for the performance in both intramodal
conditions.

Thus, it appears that for intervals of null or near
zero duration, the use of intermodal signals minimises the oc-
currence of sensory interactions, and therefore is likely
to provide a more valid means of isolating the operating cha-
racteristics of a central timing mechanism. It could be argued
that while this is the case when dealing with very brief
temporal intervals the possibility of occurrence of intramodal
sensory interactions could be reducz2d in situations involving
longer durations, as is the case in duration discrimination.
However, intermodal intervals would enable one to assume a
central mechanism to process duration over a large range of
durations without having to consider some other mechanism as
being concurrently active in some part of the range as could

be the case if sensory interactions wculd provide cues on the



temporal extent of a given interval.
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1.3 Duration discrimination of brief empty intervals.

In the present section we will first discuss the
conditions under which intermodal duration discriminacion
could be assumed to be comparable to TOJ and successiveness
discrimination conditions which have supported the rationnale
developed in section l.l.Then, we will proceed to describe
systematically a duration discrimination task. Finally, we
will review the evidence available on the effect of non-
temporal stimulus variables on performance in duration dis-

crimination of intramodal empty intervals.

1.3.1 The distinction between filled and empty intervals.

Since the inception of the psychophysics of duration,
a distinction has been made between a filled interval of time
marked by a continuous stimulus, and an empty interval defined
by the gap between two stimuli. Recently, authors have agreed,
from different points of view, on the conclusion that the
distinction was of minimal value. Fraisse (1967) reports that
the difference in performance between filled and empty inter-
vals is not significant. Furthermore, Allan & Kristofferéon
(1974a) claim that the distinction is not of importance with
regard to the elaboration of theoretical models of duration
processing. However, we would like to argue that the filled
vs empty intervals distinction is of importance when dealing

with intermodal signals.
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In section 1.1 intermodal intervals were defined as
empty intervals bounded by stimuli presented to different sen-
sory modalities. Moreover, it was shown through section 1.2
that for very brief durations, such intervals may provide a
means of access to a central temporal processor. However,
the mere use of intermodal signals in a duration discrimina-
tion task is not a sufficient condition to minimise the
existence of non-temporal cues of sensory origin as one can
argue from reports of studies performed with filled intermodal
intervals. In some cases (Eijkman & Vendrik,1965; Tanner,
Patton & Atkinscen,1965) the O had to discriminate between
auditory and visual intervals, whereas in others (Goldstone,
Boardman & Lhamon,1959;Behar & Bevan,1961) an absolute rating
of the perceived duration of heterogeneous stimuli was re-
quired. The crucial point in all these studies is that the
stimulus defining a given temporal interval is always
completely presented to a given sensory modality. So, while
the comparison of duraticns is intermodal, the processing of
any one interval is intramodal. Consequently, any specific
sensory processing mechanism which could be operating with
intramcdal stimuli is still available to the O with intermodal
filled intervals. Thus, the relevance of such work for the
isolation of a centrgl timing mechanism is at least doubtful

and does not follow the reasoning developed in section 1.2.
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Again, this is not to say that a central timing mechanism
could not be operating in situations involving filled inter-
modal intervals. It is simply that in that case the logical
liriits imposed on the class of possible mechanisms by the
experimental situation is not really different than for in-
tramodal interval situations. On the contrary, intermodal
intervals as defined in the present work are directly com-
parable to the intermodal stimulus situations presented in

the preceding section.

1.3.2 Some methodological considerations.

Whilst we have hitherto used the term discriminatiocn
quite loosely we will now proceed to describe systematically
the structure of a duration discrimination task. In such a
task, a set D.of n intervals of non-~zero duration: do’dl""'
di,dn, is arbitrarily partitioned into two subsets, Ds (short
durations) and D, (long durations), and the O's task is to
tell apart elements of either set. Classically, the parti-
tioning of the main set D has been done in two ways: type
A) the short subset DS contains only one element do which is
called standard or base duration, and the n-1 remaining in-

tervals in D: dl’d2"'°’di’dn form D, and are called com-

4

parisocn stimuli. All the elements of D1 can be defined as
di=dd+DT; (or sometimes dotDT); type B) the main set D is
partitioned into Dy and D; by a criterion value which

is not an element of D. That criterion, M.P. is arbitrarily
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defined as the mid-point value in real time, between the two
elements from each subset being the closest from each another.
Each elemernt diof D can be described as di=M.P.iDT. Within
either partitioning type, there are two basic methods of
presenting the stimuli to the O on any trial. The choice of

a given method determines the type of response required. In
the single stimulus (SS) method, on any trial the O is pre-
sented with a single interval, di, and has to tell whether it
is a member of Ds' by a response RO and conversely, a member
of Dl an Rl (long) . In the two alternative forced choice
method (2A¥C) two intervals, one from each subsef, are given
sequentially to the O and his task is then to identify in
which position, first, Rl' or second, R2, the member of a gi-
ven subset was presented. The classical method of constant
stimuli is a 2AFC set up with a Type A partitioning. Recently,
some experiments (e.g.Kristofferson 1973,Allan & Kristofferson,
1974b) have been performed with a method called "many-to-few"
M.-F. which is a SS method with a Type B partitioning.

The principal means of representing the performance
observed under any of the conditions describzsd above is the
psychometric function where some index of performance, say,
the probability of a correct response P(c) is shown as a
function of all di or DT. Furthermore, the keenness of the
discrimination is commonly shown as the ratio cof the DT75
over the base duration dO or the mid-point critericn, DTTS/M‘P'

commonly referred to as the Weber ratio.
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1.3.3 The effect of non-temporal stimulus variables on dura-

tion discrimination of empty intervals.

Unlike the situation encountered with TOJ and suc-
cessiveness discrimination, very little is known concerning
the importance of stimulus variables in gap duration discri-
mination . However, as pointed out by Allan & Kristofferson
(1974a) the acquisition of precise information on the effect
of stimulus variables is of importance for the development of
quantitative models of duration processing. Indeed, as will
be shown in.the next section, all current quantitative models
assume the temporal stimulus dimension as being the sole in-
formation used by an 0 in a duration discrimination situation.

Currently, the information concerning the influence
of stimulus variables is mainly provided by studies in which
the energy content of the markers has been manipulated. Abel
(1972a) varied the duration and the intensity of gaussian
noise burst markers over a range of gap durations from .63 to
640msec. Three conditions were run successively with the mar-
kers specified as follows: 1) lOmsec. 85dB, 2) 300msec. 70d4B,
3) 1lOmsec. 70dB. The results show a constant superiority in
performance over the whole range of durations for condition
1 by comparison with condition 3. However, certain features
of the results call fo? caution with regard to the claim of
an effect of marker intensity. For conditions 1 and 2 the data

17
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are pooled over 3 Os while for condition 3 over Z Os only.
Furthermore, nc¢ individual data or statistical measure of
dispersion was provided. So, one is entitled to wonder on

the relative importance of having dropped one O on the

observed difference between conditions 1 and 3. Moreover, the
overall level of performance is much lower than in previous-

ly reported comparable work (Blakely,1933;Kristofferson,1973;
Carbotte & Kristofferson,1972). On-the other hand, Carbotte &
Kristofferscen (1973) measured variations in P(c) as a function
of different intensity levels of 2kHz l0msec. pure tone markers
for base durations of: 50,150 and 250msec., and a constant
10msec DT. They used mainly two intensity levels: 61dB and
98dB. In such a situation where the éifference in intensity
between the experimental conditions (37dB) is much larger than
that of Abel (i972a),hardly any difference in P(c) was observed
between marker intensity conditions; for the do=150msec. there
is a definite trend for the high intensity (98dB) condition

fo show a better performance, but even then the improvement is
rather small, around 5%. A further insight on the problem comes
from Nilsson (1969). He obtained psychometric functions for 6
values of dO ranging from Q0 to 75msec. at three levels of 1lu-
minance 50,200 and 2000mL of lmsec. light flash markers. An
analysis of variance showed no effect of the luminance levels
on the performance. A $imilar lack of evidence on the influence
of the energy content of the temporal patterns to be discrimi-

nated has been reported in several studies involving filled
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intervals (Henry,1947;Allan,Kristofferson & Wiens,1971;
Creelman,1962;Abel,1972b).

Thus, the energy content of the stimuli marking an
empty temporal interval does not seem to be a crucial variable
in a duration discrimination task. However, the argumentation
presented in 1.2 concerning the minimisation of sensory cues
in situations dealing with duration processing is relevant.

A case can be made for the use of intermodal intervals in order

to reduce the emergence of non-temporal cues of sensory origin.



1.4 Theoretical analysis of duration discrimination.

Up to the last decade, the theorizing on processing
cf short intervals of time was rather poor. Indeed, most
theories had been proposed around the turn of the century and
were essentially descriptive and supported by a small amount
of experimental work (Nichols,1891;Woodrow,1951). As a result,
the research performed before the sixties (Woodrow,1928;Blakely,
1933;Henry,1948) was primarily empirical and not_theory ins-
pired. Such studies were, in fact, typical offsprings of
classical psychophysics and are best understood within its
context.

However, over the last 20 years the rise of new
psychophysical theories, mainly the Theory of Signal Detection
(Green & Swets,1966), has led to the development of quanti-
tative models of processing of short duration (e.g. Creelman,
1261;21lan,Kristofferson & Wiens,1971). So, the experimental
work which followed was often directed towards an evaluation
of the models in terms quite different than those of classical
psychophysics. In this section we intend to present separately

these two approaches.

1.4.1 Classical psychophysics of duration discrimination.
The basic méasure of performance of classical psy-

chophysics is the thresheld. In the case of discrimination it

20
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is usually the difference (DS) between two stimulus values,
on the physical dimension (S), sufficient to achieve a 75%
correct level of performance. In the case of duration discri-
mination such an occurence has been previously defined as DT.g-
This threshold has been found to be a function of the absolute
magnitude of the stimulus values on the physical dimension
under study. The relationship between the threshold DT and

15

the physical magnitude of the stimuli S, DT..=f(S), has been

75
considered as showing the functional relationship between
input and output of a processor (Treisman,1964) or between
physical and psychological dimensions (Guilford,1954). Thus,
establishiné the shape of this function could be useful in
setting lcgical limits upon the possible class of mechanisms
considered for quantitative modeling.

The classical representation of the relationship
DT75=f(S) is the wellknown Weber law DT=kS or DT/S=k. So, in
duration discrimination, the function would show DT75 vs T as
a straight line with slope k and zero intercept and a Weber
ratio DT/T equal to k. Very early, (Nichols,1891) such a
function was reported not to be an accurate representation of
the results observed in most studies. The Weber ratio was not
a constant but rather a decreasing function of T at short
values down to a local minimum around 600msec. and then cons-
tant up to.2 or 3sec. where it becomes an increasing function

of T. It is readily apparent that in such a function DT will

not be a slope k zero-intercept function of T. Consequently,
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the DT=f (T) function was reported to be better fitted by a
power transformation of Weber's law, DT=kT% (Henry,1947) with
.5<a<l,or by a linear transform, DT=k(t+a) (Treisman,1963).
Howcver, in these cases DT was always a monotonic function
of T. Recently, authors (Abel,1972a,1972b;Kristofferson,1973;
Allan & Kristofferson,;1974b;Rousseau & Kristofferson,1972)
have reported functions where DT is constant over a large
range of T values and then shifts abruptly to a larger value
as T is further increased. Thus, it is likely that quantita-
tive models assuming a simple monotonic relationship between
DT and T will have difficulty in accounting for some results.
Unfortunately, one cannot hope to find, from the variety of
proposed functions some indication with regard to a single
best fitting function in a duration discrimination situation.
As we have mentioned before, classical psychophysics
has been recognised mainly as having empirical value. That is
to say, it was an objective means of measuring performance in
a controlled situation with reliable methods. In such a con-
text, the classical Weker function has been widely accepted
as a good approximation of the DT vs T function for values
of T not too close to the absolute threshold. In that way, the
Weber ratio has been widely used as an index of the keenness
of discrimination. The ratio is very useful when comparing the
differential sensitiv%ty of Os under different experimental
conditions. Table 1 gives a summary of the Weber ratio re-

ported by different authors with different stimuli marking the



Table 1

Estimated Weber (DT75/T) for T<2000,fo; duration

discrimination of filled (F) and empty (E)

intervals under various stimulus conditions

23

. Type of Stimulus Range of T
Authors intervals DT/T cond:tions (msec.)
Blakely (1933) E .07 auditory click 200-2000

E +15 auditory click >2000
Goodfellow (1934) E 07 auditory stimuli 1000
E .095 tactile stimuli 1000
E il L5 visual stimuli 1000
Carbotte & Kris- E .08 pure tones 2kHz 100-200
tofferson (1973)
Kristofferson E .06 pure tones 2kHz 50-1200
(1973)
Abel (1972a) E «25 noise bursts 160-640
Abel (1972b) F .12 pure tones 10-500
white noise
Stott (1933) F 13 pure tones 200-2000
Henry (1947) F .20 pure tcnes 50-500
white noise :
Small & Campbell F .20 pure tones 40-400
(1962) white noise
Treisman (1963) F 12 visual stimuli 250-3000
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intervals. The Weber ratios thus reported are averaged over Os
and approximated by eye over the range given for each experi-
ment. It is interesting to note the agreement between all the
values reported with the exc-ption of those of Abel (1972a)
Henry (1947) and, Small & Campbell (1962). Furthermore, one
should note the small number of stimulus variables that have
been investigated. However, some experiments which did in-
vestigate other variables (e.g. Carbotte & Kristofferson (1973)
varying intensity of markers) cannot yield Weber fractions
because the data does not provide the required psychometric

functions.

1.4.2 Quantitative models of duration discrimination.

It was said in section 1.1 that different stimulus
cues could be operating in duration discrimination of short
intervals. However, all major quantitative models (Creelman,
1962;Allan,Kristofferson & Wiens,1971;Kinchla,1972;Carbotte,
1972) have assumed the temporal stimulus dimension as being
the only source of information on which timing mechanisms are
operating. That is to say, in duration discrimination, per-
formance chould be independent of non-temporal stimulus di-
mensions. However, the models disagree on the locus, within
the timing device, where the variability observed in the
performance originate;. Furthermore, they also differ on the
nature of the psychological transform of the temporal infor-

mation. Most models assume the internal representation di(I)
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of an external duration di to be a continuous variable. That
is to say, repeated presentations of a given value di yields

a probability distribution f(I[di) specified by the model.

On the cther hand some models assume I to be discrete. So,
repeated presentations of di will give rise to a finite set of
states of I, each state being associated with a probability

of occurence. Up to now all finite state models have assumed
the timing device to be a periodical clock with a constant

a4

Fdetw

1.4.2.1 Pcisson counter model.

The basic element of the model proposed by Creelman
(1962) consists of a large pool of independent elements firing
at random. The probability that any element is emitting a
pulse at a givén moment is a constant, A. Such a system will
produce over di, a total number of pulses N whose statistical
properties are those of a homogeneous Poisson process. When
the quantity Adi is‘large, the probability distribution of
counts for the interval is approximated by a normal distri-
bution NN(Adi,Adi). The original model had two additional
parameters which were specific to the method and stimulus
conditions used in Creelman (1962). However, further tests of
the model were carried on the one parameter ()\) version (Allan,
Kristofferson & WiensC}Q?l;Abel,1972a,b;Carbotte,l972).

The basic consequence of the mechanism described a-

bove is that an increase in d; will yield an increase in both
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the mean and wvariance of di(I). Thus, when an O has to dis-

criminate between two intervals dO and d these intervals

1’
are assumed to have an internal representation with mean and
variance of Adi. Furthermore, the O is assumed to keep a va-
riance free decision criterion of K counts which is compared
on a given trial to the number of counts N obtained, in oxrder
to produce either a RO response if N<K or an Rl response for
N>K. Then, a index of discriminability d'c can be defined as

1
. 2
follows: d'c—k ET where d'  represents the distance between
d 2
o
the mean of do(I) and dl(I) in terms of the standard deviation

of dO(I). However, Creelman tested his model in a 2AFC situa-
tion where the O is assumed to substract the counts obtained
under each observation interval, thus producing a difference
distribution of mean *AAd and variance A(2do+Ad)where Ad=dl—do
The decision is taken relative to a criterion difference at
best pasitioned at 0 difference. The main prediction to come
from the model is that because of the functional relationship
between the variance of the distribution and T, there will be
a decrement in performance as a function of an increase in T

for a given Ad.

1.4.2.2 Onset-offset model

Allan, Kristofferson & Wiens {1971) proposed a model
which assumed the variability of the discriminating system as
having its source in the transfer of the onset and offset of

the interval to be timed to a perfect timing device. In fact,
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the delay between the occurence of a physical event (onset or
offset) and its registration by a central timekeeper was
assumed to be a random variable uniformly distributed with a
range cf 0-g msec. Thus, for an interval of duration di the
probability distribution of its internal representation is
obtained by convoluting the two uniform distributions yielding
a triangular probability distribution with mean di and varian-
ce q2/6, spanning 2g. So, the variance of the distribution is
not a function of d but only of g, and the mean of the inter-
nal representation is identical to the duration of the physi-
cal interval. The parameter q is assumed to be constant over
large ranges of values on T. Thus, when an O is required to
discriminate between two intervals do and dl’ these will pro-
duce equal variance distributions of internal time with mean
do and dl' The decision making procedure is very similar to
the one described in Creelman's model. The O is assumed to
keep an internal duration criterion of K msec. and on a given
trial to compare the extent of the internal duration with K and
give a RO when I<K and a Rl for I>K. The level of discrimina-
bility of the two intervals will be dependent only on AT. So,
a criterion free measure of discriminability was defined:
dg=AT/g which states simply that the discriminability is a 1li-
near function of AT expressed in g units.

The assumption of constancy of g leads to the predic-
tion that for a given/AT the performance should not be a func-

tion of the absolute value of the durations to be discrimina-
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ted. Furthermore, by definition, dgq should be a linear func-
tion of AT with sloée 1/g. Because the triangular distribution
does reach zero at d-q and d+g the psychometric function
reaches 0and 1 at these values. The equal variance assumption
of the internal distributions leads to the prediction of
linear ROC functions, with triangular deviates, whose slope

should be 1.

1.4.2.2 Kinchla's (1972) model

While this model has been tested less often than the
previous oﬁes, it is of logical value because its mathematical
expression is a sort of mid-point between Allan et al's and
Creelman's models. Indeed, whereas in Creelman's model both
the expected value and the variance of di(I) are some increa-
ging function of T, in Allan et al's while tﬁe expected value
is an increasing function of T, the variance is independent
of T over large ranges of T.

Kinchla proposes a model which assumes di(I), to be
a Gaussian random variable of mean éi and variance VAR(I)=¢di,
¢ being a constant of proportionality. For sake of simplicity
it is proposed that for a small Ad, where Ad=dl—do, the dif-
ference between the variances ¢do and ¢dl is small and their
ratio can be assumed to be equal to 1. So, the decision ma-
king strategy will be/applied to equal variance distributions.
In a discrimination task the O will keep a criterion, K which

will partition the internal distributions in a manner similar
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to the one described in the two previous models. A discrimi-
d,-d

nability measure d', can be defined as d'= 1 O% Since ¢do=
, (¢d,) 2
¢d,~VAR(I) by definition, o={88) __ and the var(I)=29 .
(@') da @

So, VAR(I) is a linear function of dO with a slope of ¢. It

is interesting to note that it follows that the standard

deviation SD(I)=§$ which yields a relation extremely close

to the expression q=%g as derived in the onset-offset model.
q

1.4.2.4 Quantal counting model.

The basic model proposed by Kristofferson (1967) as-
sumes a discrete state perfect clock with a period of g msec.
That clock is constantly on-going and thus independent of the
occurence of external events marking an interval to be timed.
That independqnce produces a variability in the total number

of counts registered during di More specifically, for nq<di

<(n+l)qg, where n is a non-negative integer, the interval di

will yieid a count of n pulses with probability P(N)=i2:%l§:9i,

and, consequently a count of n+l pulses will occur with proba-
bility 1-P(n). From this basic system a number of different
decisicn making procedures have been proposed (Carbotte &
Kristofferson,1972) which makes it difficult to give any spe-
cific predictions with regards to the shape of the psychome-
tric functions. However, the basic model shares an important
characteristic with tﬁe onset-offset model: the discriminabi-

lity is a function of q whose value is independent of T.



1.5 Summary of the experiments.

The aim of the present work is to examine the possi-
bility that intermodal duration discrimination would
provide information on the functional characteristics of a
central duration processor. In order to achieve that goal a
double approach is needed: first, obtain basic knowledge on
the differential sensitivity of observers in an intermodal
duration discrimination task, and then, obtain detailed psy-
chometric functions in order to evaluate the capécity of cur-
rent quantitative models to account for the performance in
that situation.

The first four experiments, Chap. II were run in order
to obtain data that could be discussed in terms of the clas-
sical psychophysics. Experiments 1 and 4 provided Weber func-
tions. In experiment 1, four groups of Os ran each at a dif-
ferent base durations in the range of 100-2000msec. whereas
4 individual Os went through a series of durations ranging
from 175 to 1200msec. in expt 4. Experiments 2 and 3 were
performed as controls for the possible existence of non-tempo-
ral stimulus cues which could conceal the operation of a ti-
ming mechanism in expt 1. In expt 2 a check was run for the
possibility of the Os’using the onset of the first marker to

define the temporal intervals rather than the offset as ins-
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tructed. The effect of the specific sequenceAlight—tone was
studied in expt 3 by comparing the performance within the
same Os between a light-tone and a tone-light sequence. In
Chap. III detailed psychomctric functicons were obtained at
mid-point of 600msec. in experiment 5, and 300msec. in expe-
riment 6. Special care was taken in order to have asymptotic
performance. Expt 6 also provided a three point ROC function
thus permitting further checks of the quantitative models.
Finally, in experiment 7 two Os were run for a long period of
time in a reaction time situation. This last experiment was
very explofatory but provided interesting information on the

nature of a possible central timing mechanism.



1.6 General procedure and apparatus.

A total of thirty-four Os were used throughout the
experimentation. They were all volunteers and they were paid
$2.00 per session except in expt 7 where the rate was in-
creased to $3.00. Two Os were dropped, one for sickness and
the other for‘consistently omitting a large number of res-
ponses. Each O was given an identification number; an O who
performed in more than one experiment was constantly repre-
sented by the same number.

Each O was run in an individual sound attenuated
testing chamber. In most cases there was a single session per
day, although on some occasions two. Each session would last
between 25 to .40 minutes depending on the specific experiment.
Tt was subdivided into 2 to 4 blocks of 10 to 15 minutes with
a one minute rest period between blocks.

The sequence of events in a trial was quite similar
for all the experiments; the basic sequence is described in
Fig 1.

The visual signals were presented to the O from a
metal box display at a distance of about 2 ft. under condi-
tions of unrestricted observation. There were 4 tungsten mi-
niature lamps (cue lights) at each corner and a glow modula-
tor (Sylvania RllBlC)/emitting through a 4mm aperture in the
center of the box, whose luminance was set at 50 ft-L (150

UB Photo Research Photometer). The glow modulator was driven
32



FIGURE 1.

Warning signal (In exp. 3,4,6 & 7).
Visuaul signal (Cue light).
100 msec.

1 sec. interval.

Marker 1. Visual sinnal (Glow modulator).
10 msec. (Except in exp. 1&2).

d i interval to be discriminated.

Marker 2. Auditory signal (2kH tone).
10 msec. (Except in exp. 1&2).

Response interval.
3 sec. (Except in exp. 1&2 = 4 sec.).

Feedback signal.
Visual signal (Glow modulator in exp. 1,2 &5).

(Cue light in exp. 3,4,6&7).

Intertrial interval
1 sec.

Stimulus events in a‘typical trial.

33
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by an Iconix power supply (Model 6195-4). The bottom left
cue light served as warning signal and the top two as feed-
back signals identifying the type of interval (short or long)
to the O on a given trial. In the experiments where the glow
modulator was used as feedback signal it would flash only to
identify an interval of the short subset.

In expts 1,3, and 5, the tone signal was controlled
by gating the output of a Hewlett Packard audio oscillator
(Model 201C) through a Grason Stadler Electronic switch
(Model 929E) under computer control. For the other experi-
ments the signal was produced by a Wavetek programmable os-
cillator under direct computer gating. In both cases the si-
gnal was a 2KH pure tone with rise-decay times of 2.5msec.
and calibrated at the ear at 68dB. The auditory signals were
presented binaurally through crystal earphones; they were
always readily detectable. The O would give his answer by
depressing one of two push buttons placed on the right arm-
rest of his chair. He was instructed to answer on every trial
even if in doubt. The timing was completely under computer
control (Digital Equipment Company PDP-8).

All the experiments were run with a single stimulus
methcd. In expts 1 and 2 a type A partitioning was used while
the other experiments were run with a"Many-to-few" method.

Thus on any trial thg Os were always presented with only
a single interval di on which to base their decision and the

duration of this interval was always defined in the instruc-



tions to the Os as the gap between the offset of the first

marker and the onset of the second one.
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II CLASSICAL PSYCHOPHYSICS OF INTERMODAL

DURATION DISCRIMINATION.

2.1 Experiment l: Varying base duration.

It has been shown throughout section 1.4 that the
DT.75 vs T function was the principal and most general means
of functional analysis of duration discrimination performance.
Thus, it appeared logical to begin investigating intermodal
duration discrimination by obtaining such a function.

Furthermore, it was shown in section 1.2 that in TOJ
and successiveness discrimination tasks, reports of compara-
ble levels of performance in inter and intramodal stimulus
conditions were taken to be evidence for the existence of a
common central mechanism (Hirsh & Sherrick,1961;Efron,1973).
Then, that rationale would receive strong support from inter-
modal duration discrimination yielding a level of performan-
ce similar to that of intramodal discrimination.

General features of quantitative models reviewed in
1.4 can be tested against the shape of the Weber function. In-
deed, the onset-offset model received its basic support from
reports of non-monotonicity of the DT75 vs T function by Allan
et al (1971) and Alland & Kristofferson ( 1974Db)

The present experiment was meant to provide as wide

36
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a range of information as possible. Consequently, a large
range of base durations was studied at only a few points with-
in that range. That is to say, we prefered to have an approxi-
mated function covering a larger distance on T rather than
detailed information on shorter range. Again, such a decision
was justified mainly by the total lack of information on in-
tramodal duration discrimination. Four different base dura-
tions were chosen, and a different group of naive observers
was run at each one, in order to avoid unwanted interaction
that could arise from the same Os having been subjected to

more than one range of durations.

Procedure.

Twenty-one Os were used for the experimentation. They
were volunteers paid at the usual rate. None had any experien-
ce in duration discrimination tasks.

The duration of both markers was set at 500msec. and
the warning signal was omitted throughout the experiment.
Feedback was provided to the Os by flashing the signal light
after the response period on dO trials. The other details of
the temporal sequence of events in a trial are as described
in the general procedure.

The single stimulus method with a type A partitioning
was used throughout tPe experiment with D=6. A single value
di was used within a session and the sequence of presentation

of the di over sessions was randomised. The experimental data
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were collected over two such random sequences. The 4 D sets

were:l)do:IOO, d, 2150, d,:8250; d,:350, d4:450, d.:700, 2)600,

1 2 3 5
650, 750, 850, 950, 1050, 3)1200, 1250, 1350, 1450, 1550,

1800, and 4)2000, 2100, 2200, 2300, 2400, 2600msec. In the
discussion of the results the di will often be referred to
under the form di=do+DT. The experiment proper was preceded

by two to three thousand trials of practice at a DT of 1l00Omsec.
for do of 100, 600 and 1200msec. and a DT of 400msec. for the
d0=2000msec. There were 4 blocks of 70 trials within a session
each stimu;us do and di being presented equally often in ran-
dom order in a block. For each value of di there were two

such experimental sessions. Four Os were run at a do=100msec.

6 at d0=600 and 1200msec., and 5 at do=2000msec.

Results.

The individual results are summarized in Tables Al,
A2, A3, A4, in Appendix A. Individual P(c) were calculated
for each do Vs di pair on the pooleq results of the two expe-

rimental cycles.

The Weber function.

Table 2 shows the individual and averaged values for
DT75 at each based bgse duration. These DT75 were estimated
with a linear interpq;ation method. While this may not be the
most powerful method for estimating parameters, it avoids un-

due assumptions about the theoretical shape of the psychome-



Table 2

Values of DT75 (in Milliseconds) and DT/d0 ratios for

21 Observers and four base durations.

Base duration

100 600 1200 2000
143 84 132 156
243 176 137 107
113 138 154 267
157 177 226 134
277 270 481
125 111
Mean 164 163 171 163
SD 56 66 62 61

DT/do 1.64 .2716 .1425 .0815
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tric functions. It is evident from Table 2 that DT ¢ 18 in~
dependent of do’ under the conditions of this experiment. In-
deed, it is almost constant at 165msec. and the DT75 vs T
function shows no increasing trend as is commonly reported,
(e.g. Abel,1272a;Kristofferson,1973). It is also worth noting
the similarity between the standard deviations (SD) of the
DT75 in each group. So, although there are large individual
differences, the lack of effect of base duration is clear and
is not likely to come from difference in sensitivity between
groups.

A comparison of the Weber ratios with those reported
in Table 1 shows that for the 600msec. and 1l0Omsec. base du-
rations the intermodal values are markedly larger, mainly at
do=100msec. However, comparable ratios (>1.0) were reported
with intramodal empty auditory intervals by Abel, (1972) at
base durations smaller than lOmsec. Similarly, Small & Camp-
bell (19€2) obtained ratios up to 3.0 at a do=0.4msec. with

filled auditory intervals.

The psychometric functions.

A comparison of psychometric functions at each base
provides more complete information than considering only DT75.
It could happen that quite different psychometric functions
would cross the P(c)=.75 value at identical DT values.
Averaged psychometric functions are showed in Fig. 2, where

P(c) is a function of DT. The averaged functions were obtained
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FIGURE 2. Averaged psychometric functions at four base durations.
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by averaging individual P(c) values at each Df. The similarity
between these functions is striking, which supports the possi-
bility of the same mechanism with constant parameters opera-
ting over the whole range of base durations.

Since these results represent the first account of
differential sensitivity of Os in intermodal duration discri-
mination, it would be of definite interest to compare psycho-
metric functions obtained in intra-and intermodal situations.
Four psychometric functions were chosen from various published
experiments for their representativeness of inter and intra-
modal situaticns: Carbotte & Kristofferson (1972) auditory
empty inter&als, Allan et al (1971) filled visual intervals,
McKee et al (1970) empty visual intervals and the d0=100msec.
function in the present experiment. Because of the differences
in DT between the four experiments it is evident that one
cannot describe all the functions with a single equation.
Actually, the problem comes from differences in the psychome-
tric range i.e. the extent on the DT axis required for P(c)
to go from .5 to 1.0. It is quite likely that some transfor-
mation of either axis of the psychometric function (e.g. the
use of log DT) could make feasible the description of all
four functions by a general equation. Unfortunately, such
arbitrary transformations lead very easily to theoretical am-
biguity since they do not originate in specific functional
predictions from models. Such pitfalls could be avoided by a

simple examination of the relationship between DT75 and the
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span of the psychometric function. However, it is difficult
to obtain a precise value of the span because of the larger
variability at high P(c) values. If P(c) values are trans-
forized into Z(c), the span is a direct function of the slope
of the Z(c) vs DT function. Similarly, the standard deviation,
SD, which is a constant proportion of the total span will be
a function of the slope of the same function. So, we will use
SD, as an approximation of the span of the psychometric

function and seek to determine the SD vs DT relation.

75
Averaged P(c) were transformed into Z(c) and a straight line
was fitted to the Z(c) vs DT function with a least square
procedure. From the estimates of the slope and intercept,

DT and SD were obtained. Mcre predisely SD was defined as:

75
SD=D’1’1—DTo (1)
where subscripts represent values of Z(c) for which the DT

were estimated. A ratio SD/DT was obtained for each function.

75
"The results presented in Table 3, show the SD/DT75 varying

from 1.4 to 2.0. The ratio yielded by the McKee at al (1970)

is somewhat lower than the others. However, the ratios are in
general close enough to one another to allow for the conclusion
that they belong to a common family. The modification of sti-
mulus conditions does affect the variance of the psychometric
function but the basic structure of the function is maintained;:

DT75 is a constant praportion of SD. So, the constancy of the

SD/DT75 ratio could very well be interpreted as evidence sup-



Table 3

Estimates of SD, DT75, and SD/DT

75 for

the four functions presented in Fig. 2
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Experiment SD DT75 SD/DT75
A) Carbotte & Kristofferson 14.52 7.34 1.98
(1971)
B) Allan et al (1971) 25.64 15.38 1.666
C) McKee et al (1970) 34.01 24.42 1.39
D) Intermodal intervals 297.56 148.47 2.00
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FIGURE 3. Averaged equal variance d' at four base durations.
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porting the operation of a common mechanism in all conditions.
Finally, equal variance d' (Green & Swets 1964) were
calculated for each individual performance. Again this was
done for the empirical goal - f comparing performance as dis-
played by a criterion-free index against the results of other
experimenters. The main feature of the d' vs DT functions
that was previously reported (e.g. Creelman,1962;Allan et al,
1971) were the linearity of the functions. Fig 3 shows averaged
d' as a function of DT for each base duration. The functions
are quite similar in slope and the linearity is good up to
'=3. However, this is not unexpected given the unreliability
of the d' measure at such high levels of performance. Further-
more, individual functions were fit through a least square
procedure and the results are reported in Table A5 (Appendix
A). In all but one function the linear fit céuld account for
more than 90% of the variance when values of d'>3.0 were o-

mitted.

Discussion

The main features of the results just described are
the constancy of DT75 as a function of do and, consequently
the lower level of performance observed at do=100msec. and
600msec. As we have previously seen, at very short base dura-
tions very efficient modality specific mechanisms are availa-
ble (Oatley,1969;Green,1971). Could it be that such mechanisms

would not be available in an intermodal situation, in a com-
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parable range of intervals. On the other hand, at longer do

( >1.Csec) equivalent mechanisms could be used thus yielding

comparable levels of performance. The problem with such argu-

mentation is that when psychometric functions from intra

and intermodal situations were compared (re Fig.2) they

turned out to be comparable. Indeed, in Collyer (1974) modali-

ty specific mechanisnis produced psychometric functions that

were clearly different in shape. So, it would be difficult

to argue that different mechanisms are operating in inter

and intramodal tasks at do=100msec. It could happen that

while the same mechanism is in operation in both situations,

it is very inefficient for intermodal intervals at short do.
On the other hand, some interference from stimulus

variables could produce the sharp increase in the Weber ratio

obsexrved at short do. Indeed, there is a possibility that,

the Os rather than using the offset of the light marker to

trigger an internal timekeeper would use its onset, thus

.effectively lengthening the duration of a given interval by

500msec. In such a case they would have never been involved
in measuring intervals snorter than 600msec. Or else, the re-
sults could be linked to the actual light-tone sequence and
not typical of any intermodal situation. Indeed, the small
size of the light flash and its relatively low contrast, (the
room was dimly 1lit) could make it relatively inefficient to
maintain the attentiog of the 0. Consequently, the triggering

of the central timekeeper would be less accurate, the overall
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process of transforming a given duration into an internal di-
mension made more variable and so, the discrimination less
accurate.

Furthermore, one cannot help but wonder at the effect
of having used random groups cf Os in each base duration.
Such a procedure could yield results that cannot be compared
with those from studies in which base duration is varied
within Os'. Woodrow (1934) ran 5 groups of Os in an auditory
interval reproduction experiment for durations ranging from
300msec. to 4000msec. The Weber function he obtained was very
similar to that reported by Blackwell (1933) in a duration
discrimination task over the same range on individual Os. So,
that particular feature could be considered as having had a
minimal effect on the performance.

Thus, the picture we have obtained of intermodal du-
ration discrimination is somewhat difficult to understand at
this moment. On one hand, some parts of the results do bear
a resemblance with intramodal intervals results. Indeed, the
onset-offset model which was shown to account for performance
in certain intramodal situations is given a strong support
from the present results. The stability of performance over
a large range of durations is a surprising result which cannot
be accounted for by the other continuous models. However, the
clear violation of Weber's law makes the present performance
very different from all other intramodal ones having gone
through such a large range. Yet, the psychometric functions

can be shown to be of the same family.
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2.2 Eyxperiment 2: Varying the duration of the first

marker.

In the preceding section we considered the possibility
that the Os were using the onset of the light marker, m, . to
trigger a timing device at short do' In such a case the dura-
tion of my becomes of importance. One might expect a change
in performance with variations in the duration of my since
the effective interval to be evaluated would be varied. In a
TOJ task Rutschman & Link (1964) found a decrement in perfor-
mance with an increase in marker duration when Os had to judge
the order of occurence of a light flash and a tone. Oatley et
al-(l969) reported a similar result with intramodal signals.
Abel (1972a) varied the duration of 70dB noise burst markers
in a duration discrimination task. For durations of 10 and
300msec. of the markers no effect was reported. In the
following experiment, large variations in the duration of my
were introduced in order to examine their effects upon

performance.
Method

Four Os. were used, 101, 102, 103 and 1. The first

'
three were naive volunteers paid at the usual rate and 0 1,

49
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the author, was unpaid and experienced.

The structure of the trials as well as psychophysical
procedure were the same as in expt 1. The main set D contained
only 2 elements d0=100msec. and dl=250msec.

Three durations of the light marker were used: 10,500
and 4000msec. The tone marker (m2) was kept constant at 500

msec. The duration of m, was varied over blocks of 100 trials

1
with each di being presented 50 times in random order. In a

given session the Os would run through one of the six possi-
ble combinations of orders of the durations of m, - So, over

six sessions all combinations were exhausted. One such cycle
was run as practice and the following one provided the expe-
rimental data. There was 600 trials per duration of m, . 0 102

dropped out of the experiment after three of the six experi-

mental sessions.

Results and Discussion

The individﬁal values of P(c) for each experimental
session are presented in Appendix A, Table A6. Estimates of
P(Rl[dl), P(Rlldo) and P(c) obtained from the pooled results
of the experimental session are shown in Table 4. From the
individual and averaged results it is evident that there is
no systematic effect of the duration of m; on any of the es-
timates. If anything, there is a tendency for P(c) to be
slightly lower at m1=10msec. mainly for Os 101 and 103. The

lack of effect of the duration of my is further displayed



Estimates P(Rlldl), P(Rl|do), and P(c) for three durations of

Table 4

the light markers. (1)

Duration of Light marker.

10 500 4000
Observer  P(Rj[d;) PR [d,) P(c)  P(R [3;) PR [d)) P(c) PR [d;) P(R;[I,) P (o)
101 .885 .153  .866 .963 077 .943 .939  .043  .948
102 .613 .188  .712  .640 .248  .696 .591  .180  .706
103 .505 .378  .564 .649 .455 597 .660  .510  .575

1 .791 244 771 .780 .174  .803 761 .172  .795

3 .698 240 .724 .758 .238  .758 .738  .226  .744

(1) Each individual estimate is based on 600 trials except for O 102 for whom there
are only 300 trials.

1$°]
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when the results are compared with those cof expt 1 which was
run under comparable conditions. Indeed, for the condition
ml=300msec. the situation is directly comparable to expt 1
and, the averaged P(c¢) is .758 in the present case, while it
was .764 in expt 1. This replication of the results obtained
in the previous experiment makes it even more unlikely that
the low level of performance could be due to a group of less
sensitive Os having been run by chance in expt 1. Moreover,
large individual differences are here again a feature of the
results. Thus the lack of effect of the duration of my
supports thé related finding of Abel (1972a).

It is interesting to note that in the conditions where
ml=10 and 4000msec. the durations of the pair of markers are
assymetrical i.e. in one case the sequence is a short (S)
marker followed by a long one (L) and in the other case the
sequence is L-S. The effect of assymetry of marker duration
was studied by Woodrow (1928). He reported marked biases in
the perceived length of an interval as a function of a given
sequence which he called an illusion. Indeed an interval of
500msec. marked by auditory pulses with durations L-S is per-
ceived as equal to a 660msec. interval marked by a S-L sequen-
ce. One way to examine the present results for such an effect
is to see if P(R;|d;) and P(Rlldo) vary systematically as a
function of my duration. Only Os 101 and 103 show a consistent

trend, and unfortunately the direction of the trend is inverted
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from one O to the qther for P(Rlldo). Thus, it would seem that
in the present conditions, the relative durations of m, and

m, did not produce marked systematic biases in the Os. Howe-
ver, the attenuation of the effect is likely to be due in
great part to the presence of feedback in the present study

contrary to Woodrow's (1928).



243 2.3 Experiment 3: Tone-Light versus Light-tone markers.

In the discussion of the results obtained in expt 1 we
commented on the possibility that the low level performance
observed at short dO could be related to the use of a light-
tone sequence. In such a sequence, the light marker could be
an unreliable signal for the triggéring of a central timing
device. Thus, the important feature of the experimental situa-
tion in expt 1 would not be so much intermodality but rather
the use of a special condition of intermodal signals. It ap-
peared that comparing a light-tone sequence to a tone-light
one could give an answer to two questions. First, it could
enable us to generalise the results obtained so far to another
intermodal condition. Second, it would provide a check on one
possible factor that could render the light marker less ef-
ficient in a light-tone sequence. The offset of the light flash
is the precise stimulus event which indicates the beginning of
the interval and that unefficiency could have its source in a
larger variability of afferent latency for the light offset by
contrast with the light onset. Or else, mean afferent latency
could be longer for the light offset than for the tone offset.
Thus, in the tone-light sequence, the precise external event
which terminates the interval is a light onset and in the event
that it is a better marker one should observe an improvement

in performance while remaining in an intermodal situation.
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In the present experiment the methodology was somewhat
modified. The two major changes were: the use of the M.-F.
method at M.P.=250 msec., and the increase in the amount of
practice that was given to each O under each experimental condi-
tion. The conditions were not alternated as was the case in
expt 2. The Os' performance was stabilised successively under

each condition before obtaining the experimental data.

Method

Six naive Os were run in the experiment. They were as
usual paid volunteers. Each O ran in both stimulus conditiors,
light-tone (L-T) and tone-light (T-L) sequence. Three 0s 602,
603 and 604 did the L-T and then the T-L condition whereas
three other Os, 503, 601 and 605 did the opposite.

Each trial began with a visual warning signal and the
markers duration was set at lOmsec. The main set D had 4 ele-

ments do=100, d.=200, d2=300, and d3=400msec. However, O 601

1

ran with dl=215 and d2=285 from session 15 to session 27 in
condition T-L and for the first three sessions in condition

L-T. The Os were instructed to give an Ro to do and d, and an

1

Rl to d2 and d3. A session had three blocks of 100 trials 'in

which each di was presented 25 times in a random order.
For each 0, efforts were made to collect the experi-
mental data under asymptotic performance. In order to achieve

that goal the Os were run for at least 19 sessions in the first

condition and 12 sessions in the second one. The total number
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of sessions ran by each O in each condition ié presented in
Table 6. The criterion for asymptotic performance was a
minimal drift in P(c) over 8 sessions. A maximum of 20-25
sessions was set as the limit in each condition even if
asymptote was not reached. Thus, for each O under each condi-
tion the experiméntal sessions will be the last 8 sessions.

Overall, there were 600 trials/di in each condition.

Results and Discussion

Sinqe the last 8 sessions were to be used for data
analysis a linear least square analysis was run on the indivi-
dual P(c) functions in order to check the stationarity of the
function. The test was performed on the overall P(c) from the
pooled correct responses to all four di' The results of the
curve fitting are reported in Table 5. The largest slope is
.052 in P(c), and on the average the slope is .003, which is
a .024 change from day 1 to day 8. Thus probability estimates
will be averaged over the last 8 sessions.

The overall P(c) for the last 8 days under each con-
dition is shown in Fig.4. Except for O 601, the functions
display small variations about the mean. Actual values of that
variability are reported in Table 6 where the individual P(c)
averaged over the 8 sessions is given with the standard
deviation, SD, and the total number of sessions, N, run in
each condition. The SD reflect the small variability around

the mean P(c) and corroborates the observation that O 601



T-L—L-T L-T—T-L

or b S - K
9 -
.8» L.
—o— T-L
P(C) 72} -0--L-T i
ek Obs. 605 ! Obs. 602
Sl o Pt ) I Y O O W L o
10F EL
L il i m
9 uo— A g ‘v“q\ o o
.8 " d’ ! ‘U,
P(c) :
7} -
6l Obs. 503 " Obs. 603
o O T i T RN N TR N N M BN |
10 = L
0
9F  B-gla - & uab-o" s
0 ", “°¢"Qi‘ \
8+ ! ‘o’ s
P | °
7L b
6 Obs. 601 ! Obs. 604
L S T N OO T TR S W T O
12345678 123456 78
DAYS DAYS

FIGURE 4. Probability correct for 6 Os over the last 8 .sessions of
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Estimates of the parameters of a linear least square fit

performed on the last 8 sessions of each condition for 6 Os

Observer Condition Least square fit parameters
slope intercept r2
602 L-T .0015 .826 .030
T-L .0065 .7839 «23
603 E~T .0023 .8664 <037
T-L .00009 .9164 .0002
604 L-T -.004 .9236 «25
T-L .002 .9076 .14
605 T-L .0036 .9360 .60
L-T -.004 .9644 .05
503 T-L .0036 .8766 ik
L-T -.006 .9104 .24
601 T-L =002 .9051 .016
L-T -.0008 .8504 .001




Table 6

Average overall P(c), standard deviation, and total number

of sessions (N) for 6 Os under each condition.

Observer Condition P(c) SD N
605 T-L .9529 .0113 22
L-T .9574 .0145 16
503 T-L .8931 .0201 23
L-T .8823 .0311 24
601 T-L .8958 .0402 27
L-T .8466 .0463 15
602 L-T .8335 .0212 24
T=-L «8133 .0330 12
603 L-T .8772 .0301 24
T-L .9169 .0162 16
604 L-T .9036 .0216 19

=L .9200 .0181 19
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was more variable than the other Os. From Fig. 4 and from the
averaged P(c) in Table 6 it becomes apparent that the experi-
mental manipulaton had a minimal effect on the overall
probability of a correct response. The P(c) averaged over all
Os for each condition is .8986 for T-L and .883 for L-T,
showing an increase of 0.015 from L-T to T-L. Actually, only
two Os, 601 and 603 show a difference between conditions
which is larger than 0.02.

The individual psychometric functions are reported in
Table 7 for both experimental conditions. A visual observation
of the functions shows that the difference in P(c) between
T~L and L-T-reported for Os 601 and 603 is accounted for by

an improvement in performance at d, and d2‘ Furthermore, O 503

i
and to lesser extent O 604 display a shift in decision criter-

ion across experimental conditions That is, P(Rlldl) and

P(Rlldz) increased by a comparable amount from L-T to T-L thus
maintaining overall performance level constant since the
improvement of correct R, to d2 was balanced by an increase

in erroneous Rl to dl. Thus, the conclusion drawn from examin-
ation of overall P(c) is corroborated by an analysis of the
complete psychometric functions.

It is interesting to compare the level of performance
in the present experiment with that of expt 1 and other intra-
modal experiments as shown in Table 1. Estimates of DT75 were
obtained by linear interpolation from P(R;|d;) and P(Rl|d2).

The individual estimates were averaged yielding a DT75:80.59



Table 7

Individual P(Rlldi) from data pooled over the last

8 sessions under each condition.

d.
. a

O Condition 100 200 300 400
605 L-T .005 .085 .9183 .996
T~1L .002 .096 .915 .993

503 L-T .003 .085 .690 .926
T-1, .005 .216 .825 .963

603 L-T .022 .220 .798 .946
T-1L .033 .145 .861 .958

604 L-T .006 .105 .751 .975
T-1, .001 .135 .825 .966

602 L-T .083 .261 .736 .936
T-1 .143 .288 .751 .901

601 L-T .018 .168 .626 .940
T-L .005 .155 .753 .986
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msec. in condition L-T and 73.73msec. in condition T-L. The
computation of the Weber ratio with base duration dl and
without O 601 (his inside values were different) yields values
of .475 in condition L-T and .384 in condition T-L. By compar-
ison with intramodal results these ratios are still larger

and indicate that intermodal markers give rise to a perform-
ance which is generally poorer than in intramodal conditions
at shorter values of T. On the other hand, they differ marked-
ly from those reported in expt 1. Indeed, the averaged DT75
is around 80msec. in condition T-L, half the value of 160msec.
reported in expt 1. It is difficult to pinpoint the actual
reason for such an occurrence, but it is likely to be related
to the method used in the present experiment. Maybe the fact
that both in practice and in experimental sessions the set

of di was never changed makes the practice more important and
useful in the experimental sessions. In any case, it seems
that the methodology would be a variable of great importance
more so than stimulus conditions as shown by the present

results and those of expt 2. The next experiment gives more

information on this question.
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2.4 Experiment 4: Individual Weber functions.

In the present experiment individual Weber functions
were obtained from four Os fcr M.P. between 175 and 1200msec.
with the M.-F. method. Establishing the shape of the function
could give some information on the possibility that the M.-F.
method calls for the utilisation of a mechanism different from
the one operating when an SS method is used, as was the case
in expt 1. That could be the case if the functions turned out
to be markedly different from the one reported in expt. 1.
But, if the zero-slope function should hold in the present
study, within individuals, it would definitely reduce the
importance of any difference in level of performance which
could be observed. Indeed, if corroborated the surprising
violation of Weber's law would become determinant for the def-
inition of the type of mechanism in operation in intermodal

duration discrimination.

Method

Four Os were used in the experiment. Three were naive
Os 301,302, and 304; one was experienced O 1. Each naive O
ran through a pre-test of 10 sessions of 300 trials each
with do=100msec. and dl=250msec.

The sequence of events in a trial was similar to the
one used in the previous experiment in the L-T condition. The

stimuli were presented according to the M.-F. method. The main
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set D contained 4 intervals distributed symmetrically around
the M.P. The first M.P. was l1l75msec¢. for Os 302,304, and 1;
the second one was 200msec. After that, M.P. was shifted by
inc:ements of 100msec. every 3 sessions. O 301 started at an
M.P. of 300msec. and continued with 100msec. increments. O 302
carried on to an M.P. of 900msec. while O 301 and O 1 went up
to 1100msec.; 0 304 reached 1200msec. The values of each
individual set D are reported in Appendix A, Table A7. Because
of a difference in keenness of discrimination a different set
D was used for O 301 but, a similar one was kept for the other
three Os. Furthermore, the distance to eaqh di from M.P. was
not kept constant over the whole range of M.P. in order to
maintain the overall P{(c) as constant as pcssible. Unfortunat-
ely this proved to be a hard task and overall P(c) did vary.
The first session under each M.P. value was used as
practice and the experimental data came from the other two
sessions. Each session had three blocks of 100 trials where
every di was presented 25 times in a random order. Thus, at
each M.P. a psychometric function was obtained with 150 trials

per point.

Results and Discussion

The individual P(Rlldi) for each d; at all M.P. are
reported in Table A7. These P(R,|d;) are averages of the last
two sessions at each M.P. unless otherwise indicated. De-

tailed analysis of the psychcmetric functions will not be
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done because of the small number of points available. In
Chap.IIT expts 5 and 6 will provide data more suitable to
study the effect of shifts in D on performance. Moreover,
because the distance from each di to M.P. was not kep: cons-
tant the variations in overall P(c) observed from M.P. to
M.P. cannot be assumed to be related solely to the changes

in M.P. Thus, the analysis of the results will concentrate
mainly on the individual estimates of DT, estimated

by linear interpolation from P(Rlldl) and P(R,[d,) and
reported in Table 8. The averaged DT75 vs M.P. function was
fitted by a straight line with a least-square procedure which
showed DT75=.1904 M.P.+34.03. The linear linear fit, as
displayed by the coefficient of determination r2, accounts
for 97% of the variance in the data. Thus, while the averaged
function does not support the exact Weber's law, it does show
DT75 as proportional to M.P. Treisman (1963) has also reported
a linear DT vs T function for a comparable range of durations
of empty auditory intervals. The fact that the function has

a non-zero intercept indicates that the DT75/M.P. vs M.P.
function will not be a straight line because the ratio is
increased by an amcunt of 34.03/M.P. However, this incremént
will become negligable as M.P. becomes larger and DT/M.P.
will tend to be asymptotic as a function of M.P. Such a
relationship is clearly displayed in Fig.5 where individual
and averaged Weber ratios are presented as a function of M.P.

The averaged function is stable around .23 from 500msec. to
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1100msec. This ratio of .23 is larger than most values
reported in Table 1. It is interesting to note in Fig.5 that
at M.P. 600 the ratio is .26 whereas it was .2715 in experi-
men. 1 at do=600msec. Thus, by that point, the improvement
in performance which was observed in the early part of the
function would seem to have disappeared. Unfortunately, the

individual functions do not give such a simple picture. Indeed

visual observation of the DT vs‘M.P. functions in Fig. 6

75
shows those of Os 1 and 302 to be somewhat linear, whereas
those of Os 304 and 302 have marked non linearity and even

non monotonicity. Actually, for O 304 the middle portion
(M.P.=600 to M.P.=900msec.) of the function is very different
in slope and level from the other tﬁo porticns. Similarly,

O 301 shows a function which would be best fitted by two
segments, one from 300 to 600msec. and the other from 700 to
1200msec. This seems to be somewhat the case for all Os. Os
304, 302 and 1 display almost identical functions up to an
M.P. of 500msec. after which they become different. However,
it is hard to decide on the reason for such a shift around
M.P.=600msec. The extended practice that the Os had at M.P.
175 during the pretest might have influenced the early part

of the function after which some Os became more variable.

That is not to say that they were using a different mechanism
but simply that they might have needed more practice to obtain

optimal performance.

So, while expt 1 produced a DT75 vs T function which
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Estimates of DT75 at Midpoint (M.P.) values ranging from

175msec, to 1200msec. for four Observers.
M.P Observer
304 302 1 301 X
175 77.68 65.104 65.98
200 67.02 80.64 78.49 75.38
300 73.52 72.78(1) 85.76 132.62 91.17
400 104.38 90.74(1)101.42 145.77 110.77
500(1)100.60 85.47 105.26 139.66 107.74
600 207.46 96.15 145.34 169.49 154.64
700 190.07 98.81 163.93 267.37 180.04
800 182.48 97.08 173:..01 278.39 182.74
900 222.06 127.87 216.45 330.46 224.21
1000 147.05 213.67 312.50 224.44
1100 178.57 (1)223.14 263.60 228.40
1200 174.50

(1)

These values were obtained from one experimental session

only. All the other ones are averages of the estimates

of two sessions.
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was in clear violation of Weber's law the present one shows
DT75 as an increasing function of M.P. However, the large
individual differences in the form of DT75 vs M.P. function
do not allow for the specification of a generalised relation-
ship. At best, the function presented in Fig. 6 can be
described as being formed of two regions, one above, B, and
one below, A, 500msec. For all the Os the A-region shows DT75
as a slightly increasing function of M.P. Furthermore, the
functions are very linear and display little variability. On
the other hand, the B-function in the case of Os 1 and 302
is the continuation of the A-region and shows similar
characteristics of linearity and stability. For the other two
Os the variability is larger and DT75 is roughly constant
around a mean value twice that of the A-region. Thus, it is
difficult to describe precisely the Weber function for values
of M.P. larger than 500 to 600msec. However, for the A-region
the conclusion can be more definite and it does not cor-

roborate the constancy of DT reported in expt 1. Finally,

75
it is interesting to note that even though DT75 is a function
of M.P. the DT75/M.P. vs M.P. function does not show the

Weber ratio as constant which, as we said in 1.4.1, is a com-~

mon finding when T values approach absolute threshold.



2.5 General discussion.

The goal of Chap. 2 was to obtain basic information
on the effect of non-temporal stimulus variables in inter-
modal duration discrimination and, to determine the shape of
the Weber function. Experiments 2 and 3 showed that certain
non-temporal stimulus variables have a minimal effect on
performance. Changing the duration of the first pulse produced
no variation in performance level over a large range of
first pulse durations. On the other hand, the sequence of
markers T-L yielded an averaged DT75 of 73.73msec. 7msec.
shorter than for the L-T sequence. However, in both the T-L
an L-T conditions, the level of performance was much better
than in expt 1 at comparable durations.

Different psychophysical methods gave quite different
results. The clearest way to see the difference is in observ-

ing the functional relationship between DT and T under each

75
method in expts 1 and 4. Actually, this is the most important
part of the results since we are trying to establish the shape
of the DT vs T function. The averaged DT75 are presented

at all values of T used in the first four experiments in

Fig. 7. From this figure a partial answer to a comment made

in 2.4 can be given. It is likely that the function obtained

in expt 4 is mainly due to the use of the M.-F. method and
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not to the within O design. This is supported by the fact

that estimated DT for expt 3 where the Os ran in only one

75
M.P. falls exactly over the function obtained in expt 4.
However, with regard to expt 1 we do not know if it could be
replicated within Os. Yet, it is very likely that the level

of performance observed at short values of T would stand, on
the average, since the results of expt 2 corroborate those

of expt 1. So, we would like to propose that there is a strong
possibility that different mechanisms are operating in the

two methods used in Chap II, the M.-F. method and the method
we will designate under the name SS (single-stimulus). The
difference between the M.-F. method and SS method is further
shown in the test of the generalisation reported in 2.1 for

the SD/DT ratio. A two point psychometric function was

75
obtained from expt 3 by taking DTo=d3—dO and DTl=d2—dl and
defining P(c)o=[P(RO|do)+P(R1]d3)]/2 and P(c); in a similar
way from data averaged overall Os in conditicn L-T. The SD/DT75
ratio is at 3.1 a value quite different from those around

1.8 reported in section 2.1. Further visual inspection of
Fig.7 shows the M.-F. performance as better than the SS for

T values up to 700msec. Then as T increases the M.-F. beéomes
worse than the SS performance. However, in section 2.4 it

was shown that the averaged data was much less representative
of individual data for T values larger than 700msec. Actually

we would like to propose that in as much as the present data

are concerned, the performance with the M.-F. method
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deteriorates as T is increased to reach the level of the
SS method around T=700msec. However, the specification of
the functions at M.P.>700msec. would necessitate further
experimentation both with the SS and M.-F. methods.

Thus, it can be argqgued that at least for shorter T
values, different timing mechanisms might be available
to an observer in intermodal duration discrimination. These
mechanisms would have different operating characteristics.
Since each mechanism appears to be related to a particular
psychophysical method, one might get some information on
these characteristics by analysing certain features of the
methods.

Allan & Kristofferson (1974a) noted that all current
models of duration discrimination assuned di(I) to be the
outcome of a timing operation performed over the total
temporal extent of di' The discrimination would be made by
comparing the value cf I yielded on a trial with a variance
free criterion K(I). Theyv proposed an additional mechanism
in which a real time criterion of mean duration approximately
M.P. could be triggered at the onset of the interval. The
discriminative judgement could be made on the relative order
of occurence at a decision center of the termination of the
criterion at tc and the offset of the interval at m,. If tc

2

is registered first an R, response is emitted. On the other

1

hand RO is given if m, occurs first. In that mechanism, there

is no actual measurement of duration over di as in the models
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reviewed in section 1.4.

It is interesting to note that the M.-F. and SS
method differ in the opportunity given to the O, to develop
eitiier type of processing. Indeed, it is very likely that the
establishment of a real-time criterion requires practice
(Kristofferson,1973). So, this would be best done in situa-
tions in which the real-time criterion is kept constant over
long periods. More specifically, it has to be an efficient
decision making device over many sessions. While that may be
the case in the M.-F. method, it is unlikely to be so in the
SS method. Indeed, in the latter, the distance between d,
and di is varied from one session to the next and it is very
unlikely that the 0O, can form a stable real-time criterion
that can be used for different do—di pairs. On the other hand,

the use of a particular mechanism to perform the discrimina-

tion could be related to the structure of the stimulus-
response mapping in a given method. Indeed, it could very
well be that in the M.-F. method the identification of more
than one stimulus with a given response favors a mechanism
which is not linked to the measurement of the whole interval.
Indeed, the real-time criterion as described before could
very well be inefficient in an M.-F. situation if each di
was associated with a different response.

Thus, it could be that in the M.-F. method a real-

time criterxrion is operating and that it is more efficient at
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short do than an ipterval measurement. Howevér, from the
results in Fig.7, the interval measurement as used with the
SS method, could be more efficient at longer values, or at
least as efficient as the real-time criterion.

It becomes more and more apparent that more than one
central mechanism could be available to an 0, in a duration
discrimination task. Indeed, in an intermodal situation,
even if we have isolated the mechanism as probably central,
we are still faced with the possibility that at least two
central operating mechanisms can be used to perform the
discrimination.

Fihally, it is now evident that at d0 or M.-P. values
shorter than 1,200msec. the level of performance obtained in
intermodal situations is definitely worse than in comparable
intramodal ones. Thus, the straightforward type of argument
reported in section 1.2 where identical levels of performance
suppcrted the claims of a single central processor cannot be
used in the present case. The naturg of the stimuli bounding
an interval are of importance even though within the inter-
modal situation the specific sequence under study is of little
importance. With regard to the assumption that intermodal
duration discrimination requires the operation of a central
timing mechanism, the present results yield ambiguous evidence.
While Allan et al (1971) received direct support from expt 1,
expt 4 is more directly accounted for by Creelman's (1962)

model.
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Thus, in the next chapter we will seek more informa-
tion on those lines. That is to say we will evaluate the
capacity of models developed for intramodal discrimination,
to account for performance in intermodal situations. However,
one can expect all models to have difficulty in accounting for
the totality of the results reported in Chap.II. Indeed, from
the two Weber functions obtained in expts 1 and 4, very
general predictions of the models .can be evaluated. We have
shown in section 1.4 that Allan et al (1971) and Kristof-
ferson (1966) made the strong deduction of independence of
sensitivity from the absolute values of the durations to be
discriminated. On the other hand, Creelman (1962) and Kinchla
(1972) predicted that a monotonic décreasing function would
best describe the relationship between the performance index
DT ¢ and T. Tﬂus, the function reported in expt 1 is a strong
support for Allan et al (1971). Indeed, the preformance remains

stable over a large range of durations as predicted by the

model. However, the linear increasing function obtained in

expt 4 can be more readily explained by Creelman (1952) and
Kinchla (1972) because of the clear dependence of the perform-
ance level on the absolute values of T. Unfortunately, one only
has to recall the individual functions of expt 4 to see that
quite likely these models would have some difficulty to account
for the functions displayed by Os 304 and 301. So, even within
the class of interval measurement models, different mechanisms
could be operating in various conditions of intermodal discrim-

ination.



IIT QUANTITATIVE MODELS IN INTERMODAL DURATION

DISCRIMINATION: EXPERIMENTS 5 AND 6

3.1 Introduction

In the present chapter, we intend to obtain more
information on the characteristics of a central duration
processing device. It was concluded in section 2.5 that quite
different mechanisms might be used in various duration discri-
mination situations. More precisely, the performance in an
intermodal duration discrimination task was shown to be
adequately described in some cases by a function of the form
DT75=K and in other cases, DT75/T=K. These two types of func-
tions are consistent with different classes of models described
in section 1.4, of which the onset-offset model (Allan et al,
1971) and the Poisson counter model (Creelman, 1962) are
representative. Thus, experiments 5 and 6 were done in order
to evaluate these two models in an intermodal duration discrim-
ination situation. These models make their stronger predictions
with regard to the variations in performance as a function of
T. So, psychometric functions were obtained at different fanges
of T with the M.-F. method. In a first step, two groups of Os
were run one at M.P.=300msec. (expt 6) and the other at M.P.=
600msec. (expt 5). The next step consisted in within Os compar-
isons of the effects of shifting M.P. within the same set D
symmetrical around 300msec. In such a set-up, the subsets Ds
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and D1 are modified without changing any of the intervals.
Before carrying on with the experimentation proper

we will analyse in more detail the models that we intend to

evaluate in this .section. Although the basic structure of the

models was given in section 1.4, it was then related to a type

A partitioning and cannot readily be applied in the present

case. Thus, we‘will proceed to describe the modifications that

the use of a type B partitioning imposes on the models.



3.2 Modifications of duration discrimination models.

3.2.1 Onset-offset model

Kristofferson (1973), and Allan & Kristofferson
(1974b) presented a modification of the onset-offset model
which dealt with the problem of the non-linearity of the dg
vs DT function for values of dg>.5; reported previously (e.g.
Allan & Kristofferson,1971;McKee et al,1970). Within the
context of a quantal model, where the O should reach perfect
performance, they argued that the non-linearity was caused
by the O emitting responses which were not stimulus-controlled
on a certain constant proportion of the trials. Thus, they
assumed that when a stimulus di is presented, the O will enter
a "non-process" state p with a probability €, in which case
he will guess and give a response Rl with probability o.
Otherwise, the O will be in a process state and emit an Rl
response with a probability Bi as defined in the onset-offset
model.Thus,
P(R; |d;)=ca+B, (1-¢)
In such a situation, the observed P(Rlldi)=Biwhen e=0. In
general Bi is defined as follows:
d;i*a
B.= J f(1)dzr

at,
d'C
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where d_ is a duration for which P(RO)=P(R1)=55 and, d; is a
given interval in a éet D of n intervals. Since we are dealing
with a quantal model, it is possible to define stimulus

values for which Bi=0 and 1. These values are reached, for a
given di’ where dc<difq and dc>di+q. Deviations from perfect
performance for any di which generates internal distributions
not overlapping the response criterion, could be assumed to

be due to the non-processing of the stimulus.

The M.-F. method provides an efficient means to obtain
such information. In the present case, we have a main set D=6
where do and d5 were placed far enough apart so that both were
at least g msec. away from the mid-point. Thus, from the values

of P(Rlldo) and P(Rl[ds) one can derive estimates of € and a
where:
e=1+P (R [d_)-P (R, |d;) | (3)
a=P (R, |d ) /e (4)
Thus, the probability of an Rl response being emitted in a

process state following the presentation of a given di will be:
P(Rlldi)-P(Rlldo)

By= - (5)
We will designate such an estimate as the corrected probability

of a response R, to a given di’ A minimal psychometric function
can be generated from the other four inside di values, with

the observed P(Rlldi) corrected from the estimates of € and a
in order to obtain a more accurate representation of the 4

vs DT function.
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In the original model dq was defined as the distance
between do and di in units of gq. It is actually a sum of
absolute values of triangular deviates Aq(Rlldi) obtained
from P(Rlldi).

The use of dg is less appropriate in type B
partitioning because there is no base duration. However, one
can still obtain a bias free measure of discriminability by .
using the triangular deviate Aq itself since it is defined by
reference to a decision criterion. Then, the psychometric

function Aq(RlIdi) vs d, can be defined as follows:
N _
Aq(Rlldi)— q(di d.) (6)

Thus, Agq will be a linear function of di with slope

1. . . _ —a _ 2
3 and reaching zero at di—dc, 1 at di-dc g and +1 at di—dc+q.

Thus, the slope and span of the Agq function are identical to
the one displayed by a dq vs DT function. So, despite some
modifications the model keeps its basic characteristics:the
mapping of real-time into internal time is one-to-one and thus,
each di (I) will have equal variance %? The data in the
following experiments will be presented in terms of Ag vs di
or Aq vs (di—M.P.) functions. These functions will be analysed
mainly with regard to their linearity which is essential for

the assumption of constancy of q in a given set D.

An even stronger test of this assumption will be
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performed in exp 6 by defining three different successive
response criteria on a constant set D. In such a situation if
g is indeed a constant, one should obtain three parallel Ag
Vs di function with slope %. That experimental manipul-.tion
avoids the usual concomitternt change in the set of di and M.P.
In fact, in the present case, the O is always assessing the

same set of di and only M.P. is varied.

3.2.2 Poisson counter model

As we have stated in section 1.4, Creelman (1962)
proposed his model to account for duration discrimination
performance in a two-alternative forced-choice situation.

Allan et al (1971) proposed a modification of the model
applicable to a single stimulus task. However, the index of
discriminability dé, like dq, was based on a type A part-
itioning and cannot be directly applied in the M.-F. method.
Indeed, dé represents the distance between the mean of the
internal distributions of counts corresponding to do and di’
do(I) and di(I), in units of the standard deviation of dO(I).
However, in the present case, there is no such base duration

as in type A partitioning and the performance is best deséribed
with reference to the decision criterion. Thus, d'c as such
cannot be used in a straight forward manner in the M.-F. method.
So, a modification of Creelman's model will be presented where
an index of discrimination Z will be derived. This index will

represent, very much in the same manner as Ag, the distance
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from the mean of di(I) to a zero-variance decision criterion
dc(I). Thus, following Creelman (1961), di(I) will be encoded
as a number, n. corresponding to the number of pulses occur-
ring during di from a large source of elements whose
probability of emitting a pulse at any moment is a constant,
A, and where the inter-pulse interval is exponentially dis-
tributed. In such a system the probability of n pulses
-Adi(Xdi)n

~ However, it can be

occurring over di is P(n) = e
shown that for large values of A, the Poisson distribution can
be approximated by a normal distribution. Thus di(I) will be
described as a Gaussian random variable with mean and variance
Adi.

In a duration discrimination task where the M.-F.
method is used one can describe the decision problem as follows:
each interval di in a set can be assumed to be represented
internally as a normal random variable di(I) with mean and
variance Ado,kdl,...,kdi,Adn. Furthermore over a set of n
distributions, one can determine a zero variance decision
criterion, Adc. Such a criterion would enable an O to organise
a response-to-stimulus mapping in accordance with the task
requirements. The decision structure is represented in Fig.$8
for a set of 4 intervals.

Given such a situation it is assumed that an Rl res-
ponse will be triggered for all values of I>Adc, and an Ro

response for I<Adc. Thus, the probability of an R; response

for the do interval will be defined as:
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+ o0
P(Rlldo)=[k f(IIdo)dI
then for any di’

+c
P(Rlldi)=Ik £(x[a;)dar

since _f(IIdi) is N%(Adi,ldi), it can be shown (Green & Swets,

, +e [Ad, -k
1964) that P(Rlldi)=J o| i | ax
ko [(ag)©]

where all durations are expressed in sec.x10_3, and k;kdc. So,

1
o [A%(d.-d_) ]|
P (R 'di)=J+ o| —2 ¢ {dk (7)
A

l I
d. dj

W

consegently, a normal deviate can be defined as:
X% d.-d
(d;-d.) (8)

ZC (Rl Idl)': o me——

d.2
1

Then, one can use the normal deviate Zc(Rl|di) as an index of
discrimination representing the distance between the mean of
each di(I) and the criterion Adc in units of the standard
deviation of di(I)p Since the distributions have unequal
variance each Zc(Rlldi) will be obtained with reference to its
respecEive variance Adi i.e., Zc(Rl|do) will be estimated

A2d _-d

from 01 c. Similarly, ZC(Rl[di) will be calculated from

2 2
d1 AZ (d1-dg)
the equation ————— . Theoretical Z_(R,|d.) vs d., functions
d.3 ¢l i i
were obtained for different values of A. They are presented
in Fig 9. It is readily apparent that the functions are non-
linear. The non-linearity is more accentuated for the shorter

di‘ Such functions show that for distributions whose mean is

more than two standard deviations away from Ad., a further
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FIGURE 9. Theoretical Z, (Rlldi) vs d; functions for a set of 8 d;
symmetrical around M.P.=25Cmsec. at 4 values of A.
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diminution of the intervals will produce a faster improvement
of the performance by comparison with an equal lengthening

of the intervals. So a typical psychometric function as
predicted by eq. 7 should show P(Rlldi) vs d; as a pos'tively
skewed sigmoid function. Furthermore, for a constant distance
between Ad_ and Ad; , ZC(Rlldi)is an increasing function of A
and the increase in Zc is a function of the actual value di’

By contrast with the onset-offset model, the discriminability
will be a function of the actual set of di values used and not
only of the absolute difference between any two di'

For classical psychophysics, the common way of
expressing such a relationship between DT and the absolute
value of the durations involved is given by the Weber function
DT/T=K. If one assumed that a given set of data follows Weber's
law, it would be interesting to observe how the Poisscn counter
model can account for the same set of data. In order to perform
the analysis we allowed A to vary between M.P. values. While
maintaining the assumption that A was constant, within a given
set D we assumed that its value could be adjusted from
one set D to another. Thus, in a way, this is not an integral
part of a Poisson counter and can be considered as an empirical
development. From an hypothetical set of data for which the
Weber ratio was arbitrarily fixed at .10, A was estimated for
a number of MiP' values. The results presented in Fig.9 are
quite interesting and show At as a constant. Thus for data

which can be represented by the Weber function, such a model
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shows AT as being a constant. Since T is takeﬁ as M.P. and

that M.P. is usually a good approximation of dc it could be
argued that X would be modified in crder to keep Adc constant.
Thus, internal distributions would be displaced in order to

be set around a constant criterion value which could yield a
better pertformance.

An interesting point is that, an increase in variance
of the internal representation of a stimulus has been commonly
associated with a decrement in performance (Treisman,l1967).
However, in the present case, since both the mean and the
variance of di(I) are equal to Xdi an increase in variance,
e.g. by incfeasing di' is by definition linked to an equal
increase in mean. Zc(Rlldi) is defined as the ratioc of the
distance between Adi and Adc, to the standard deviation,
(Adi)%. Then, for example, doubling di will increase the mean
by a factor of 2 and the standard deviation by a factor of V2.
So, while such a change in di does affect the variance, the
overall effect on the performance in terms of Zc will he an
improvement since the variation in the mean will be larger.

Finally, it is important to note that, since in the
M.-F. method the intervals are varied at random within a block,
one has to assume A to be constant for the entire set D.
However, it is quite possible that X could be varied over days
or adjusted to different ranges of intervals when varied over

a series of experiments.



3.3 Method

Three experienced Os were run in each experiment.
They were Os 15, 6 and 1 in expt 5 and, Os 17, 2b and 201 in
expt 6. Each O had previously participated in an intermcdal
duration discrimination task. They were all paid volunteers.

Because these two experiments were done at a one
year interval, there are some differences in the characteris-
tics of signals in a trial between the two situations. In expt
5, there was no warning signal and the duration of the markers
was set at 500msec. There was a warning in expt 6 and the
markers were at lOmsec.

In both experiments the M.-F.pmethod was used with a D
of 6 intervals. For expt 5 all three Os ran through the same
=450, d4,=550, 4

=650, 4,=750, and d-.=850msec.

1 2 3 4 5

In expt 6 a series of 5 test sessions were run with

set: d_=350, d
o}

only two intervals, one on each side of the M.P. 300, in order
to obtain an estimate of the level of performance and thus,

use a range of values which would be optimal for each O in the
rest of the experimentation. There were 300 trials/session
divided in three equal blocks in which each of the two intervals
was presented an equal number of times in a random order.
Following these test sessions, two Os, 201 and 17, performed
with a similar set:150, 240, 290, 310, 330 and 450msec.;for O

2b, the set was:150, 240, 280, 320, 360 and 450msec. In all the
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experiments described previously, the M.P. was the reference
point for stimulus-response mapping. However, in expt 6, other
values were used which divided the set D non-symmetrically.
So, the term "cut-off point" (C.P.) will be defined as the
reference point which partitions D into the two response
categories. With the main set D kept constant, three C.P. were
successively used for each 0. For Os 201 and 17 the C.P. were
at 280,_300, 320msec. and they were at 260, 300 and 340msec.
for O 2b. The reason for placing the inside four intervals
closer together was to insure a reasonable error rate fcr the
di further away from the assymetrical C.P. (e.qg. 64 when the
C.P. in between dl and d2). From these four inside di' three
psychometric function were cbtained successively, at an
asyﬁptotic level of performance. The outside values, d  and
d5 were placed far enough from any C.P. so that they could be
assumed to be outside the psychometric range. They were used
only to obtain estimates of & and Bi for the onset-offset model.
In order toreach stable performance, each O was run for at
least 16 sessions under each C.P. somewhat like in expt 3.
However, in expt 5 each O was run for an identical number of
20 sessions. In all the cases, the data from the last 5
sessions were used as experimental data.

In expt 5 and for C.P.=300msec. in expt 6, there were
3 blocks of 90 trials per session. Each di was presented 15

times in a random order in a block. For the other two C.P.

in expt 5, because of the assymetrical partition, the number



93

of trials per di was‘determined in such a wayvthat the O had,
over a block, an equal probability of being presented with an
element of the subset dl and ds. The were always four intervals
in one subset and two in the wther, and the intervals in the
2-element subset were presented 24 times each and those in the
4 element subset 12 times each. Thus, each session contained
three blocks of 96 trials for a total number of 286 trials/

session.



3.4 Results and discussion

In the following section, for both models, we will
first compare the estimates of the parameters g and A for
the different C.P. values. Then, we will proceed to the
comparison of the predicted vs observed psychometric functions
for the two models. Throughout the'analysis of the results,
the performance index P(c) and the discriminability indices
Agq and ZC will be estimated from the inside four di.

The stability of the experimental data is illustrated
in Fig. 10 where overall P(c), averaged over all Os, is
presented for each daily session. It is apparent that expt 6
shows no gain in performance over days, whereas in expt 5 the
increase is of about .05 over the twenty sessions. This.small
effect of practice might be due to the fact that all Os had
previously run in a similar experiment. The stability of the
performance for each O in expt 6 was further assessed by
fitting a straight line with the least square method to the
daily values of P(c) for the last five sessions at each C.P.
value. The parameters of the analysis (slope and y-intercept),
and total number of sessions in a condition are présented in
Table Bl’ Appendix B. In all cases, the increase or decrease

in P(c) over the experimental sessions was smaller than .05.
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FIGURE 11. Overall P(c) at each session of experimentation estimated from
data pooled over all Os in expts 5 and 6.



3.4.]1 Parameter estimation

In the following section the parameters of the Poisson
counting model and the onset-offset model will be estimated.
The behaviour of these parameters as a function of C.P. will

be evaluated in accordance with each model's predictions.

The Poisson ccunter model

We proposed in section 3.2.2 that with the M.-F.
method the main parameter A should be constant fo; a given
C.P. value, but could be modified over various C.P. points.

A was estimated by using dc and )X as free parameters and by
iteration determining the combination of these two parameters
which would minimise the following sum of sguared deviations
between Ec(Rlidi) and Z(R,|d;). Estimates of P(R,|[d;),
E(Rlldi), Z(Rlldi) and the sum of squared deviations are
reported in Tables B2, B3, B4, and B5 in Appendix B. The
estimates of A are reported in Table 9 for expt 5 and 6. It is
readily evident that X does vary over C.P. values. On the
average, A at 600 is less than half the value it is at C.P.
300. On the other hand, although C.P. was varied in expt 5, the
shifts were rather small and make it practically impossible to
use the variations in C.P. to further specify the A vs C.P.
relationship. Actually, the one feature evident from the

estimates in expt 6 1is the large variability in A although the
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experimental data were gathered in conditions of assymptotic
performance.

However, it could be interesting to.examine the
constancy of the expression A”.P. Indeed, since it was shown
in section 2.4 that the M.-F. method yielded DT,y VS T functions
close to Weber's law, AC.P. should be expected to be constant
in the present experiment. The estimates of A were multiplied
by each C.P. and the outcome is presented in Table 9. Actually
averaged AT at M.P.=600msec. is 43.2 while it is 50.4 at
M.P.=300msec. These figures are quite close to each another
given we aré dealing with two independent groups of Os. That
suggests that a timing mechanism might be operating with a
constant absolute value decision criterion as proposed in
section 3.2.2 Finally, it is interesting to note that in spite
of small shifts in C.P. in expt 6, Os were abie to displace
their decision criterion, dc’ with remarkable accuracy.
Furthermore, the accuracy does not appear to be a function of
C.P. Estimates of dc were no closer ?o C.P. in expt 5 than in

expt 6.

The onset-offset model

In the onset-offset model, the estimation of q is
made simpler by the prediction that the Aq(RlIdi) vs d, func-
tion is linear. However, estimates of the parameters e and o
will first be obtained in order to correct the P(Rlldi)'

Individual estimates of P(Rlldi), B., Aq(Rlldi),e,and

i
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Table 9

Estimates of A and dc, and the sum of squared deviations

for each O in experiments 5 and 6.

o) C.P. (msec) A dc(msec) Tdeve (AC.P.)x10"3
6 600 87.5 604 .1034 52.5
15 600 86 592 .002 51.6
1 600 42.5 600 .0124 25.5
17 280 160 280 .0042 44.8
300 235.5 307 .0088 70.65
320 180 327 .0392 57.6
201 280 . 257.5 283 .0005 72.1
300 203.5 298 .003 61.05
320 134.5 324 .0998 43.,
2b 260 _ 94.5 263 .0163 24.57
300 125 294 .0290 37.5

340 120 336 .0249 40.8




o are reported in Tables B6, B7, B8 and B9 in Appendix B. It
is interesting to note that for Os 6, 15, 201 and 17, € is
smaller than .02 while it is at .04 for 02b and .09 for O 1.
Thus, in most cases the correction is minimal. Howevei, for
2b at C.P.=260msec. the correction was not applied because
the uncorrected estimate of g shows that dO is not outside the
psychometric range. For O 2b at C.P.=340msec. a similar case
occurs. However, because d5 is at the limit of the psychometric
range (4msec. away from the dc+q point), the correction was
made.

The estimates of dc and g were obtained by fitting a
straight line to the corrected Aq(Rl[di) vs d; function with
a least sguare technique to the inside four di'

In the original onset~offset model q was defined as
a constant. However, recently (Allan & Kristofferson,1974b) it
appeared that g, while being constant over certain ranges of
duration, varied between different regions. That is to say,
the g vs M.P. function displayed a step-like shape;q would be
constant over a given range and then increase abruptly to
remain somewhat constant at this new larger value for a certain
range of M.P. values. The results reported in Table 10 shéw
that g is a function of the C.P. under study. Averaged q is
202.6 at C.P.=600msec. and falls to 93.54 at C.P.=300msec.
From the results displayed by Os 17, 201 and 2b in expt 6 q
does not appear as a systematic function of C.P. Although

0 201 does show a regular increase in g as C.P. is varied.



Estimates of g, 4 _, r2

Table 10

for each O

100

in experiments 5 and 6.

0 C.P. msec. q (msec.) dc(msec.) r2
6 600 187.79 611.45 .9881
15 600 189.91 596.40 <9988
1 600 228.11 650.70 «9999
17 280 103.20 280.00 .9938
300 81.14 307.00 .9721
320 95.30 327.30 .9721
201 280 80.30 284.10 .9990
300 86.90 299.30 .9936

320 103.08 323.60 .9307
2b 260 140.40%* 263.60 .9786
300 112.59 297.50 <9991

340 114.10 337.20 .9992

*This value is from uncorrected P(Rlldi).
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Aeenallyy EomEwiat llke for A, g is variable as C.P. is varied

but the small shifts in C.P. do not allow for a definite

description of the g vs C.P. function

3.4.2 Psychometric functions

A direct comparison of the sum of squared deviations

between observed and predicted P(Rl|di) for each model

is given in Table 11. The Zdev2 waé prefered to r2 because in
all the cases except C.P.=320 values for O 201, r2>.98. However,
while Zdev2 might render a discrimination of fitness easier,
it becomes already apparent that both models account very well
for the observed data. An examination of Table 11 corrcbhorates
the similitude between models. Indeed, the onset-offset

model fits better 6 out of the 12 sets of data reported,

while the Poisson model is better for the other 6. Similarly,
for both models, the largest Zdev2 are observed for the same
psychometric functions mainly, C.P.=320 for 0 201, O 6, and to
a lesser extent C.P.=320 for O 17. Such a result makes it
virtually impossible to identify either model as being
representative of the operation of a central timekeeper.
However the crux of the argumentation throughout that Chapter
was that the models could be distinguished in terms of
linearity vs non-linearity of the standardised scores vs di
functions. In Fig. 9, the ncn-linearity of the Zc Vs di
functions is apparent for large Zc' But, in expts 5 and 6

Zc(Rlldi) lies between -2 and +2. Actually, in that region the



Table 11
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Observed and Predicted P(thi) for the Poisson counting

model and the onset-offset model for expts 5 and 6 with

the sum of the squared differences Observed-Predicted.

0 C.P d; ﬁ(Rlldi) _ Poisson Onset-offset
P (Ry |d;) Zdev2x102 P(Ry|di) Zdev2x102
2b 260 240  .3203 .3203 .3406
280  .6201 .6280 .8209
320  .8611 .8381 .8209
360  .9333 .9437 .07 .9508  .268
300 240 . .1245 .1062 .1197
280  .3511 .3795 .3566
320 .6667 .7008 .6798
360  .9067 .8900 .258  .9010 .025
340 240 .02l .0159 .0171
280  .1111 .1216 .1288
320 .3556 .3795 .3444
360  .6435 .6724 .154  .6408  .046
17 280 270  .3921 .4025 4086
290  .6145 .5974 .5925
310 .7528 .7538 .7483
330  .8603 .8658 .043  .8668 .08l
300 270  .1333 .1342 .1416
290  .3049 .3132 .3016
310 .5580 .5345 .5209
330 .7098 .7346 .123  .7303  .190
320 270  .0674 .0723 .0787
290  .2235 .1770 .1833
310 .3017 .3348 .3314
330 .5265 .5186 .333  .5227  .267
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Table 11 (continued)

0 C.P. di I;(Rl d.) Poisson Onset-offset
P(Ry|d;) IdevZx102 P(Ry|dj) Zdev2x102
201 280 270 .3472 .3421 «3501
290 .5778 .5818 .5791
310 7833 .7842 .7743
_ 330 .9056 .9076 .004 -9092 <01
300 270  .2267 .2216 .2287
290 .4178 .4103 .4074
310 .6089 .6204 .6207
330 - 7956 .7900 .24 w7922 .026
320 270 .1447 1137 .1146
290 .1900 2276 " 2265
310 .3240 + 3795 .3762
330 .6148 « 5503 « 972 .5598 .798
6 600 450 .0222 .0159 .01472
550 .1688 .2461 «2302
650 .7288 «7077 .6683
750 .9466 .9437 .647 . 9527 « 752
15 600 450 .0266 .0246 .0323
550 .2888 <2992 .2804
650 .7496 .7475 .7138
750 <9555 .9560 .012 .9556 .148
1 600 450 .08 .0712 .0814
550 .2977 «3275 .3005
650 8517 .6578 .6362

750 .8789 .8700 .108 .8842 027
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function is almost linear thus reducing the possibility of
discriminating between models. Precise comparison of the
models will be hard to run because values of Zc>2 corresponds
to P(c)>.97 values difficult to stabilise experimentally. So,
the results en the E(Rlldi) Vs P(Rl]di) comparison are not
totally unexpected.

The linearity of the standardized scores psychometric
functions can be further appreciated by an analysis of the data
following the onset-offset model which does predict a linear
Ag vs di function. A further test of linearity was carried
on a composite function where each individual function is
represented in a standardized form. The distance di—dc was
transformed in units of g for each ihdividual function using
the values of the parameters g and dc as given in Table 10.
Thus, when Aq(Rl[di) is presented as a function of (di—dc)/q
the function should be perfectly linear, i.e. slope 1.0 and
intercept 0. The result is shown in Fig.1l2. The diagonal is a
straight line of slope 1 and intercept 0 and it represents
the data very well. Actually, the best fitting straight line
obtained with a least-square technique shows a slope of 1.015

and intercept of .00514. The goodness of fit of the linearity
is excellent since r2=_,9921; a very good fit since we had 48

points in the function.



3.5 General discussion

The analysis of the results from expts 5 and 6 has
mainly displayed the difficulty to differentiate between the
two quantitative models under study. That difficulty is due
to the fact that both models predict linear relationship
between a standardized index of discrimination and di over a
very large range of P(Rlldi) values (.04<P(R1|di)<.99).0n the
other hand, it was demonstrated clearly that standardized
scores were in general a linear function of di' That implies
that in a set D, the di(I), unless very far from dc have equal
variance distributions. Thus, in the present conditions the
inéernal representation of duration, for the most part of a
set D, is not an increasing function of T. Very low error data
points would be needed in order to check the non-linearity in
the Zc vs di predicted function. It is for such points that
the Poisson counting model could best be checked against the
modified onset-offset model which would very likely consider
these errors as non-process errors. It is doubtful that such
an enterprise would be very useful in view of the agreement
between both models over most of the psychometric function at
least for the conditions of the present experiments. Further-
more the whole process of comparing the two models is
complicated by the fact that the modified onset-offset model

is a four parameter model whereas the Poisson counter is a

106
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two-—-parameter model?

Within the scope of the onset-offset model, Kristof-
ferson (1973) has proposed an empirical rule, the "doubling"
hypothesis, which states that for every C.P. value, double
that value should double the magnitude of g. While we did not
carry an extensive test of that rule, the results reported in
Table 10 do show the mean q at M.P. 300 as 10l.%msec. and as
202.6msec. at M.P. 600msec. This ratio of 2, as predicted, is
surprising if one considers that we are dealing with groups
of Os. Although the doubling hypothesis is not part of the
model, it is logically related to it and is presently a useful
generalisation for representing the g vs C.P. function in
auditory and visual duration discrimination (Kristofferson,
1973). The fact, that in the present case the results might
follow the same rule is further indication that similar timing
mechanisms would be operation in inter and intramodal duration
discrimination. However, it is important to note that in the
present intermodal situations the values of g are three to
four times larger than the ones reported for auditory duration
discrimination with similar methodology. Thus, even though the
timing device might be the same in inter and intramodal cases,
it is less accurate in the intramodal situation when values of
C.P. less than 600msec. are considered. On the other hand,
values of A are very much comparable to those reported by
Abel (1972a,b). Actually, that precise feature plus the

relative constancy of the A(C.P.) values make the Poisson
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Estimates of DT,¢ averaged over 5 experimental sessions for

each 0 at C.P.

of 300 and 600msec.

COPI
300 600

0 DT, 0 PT7s5
201 51.75 -15 106.84
v17 48.35 .6 104.26
2b 65.38 1 149.56

X 55.10 X 120.22
S.D. © 9.00 S.D. 25.00
DT/M.P. 0.1833 DT/M.P. 0.2003
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counting model an interesting alternative. However, the
remarkable linearity of the composite figure (Fig.ll) is a
strong support for the onset-offset model.

In the previous part, section 2.5, we had mentioned
that in the M.-F. method the differential sensitivity function

could be described as a straight line of the form DT .1904

75"
M.P.+34.03. If one considers the two groups that were run
independently at M.P.=300msec. and 600msec. in the present
thapter, a minimal function, with two points, can be obtained.
Values of DT75 were calculated for each O for the last 5
sessions. These values are reported in Table 12. A comparison
with the results of expt 4 shows the present performance as
superior, each DT75 being lower by 15 to 20msec. Furthermore,
if a line is fitted to the two point function, it yields the

following result: DT .217M.P.~-10.02. Thus while the slopes

75
are very similar in both experiments, there is a drop in the
intercept in expts 5 and 6. Such a result supports the findings
reported in expt 4 with the sliding M.P. method:the performance
index DT, is a linear function of M.P. It is also interesting
to note that in expts 5 and 6 experienced Os with extensiye
practice showed a decrement in performance as a functicn of an
increase in M.P. that is similar to that of less practiced Os in
expt 4. Thus, while there is a definite effect in absolute
terms, the differential discriminability functions are very

similar in shape. Furthermore, it is interesting to point out

that like in expt 1 the present one is a between group design
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and suggests tha