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Duration discrimination of empty time
intervals marked by intermodal pulses

ROBERT ROUSSEAU, JOCELYN POIRIER, and LOUISE LEMYRE
Université Laval, Québec, Canada

In 1973, Rousseau and Kristofferson reported that short empty intermodal time intervals
marked by a light flash and a brief tone were poorly discriminated by subjects, and that AT,,
was constant over a large range of durations. It led them to suggest that short intramodal empty
intervals, marked by stimuli from the same sensory modality, might be handled by a ‘‘more
efficient mechanism’’ to which intermodal intervals would not have access. Unfortunately, their
study lacked the basic evidence needed to make a strong statement: no direct comparison be-
tween inter- and intramodal duration discrimination and no within-subject discrimination func-
tion were available. To clarify these two issues, three experiments were performed. The data in-
dicate that intermodal time intervals are discriminated more poorly than intramodal ones, and
that intermodal duration discrimination functions follow Weber’s law. Analysis of data from
different experiments lead to the conclusion that inter- and intramodal intervals are timed by
a common timekeeper and that intermodal intervals induce a large noise component in the time-

keeping operation.

There seems to exist a general agreement on the
fact that when an observer is asked to discriminate
between intervals of short duration, his performance
is little affected by such stimulus characteristics as
intensity, frequency, and bandwidth (Allan, 1979).
More specifically, if the discrimination is performed
on empty intervals marked by short auditory pulses,
numerous studies have shown that, for intervals longer
than 100 msec, performance is not sensitive to vari-
ations in marker intensity (Abel, 1972; Carbotte &
Kristofferson, 1973; Divenyi & Danner, 1977; Penner,
1976), frequency or spectrum (Divenyi & Danner,
1977; Divenyi & Sachs, 1978), and duration (Abel,
1972; Carbotte & Kristofferson, 1973; Penner, 1976).
Moreover, within the range of 0-100 msec, Nilsson
(1969) and Oostenbrug, Horst, and Kniper (1978)
have shown the performance to be relatively insen-
sitive to changes in the energy of light pulse markers.

Although these results are of parametric interest,
their importance lies in the support they bring to the
basic postulate of psychophysical models of duration
discrimination, namely, that temporal information
is a function of the temporal extent of the stimulus
and not of other stimulus parameters. That is, in
order for the duration of an interval to be available
for psychophysical analysis, it must be put forward
that there is an orderly relationship between a stim-
ulus duration and its internal transform. In general,
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discrimination models consider that the encoding of
temporal extent is performed by a central timekeeper
common to visual and auditory modalities (Allan,
1979). Most current models do assume that duration
information is obtained through the accumulation,
over the extent of the interval, of pulses originating
in some central source (Abel, 1972; Creelman, 1962;
Divenyi & Danner, 1977; Kinchla, 1972; Thomas &
Brown, 1974; Treisman, 1963). Although some models
(Creelman, 1962; Divenyi & Danner, 1977) have for-
mally defined parameters representing nontemporal
stimulus variables, their theoretical importance has
remained very minor in view of the empirical evi-
dence. This well-documented lack of influence of
nontemporal stimulus parameters on duration dis-
crimination has commonly provided a support for
the existence of the central timekeeping device. How-
ever, more direct evidence is rather scarce; Allan
(1979) only refers to Eijkman and Vendrik (1965),
Loeb, Behar, and Warm (1966) and Warm, Stutz,
and Vassolo (1975). These studies are extremely dif-
ferent methodologically from one another (none being
a discrimination experiment), and they base their
conclusions on evidence of transfer or correlation
between visual and auditory modalities in judgments
of stimulus duration.

A more direct way to gain access to the central time-
keeper would be to reduce to a minimum the sensory
support of the time intervals to be discriminated.
Studies in temporal order judgments have already
made use of intermodal signals in order to minimize
sensory interactions (Collyer, 1974; Sternberg & Knoll,
1973). Unfortunately, reports on duration discrim-
ination of intermodal intervals are almost inexistent
and provide very little information.

Copyright 1983 Psychonomic Society, Inc.
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Fraisse (1952) ran an experiment in which a brief
stimulus was presented between a pair of tones sep-
arated by 1 sec, thus forming two adjacent intervals.
His results showed that the interval of uncertainty
was three times larger when the middle pulse was a
light rather than a tone. Rousseau and Kristofferson
(1973) used empty intervals marked by a light flash
and a brief tone in a series of duration discrimination
experiments. Because theirs was the last published
report available on the subject, it will be the point
of departure for the studies to be reported in the pres-
ent paper. They ran four groups of subjects who were
required to tell if the single interval presented on each
trial was the short one (base duration, T) or the long
one (comparison interval, T +dt). A different base
duration value was assigned each group, and, from
the psychometric function, the difference in duration
between base duration and comparison intervals
needed to reach a correct response on 75% of the
trials, AT,s, was estimated for each individual sub-
ject. The main conclusion was that base duration had
no effect on performance since AT,;s was constant
around 165 msec. This is in clear contradiction of
psychophysical theories of duration discrimination
involving a stochastic counter (e.g., Creelman, 1962),
but supports the quantal theories described in Allan
and Kristofferson (1974). Moreover, the averaged
Weber ratio was 1.64 at T =100 msec, which is ex-
tremely high in comparison with empty auditory in-
tervals in which the ratio is around .25 (e.g., Abel,
1972, Table II) and even as low as .1 (Getty, 1975)
for values of T around 100 msec. On the other hand,
the ratio of .08 obtained at T=2,000 msec is very
close to the auditory data.

Since intermodal intervals are assumed to enable
access to a central timekeeper, such a large discrep-
ancy in discrimination performance level between
inter- and intramodal intervals could be detrimental
to theories proposing that duration discrimination is
handled by a central timekeeper common to all mo-
dalities. Rousseau and Kristofferson (1973) suggested
that long intervals could be timed by a given mech-
anism and shorter intervals by another, more effi-
cient one, and that short intermodal intervals did not
have access to that efficient timekeeping device. The
inclusion of two timing mechanisms would greatly
complicate psychophysical theories of duration dis-
crimination.

However, the impact of the Rousseau and
Kristofferson data is somewhat lessened by two meth-
odological weaknesses. First, there is a definite pos-
sibility that the intermodal performance could be
linked to the use of a light-flash marker and not to
the intermodal characteristic of the interval. When
compared with auditory signals, light-flash signals
have classically been shown to trigger slower reaction
times and to have a longer central latency. Further-
more, judgments about the duration of a light signal
are less accurate and more variable than those about

auditory signals (Allan, 1979). Consequently, it could
very well be that a light pulse is not an efficient way
to mark a temporal interval and that it therefore de-
creases discrimination performance in L-T intervals.
If this were the case, L-L intervals should induce a
level of performance comparable to and or worse
than intermodal intervals. Unfortunately, no data is
currently available on duration discrimination of
empty visual intervals for T values longer than
100 msec. This raises the need for intermodal data
obtained with an experimental design that includes
intramodal visual and auditory empty intervals. Sec-
ondly, because different groups of subjects were used
at each T value, the stability of AT, has to be reeval-
uated. A within-subject discrimination function would
go a long way in strengthening that observation.

So the present series of experiments was carried
out in order to clearly establish the importance of
markers originating in different modalities in account-
ing for intermodal duration discrimination perfor-

_ mance. More specifically, the two major observa-

tions made by Rousseau and Kristofferson will be
investigated: (1) there is a significant difference be-
tween intermodal and intramodal duration discrim-
ination at short T values, and (2) there is no effect
of base duration on AT, in intermodal duration dis-
crimination.

GENERAL METHOD

Subjects
All subjects were young adult volunteers paid for their parti-
cipation.

Apparatus and Stimuli

Each subject was run in an individual sound-attenuated test
chamber. Usually there was a single session per day, although on
some occasions there were two. The sessions lasted about 40 min-
utes each, and were subdivided into three blocks for Experiments
1 and 2 and into two blocks for Experiment 3.

A trial started with a 500-msec visual warning signal, followed,
after a 1.5-sec foreperiod, by an empty time interval marked by
two 10-msec pulses. The subject then gave a response by depress-
ing one of two pushbuttons placed on the armrest of the chair.
The trial was terminated by a 500-msec visual feedback signal.

The visual signals were presented from a display panel facing
the subject at roughly 1 m. The warning signal and feedback sig-
nal were produced by flashing small tungsten lamps. The visual
marker was a fast rise/decay pulse from a neon bulb (NE-40).
The auditory marker was presented binaurally to the subject through
TDH-49 earphones. It was the gated output of a signal generator
with rise/fall times of 2.5 msec, frequency at 1 kHz, and average
continuous amplitude of 70 dB at the ear. The total signal was
generated by a series of Colbourn Instruments audio modules.
The experimentation was completely under computer control (Dig-
ital Equipment PDP-8/F) with timing accurate up to the nearest
millisecond.

Procedure

The many-to-few version of the single stimulus method (Allan
& Kristofferson, 1974) was used throughout the experiments. A
set of nintervals (t; .., t; . ., t;) was partitioned into two subsets
of n/2 intervals, the short subset, T,, and the long subset, T,.
These intervals were symmetrically distributed around a center
duration value, called midpoint (MP), which was not a member



of the set. On any trial, the subject was presented with a single
duration value, t;, and had to tell if it was a member of T,, by emit-
ting response R,, or, conversely, a member of T,, by emitting an
R, response. Within a block of trials, each interval was presented
an equal number of times in a pseudorandom sequence. The trial-
to-trial feedback provided to the subject identified a given inter-
val as being a member of T, or T,. The computation of the Weber
ratio was performed by assuming MP to be equivalent to T, the
base duration.

EXPERIMENT 1: THE COMPARISON OF
INTRA- AND INTERMODAL INTERVALS

This experiment provides a direct comparison be-
tween intra- and intermodal empty-interval duration
discrimination. The subjects were run under four dif-
ferent marker conditions (M conditions), tone-tone
(T-T), light-light (L-L), light-tone (L-T), and tone-
light (T-L). Furthermore, data were gathered for in-
tervals around 250 and 1,000 msec (T conditions).
Every individual was tested under each combination
of duration x type of marker.

Method

Subjects. Eight subjects participated in the experiment. They
were volunteers paid $3/session.

Procedure. Each subject was run through 17 sessions, the first
one being a practice session and the last 16, experimental sessions.
The subjects were run for 8 sessions at each T value. Subjects 1,
2, 5, and 6 began with T=250 msec and then shifted to T=
1,000 msec. The other four subjects, 3, 4, 7, and 8, were run in
the reverse order. A session comprised four blocks of 70 trials.
Within a block, all trials were of the same type, and over the ses-
sion, each marker-type condition was associated with a different
block. The order of presentation of the blocks was according to
a balanced square design. Over 8 sessions, a subject would run
through two cycles of a balanced Latin square, the last cycle pro-
viding the data considered in the analysis.

Within a block of trials, the subjects could be presented with
one of two possible time intervals, t,=T —dt and t,=T +dt. The
dt was the same for all types of marker at a given T value: 25 msec
for T=250 msec (to=225 msec and t, =275 msec) and 75 msec
for T=1,000 msec (to=925 msec and t,=1,075 msec). For the
practice session, t, was set at 400 msec and t, at 600 msec. The
duration of the session was about 45 min, and one session pro-
vided 70 trials for each combination of T x M conditions.

Results and Discussion

Individual equal-variance d" were computed from
P(R, | t) for each session under each condition. The
individual average of the last four sessions was then
obtained. Table 1 shows these individual averages
and group mean d’. An analysis of variance was run
on the individual data following an RBF design (Kirk,
1968). As is often found in within-subjects designs,
a significant difference was obtained between sub-
jects [F(7,49)=29.9, p < .01]. A very significant ef-
fect of type of marker was obtained [F(3,49) = 142.9,
p < .001], and performance was not different be-
tween T values, quite likely due to the fact that AT
was adjusted to each T value. Finally, the M x T in-
teraction was significant [F(3,49)=24.17, p < .01].

When average data are considered, for T = 250 msec,
the usual superiority of auditory intervals over visual
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Table 1
Individual Equal Variance d' for Each Marker
Condition and T Value (in Milliseconds)

T Value
250 1,000
Sub- Marker Condition Marker Condition
jects T-T LL TL LT TT LL TL LT
1 4.62 227 S50 65 223 1.74 93 .94
2 329 1.35 01 .02 167 1.29 53 62
3 341 3.00 32 57 151 127 .90 .99
4 344 2,12 100 63 275 1.68 87 1.15
5 447 286 1.03 .80 4.17 206 132 191
6 195 .95 13 42 .92 42 17 .08
7 432 264 85 96 3.19 232 192 196
8 375 226 88 68 256 1.77 146 145
Mean 365 2.18 59 .59 237 1.01 1.14

1.57

intervals (cf. Allan, 1979) is observed, averaged d’
being 3.65 vs. 2.18. Ratios of d’ values obtained un-
der different conditions are displayed in Figure 1.
Intermodal d’ are clearly lower than the auditory
ones by a factor of 6. This cannot be accounted for
by lack of efficiency of the onset or offset of the light
pulses, since the intermodal data are the same under
T-L or L-T conditions and clearly worse than the L-L
condition. The auditory-intermodal d’ ratio falls to
2 when T is increased at 1,000 msec. On the other
hand, the auditory/visual d’ ratio remains at 1.5 for
both T values.

Since this is the first attempt to replicate the
Rousseau and Kristofferson data, it seemed appro-
priate to compare the level of performance obtained
in both experiments. However, such comparison
must be carried with caution, since different methods
were used to estimate performance indexes. Standard
deviation of the internal transform of a given time
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Figure 1. Ratio of average d' estimates with auditory (T-T) in-
tervals taken as reference for visual (L-L) and intermodal (T-L,
L-T) intervals.
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interval will be used to assess the efficiency of the
timekeeping device under different experimental con-
ditions.! Estimates of SD are presented in Table 2.
For the L-T condition, SD is estimated at 84.7 msec
fort = 250 msec and at 131.6 msec for T = 1,000
msec; in Rousseau and Kristofferson, the estimates?
are 86 msec for T = 100 msec, 130 msec at T = 600 msec,
and 108 msec for T =1,200 msec. Both sets of esti-
mates are in the same range and show intermodal dis-
crimination as being relatively insensitive to proce-
dural conditions. It is further worth noting that es-
timates of SD from the Rousseau and Kristofferson
data are not as uninfluenced by duration as the AT,
reported in their paper. The main reason for that is
likely to come from the use of the total psychometric
function in estimating SD, which includes very high
performance data points having a strong influence
on the slope estimate. The present data analysis would
tend to weaken the statement made in Rousseau and
Kristofferson about the stability of AT, as a function
of T. However, it is not a sufficiently strong test, and
more systematic results will be reported later in this
paper. It is interesting to note in Table 2 that the Weber
ratio is relatively constant in the intramodal condi-
tion, whereas the intermodal ratio is halved by the
increase in T value.

So these data do indicate that (1) intermodality is
very detrimental to duration discrimination of empty
intervals, and (2) the performance decrement, in
comparison with intramodal performance, is reduced
with an increase in the absolute duration of the inter-
vals to be discriminated. This is in direct support of
Rousseau and Kristofferson, and confirms the pos-
sibility that the access to efficient timing devices would
be very difficult, if not impossible, for intermodal
time intervals. This conclusion is warranted by the
surprising power of intermodality as a variable. Rarely,
in the duration discrimination literature can one find
stimulus variables that produce such a large perfor-
mance decrement, without consideration to the dura-
tion range. It is only in Divenyi and Danner (1977)
that a comparable decrement was observed when in-
tensity of auditory markers was reduced from 65 to
5 dB SL at a base duration of 25 msec. Although
Divenyi and Danner interpreted their results in terms

Table 2
Estimates of SD From the Average
d’ Under Each Marker Condition

Marker Condition

T Value T-T L-L T-L L-T
250 13:7 22.9 84.7 84.7
S5 9.16* 33154 33.9%
1,000 63.3 95.5 148.5 131.6
6.3% DS 14.9* 13.2*
Note~T value given in milliseconds. *Classical Weber ratio

SD/T (%).

of auditory sensory mechanisms, other types of mech-
anisms will have to be called for in order to explain
the current results.

Unfortunately, a simpler, and in a way more triv-
ial, explanation could be that intermodal conditions
require more systematic training in order to reach
the intramodal performance level. Duration discrim-
ination is known to be particularly sensitive to train-
ing (Kristofferson, 1980). In the present experiment,
marker conditions were varied between blocks of 70
trials. This is a rather small number of trials per con-
dition by duration discrimination standards (e.g.,
Divenyi & Danner, 1977). Furthermore, training
might have been hindered by the mere variation of
marker condition within sessions. Consequently, a
second experiment was run in which two groups of
three subjects ran through 16 sessions of either intra-
modal or intermodal empty-interval duration dis-
crimination.

EXPERIMENT 2: CONSISTENT PRACTICE

Method

Subjects. Six subjects served in the experiment, Except for Sub-
ject 1, none had had any experience in duration discrimination
tasks.

Stimuli. The intramodal intervals were marked by two auditory
markers; six (t values) were used: T,=238, 242, 247 msec and
T, =253, 258, 262 msec. Intermodal intervals were marked by an
auditory marker followed by a visual marker (T-L intervals). The
temporal intervals were: T,=205, 220, 235 msec and T,=265,
280, 295 msec. The actual values for inter- and intramodal inter-
vals were chosen in order to give comparable discrimination per-
formance levels.

Procedure. The subjects were divided randomly into two groups
of three subjects each. Group A ran through 16 sessions with in-
tramodal intervals and, Group B did the same with intermodal
intervals, There were 270 trials per session divided into three blocks
of 90 trials. During a session, a subject would be presented with
45 trials/interval.

Results and Discussion

Individual SD estimates were computed for each
session by fitting a straight line to the normal deviate
functions Z(R, | t,) vs. t,. Figure 2 displays the aver-
age SD for each group. It is readily apparent that
both groups show the usual improvement in perfor-
mance over the first sessions, and moreover that they
stabilize at performance levels very much comparable
to the data obtained in Experiment 1 with similar
markers.

The rate of improvement was estimated under the
assumption that it was a power function (Newell &
Rosenbloom, 1980). A straight line fitted to the log-
log transform of the performance functions, shown
in Figure 2, gave slopes of —.22 for the intramodal
condition and —.25 for the intermodal one. More-
over, intramodal SD remains at roughly 28% of the
intramodal value all along the practice period. Fi-
nally, averaged over the last 10 sessions, the inter-
modal and intramodal SD are 73.2 and 21.7 msec,
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Figure 2. Average SD estimates for two groups of three subjects
over 16 sessions with intramodal, T-T, and intermodal T-L inter-
vals.

respectively. These values are quite close to the ones
reported in Experiment 1.

So, in general, the present data indicate that the
results of Experiment 1 hold even in a group design,
under prolonged training conditions, and also with
different duration discrimination methods, that is,
“‘single stimulus’’ (Experiment 1) and ‘‘many-to-
few*’ (Experiment 2).

EXPERIMENT 3: INDIVIDUAL
WEBER FUNCTIONS

Rousseau and Kristofferson (1973) obtained, with
a design in which a different group of subjects was
run under each value of standard duration, evidence
pertaining to the violation of Weber’s law. The pres-
ent experiment represents an attempt to replicate
such a finding in a within-subject design. Auditory
duration discrimination has been shown by Getty
(1975) to follow Weber’s law over a wide range (200-
2,000 msec). Although strict proportionality of SD/T
was not obtained, both Getty (1975) and Treisman
(1963) conclude that, under some generalized form,
Weber’s law holds for duration, at least up to 2 sec.
On the other hand, fine-grain experimentation showed
SD to be stable over certain portions of that range
(Allan & Kristofferson, 1974). Kristofferson (1980)
has been able to demonstrate that, with extensive
practice at each MP value (20 sessions), the continu-
ity of the discrimination function breaks down and
a step function unfolds. These steps are very orderly
and bring strong support to a quantal model of dura-
tion discrimination. On the other hand, if only early
data is considered, the SD vs. T function is linear and
clearly in line with Weber’s law, with a ratio value of
.05 and intercept of less than 1 msec. However, up
to now, Rousseau and Kristofferson’s (1973) data
have represented the strongest case of invariance of
AT,s over T (Allan, 1979). Since Experiment 1 data
had indicated that intermodal SD could increase as
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a function of T, the present experiment aimed at clar-
ifying the issue by generating individual discrimina-
tion functions with intermodal intervals over a larger
range of T values.

Method

Subjects. Six naive subjects participated in the experimentation.

Procedure. The intervals were marked by a brief 1-kHz tone
followed, after d msec, by a flash of light. Five T values were in-
vestigated: 600, 900, 1,200, 1,500, and 1,800 msec. A different set
of six intervals was used at each T value, To=t,, 1, and t; and
T, =t,, ts, and t,. The spacing between the stimuli was arbitrarily
set at .075 T, except for t, and t,, which were separated by a value
of .15 T. The same set of intervals was used for all six subjects,
Two subjects, 1 and 2, ran through the T series in decreasing or-
der, and the other four subjects, 3, 4, 5, and 6, did it in an increas-
ing order.

Each subject was first given two training sessions and then
groups of four sessions each, one for each T. The first session of
each group was used as practice, and the experimental data were
taken from the next three sessions. There were two blocks of 120
trials per session, in which each interval was presented 20 times
in random order.

Results and Discussion

The P(R, | ;) were computed at each session and
SD was estimated from psychometric functions av-
eraged over the last three sessions. The linear good-
ness of fit of the normal deviate functions is quite
acceptable when the number of points (6) is taken
into account. For only 9 of a total of 25 functions,
r* was lower than .98, with the lowest at .946. The
SD estimates were obtained with a procedure identi-
cal to the one used in Experiment 2, for all subjects
but Subject 5. Because of the high level of perfor-
mance of Subject 5, estimation was done by linear
interpolation from P(R, | t,) and P(R, | t).

Individual and average SD are presented in Ta-
ble 3. An analysis of variance (RB-k, Kirk, 1968) was
performed on the data. It indicates that SD varies
significantly as a function of T [F(4,20)=10.4, p<
.001]. Individual differences are statistically signif-
icant [F(5,20)=17.8, p < .01] and represent 60% of
the variance of the data, as indicated by the ratio
SSBlocks/SSTotal in the analysis of variance. Rousseau
and Kristofferson had reported similar individual

Table 3
Individual SD Estimates Under Each
T Value (in Milliseconds)

T Value

Sub-
jects 600 900 1,200 1,500 1,800

1 86 92 138 167 187

2 220 221 247 320 384

3 130 228 144 166 172

4 89 123 172 241 237

5 69 102 144 179 252

6 50 55 77 105 101
Mean 107 136.8 153.6 196.3 222.2

17.8* 15.2¢ 12.8* 13.1* 12.3*

*Classical Weber ratio SD/T (%).
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differences. Nevertheless, average data were used as
an indication of the general trend of the SD vs. T
function. A straight line was fitted to the function,
and it indicates that intermodal duration discrimina-
tion follows a generalized Weber law where SD =
.096 (T + 489) msec. The goodness of fit of the func-
tion is good (r* = .985). This function is in agreement
with the data of the two previous experiments, since,
by extrapolation, SD is estimated at 71.3 msec for
T =250 msec.

GENERAL DISCUSSION

The aim of the present paper was to test the gen-
erality and the validity of the Rousseau and
Kristofferson (1973) report on intermodal duration
discrimination. Figure 3 is a composite figure, which
displays the data reported in the present paper with
the Rousseau and Kristofferson data. There is a very
good coherence between the data points yielded by
the different experiments when the lower portion
(T < 1,000 msec) of the discrimination function is
considered. Inter- and intramodal functions have
quite comparable slopes, with the intercepts of inter-
modal functions being much larger. However, the
higher part of the function is more uncertain because
the few intermodal data points are very different in
level of performance, and also because no data is
available for empty intramodal intervals. Conse-
quently, the discussion will focus on the lower por-
tion (T < 1,000 msec) of the discrimination functions.?

A straight-line curve fitting was applied on the seven
intermodal data points. The slope was estimated at
.067 and the intercept at 71.6 msec. A similar pro-
cedure over the intramodal data points (two) gives
slopes of .067 for the auditory intervals and .096 for
the visual ones, with intercepts of —2.3 and —1.0 msec,
respectively. The major discrepancy between inter-

MSeC,
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Figure 3. Composite figure of available intermodal (open sym-
bols) and intramodal data from Experiment 1 (filled symbols).
[0—0J, Rousseau and Kristofferson, 1973 (L-T); O—O, Experi-
ment 1 (T-L); ’: , Experiment 2 (T-L); A—A, Experiment 3 (T-L);
® @, Experiment 1 (L-L); ® — @ Experiment 1 (T-T).

and intramodality is obviously in the intercept values.
While these data do not show intermodal perfor-
mance to be insensitive to variations in T value, as
reported by Rousseau and Kristofferson, differences
in the range of T values, parameter estimation method,
and psychometric method do not warrant a simple
rejection of their claim but do limit its generality.

Duration discrimination functions have commonly
been considered as being formed by two independent
processes: a stimulus-duration-dependent process
that determines the slope parameter and a duration-
independent process that sets the intercept (Allan,
1979; Getty, 1975), sometimes considered as noise.
Given this interpretation, the overall picture suggests
that: (1) the duration of inter- and intramodal inter-
vals is assessed by a common timekeeper, and (2) in-
termodal intervals are associated with an increase in
the importance of a noisy process that is independent
of the timekeeping. The problem then is not to define
an altogether different timekeeping process for inter-
modal intervals, but rather to understand why acces-
sing a central timekeeper through pulses originating
from different sensory modes induces an increase in
noise. Within the intramodal discrimination work,
performance decrements produced by changes in
stimulus parameters of the interval markers have
commonly been accounted for by a reduction in the
efficiency of the markers to trigger accurate onsets
and offsets of the timekeeper (Abel, 1972; Creelman,
1962; Divenyi & Danner, 1977). The onset-offset var-
iability is considered as originating in an energy de-
tector whose operation is affected by the energy level
of the pulses or by a direct interaction, through mask-
ing, of pulses in very close temporal proximity. In the
present investigation, pulses are clearly detectable
and their intermodality characteristic on top of the
sizable time interval between them precludes an inter-
pretation in terms of an energy detector.

A possible explanation could be that an attentional
shift between auditory and visual channels, required
during an intermodal interval, increases the variabil-
ity of the timekeeping. The attentional shift could in-
duce some intermittence in the metering process
(Thomas & Brown, 1974). Moreover, if channel switch-
ing has a variable switch time, it could make the tem-
poral encoding of an interval very noisy. Since switch
time can be assumed to be independent of interval
duration, its relative importance would be reduced
by increasing the value of base duration. However,
attention switching between independent channels
has proven to be an elusive problem (Swets &
Kristofferson, 1970). The difficulty in defining a priori
channels as being independent makes the testing of
that interpretation somewhat difficult. For instance,
besides using sensory modalities to define indepen-
dent channels, spatial location and frequency dispar-
ity have commonly been considered for that purpose
within the auditory modality (cf. Massaro, 1976).



Unfortunately, Divenyi and Sachs (1978) report no
decrement in performance when subjects discrim-
inate between empty auditory intervals shorter than
80 msec, whether the markers are similar or very dif-
ferent in frequency (Af = 2 octaves). Moreover, Penner
(1976) reports that, for durations longer than 10 msec,
binaural and dichotic empty auditory intervals are
discriminated equally well. Given these data, a simple
attention switching interpretation for the intermodal
data is indeed highly debatable. However, it might
accommodate the data if switching time properties
(mean and variance) were assumed to be proportional
with the distance separating pulses on a “‘stimulus
disparity’’ dimension. Pulses originating in different
modalities would be considered as ‘‘much more’’
different than auditory pulses differing in frequency
or spatial location. Consequently, with intramodal
intervals, the disturbance in the timing process trig-
gered by channel switching would be of very short
duration and show little variability. This leads to a
complex interaction involving a similarity metric and
a selective attention mechanism.

An alternate explanation could be developed through
the concept of distance within a processing space,
somewhat on the line of Collyer’s (1974) suggestion
to account for successiveness data. For the purpose
of the present analysis, events or pulses are consid-
ered to activate modality-specific areas within an in-
ternal processing space. The activation converges
over time through modality-specific pathways towards
a nonspecific processing area. Temporal information
is assumed to be available anywhere within the pro-
cessing space and, in order for the information to be
tapped, events (onsets/offsets) simply need to occur
in the same locale within the processing space.* The
properties of the temporal information are the same
across the processing space. Given such a processing
space, two assumptions are brought forward: (1) the
time taken to reach a locale, the arrival latency, is
proportional to the locale’s depth within the process-
ing space, and (2) the variability of the arrival latency
increases with the magnitude of the latency. Hence,
when events occur in different sensory modalities
they will have to travel a longer distance in order to
reach a common nonspecific locale than will intra-
modal events, which can be handled by a common
modality-specific one. Thus, with intermodal inter-
vals, the increase in discrimination variability would
be due to the fact that the temporal judgment is linked
to the longer arrival latency. So, in summary, the
characteristics of the temporal timekeeper are con-
stant across all locales within the processing space,
but the performance is affected by onset-offset vari-
ability related to the depth of a given locale within
the processing space.

Duration discrimination is viewed as being a func-
tion of two independent processes: onset-offset trig-
gering and internal timekeeping. This is not unlike
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the model proposed by Divenyi and Danner (1977)
to incorporate detection latencies into auditory dura-
tion discrimination. On the other hand, it bears no
relationship to the onset-offset model developed by
Allan, Kristofferson, and Wiens (1971), inasmuch
as in their model on-off latencies are determined by
the intrinsic properties of the internal timing mech-
anism. Thus, as long as onset-offset latencies are not
systematically varied within a particular experimenta-
tion, models that do not deal with onset-offset vari-
ability will not be affected in their power to account
for the discrimination data. Consequently, since they
address themselves to the problem of timekeeping
properties as such, models like Kristofferson’s (1977)
real-time criterion as well as Creelman’s (1962) count-
ing model are compatible with the present theoretical
suggestion. Although the present elaboration is spec-
ulative, it is not altogether very different from other
theoretical propositions (cf. Allan, 1979). However,
it has the advantage of setting a broad conceptual
context within which the effect of marker character-
istics on temporal discrimination of empty intervals
can be considered.
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NOTES

1. The internal transform, I, of a stimulus duration, t, is defined
as a random variable, I, normally distributed with mean, i, and

variance, VAR(I). Following signal detection theory (Green &
Swets, 1966), given two intervals to be discriminated, t, and t,,
the performance is assumed to be a function of the variance of
the internal distributions and the distance between their means.
It is further assumed that, for a set of n intervals to be discrim-
inated, VAR(I,)=VAR(l,), ..., = VAR(],) and their respective
means are ig=to, iy =t,, ..., =t,.

In the single-stimulus method, a criterion-free performance in-
dex can be defined as

refizl _ AT
VVAR(;) SD(l,)’

and d’ is a linear function of AT with slope 1/8D and 0 intercept.
d’ is obtained by adding the normal transform (Z scores) of
P(R, | to) and P(R, | t,). In the many-to-few method, each interval
to be discriminated can be scaled with reference to a decision cri-
terion in units of SD(I;). Thus, for each interval, P(R, | t;) yields
a performance index Z(R, | t;) defined as

=
Z(Rx!%}=“gﬁa‘gj-

where t_ is the decision criterion value. If t, is assumed to be con-
stant, Z(R, | t;) appears as a zero crossing linear function of t with
slope 1/8D.

2. Estimates of SD were obtained from d’ vs. AT psychometric
functions, which were not provided in the Rousseau and
Kristofferson paper but are available from Rousseau (1975).

3. The basic difficulty with such a position lies in the assumed
independence of the data points within the discrimination func-
tions. It amounts to stating that the data points for T > 1,000 msec
are unreliable and that a better understanding of the data can be
gained by considering the coherence of the various data points
when T < 1,000 msec. This is a somewhat uncomfortable position
in view of the difference in slope estimate of the early points of
the Rousseau and Kristofferson data and that of the total func-
tion. However, since these points were obtained from independent
groups of subjects, we feel justified to do that in view of the gain
in simplification of the data to be explained.

4. This view is conceptually related to the model presented in
Figure 12b of the Sternberg and Knoll (1973) paper on temporal
order judgments.
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