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The timing literature usually reveals that, for a same physical duration, filled intervals are
perceived as being longer than empty ones. This effect is known to occur when filled and
empty intervals are randomized within a same block of trials. In the present experiment, the
magnitude of the effect was tested with three experimental designs: filled and empty intervals
grouped by sessions, by blocks, or randomized within blocks. The results tended to show that
filled durations are perceived as longer than empty intervals, and this potential effect does
not seem to be reduced by the use of a between-session design. Finally, higher sensitivity was
observed with empty intervals, which is inconsistent with a portion of the literature.
The structure of a time interval, i.e., whether it is marked by two distinct sensory signals
(empty) or by a continuous signal (filled) influences time judgements. However,
demonstrations of its influence have been very heterogeneous, since researchers have used
various duration ranges and “filling” methods for investigating the phenomenon (Wearden,
Norton, Martin, & Montford-Bebb, 2007; for a review see Grondin, 2003).
A relatively consistent finding though is that filled intervals are perceived as being
longer than empty ones (Wearden et al., 2007). In the context of temporal discrimination
tasks, this effect is generally observed when filled and empty intervals are compared directly,
that is, when both types of signals are presented within an experimental block. In order to
understand the cause of the difference between filled and empty intervals for perceived
duration, we used three different contexts, i.e., three different experimental designs in which
both types of signals were randomized within blocks, grouped by blocks, or grouped by
sessions. In other words, we wanted to know to what extent the temporal proximity of these
interval types influences their relative estimates.
We expected that the filled-empty difference would be governed basically by the same
mechanisms as those observed, for instance, for the auditory-visual difference reported in the
memory-mixing model proposed by Penney, Allan, Meck and Gibbon (1998; see Gamache &
Grondin, 2008). This model implies the creation of a common memory reference generated
from the temporal information issued from both temporal types. If only one interval type is
presented within a session, there should be no influence of interval type on the other, and the
perceived duration should be the same in both structure conditions. Therefore, we anticipated
that the filled-empty difference would be greater with a within-block design; minimal, if any,
with a between-session design; and intermediate with a between-block design.
Method
Participants
Seven 20- to 26-year-old volunteer students at Université Laval, 3 females and 4 males,
participated in this experiment. They were paid CAN$25 for their participation.
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Apparatus and stimuli
The temporal intervals were marked either by a continuous visual signal (Filled condition) or
by two successive 10-ms visual signals (Empty condition). These signals were produced by a
circular red light emitting diode (LED: Radio-Shack # 276-088) laid out at a distance of one
meter in front of the participant, underlying a visual angle of approximately .57°.
Each observer was seated in a chair in a dimly lit room and asked to respond either
"short" or "long" on the corresponding button on the response box. The presentation of the
stimuli and the recording of the participants’ responses were computer controlled.

The cumulative normal distribution was fitted to the resulting curves. Two indices of
performance were extracted from these functions and kept for analysis: the bisection point
(BP), used to evaluate perceived duration, and one standard deviation (SD – the variability of
the function), an index of temporal sensitivity. The BP can be defined as being the value on
the x axis corresponding to a probability of 50% of long responses. The higher the BP is, the
shorter is perceived duration. Finally, SD is an index often used to estimate temporal
sensitivity (Getty, 1975; Grondin, Meilleur-Wells, & Lachance, 1999; Killeen & Weiss,
1987).

Procedure
The single-stimulus method was employed. According to this method, only one interval is
presented during a given trial and the participant has to decide whether it belongs to the
“short” or “long” category. There were eight comparison intervals presented to participants,
located around a 250-ms implicit standard duration: 208, 220, 232, 244, 256, 268, 280 and
292 ms. The intervals were presented randomly but equiprobably within each block of 80
trials. A 2-s feedback was presented 200 ms after the response, followed by a 1-s inter-trial
interval. In the case of filled intervals, participants were asked to time the total duration of the
visual signal; for empty ones, they were asked to time the period between the offset of the
first marker and the onset of the second marker.
There were two independent variables: the structure of the interval (empty or filled)
and the delay separating the presentation of these structures. Three delays were under
investigation. The structure of the intervals was grouped by sessions (Session), grouped by
blocks (Block) or randomized within blocks (Trial).
There were five types of experimental sessions (Table 1). All participants were
conducted first in the between-session condition for two sessions, four being presented with
the filled intervals in Session 1 and the empty intervals in Session 2; and other participants
being conducted in the reverse order. All participants were conducted in the between-block
condition during Sessions 3 and 4, one for each of filled and empty intervals (with
participants assigned to the same order as for Sessions 1 and 2). Finally, all participants were
conducted in the within-block condition during Sessions 5 and 6.

Results

1 or 2
1 or 2
3 or 4
3 or 4
5 and 6

Between-session
Between-session
Between-block
Between-block
Within-block

E: 16
F: 16
E: 16
F: 16
E: 8
F: 8

E: 80
F: 80
E: 80
F: 80
E: 40
F: 40

E: 80
F: 80
F: 80
E: 80
E: 40
F: 40

E: 80
F: 80
E: 80
F: 80
E: 40
F: 40

E: 80
F: 80
F: 80
E: 80
E: 40
F: 40

E: 80
F: 80
-

Data Analysis
For each participant and each of the six experimental conditions (2 Structures x 3
Delays), an eight-point psychometric function was traced, plotting, on the x axis, the eight
comparison intervals and, on the y axis, the probability of responding “long”. Each point of
the psychometric function represents forty observations.
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Block

Session

Probability of 'long' responses

Table 1. List of Experimental Conditions and Number of Trials per Block with Empty (E)
and Filled (F) Intervals
Session Delay
Practice Block 1
Block 2
Block 3
Block 4
Block 5

The psychometric functions for the averaged group results in all structure and delay
conditions, for each comparison interval, are plotted in Figure 1. Figures 2 and 3 illustrate the
mean bisection points and mean standard deviations, respectively, for the empty and filled
interval conditions in each of the three delay conditions. The goodness-of-fit of participants’
responses (R2) varies between .81 and .98, the total average being .90.
In order to detect any significant structure difference on the BP that would be specific
to a delay, three t-tests were conducted, one for each delay condition (see Figure 2). The BP is
significantly higher for empty intervals in the Session delay condition, t(6) = 2.05, p < .05,
while there is no significant difference in the two other delay conditions, Block : F (1, 6) =
1.4, p = .11; Trial : F (1, 6) = .83, p = .22.
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Figure 1. Mean probability of responding “long” for each comparison interval and for each
experimental condition.
For SD (see Figure 3), an analysis based on t-tests revealed a significant difference for
structure in the Block delay, t(6) = 1.97, p = .043, and in the Trial delay conditions, t(6) =
5.50, p = .001, but not in the Session delay condition, t(6) = 1.67, p = .07. In general,
discrimination is much better with empty than with filled intervals.
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Figure 2. Bisection Point (ms) as a function of the delay condition (± standard-error)
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Figure 3. Standard deviation (ms) as a function of the delay condition (± standard-error).
Discussion

when they attend specifically to that type of stimuli (i.e., to empty intervals): The timekeeping
period occurs from the offset of the first marker to the onset of the second marker (see
Grondin, Ivry, Franz, Perreault, & Metthé,1996; or, for physiological evidence, see Tse &
Penney, 2006). This would happen as well in the within-block or within-session conditions.
On the other hand, when both interval structures are mixed within a block, participants start
timing the interval as soon as the first marker appears, as this signal’s onset might also mark
the beginning of a filled interval (50% of the trials). In that case, the subjective shortening of
the empty intervals would be compensated by the inclusion of additional sensory information
(the first signal) in the timekeeping period.
While this hypothesis accounts for the failure to observe a filled-empty difference in
the within-block condition, it does not totally explain the between-session effect. Why did
participants respond “long” more often with filled intervals? Two possibilities come to mind:
on the one hand, an intrinsic stimulus-response compatibility for “long-filled” and “shortempty” and, on the other hand, a gradual disinvestment of attention as the session progresses,
with a greater impact on the processing of empty intervals. In the latter case, we might
suggest that the continuity of the filled signals facilitates the allocation of sustained attention
throughout the interval. In other words, implicit standard and comparison intervals would be
processed with the same amount of attention, while during the trials held later in the session,
empty target intervals would receive less attention than the implicit standard, which would
result in more “short” responses. That said, it cannot be totally excluded that the difference
between the delay conditions regarding the magnitude of the filled vs. empty difference is
partly due to some order effect since the within-clock trials were performed in the last (5 and
6) sessions of the experiment.
Finally, the significant SD difference obtained for the structure effect is inconsistent
with a portion of the literature on the subject (e.g. Rammsayer & Lima, 1991; Rammsayer &
Skrandies, 1998; Skrandies & Rammsayer, 1995; see also Plourde, Meilleur-Wells, Gamache,
Dionne, & Grondin, 2008). However, other studies, mostly from our lab, have shown a higher
temporal sensitivity with empty intervals than with filled ones when short durations were
being investigated (< 500 ms; Grondin, 1993; Grondin, Meilleur-Wells, Ouellette & Macar,
1998; Plourde et al., 2008). This inconsistency between results might be explained partly by
the fact that when a 2AFC procedure is adopted (which was not the case here), some
confusion might occur with a series of 4 markers where three intervals (if one includes the
inter-stimulus interval) rather than two are generated by the sequence.
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Abstract
Two experiments involving child participants were conducted to test the relative effect of
nontemporal factors and age on duration discrimination. In Experiment 1, a method similar to
the time test of the Seashore Measures of Musical Talents, which involves a forced-choice
presentation of intervals and a 800-ms standard, was employed. Results showed that the
discrimination is better with filled intervals (a continuous signal) than with empty intervals (a
silent period between two brief signals). As well, discrimination gradually improved with age,
from 9 years old to adulthood, and this was generally true with intervals presented both in the
visual and in the auditory modes, with either filled or empty intervals. Experiment 2 showed that
children, as reported in previous studies with adults, have better discrimination with empty than
with filled intervals in conditions where a 250-ms standard, visual signals, and an adaptive
procedure are employed. There was an apparent contradiction of the two experiments regarding
the structure --filled vs. empty-- of the interval. The filled vs. empty difference may depend on the
method (Seashore-like vs. adaptive), on the range of duration, or on the combination of both
factors.
Time perception is often argued to depend on the output of an internal clock (see Grondin, 2001).
This clock is most often described as composed of a pacemaker and an accumulator. The
pacemaker emits pulses at some rate that are counted by the accumulator. The number of pulses
accumulated over an interval of time depends on the rate of emission by the pacemaker, and is
under the control of a switch (e.g. Church, 1984) triggered by the signals marking the beginning
and end of the timing activity. It is the number of pulses that represents duration, and variations
in temporal performance are assumed to depend mainly on the variability of this pulse
accumulation process. When analyzing the variability of timing performances, it is important to
determine what part of variance is due to the clock, and what part is nontemporal. The
experiments presented below are focused on nontemporal factors, to examine how they influence
time judgments.
The experimental task most employed in time psychophysics is probably duration
discrimination. In such a task, a participant is asked to judge the relative duration of two or more
time intervals. Discriminating a filled interval (marked by a continuous signal) instead of an
empty interval influences performance. The literature shows that performance difference
between these two types of intervals probably depends on the range of durations under
investigation and on the method employed. For instance, with an adaptive procedure (i.e., a
procedure where both a standard and a comparison interval are presented on each trial, and
where the level of difficulty of the discrimination is adjusted after each trial with an appropriate
change of the comparison interval), Grondin (1993) reported no difference between filled and
empty auditory intervals for both the 50- and the 250-ms ranges of duration. However, in the
visual modality, discrimination was better with empty than with filled intervals, for these two
ranges of duration (see also Plourde, Gamache & Grondin, 2008). Moreover, with a single
stimulus method of presentation of the intervals (i.e., one response after each presentation of an
interval), empty intervals were better discriminated than filled intervals in both ranges of
duration, and with both sensory modalities (visual and auditory; see also Grondin, Meilleur93
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