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ABSTRACT

In this experiment, participants had to categorize temporal intervals as short or long. The
intervals were marked by two brief visual signals. The signals were delivered from three
potential locations on a vertical plane in front of the participants, above (A), middle (M), and
below (B). Categorization of intervals marked by A-M, M-B and A-B sequences were
compared, as were M-A, B-M, and B-A sequences. The main finding is that, for both ranges of
durations under investigation (160 and 320 ms), the greater the space between signals (A-B
or B-A), the shorter the perceived duration. Thisis inconsistent with the kappa effect, but can
be accounted for by an attentional hypothesis.

On what basis do people make judgments abou time?Most contemporary researchers in the
field of time perception, like anima timing reseachers, would answer this question by
referring to an internal-clock hypahesis. Such a central clock is usualy described as a
pacenaker-courter device, with the first structure emitting puses acaimulated by the second
one (Grondn, 2001J). It is thisacamulation that forms the basis on which time is estimated.

One challenge with an internal-clock hypahesis consists in acmurting for the variability
of performance levels when dight variations of nortempora factors are introduced in
experiments. This variability, in a duration dscrimination task for instance, can be provoked
by varying the markers' structure (filled or empty) or length (for empty intervals), or by the
sensory mode used to mark intervals. Some of these dfeds can be accounted for by some
simple explanation such as the “internal-marker hypahesis’ (Grondn, 1993). Variability in
temporal processing is also produced by introducing nortemporal processing during an
interval to be judged: this variability is usualy acmurted for by attentional explanations
(Zakay, Block & Tsal 1999.

The present experiment is concerned with the éfed on time judgments of ancther form of
nortemporal fador—space Different veins of literature in experimental psychologyinvolving
visual perception, such as time-to-colli sion a apparent movement, are @mposed of a mixture
of time and space onsiderations. One is of special interest here, the kappa dfect (Jones &
Huang, 1982: time judgments are influenced by distance between visual sources marking
time. The dfect is usually shown to be robust in condtions where three successive signals
(say, X, Y, and Z, with Y somewhere in between X and Z) are delivered. For two equal time
intervals defined by the onset of two signals, X-Y or Y-Z, duration is percaved as longer for
the X-Y than for the Y-Z sequence if the distance between X and Y is greaer than the
distancebetween Y and Z.

The subjed of the present experiment is the effect of the distance between flashes in
condtions where ajudgment is made after presenting ore interval (two flashes) rather than



after presenting two intervals (sequence of threeflashes). Three signals are used, located on
the same vertical plane, with aflash paced midpant between the other two. If spaceis taken
into accourt as in the kappa dfect, a sequence marked by the upper and lower signals shoud
be percaved as longer than signals involving the mid-point flash. What is more, given that
what is higher in the visual field is usually perceved as being farther away, it is expeded that
intervals marked by the midde and abowve flashes dould be perceved as longer than those
marked by midde and below flashes.

Method

Participants

Twenty-four 20- to 36yea-old paid vdunteer students at Université Laval participated in this
experiment.

Apparatus and stimuli

The intervals to be discriminated were a silent duration between two 20ms visua stimuli.
The visua stimuli were prodwced by a circular red light-emitting dode (LEDs: Radio-Shadk
#276088) placal abou 1 m in front of the participant, subtending a visual ange of abou
57°. The LEDs were on the same verticd plane, with abou 25 cm between the one Above
(A) and the one in the Midde (M), and 25cm between the latter one and the one Below (B).
The eye-level of participants was the height of M; participants were asked to look at M.

Each observer was seaed in a dhair in a dimly lit room and asked to respond either
"short" or "long" by pressing the left or the right button, respectively. Adjacent to each buton
on the resporse box was a small light used to provide feedbadk after ead tria. All other
aspeds of the experiment were ntrolled by a microcomputer.

Procedure

Each tria consisted of the presentation of one of six (6) intervals. The participant was asked
to judee if the time interval between the two sensory signals was short or long A 1.7-s
feadbad signal was presented 200 ms after the response, followed by a 1-sinter-trial interval.
Feadbad indicated whether the presented interval was one of the three short intervals (short
caegory) or one of the threelongintervals (long caegory).

There were four 20-min sessions, one for eah of four posshilities: 2 dredions
(ascending/descending) X 2 base durations (mid-point: 160 o 320 ms). In the ascending
condtion, intervals were marked by ore of three sequences. M-A, B-M, B-A; and in the
descending condition, intervals were marked by ore of three sequences: A-M, M-B, A-B. In
the 160-ms base duration, short intervals lasted 10Q 124, or 148 ms; and longintervals lasted
172 196 o 220ms. In the 320-ms base duration, short intervals lasted 200, 248 or 296 ms;
and longintervals lasted 344, 392 or 440 ms.

Each sesson kegan with 18 pactice trials (3 ascending condtions times 6 intervals).
The experimental trials of a session were divided into three blocks of 72 trials (4 repetiti ons of
3x6 conditions). There was a 30-s pause between blocks.

The order of presentation of the two base duration condtions was balanced, with 12
participants beginning at 160 ms, and 12 at 320. Six of the 12 participants began with
ascendingtrials, and six with descending trials.



Results

For each subject and each experimental condition, a 6-point psychometric function was
traced, plotting the six comparison durations (from short to long) on the x axis and the
probability of responding "long" on the y axis. The cumulative normal distribution was fitted
to the resulting curves. The bisection point, BP, i.e.,, the point on the x axis where the
probability of responding "long" is .50, was estimated for each experimental condition. The
BP minus the base duration (160 or 320 ms) gives the constant error (CE). Note that a higher
CE value indicated a shorter perceived duration (more "short" responses). Also, one SD on
the psychometric function indicated the sensitivity for categorizing intervals as short or long.
One (1) SD is commonly used to express sensitivity in time research (Grondin, in press;
Killeen & Weiss, 1987; lvry & Hazeltine, 1995).

Ascending trials

Mean CE are reported in Figure 1. Essentidly, it shows, at both base durations, a higher
CE in the B-A than in other conditions. The difference between the means of each condition
was tested with a randomized block factorial Anova [2 (base duration) x 3 (B-M, B-A, M-A)]
(Kirk, 1982). The Anova reveadled a significant duration effect, F(1,23)=6.99, p < .05, and a
signal location effect, F(2,46)= 6.72, p<.01. The interaction effect was not significant. The
Tukey test showed that the B-A sequences were judged as being significantly shorter than the
B-M or M-A sequences.
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Figure 1. Mean Constant Error as a function of base duration for each marker type (location of
markers. A=Above, M=Middle, B=Below) (Ascending trials)

Mean SD are reported in Figure 2, which shows, essentially, a higher threshold in the M-A
condition at 160 ms, but a lower threshold in this same condition at 320 ms. The difference
between the means of each condition was tested with a randomized block factorial Anova [2
(base duration) x 3 (B-M, B-A, M-A)]. The Anovarevealed no significant main effect, and no
significant interaction effect.
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Figure 2. Mean Standard Deviation as afunction o base duration for each marker type
(location d markers: A=Above, M=Middle, B=Below) (Ascendingtrials)

Descending trials

Mean CE for the descending trials are reported in Figure 3. At both base durations, it
clearly showed higher CE in the A-B than in ather conditions. The Anova, acording to the
design described abowe [2 (base duration) x 3 (M-B, A-B, A-M)], reveded a significant
duration effed, F(1,23)=3243 p < .01, and a signal location effed, F(2, 46)= 15.14, p<.0L
The interadion effed was nat significant. The Tukey test showed that the A-B sequences are
judged as being significantly shorter than the M-B or A-M sequences.

Mean SDs are reported in Figure 4. In bah base durations, the SD in the M-B condtion
tended to be lower than the other condtions. The Anova[2 (base duration) x 3 (M-B, A-B, A-
M)] reveded a significant duration effed, F(1,23)=7.15, p<.05, and a significant marker
locaion effed, F(2,46)=6.08, p<.01, but the interadion effea was nat significant. The Tukey
test reveded better discriminationin the M-B than in the A-M condition.

Discussion

The CE results of ead experiment's part clealy show that in the condtions used — ore
resporse dter two signals, i.e. one interval — there is no longer perceived duation with more
distance between the signals, as would be predicted from a generalization d a kappa dfed.
On contrary, in bah ascending and descending perts, the results demonstrate that duration is
perceived as being shorter signals were & a greater distance from one ancther. In this
condtion, it isnot surprising that no result suppats the second prediction, that regarding A-M
vs. M-B or M-A vs. B-M. In short, the main fador involved in the experiment was not the
relative height of signals, but the total distance.
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Figure 3. Mean Constant Error as a function of base duration for each marker type (location of
markers: A=Above, M=Middle, B=Below) (Descending trials)
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Figure 4. Mean Standard Deviation as afunction of base duration for each marker type
(location of markers: A=Above, M=Middle, B=Below) (Descending trials)

This distance effect can be accounted for on the basis of the internal-clock perspective
described above. It is often assumed that a critical factor determining the accumulation of
pulses in an internal-clock system is the fact of alocating or not attention to time, or the
failure to do so (Grondin & Macar, 1992; Macar, Grondin & Casini, 1994). In this context,
one interpretation of the present CE resultsis that a greater-distance condition would require a
larger displacement of attention from one signa to the other. This switching process would



divert away attention from time, diminishing the number of pulses acaumulated duing the
interval to be timed.

On the other hand, this attentional interpretation encourters limits if SD results are
considered. If attention is diverted away from time, lower performance (higher SD) shoud
have been olserved in the A-B or B-A condtions. In fad, however, neither ascending na
descendingtrials $how such results.
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