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1. Introduction

The exact nature of the relation between space and time is certainly one of the most
fundamental issues in physics (Buccheri, Saniga, & Stuckey, 2003), but it is also an intriguing
question for experimental psychologists (Casasanto, Fotakopoulou, & Boroditsky, 2010). A
function of perception is to form mental representations indicating what object exists, where it
is located, and how it acts, i.e., how the object moves in space with the lapse of time. Space and
time are integrated in the perceptual system to cause the perception of motion and speed, and
such integration is required to determine the performance of the motor system (e.g., hand
movement; see Lee, 2000). How space and time exert mutual influence is a question that was
addressed many years ago (Abe, 1935; Helson, 1930), notably by ]. Piaget, who studied the
ontogenesis of the relations between time, distance and speed (Piaget, 1955).

Time perception has been often explained with the “internal-clock hypothesis,” which is
notable in discussing the perceptual relation between space and time. An internal clock is
usually assumed to be a pacemaker-counter device, with the first module emitting pulses
accumulated by the second one (Grondin, 2001, 2010). The amount of accumulation decides
the perceived time duration. The performance level is varied, however, when some
variation of nontemporal factors are introduced in experiments. This variability, in a
duration discrimination task for instance, can be observed by varying the time intervals'
structure (filled or empty; Grondin, 1993), or by varying the sensory modality to be
stimulated. Space is a nontemporal factor, which is susceptible to vary the performance level
of the internal clock.

There are two illusions concerning the perceptual relation between space and time, which
have been studied since the early 20th century (see Jones & Huang, 1982; Sarrazin, Giraudo,
& Pittenger, 2007; ten Hoopen, Miyauchi, & Nakajima, 2008). The tau effect takes place
typically in the successive presentation of three signals, say, X, Y, and Z, with Y somewhere
between X and Z (Helson, 1930; Helson & King, 1931; Henry, McAuley, & Zaleha, 2009).
They are delivered from different sources spaced at equal intervals, resulting in two equal
intervals in space, X-Y and Y-Z. These intervals are perceived as unequal in their distance,
however, if the signals are presented at unequal intervals in time; if the time interval defined
by X and Y is shorter (longer) than the time interval defined by Y and Z, the spatial distance
between X and Y is perceived as shorter (longer) than the spatial distance between Y and Z.
In other words, the spatial-interval ratio is perceived as if it were similar to the time-interval
ratio. Such interaction between space and time can be caused in the opposite direction with
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the same signal configuration, i.e., the time-interval ratio is perceived as if it were similar to
the spatial-interval ratio. This opposite-direction effect was named the kappa effect (Cohen,
Hansel, & Sylvester, 1953; Price-Williams, 1954).

The kappa effect in the auditory mode was investigated in the present study. The kappa effect
has been tested more often in the visual mode (Cohen, Hansel, & Sylvester, 1953, 1955;
Collyer, 1977; Miyatani, 1984-1985; Sarrazin, Giraudo, Pailhous, & Bootsma, 2004), and even
in the tactile mode (Goldreich, 2007; Suto, 1952, 1955, 1957). There are researches testing the
kappa effect in the auditory mode, but most of them focused on the effects of frequency
distance (difference), instead of spatial distance, on the perception of time duration (Cohen,
Hansel, & Sylvester, 1954; Henry & McAuley, 2009; Jones & Huang, 1982; Shigeno, 1986;
Yoblick & Salvendy, 1970). In a typical case, three successive signals were different in their
frequency, causing two intervals in time and in frequency, and the time-interval ratio was
perceived as if it had been similar to the frequency-interval ratio. There is little evidence for
the occurrence of the kappa effect in the perception of space and time in the auditory mode
(Sarrazin, Giraudo, Pittenger, 2007; see Ouellet, 2003).

The kappa effect indicates that time duration increases perceptually in proportion to spatial
distance between two signals, but this effect has been demonstrated with three successive
signals, where two intervals are bounded on each other. Few researches have examined
whether or not the similar effect can take place when a single interval is presented.

It is important in this context to indicate that there are cases where time duration is
perceived as shorter when spatial distance is increased in the visual mode (Guay & Grondin,
2001). This result was observed in an experiment employing a single-stimulus method,
where a categorization judgment was conducted after the presentation of one interval. The
interval was defined by two signals delivered from different sources, which were selected
from three sources (above, middle and below) located in front of participants on the same
vertical plane. All location pairs were presented in random order within each block. The
interval was more often perceived as shorter when it was marked by the above and below
sources, in comparison with intervals marked by the above and middle sources or the
middle and below sources.

The purpose of the present study was to verify if space exerts influence on time perception
(1) when intervals to be measured perceptually are marked by sounds delivered from
sources having different distances between them, and (2) when these intervals are presented
according to a single-stimulus method.

2. Method

Participants

Twelve 19- to 26-year-old volunteer students at Université Laval (six females and six males)
with no hearing problems participated in this experiment. They were paid CAN $20 for their
participation.

Apparatus and stimuli

A time interval was defined by two sound stimuli of 20 ms. The stimuli were 1-kHz
sinusoidal sounds generated by IBM PC running E-Prime software (version 1.1.4.1 - SP3).
The computer was equipped with an SB Audigy 2 sound card, and the stimuli were

delivered by Logitech Z-640 loudspeakers. Participants pressed “1” or “3” on the computer
keyboard to indicate that the interval was short or long, respectively.
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Procedure

The single-stimulus method was employed (Allan, 1979; Morgan, Watamaniuk, & McKee,
2000), i.e., each trial consisted of presenting one interval. The duration of the time intervals was
controlled as follows: Eight values of time-interval duration were distributed around a mid-
point value which is called the base duration. Four values below the base duration were called
the “short” duration, and four values above the base duration were called the “long” duration.
There were two base-duration conditions, 125 and 250 ms. In the former case, the “short”
intervals lasted 104, 110, 116 and 122 ms, and the “long” intervals 128, 134, 140 and 146 ms.
In the latter case, the “short” intervals lasted 208, 220, 232 and 244 ms, and the “long”
intervals 256, 268, 280 and 292 ms.

The participants were asked to judge whether the presented interval belonged to the “short”
or to the “long” category. A 1.5-s feedback signal was presented immediately after the
response on the computer screen and indicated whether the response was correct or not.
There were two conditions of spatial distance between the auditory sources (loudspeakers),
1.1 m and 3.3 m (see Figure 1), and there were two conditions of the direction of stimulus
presentation, right to left and left to right.

Each participant completed eight sessions, four for 125-ms base duration and four for 250-
ms base duration. Six participants completed the 125-ms sessions before the 250-ms sessions,
and six completed the 250-ms sessions before the 125-ms sessions. Four sessions in each base
duration corresponded to four spatial conditions (2 distances x 2 directions), and they were
carried out in random order. Each session had six blocks of 64 trials where the eight
intervals were presented eight times in random order, and thus 48 responses were obtained
in each interval in each spatial condition.

Data analysis

The two direction conditions were collapsed, resulting in four conditions in the data
analysis (2 distance and 2 base-duration conditions). For each participant and for each
condition, an 8-point psychometric function was traced, plotting the time interval duration
on the x-axis and the “long” response proportion on the y-axis. Each point on the
psychometric function was based on 96 presentations.

The pseudo-logistic model (Killeen, Fetterman, & Bizo, 1997) was employed to calculate
psychometric functions that were fitted to the resulting curves. Two indices of performance
were estimated from each psychometric function, one for sensitivity and one for perceived
duration. As an indicator of temporal sensitivity, one standard deviation (SD) on each
psychometric function was employed. Using one SD (or variance) is a common procedure to
express temporal sensitivity (Grondin, 2008; Grondin, Roussel, Gamache, Roy, & Ouellet,
2005; Killeen & Weiss, 1987).

The other parameter was the temporal bisection point (BP). In the context of the kappa effect,
this dependent variable is the most important. The BP can be defined as the x value
corresponding to the 0.50 proportion on the y-axis. The observed shift of the BP for different
conditions can be interpreted as an indication of differences in perceived duration. If an
interval is perceived as longer, the “long” response takes place more frequently, which
causes the downward shift of the BP. If an interval is perceived as shorter, the “long”
response takes place less frequently, which causes the upward shift of the BP.

3. Results

Figure 2 reports the grouped psychometric function for each of the four experimental
conditions: 2 Distances x 2 Base Durations. In order to allow direct comparisons between the
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base duration conditions, two dependent variables were calculated from the above
parameters. One is the Constant Error, which is the BP minus the base duration. The other is
the Coefficient of Variation, which is the SD divided by the BP.

Figure 3 shows the results for the Constant Error. Essentially, it reveals higher values in the
3.3-m condition than in the 1.1-m condition. A 2 x 2 ANOVA with repeated measures
revealed that both the distance effect, F(1,11) = 10.55, p < .01, n,2 = .49 and the base duration
effect, F(1,11) = 491, p < .05, n,2 = .31, were significant. The interaction effect was also
significant, F(1,11) = 8.36, p < .05, n,2 = .43.

Figure 4 shows the results for the Coefficient of Variation. The 2 x 2 ANOVA with repeated
measures revealed that both the distance effect, F(1,11) = 7.23, p < .05, n,2 = .40, and the base
duration effect, F(1,11) = 19.80, p < .001, n,2 = .64, were significant. The interaction effect was
not significant, F(1,11) = .60, p = .45, n,2 = .05.

4. Discussion

The results of the present experiment clearly indicate that increasing the distance between
sound sources marking time intervals leads to a decrease of the perceived duration (a higher
constant error). These results are inconsistent with what is usually reported when referring
to the kappa effect but consistent with results obtained in the visual mode with a single-
stimulus method (Guay & Grondin, 2001). Other results linking space and time in the
auditory mode revealed no such effect of distance between sound sources when sequences
of four sounds from four sources were used (Ouellet, 2003). The present experiment also
revealed that increasing distance between marker’s sources results in a higher coefficient of
variation.

The present results can be explained on the basis of the internal-clock hypothesis, where the
accumulation process is controlled by an attentional mechanism, with more attention to time
resulting in a higher accumulation of pulses (Grondin & Macar, 1992; Grondin & Plourde,
2007; Macar, Grondin, & Casini, 1994). When the two stimuli were farther away from each
other in space, more attentional resources were allocated to their location perception (Mondor
& Zattore, 1995; Rhodes, 1987; Roussel, Grondin, & Killeen, 2009), which caused the decrease
of the resources allocated to the time perception. There were less accumulated pulses in the
counter of the internal clock, and thus the time duration was perceived as shorter. This
explanation is also consistent with the results obtained with the coefficient of variation.
Allocating more resources to the spatial perception caused more variance (more categorization
errors - higher coefficient of variation) in the observers’ judgment.

Finally, the results also revealed higher coefficients of variation in the 125-ms base duration
than in the 250-ms base duration. This finding is consistent with a generalized form of
Weber’s law applied to time perception in which sensory noise (nontemporal noise due to
attention disturbance) causes more damage to performance with briefer intervals.
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