


a visual event can be biased by an irrelevant and slightly

asynchronous auditory stimulus (Fendrich and Corballis

2001; Morein-Zamir et al. 2003; Scheier et al. 1999;

Shimojo et al. 2001). For example, Scheier et al. (1999);

see also Morein-Zamir et al. 2003) demonstrated that when

two sounds were presented, one slightly before a first flash

and the other shortly after a second flash, the sounds

attracted the temporal occurrence of the lights, thus

improving the visual temporal resolution (i.e., the just

noticeable difference, JND). In contrast, when two sounds

were inserted in between two light flashes, the visual

temporal resolution became worse (Scheier et al. 1999).

This phenomenon, referred to as ‘temporal ventriloquism

effect’ (Morein-Zamir et al. 2003), has elicited a great deal

of interest in multisensory interaction research. It has been

proposed that the temporal ventriloquism effect is related

to the modality appropriateness or modality precision

(Welch and Warren 1980, 1986). On this hypothesis, the

sensory modality with the highest acuity may outweigh the

others, so that, for example, audition with its high temporal

resolution may dominate temporal perception.

The spatial and temporal constraints on the temporal

ventriloquism effect were investigated in a number of

follow-up studies (Bruns and Getzmann 2008; Freeman

and Driver 2008; Getzmann 2007; Jaekl and Harris 2007;

Keetels et al. 2007; Vroomen and Keetels 2006). As there

was little influence of the relative spatial positions of the

auditory and visual stimuli on the temporal ventriloquism

effect (Bruns and Getzmann 2008; Vroomen and Keetels

2006), other studies turned to examining the influence of

the temporal configuration on the effect. For example,

Morein-Zamir et al. (2003) found that the temporal rela-

tionship of audiovisual events was important: with two

sounds presented before and, respectively, after the two

visual stimuli, the temporal ventriloquism effect occurred

only when the second sound was trailing the second light

within a range of 200 ms; and with two sounds presented in

between the two visual stimuli, a temporal ventriloquism

effect was observed only when the sounds were separated

by 16 ms. Furthermore, several studies have shown that a

single sound leaves temporal-order judgment (TOJ) per-

formance uninfluenced (Morein-Zamir et al. 2003; Scheier

et al. 1999; Shimojo et al. 2001). This has been taken to

suggest that two sounds are required, one paired directly

with each visual event, for the audiovisual stimuli to be

perceived as a unitary event (Morein-Zamir et al. 2003;

Welch 1999). Similar results have also been reported for

the audiovisual apparent-motion paradigm (Bruns and

Getzmann 2008; Freeman and Driver 2008; Getzmann

2007). For example, a temporal ventriloquism effect has

been observed in an ambiguous bidirectional visual

apparent-motion stream by introducing auditory beeps

slightly lagging or leading the flashes (Freeman and Driver

2008). More recently, intramodal perceptual grouping has

been shown to be an important factor in crossmodal inte-

gration (Sanabria et al. 2004; Vroomen and de Gelder

2004; Keetels et al. 2007; see reviews, Spence et al. 2007;

Spence 2007). Intramodal grouping may segregate differ-

ent sensory events from one another, thus weakening the

crossmodal interaction. For example, using a sequence of

sounds, Keetels et al. (2007) found the temporal ventrilo-

quism effect to be diminished when the two target sounds

(paired with visual targets) had the same frequency or

rhythm as other flanker sounds.

Despite the empirical evidence reviewed above, the

influence of sound structure on the temporal ventriloquism

effect has thus far received only little attention in the lit-

erature. Arguably, however, to achieve an understanding of

the mechanisms underlying the temporal ventriloquism

effect, it is critical to examine crossmodal time percep-

tion—in particular, the perceived onset/offset time versus

the perceived time interval of the events in the target and

distractor modalities. Onset/offset time and time interval

relate to the two fundamental concepts in time perception:

succession and duration (Fraisse 1984). In most of the

aforementioned studies, the temporal ventriloquism effects

were implicitly assumed to be due to the visual events

being captured by the accompanying auditory events at

marked points (e.g., onsets or offsets) in time (temporal-

marker hypothesis). To date, it is still unknown how the

time interval of events in the distractor modality influences

the temporal ventriloquism effect. If the onset or offset of a

sound is the major factor determining the crossmodal

interaction, a temporal ventriloquism effect should also be

observable under single-sound conditions. Alternatively, as



















by providing the same paired (audiovisual) features in all

events (fulfilling the ‘assumption of unity’), crossmodal

temporal integration becomes possible (Getzmann 2007;

Morein-Zamir et al. 2003; Welch 1999). However, besides

the imbalance in features, the auditory interval is also

missing in single-sound conditions. Experiments 3 and 4

revealed that it is the audiovisual time interval, rather than

the temporal event markers, that critically determines the

audiovisual apparent motion. Since the onsets of the

auditory and visual stimuli were the same in the audiovi-

sual synchronous condition, the temporal-marker hypoth-

esis and the notion of audiovisual pairing alone are not

sufficient to explain the threshold shift of the apparent

motion. Studies of crossmodal time perception have shown

that perceived inter-stimulus intervals are not equal in the

various modalities. For example, auditory intervals/dura-

tions are typically perceived as longer than visual intervals/

durations with intervals/durations in the range of seconds

(Goldstone and Lhamon 1974; Walker and Scott 1981). A

recent study of vibro-tactile and visual asynchronies

reported that empty tactile intervals were also perceived as

longer than visual intervals (van Erp and Werkhoven

2004). To explain the asymmetric interval perception

among sensory modalities, it has been proposed that the

respective internal pacemakers run at different speeds

(Wearden 2006): the internal clock runs faster in modalities

with higher temporal precision, so that there are more

‘clock ticks’ accumulating for stimuli defined in these
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