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Abstract. Auditory stimuli are known to improve visual target recognition and detection when both
are presented in the same spatial location. However, most studies have focused on crossmodal spatial
congruency along the horizontal plane and the effects of audio-visual spatial congruency in depth
(ie along the depth axis) are relatively less well understood. In the following experiments we presented
a visual (face) or auditory (voice) target stimulus in a location on a spatial array which was either
spatially congruent or incongruent in depth (ie positioned directly in front or behind) with a crossmodal
stimulus. The participant’s task was to determine whether a visual (experiments 1 and 3) or auditory
(experiment 2) target was located in the foreground or background of this array. We found that both
visual and auditory targets were less accurately located when crossmodal stimuli were presented
from different, compared to congruent, locations in depth. Moreover, this effect was particularly
found for visual targets located in the periphery, although spatial incongruency affected the location
of auditory targets across both locations. The relative distance of the array to the observer did not
seem to modulate this congruency effect (experiment 3). Our results add to the growing evidence for
multisensory influences on search performance and extend these findings to the localisation of targets
in the depth plane.
Keywords: multisensory perception, distance perception, audiovisual spatial perception

1 Introduction
Previous research has provided evidence for important cross-sensory interactions in the
localisation of a unisensory target. For example, it is well known that the visual system can
provide a spatial frame-of-reference which can facilitate the localisation of an auditory target
along the azimuth (Alais and Burr 2004; Jackson 1953; Shelton and Searle 1980; Warren
1970). Similarly, an auditory stimulus can aid the detection of a visual stimulus when both
are presented from the same spatial location (Perrott 1984; Perrott et al 1995; Spence 2007;
Spence and Driver 2000). In particular, these studies showed an effect of spatial congruency
by manipulating the relative locations of audio-visual stimuli along the horizontal plane only.
For example, Perrott and colleagues asked participants to search for a visual target while
presenting a spatially congruent or incongruent auditory stimulus (relative to the visual target)
or no sound. They found that a spatially congruent auditory stimulus improved visual target
detection, compared to the incongruent sound or sound absent conditions. However, in their
study, and other subsequent investigations of crossmodal influences on target localisation
(eg Spence and Driver 2000), regardless of the congruency condition, the auditory stimulus
was always presented at the same distance from the observer as the visual target and interstimulus distance was manipulated along the horizontal plane only. Since these studies did
not investigate any possible effects associated with disparate audio-visual stimuli along the
depth plane (ie along the depth axis), it remains unclear whether crossmodal stimuli along
this spatial dimension would also affect target localisation in either modality.
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Previous studies suggest there may be important interactions between the modalities when
perceiving targets positioned in depth. For example, in an investigation of distance perception,
Loomis et al (1998) found visual depth perception to be significantly better than auditory
depth perception when participants were asked to walk to a target positioned directly in front
of them. In their study, participants either saw a target or heard a sound emitted from a target
loudspeaker (while wearing a blindfold) at various distances, and their task was to walk to the
location of the target. This difference in performance across the modalities may be attributed
to the relatively richer information available to the visual system regarding the spatial layout,
environment, and relative distance cues, all of which were not easily available in the auditory
domain. As a confirmation of this idea, Philbeck and Loomis (1997) found that accuracy in
perceiving visual depth decreases as the number of visual cues are reduced. Furthermore,
Zahorik (2001) reported that when visual information regarding the spatial layout of a room
and testing apparatus was provided, the perceived distance of an auditory target was more
accurate relative to when no visual information was presented. Specifically, Zahorik reported
that blindfolded participants underestimated the distance of auditory targets more often than
those participants who could see the first loudspeaker as a visual reference. Therefore, the
perceived distance of an auditory stimulus appears to be affected by the location of a visual
reference stimulus. Indeed, the visual capture of the location of an auditory stimulus is best
known either as the ‘ventriloquist illusion’ (Howard and Templeton 1966) or the ‘proximity
image effect’, if visual capture occurs in depth (Gardner 1968)—although, again, most
investigations of this illusion have typically limited the distances between the auditory and
visual stimuli to the horizontal rather than the depth plane (see Bertelson and de Gelder 2003
for a review; Bertelson et al 2000). Interactions between vision and sound along the depth axis
are important to establish as it is well known that distance can be underestimated in the visual
(Fukusima et al 1997; Loomis et al 1992; Plumert et al 2004; Ziemer et al 2009) and auditory
modalities (Kearney et al 2010; Loomis et al 1998), with auditory distance consistently more
underestimated than visual distances (Loomis et al 1998; Zahorik 1998, 2001).
While there are several studies which have explored the spatial interactions between
the senses, others have also shown that temporal factors can also play a role on crossmodal spatial perception (Alais and Carlile 2005; McDonald et al 2000; Sekuler et al 1997;
Shams et al 2000; Sugita and Suzuki 2003). For example, Van der Burg et al (2008) reported
that in a dynamic search display, with visual target and distractors randomly appearing
and disappearing, a sound which is synchronised with the onset of the visual target can
facilitate its detection. They argued that the temporal coincidence between sound and vision
allowed for the integration of these features which, in turn, rendered the target more salient
in the display. However, the display was presented in the picture plane; therefore, it is
unknown whether sounds presented in depth would have the same effect on visuo-spatial
localisation. Indeed, Sugita and Suzuki (2003) reported that distance from the observer can
affect the perceived temporal order between auditory and visual stimuli (temporal order
judgment or TOJ). In their study, visual stimuli were presented at various distances and
the auditory stimuli, which were filtered with head-related transform functions to simulate
distance in the auditory domain, were presented through headphones. They found that the
temporal window between vision and audition was shifted by 3 ms m−1—that is, it followed
the speed of sound (Sugita and Suzuki 2003). Sugita and Suzuki (2003) suggest that the
temporal window of integration between vision and audition is elastic and can be modulated
by increasing distance from the observer (see also Alais and Carlile 2005 for similar
findings). The perceived spatial location of the sound relative to the visual stimulus was
not explicitly tested, so it is difficult to determine the extent to which the perceived relative
or ‘absolute’ auditory distance perception affected the temporal window of integration.
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In fact, some researchers have suggested that head-related transform functions provide little
useful distance information (Zahorik 2002). In any case, the results of Sugita and Suzuki
provide evidence that the perceived relative distance of sounds can affect the perceived
temporal order of crossmodal simulation across various distances, suggesting that spatial
and temporal effects interact in the perception of multisensory spatial events.
The current study was designed to extend the previous studies on audio-visual
interactions in target localisation by investigating the role of location along the azimuth
and distances in the depth plane between auditory and visual events. Specifically, using a
relatively complex 2‑dimensional display, we explored the role of spatial depth information
when localising a target in one modality when information from another modality was also
simultaneously presented. Across three experiments, the task for the participants was to
identify the spatial location of either a unimodal (visual or auditory) target in a spatial
array. We hypothesised that, if spatially congruent information is necessary for efficient
multisensory perception, then spatially incongruent audio-visual stimuli along the depth
plane would impair performance in localising a target. Furthermore, given that vision is
considered to be the modality with the highest spatial precision (Welch et al 1986; Welch
and Warren 1986), particularly for centrally presented targets, and that vision is known to
capture the location of an auditory stimulus (Gardner 1968; Howard and Templeton 1966),
it was expected that spatially incongruent distractor sounds would have less of an effect
on disrupting localisation performance in the centre of the array than in the periphery.
In contrast, we predicted that performance in localising auditory targets would be more
disrupted by spatially incongruent visual distractors when both were presented in central
positions than in peripheral positions in the array.
2 Experiment 1
The following experiment investigated localisation performance to spatially congruent and
incongruent audio-visual stimuli in depth. Visual targets consisted of an image of a face,
whereas auditory stimuli consisted of a voice saying ‘Hi’. In an array of 8 possible locations
of visual targets, a single target was indicated by a light which backward lit the face stimulus.
An auditory stimulus was presented either at the same location as the visual target (congruent
condition) or at a different location in depth, either in front of or behind the visual target
(incongruent condition), or no sound was presented. We expected to find a similar interference
effect of auditory distractor stimuli, which were incongruently located in depth on visual
target localisation, as was previously found in studies where auditory and visual targets were
presented along the horizontal plane (eg Perrott et al 1995).
2.1 Method
2.1.1 Participants. Twenty-nine (nineteen female) participants between the ages of 17 and
36 years (their mean age was 24 years) took part in this experiment. All, bar one, of the
participants reported being right-hand dominant, and all participants reported normal or
corrected to normal vision and no hearing impairments. This experiment (and all subsequent
experiments) was approved by Trinity College School of Psychology Research Ethics
Committee, and accordingly all participants provided informed written consent prior to
testing.
2.1.2 Apparatus and materials. The apparatus consisted of an array of eight loudspeakers
(FRWS 5: Visaton, Germany), each with a diameter of 5 cm and mounted onto separate
wooden poles at a height of 120 cm. These poles with loudspeakers were positioned on the
floor of a testing laboratory, arranged in two semi-circular arrays. The foreground array
was positioned at a distance of 60 cm and the background array at 120 cm away from the
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participant, who was seated at the centre of the array. Each stimulus was positioned 45° away
from its neighbouring stimulus on the horizontal array. As such there were two peripheral
locations of the visual/auditory targets: left and right 67.5° from fixation, and two more
central locations left and right of fixation by 22.5° (see figure 1 for an illustration of the
apparatus). The auditory stimulus was a recording of a male voice saying ‘Hi’. The sound
pressure level of each loudspeaker was equated at source and relative to the participant,
across the foreground and background array. In other words, for each loudspeaker in the
60 cm (foreground) array the sound pressure level was approximately 68 dbA, and for
each loudspeaker positioned in the 120 cm (background) array the sound pressure level
was 65 dbA. Faces and voices were chosen as stimuli because faces and voices are familiar
bi‑modal stimuli. Moreover, the familiarity of an auditory stimulus is considered to be an
important factor for ‘absolute’ auditory depth perception (Coleman 1963; Loomis et al 1998).
Fixation light

Illuminated
target face
Background
arc
Foreground
arc
Loudspeaker
stand

Figure 1. An illustration of the target array. Each stimulus was presented in either the foreground
or background array relative to the participant. Each stimulus consisted of a loudspeaker which was
placed directly behind a face stimulus (which could be “illuminated” as shown here in a central
position in the foreground). For the audio-visual congruent trials, the target was presented from
the same location as the crossmodal distractor stimulus. For the audio-visual incongruent trials, the
crossmodal distractor stimulus was presented either directly behind (eg central, background position
as shown in this example) or in front of the target stimulus. The foreground array was positioned either
within peripersonal space in experiments 1 and 2 (ie 60 cm/120 cm for the foreground and background
positions, respectively) or in extrapersonal space (80 cm/140 cm) in experiment 3.

The visual stimuli consisted of eight identical copies of an unfamiliar male face (6 cm
high × 4 cm wide) printed on acoustically semi-transparent cloth (see McAnally and Martin
2008; Perrott et al 1990 for a similar procedure). Each face stimulus was placed directly in
front of a loudspeaker at a distance of approximately 2 cm to ensure the auditory and visual
stimuli were spatially congruent. Two 5 volt LEDs were placed behind each face to illuminate
it evenly and independently. The visual angles for the face stimuli in the foreground (60 cm)
were approximately 6 deg × 4 deg (height × width) and for the faces in the background
(120 cm), the visual angles were approximately 3 deg × 2 deg. The entire apparatus was
placed in a dark, windowless room.
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The stimuli in the background were elevated by 6 cm to ensure that they were not
obscured by the stimuli in the foreground. A red fixation light was positioned at a similar
height as the audio-visual stimuli and placed on a pole which was positioned directly in front
of the participant at a distance of 150 cm. This fixation light remained illuminated throughout
the experiment.
Each stimulus was presented for a duration of 200 ms. The same face and voice stimuli
were presented from all spatial locations to remove any contextual cues that could be
associated with a particular spatial location. The presentation of the stimuli and recording
of the timing and accuracy data were controlled by a custom-designed computer programme
coded in Visual Basic. Participants responded by pressing either the ‘m’ or ‘z’ keys on a
computer keyboard to indicate that the target was found in the ‘foreground’ or ‘background’
of the array. These response keys were counterbalanced across participants. A target was
present in all trials.
2.1.3 Design. The experiment was based on a repeated measures design with modality
(vision only, auditory only, audio-visual congruent, and audio-visual incongruent) and target
angular position (central or peripheral) as the main factors. The experiment was blocked
by modality such that there were three blocks for each of the visual-only, auditory-only,
and audio-visual (congruent and incongruent) conditions. Block order was counterbalanced
across participants. The target was located in either the foreground or background with equal
probability. Within each modality block, trials were randomly presented across participants.
The dependent variables were response times and accuracy rates.
2.1.4 Procedure. There were 80 trials in each unimodal condition and 160 trials in the audiovisual condition. In the audio-visual block, half of the trials included spatially congruent
audio‑visual stimuli and half included spatially incongruent audio-visual stimuli. In the
congruent condition, the auditory and visual stimuli were presented from the same spatial
location. In the spatially incongruent trials, the visual and auditory stimuli were presented
from different locations in depth but along the same angle (eg the visual stimulus was
presented at the left peripheral location in the foreground array, while the auditory stimulus
was presented at the left peripheral location in the background array).
In the visual-only and audio-visual conditions, a target face was illuminated, and the
participants’ task was to determine whether the visual target (ie an illuminated face stimulus)
was positioned in the foreground or background of the array by pressing the ‘m’ or ‘z’
keys. In the auditory-only condition, the task was to determine whether the sound (voice)
emanated from a loudspeaker positioned either in the foreground or background array. None
of the faces was illuminated in the auditory-only condition. In the audio-visual condition,
participants were told to ignore the auditory stimulus and determine whether the visual target
was presented in the foreground or background. In all conditions, participants were told to
locate the target as quickly and as accurately as possible, whilst remaining fixated on the
central fixation point. Participants were given ten practice trials before each block to ensure
they understood the task and the general location of the arrays.
2.2 Results
Data from two of the participants were excluded, as accuracy for both participants was less
than chance performance. Subsequent analyses were based on data sets from twenty-seven of
the twenty-nine participants.
2.2.1 Accuracy. In order to compare performance across the spatially congruent and
incongruent conditions, performance was averaged across locations in depth (ie across target
locations appearing in the foreground or background). Accuracy performance for each of the
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modality conditions was: vision-only, 90.98%; auditory-only, 77.15%; audio-visual congruent,
90.47%; and audio-visual incongruent, 86.91%. To determine how congruency affected
performance compared to the unimodal conditions, we conducted a 4 × 2 repeated-measures
ANOVA with modality (vision-only, audition-only, audio-visual congruent, and audio-visual
incongruent) and target angle (central versus peripheral) as factors. There was a main effect
of modality (F3, 78 = 15.75, p < 0.0001): a posteriori Tukey test on the main effect revealed
that performance to the auditory-only condition was significantly worse than performance to
the visual-only ( p < 0.002), audio-visual congruent ( p < 0.002) and audio-visual incongruent
( p < 0.01) conditions. There was no effect of target angle (F1, 26 < 1). There was a significant
interaction between modality and target angle (F3, 78 = 16.52, p < 0.0001), which is depicted
in figure 2. A Tukey posteriori analysis of the interaction between modality and target angle
revealed the following differences: in the auditory-only condition, performance was worse
to the centrally (71.28%) than to the peripherally located target (83.07%; p = 0.001) and in
the audio-visual incongruent condition, performance was worse to the peripheral location
(82.93%) than to the central location (90.895%; p < 0.006), but this difference in target angle
did not reach significance within any of the other conditions. At the central positions only,
performance to the audio-visual congruent trials differed only from that in the auditory-only
conditions ( p < 0.001) and was the same as performance in the vision-only and audio-visual
incongruent trials (all ps > 0.8). For the peripheral positions, however, a different pattern
emerged. Here, performance to the audio-visual congruent condition was the same as that to
the vision-only condition ( p = 0.9) but was better than to either the auditory-only ( p < 0.02)
or the audio-visual incongruent ( p < 0.02) conditions.(1)
95

central
peripheral

85

Mean % correct

75
65
55
45
35
25

   vision-only

audition-only

  audio-visual
congruent
Modality condition

audio-visual
incongruent

Figure 2. Mean accuracy performance to locating a (visual) target in experiment 1 across each of the
modality conditions and target positions. Error bars represent the SEM.

2.2.2 Reaction time. A second 4 × 2 repeated-measures ANOVA was performed on the
response time data to the unimodal and audio-visual conditions, with modality (visiononly, audition-only, audio-visual congruent, and audio-visual incongruent) and target angle
(central versus peripheral) as factors. The difference in response times across the modality
conditions failed to reach significance (F3, 78 = 1.09, p = 0.359). The mean response times
(1)

Note that, when target ‘Hemifield’ (left or right) was also considered as a factor in analysis, we
found no evidence for a main effect (F1, 26 < 1); nor did Hemifield affect performance in any of the
other conditions in experiment 1. Furthermore, we failed to find evidence of a main effect of Hemifield
or interactions with other factors in the following experiments. For clarity, we decided not to include
this factor in the main analysis.
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to targets in each of the modality conditions were: vision-only, 360 ms; auditory-only,
375 ms; audio‑visual congruent, 321 ms; and audio-visual incongruent, 360 ms. The
main effect of target angle (F1, 26 < 1) also failed to reach significance, and there was no
evidence for an interaction between the factors (F3, 78 < 1). Further analyses (based on
the mean response time/mean proportion correct for each participant) on the modality
factor confirmed there was no evidence for a speed–accuracy trade-off in the participants’
performance.
2.3 Discussion
Our results suggest that participants were more accurate at localising a visual target in a
depth array compared to an auditory target. However, we found that locating a visual
target was less efficient (ie reduced accuracy) when an auditory stimulus was presented at a
different location (in front of or behind the visual target in the array) relative to a spatially
congruent location, particularly at the more peripheral positions of the array where this
difference reached statistical significance. The results of the current study also suggest that
spatially congruent auditory stimuli facilitate the localisation of the visual targets at peripheral
locations relative to auditory-only targets and to spatially incongruent audio-visual stimuli.
However, visual spatial perception did not benefit from congruent multisensory stimulation,
since accuracy in the audio-visual congruent condition was the same as in the visual-only
condition, which supports the idea of visual dominance in spatial tasks. However, despite this
sensory dominance, the results suggest that audition can nevertheless influence the perceived
location of the visual target: auditory information presented in a different depth plane to
the visual target distracted participants in locating the visual target, particularly when the
target appeared in a peripheral location relative to the congruent conditions. In other words,
accuracy was reduced when a visual target was presented in the periphery with a spatially
incongruent auditory distractor. Therefore, despite the relatively small spatial difference
between the visual and auditory stimuli (ie 60 cm), participants were significantly more
accurate when audio-visual stimuli were presented in the same location in depth compared
to different depths.
Relative to accuracy performance, response times appeared to be unaffected by the
modality or by the location of the stimuli. We expected that the presence of an auditory
distractor (whether spatially congruent or otherwise) might speed up the orienting of attention
towards the general location of the visual target, particularly in the more peripheral positions.
However, we found no evidence for this benefit on response times, but we suggest that this
may be due to the time involved in subsequently determining the precise location of the
visual target (background or foreground) following orienting towards the general location.
Further research is required, however, to determine how these processes (orienting towards
and localisation of the target) differentially affect response times.
3 Experiment 2
In the previous experiment, spatially incongruent auditory stimuli affected visual target
localisation more in the peripheral locations than the central locations. This effect is likely
due to auditory spatial information being more reliable in the periphery than visual spatial
information (see Bavelier et al 2006 for a review), thus having a greater influence when
incongruent with the location of the visual target. The question then arises whether the
localisation of peripheral auditory targets is affected by the presence of spatially congruent
or incongruent visual information. We would hypothesise that the visual distractors
would have little effect on auditory target localisation in the periphery but would have an
effect on the central locations (ie the opposite of the results of experiment 1). However,
it is also possible that the same results as experiment 1 are attained due to the Colavita
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effect (Colavita 1974, 1982; Colavita and Weisberg 1979), whereby visual information
dominates the other sensory modality during bimodal presentations. The Colavita effect has
been shown to be present even in tasks where visual information is not the most reliable
source of information, compared to another modality (eg auditory information in a temporal
task—Ngo et al 2010). In the following experiment, we replicated experiment 1, but here
the participants’ task was to indicate the location of an auditory target.
3.1 Method
3.1.1 Participants. Thirteen participants (six female) between the ages of 21 and 32 years
(mean age = 25.8 years) took part in this experiment. Participants reported having either
normal or corrected to normal vision, and all reported normal hearing. None of the participants
took part in the previous experiment.
3.1.2 Design, apparatus, and procedure. This experiment was identical to experiment 1 with
the exception that participants were asked to identify the location of an auditory target as
being in the foreground or background of the array (and ignore the visual stimuli) in the
audio-visual conditions.
3.2 Results
3.2.1 Accuracy. A 4 × 2 repeated-measures ANOVA was performed on the accuracy data with
modality (vision-only, auditory-only, audio-visual congruent, audio-visual incongruent) and
target angle (central versus peripheral) as factors. The mean percentage correct for each of
the modalities was visual-only, 91.6%; auditory only, 70.8%; audio-visual congruent, 75.6%;
and audio-visual incongruent, 48.7%. There was a main effect of modality (F3, 36 = 22.03,
p < 0.0001). A posteriori Tukey test revealed that performance to the vision-only condition
was significantly better than to all other conditions (all ps < 0.05). Moreover, performance
in the audio-visual incongruent condition was worse than that in either the auditory-only
or audio-visual congruent (all ps < 0.002) conditions. There was no effect of target angle
(F1, 12 < 1, ns). There was a significant interaction between these factors (F3, 36 = 2.82,
p < 0.05; see figure 3a). A Tukey posteriori did not reveal any significant differences between
the central and peripheral locations within each of the modality conditions. However, at the
central positions only performance to the audio-visual congruent trials was worse than to
the vision-only condition ( p < 0.01), the same as to the auditory-only condition ( p = 0.94),
and better than to the audio-visual incongruent condition ( p < 0.001). At the peripheral
positions only the same pattern emerged in that performance to the audio-visual congruent
trials was worse than the vision-only ( p < 0.02), the same as auditory-only ( p = 0.93),
and better than the audio-visual incongruent ( p < 0.001). Importantly, for the audio-visual
incongruent condition, performance in locating the auditory target when presented in either
the central or peripheral locations was worse than performance to either of these positions
in the auditory-only condition.
3.2.2 Reaction time. The mean response times to each of the conditions was as follows:
vision-only, 436 ms; auditory-only, 642 ms; audio-visual congruent, 682 ms; and audio-visual
incongruent, 753 ms (see figure 3b). Once again, we ran a 4 × 2 repeated-measures analysis
on the reaction time data between the unimodal and audio-visual conditions. There was a main
effect of modality (F3, 36 = 7.77, p < 0.001; see figure 3b). A posteriori Tukey test revealed
that response times were significantly faster to the vision-only targets than targets presented
in either the auditory only ( p < 0.02), audio-visual congruent ( p < 0.006), or audio-visual
incongruent ( p < 0.004) conditions. There was no main effect of target angle (F1, 12 = 1.83,
p = 0.20) and no interaction between these factors (F3, 36 = 1.081, p = 0.3). Inverse efficiency
analysis (based on the mean response time/mean proportion correct) revealed a main effect of
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Figure 3. (a) Mean accuracy to locating an (auditory) target in experiment 2 across each of the modality
conditions and target positions. (b) Mean reaction times across each of the modality conditions and
target positions in experiment 2. Error bars represent the SEM.

modality (F3, 36 = 7.06, p < 0.001), which was due to less efficient performance in the audiovisual incongruent condition relative to other conditions. However, on the basis of further
analysis, we found no evidence for a speed–accuracy trade-off in participants’ performance.
3.3 Discussion
We first found that locating a visual-only target was more accurate than locating either an
auditory-only target or an auditory target presented together with a visual stimulus. Moreover,
we found that participants were more accurate at locating an auditory target when it was
presented with a visual distractor from the same spatial location compared to when both
were presented from different locations separated in depth. These findings are consistent
with the findings on accuracy performance from experiment 1. Again, similar to the
findings of experiment 1, the advantage for spatially congruent information was limited to
accuracy performance, as participants’ reaction times were unaffected by crossmodal spatial
congruency (although locating a visual-only target was the fastest).
In contrast to the results from experiment 1, accuracy for locating auditory-only targets
in peripheral locations was the same as that to central locations. However, when the auditory
target was presented with a visual distractor, performance was better when the visual distractor
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was co‑located with the auditory target than when it was incongruently located, irrespective
of whether these stimuli were presented in central or peripheral positions. In experiment 1,
when the target was visual, we observed a benefit for co‑located versus incongruently located
auditory distractors in the peripheral positions only. In the current experiment, it appears that
localising an auditory target in the presence of an incongruent visual distractor was a difficult
task. Indeed, performance in this condition was at chance level. One could argue that the
difference in the effect of audio-visual incongruent conditions across the central locations
in experiments 1 and 2 may be due to the ventriloquist effect (Bertelson et al 2000; Howard
and Templeton 1966). In the present experiment the incongruent visual distractor may have
captured the perceived location of the auditory target, thus reducing accuracy. Moreover,
accuracy in the audio-visual incongruent condition at both central and peripheral locations
was around chance level, which was lower than that found in experiment 1, suggesting that
the visual stimulus was a more salient distractor than an auditory stimulus, again consistent
with the ventriloquist effect. On the other hand, if the ventriloquist effect influenced these
results, then we would also expect performance in the condition where the visual distractor
was spatially congruent with the auditory target to be more consistent with performance in the
vision-only condition, in that the presence of a co‑located visual stimulus should enhance
the localisation of the auditory target. Although performance in this audio-visual congruent
condition was slightly enhanced relative to performance in the auditory-only condition
(5% improvement), this difference was not significant. Moreover, performance at locating
the visual-only targets was better and faster than in any of the other conditions, including the
audio-visual congruent condition. It is possible that because the audio-visual congruent trials
were intermixed with the audio-visual incongruent trials, this led to greater uncertainty when
localising the auditory target in the incongruent condition. However, a similar, general cost
on performance in the incongruent condition in experiment 1 was not found. Our results
likely suggest important interactions between vision and audition at all locations of the target
in the array, dependent on the modality of the target and the crossmodal distractor stimuli.
4 Experiment 3
In experiments 1 and 2, the foreground array was located within the participant’s reach, ie in
peripersonal space, while the background array was located in extrapersonal space. Previous
research has suggested that there are qualitative differences between the perception of objects
positioned within peripersonal space and those positioned in extrapersonal space (Farnè and
Làdavas 2002). For example, Farnè and Làdavas found that a distance of 70 cm (and beyond)
between the participant and an object was sufficient to produce audio-tactile extinction effects
associated with extrapersonal space (Farnè and Làdavas 2002). They argued that objects
located in peripersonal space are more likely to draw the attention of the observer than are
objects in extrapersonal space, since objects that are close are most likely to cause bodily
harm and thus require relatively greater allocation of attention. Although their study focused
on the audio-haptic interactions in which the participant was required to perform an action
on an object, such as grasping the object (Cant and Goodale 2005, 2006), little is known
about whether these distinctions between peripersonal and extrapersonal space also apply to
audio-visual interactions. We might, however, expect that the perception of a person’s face or
verbal greeting may be affected by the relative distance between the other person and oneself
(see Burgoon 1978).
The following experiment was designed, therefore, to investigate the role of stimulus
distance from the observer on crossmodal interactions in a target localisation task. Here,
we replicated experiment 1; however, the entire apparatus was moved a further 20 cm away
from the participant into extrapersonal space (ie beyond arm’s reach). With this manipulation,
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we investigated whether the relative benefit on target localisation performance from a
spatially congruent crossmodal distractor was affected by the distance of the targets from
the observer.
4.1 Method
4.1.1 Participants. Sixteen participants (nine female) between the ages of 19 and 27 years
(mean age was 22.06 years) took part in this experiment. All reported to have normal or
corrected-to-normal vision and did not report any hearing impairments. All were naive to the
purposes of the experiment and none took part in experiments 1 and 2.
4.1.2 Design, apparatus and procedures. The apparatus was identical to experiment 1, with
the exception that the locations of the stimulus array were now placed at distances of 80 cm
(foreground array) and 140 cm (background array) from the participant. Thus, both the
foreground and background stimulus arcs were positioned outside the participant’s reachable
(ie peripersonal) space, but the 60 cm separation between the two arcs was maintained as in
the previous experiment. The visual angles for the face stimuli in the foreground were
4.3 deg × 2.9 deg (height × width), and for the faces in the background the visual angles
were approximately 2.5 deg × 1.6 deg.
The design and procedures were the same as in experiment 1: the participants’ tasks were
to determine the location of the relevant target in the unimodal conditions and the visual
target in the crossmodal conditions (whilst ignoring the auditory stimulus).
4.2 Results
4.2.1 Accuracy. The mean accuracy performance across each condition was as follows:
vision-only, 90.65%; auditory-only, 63.16%; audio-visual congruent, 90.39%; and audiovisual incongruent, 87.03%. A 4 × 2 repeated-measures analysis (as in experiments 1 and 2)
was performed on the accuracy data. There was a main effect of modality (F3, 45 = 121.29,
p < 0.0001). A posteriori Tukey test revealed that accuracy to the auditory-only condition
was lower than accuracy in either the visual-only ( p < 0.001), audio-visual congruent
( p < 0.001), or audio-visual incongruent ( p < 0.001) conditions. None of the other differences
across the modality conditions reached significance. The effect of target angle failed to reach
significance (F1, 15 = 3.06, p = 0.10).
There was a significant interaction between these factors (F3, 45 = 21.09, p < 0.0001) as
shown in figure 4a. A posteriori Tukey analysis revealed significantly better accuracy in
locating a centrally presented target (93.72%) than a peripherally presented target (87.58%)
in the vision-only condition ( p = 0.02) and in the audio-visual incongruent condition
(central = 91.09%; peripheral = 82.97%; p = 0.001). Performance across positions in the
audio-visual congruent condition (central = 93.13%; peripheral = 87.66%) was equivalent
( p = 0.06). Conversely, auditory-only peripheral targets (67.91%) were more accurately
located than centrally (58.42%) presented targets ( p < 0.0001).
At central locations only, performance to the audio-visual congruent condition was the
same as that to the visual-only and audio-visual incongruent conditions. Performance to
the audio-visual congruent condition was better than to the auditory-only condition at the
central locations ( p < 0.001). At peripheral locations only, performance to the audio-visual
congruent condition was the same as that to the vision-only condition, better than that to the
auditory-only condition ( p < 0.001) but failed to reach statistical difference to the audiovisual incongruent condition ( p = 0.164).
4.2.2 Reaction time. The mean response times to each of the conditions were as follows:
vision‑only, 366 ms; auditory-only, 506 ms; audio-visual congruent, 339 ms; audio-visual
incongruent, 354 ms. As before, a 4 × 2 ANOVA was performed on reaction time performance.
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Figure 4. (a) Mean accuracy and (b) mean response times to locating a (visual) target in experiment 3
across each of the modality conditions and target positions. The arrays were positioned at 80 cm and
140 cm, relative to the participant. Error bars represent the SEM.

There was a main effect of modality (F3, 45 = 17.80, p < 0.0001): a posteriori Tukey test
revealed slower response times to the auditory-only targets than to targets in either the visualonly ( p < 0.001), audio-visual congruent ( p < 0.001), or audio-visual incongruent ( p < 0.001)
conditions. None of the other pairwise comparisons reached significance. There was also
a main effect of target angle (F1, 15 = 41.02, p < 0.001), with faster responses to centrally
(370 ms) than to peripherally (412 ms) located targets.
There was a significant interaction between these factors (F2, 45 = 10.49, p < 0.001), as
shown in figure 4b. A posteriori Tukey analysis revealed that response times were significantly
slower (all ps < 0.01) for peripheral targets compared to central targets in the vision-only
(central, 338 ms; peripheral, 393 ms), audio-visual congruent (central, 313 ms; peripheral,
365 ms), and audio-visual incongruent (central, 315 ms; peripheral, 393 ms) conditions, but
there was no difference found between target locations in the auditory-only condition (511 ms
and 499 ms respectively).
Response times to the centrally located targets in the audio-visual congruent condition
were the same as those to the centrally located targets in other conditions (except for
in the auditory-only condition). Response times to the peripherally located targets in the
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audio‑visual congruent condition were the same as those to targets in either the vision-only
or audio-visual incongruent only (although they were faster than those to auditory-only targets).
An inverse efficiency analysis (based on the mean response time/mean proportion correct
for each participant) revealed a main effect of modality (F3, 45 = 49.8, p < 0.001), which was
due to less efficient performance in the auditory-only condition relative to other conditions.
In general, on the basis of further analysis, we found no evidence for a speed–accuracy tradeoff in participants’ performance.
4.2.3 Comparison across distances. To determine whether performance was affected by the
distance of the stimulus array from the participant (ie peripersonal or extrapersonal space),
we conducted a 3-way mixed-design ANOVA with array distance (experiment 1 versus
experiment 3) as the between-subjects factor and congruency (audio-visual congruent
versus audio-visual incongruent) and target angle (central versus peripheral) as the withinsubject factors on both the accuracy and response time data. We found no effect of distance on
either the accuracy data (F1, 37 < 1, ns) or the response times (F1, 37 < 1, ns). Moreover, distance
did not interact with any of the other factors for either the accuracy or response time data.
In other words, performance in localising audio-visual stimuli was not qualitatively affected
by the distances between the spatial array and the participant. The effect of congruency was
significant for accuracy performance only (F1, 37 = 7.65, p = 0.009) but not for response times
(F1, 37 = 1.83, p = 0.18). A posteriori test revealed more accurate performance in locating
visual targets when presented with a congruently located (90.54%) than an incongruently
located (85.61%) auditory stimulus in depth. There was also a main effect of target angle
with better and faster performance to centrally located (90.62%; 307 ms) than peripherally
located (85.52%; 369 ms) targets (F1, 37 = 9.58, p = 0.004 and F1, 37 = 45.52, p < 0.0001 for
accuracy and response times, respectively). Finally, for the accuracy data only, we found
an interaction between audio-visual congruency and target angle (F1, 37 = 7.96, p = 0.008).
Performance was worse when a visual target was presented in the periphery with a spatial
incongruent auditory stimulus (81.60%) compared to when the visual target was presented in
the periphery with a congruent auditory stimulus (89.45%; p < 0.001). No other comparisons
reached significance.
4.3 Discussion
Participants were significantly more accurate and faster at locating the target in the visiononly condition, and in both audio-visual conditions compared to the auditory-only condition.
As in experiment 1, localising a visual target along a depth plane was marginally more efficient
when the auditory stimulus was co‑located than when it was spatially incongruent, although
this was not statistically different. However, similar to experiment 1, these differences were
observed in the peripheral locations only, with a 5% drop in accuracy performance and
30 ms slowing of response times when the location of the sound was incongruent to the
peripheral location of the visual target relative to when the sound was congruently located
(although these differences failed to reach statistical significance). Moreover, the location of
an incongruent sound had a larger effect on locating a visual target in the periphery than in the
centre. On the other hand, when the visual target was centrally located, there was no evidence
of a relative benefit on target localisation with a spatially congruent auditory distractor.
It is unclear why we did not get a larger advantage for the audio-visual congruent stimuli
over the audio-visual incongruent stimuli, particularly at the peripheral locations, as we found
in experiment 1. It may be the case that as the target array is moved further away from the
participant the advantage in localising centrally positioned visual targets over peripherally
localised targets when the auditory distractor is incongruent becomes less distinct. However,
when we compared performance across array distances (ie experiments 1 and 2), no such
distinction was found. It is important to note that we did find a main effect of congruency
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when comparing experiments 1 and 3. This suggests that the same trend of performance
exists for both array distances.
If attention played a role in target detection, we would have expected reaction times for
the peripersonal array (experiment 1) to be faster than the responses for targets located in
extrapersonal space. However, the results of experiment 3 suggest that the distance between the
loudspeaker/visual stimulus array and the participant did not affect how participants integrated
audio-visual information along the depth plane. We add, however, that these findings may
be particular to the distances tested here, and that it may be the case that performance would
change significantly with greater distance between the participant and the array.
5 General discussion
The importance of spatial congruency across vision and auditory stimuli located in depth when
locating a visual target is clearly illustrated by these results. Although spatially congruent
audio-visual stimuli did not improve performance over-and-above vision alone, performance
in locating a target when visual and auditory stimuli were incongruent was reduced when
identifying the location of either a visual (experiment 1) or an auditory (experiment 2) target.
Although in experiments 1 and 2 stimuli were presented in an array which extended 60 cm to
120 cm in front of the participant, the effects of the incongruently located crossmodal stimuli
were evident regardless of the relative proximity of the stimulus array to the participant
(experiment 3).
The effect of incongruently located auditory and visual stimuli is isolated to the more
peripheral rather than the central locations, and there was little evidence of crossmodal
interference when the target was presented at a central position in the array. The auditory
stimuli reduced target localisation performance for visual targets located in the peripheral
locations where spatial identification of the visual targets was more difficult (De Valois and
De Valois 1988; Rayner and Pollatsek 1992), as seen in the performance to the visual-only
conditions. However, the relative lack of an effect when an incongruently presented audiovisual stimulus is presented at a central location suggests that participants could effectively
ignore the auditory stimulus when the visual information was relatively reliable. However,
for locations where the visual target was more difficult to locate, such as in the periphery,
the auditory information had more influence. The results of experiment 2, in which the task
was to locate an auditory stimulus, are consistent with this idea: when participants were
asked to identify the location of an auditory target, there was no difference in performance
to the audio-visual incongruent trials when the auditory target was located either centrally or
peripherally. This finding suggests that visual information affected the perceived location of
the auditory target in the same fashion across the central and peripheral locations.
In general, our effects were largely limited to accuracy performance, rather than response
times. As mentioned earlier, it is possible that the orienting of attention to the location of a
target along the azimuth facilitates response times, but then the process of establishing the
precise location of the target in depth may be a relatively slower process. Future research is
required to establish whether these are independent processes and to tease apart the relative
influence of these effects.
Our findings generally extend the previous findings of interactions between vision
and audition in spatial perception (Arnott and Goodale 2005; Driver and Spence 1998;
Razavi et al 2007) and specifically extend previous findings on aurally aided visual search
(Perrott et al 1995, 1996). Such studies typically show better accuracy and faster reaction times
when auditory and visual stimuli are presented from the same relative to different locations
across the horizontal plane. In contrast to our study, however, Perrott and colleagues reported
evidence for a multisensory facilitation such that locating a visual target when an auditory
stimulus was spatially congruent resulted in significantly better performance than detecting
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the target through vision alone. Our results, on the other hand, suggest that localising a visual
target is not facilitated by the presence of a spatially congruent auditory stimulus, relative to
vision alone, but that a spatially incongruent auditory stimulus induced a cost in performance,
particularly in the periphery.
Although a benefit for congruently located auditory and visual stimuli on performance
was not found here, it is important to note that there is a difference between distance and
location perception (Abrams and Landgraf 1990). Previous studies on visual distance
perception found little improvement on performance by combining audio-visual information
(see Loomis et al 1999, 2002) while others found some improvement in auditory distance
perception when visual information is provided (Zahorik 2001; Zahorik et al 2005). In the
experiments presented here, participants were not explicitly asked to indicate the distance
between the stimuli or between the stimuli and themselves. The purpose of this study was
to investigate whether spatial congruency across the senses can affect target detection along
the depth plane in the same fashion as along the horizontal plane. Therefore, the locationbased effects shown here may not occur if participants were given a more explicit distance
judgment task (eg indicate the distance between yourself and the target).
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