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ABSTRACT

Audio-visual spatial perception relies on the integration of both auditory and visual spatial information. Depending
on auditory and visual features of the stimulus, and the relevance of each sound to the listener, offsets between
both signals are more or less acceptable. The current paper investigates to which extent each of these factors
influences how critical the perception of spatial coherence is by estimating the psychometric function for seventeen
audio-visual stimuli. The results show that the maximum accepted offset angle does not depend on semantic
categories but is linked to audio feature classes with harmonic sounds leading to greater acceptable offsets. A
regression shows that the perceptual spectral centroid is negatively correlated with the offset angle and the slope
of the psychometric spatial-coherence function. This finding, however, is not conclusive and further research is
necessary to define all parameters that influence bimodal localization of realistic stimuli.

1 Introduction

Augmented and virtual reality technologies aim at recre-
ating an environment, that allows listeners to experi-
ence the presented space at their own pace. The envi-
ronment is, for example, presented as a 3D-360◦ video,
offering depth and the possibility to look around in
three degrees of freedom. In the additional audio sig-
nal, the corresponding sound scape is presented. Due
to technical procedures, e.g. during capture, editing
and reproduction, it may not be feasible to offer the
same freedom of movement for the auditory as for the
visual scene, thus breaking the link between the spatial
position of audio and visual objects. Any technology

closing the link between auditory and visual signals
must be designed with a good cost-benefit effect. It
therefore becomes essential to understand the effect
of limitations in the spatial reproduction on emotional
and functional experience for listeners. Perceptual tests
on audio-visual spatial perception can be used to de-
fine perceptually motivated specifications and to design
their efficacy accordingly.

2 Background

2.1 Human spatial perception

In natural human spatial perception, auditory and vi-
sual spatial information is merged automatically in the
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Table 1: Summary of papers on ventriloquism in audio-visual application settings. The columns ‘type of test’
lists the applied methods (PF = psychometric function, PSE = point of subjective equality, JND = just
noticeable difference). The ‘results’ column shows the maximum angle of accepted AV offset and indicate
the training of participants (T = trained, U = untrained, X = unknown).

Study Stimulus Setup Type of test Results

Melchior
2006

Pink noise (A) with 3D
object (V)

WFS, VR device 5-point impairment scale
with hidden anchor

4◦–8◦ (X)

Bertelson
1998

2kHz pulses (A) with
LED light flashes (V)

Phase panning between
two loudspeakers, cen-
tral LED

Staircase paradigm, JND ∼5◦ (X)

Sporer
2015

"Meaningless speech"
(A), pink noise (A),
10cm white dot (V)

Wall of loudspeakers,
interpolated panning,
video projection

Staircase paradigm, JND 4◦–7◦

(T + U)

Melchior
2003

Synchronous speech
(AV)

WFS, 2D projection 5-point impairment scale
with hidden anchor

5◦–7◦ (T)

Komiyama
1989

Synchronous speech
(AV),
Synchronous singing
voice (AV)

Loudspeakers at every
5◦, HDTV

Absolute 5-point impair-
ment scale

11◦ (T)
20◦ (U)

Stenzel
2017

Synchr. speech (AV) Loudspeakers at every
5◦, video projection

PF on coherent location,
PSE

10◦ (T)
19◦ (U)

André
2014

Synchr. Speech (AV) WFS, 3D projection PF on coherent location,
PSE

18◦ (U)

Bishop
2011

Synchr. Speech;
McGurk signals;
speech with still face

Individualized HRTFs
for loudspeakers at ev-
ery 6◦, TV

PF on coherent location,
PSE

∼19◦ (U)
∼16◦ (U)
∼10◦ (U)

Godfroy
2003

Burst of pink noise (A),
white flashing circle (V)

Loudspeakers, 2D pro-
jection

PF on fusion of sound
and vision

∼6◦ (U)

superior colliculus, a part of the midbrain, and later
areas. During this subconscious process, superimpos-
able information from different modalities is enhanced,
whereas contradictory information is suppressed [1].
The final audio-visual space results from the Bayesian
integration of each unimodal spatial information [2, 3].
The strength and precision of this spatial information
varies between the two modalities with vision being
sixty times more accurate in the frontal field of vision.
Additionally, the precision of spatial information varies
with several features. For vision, these features include
the size of an object, luminance, color and contrast [4],
and its position in space [4, 5]. Auditory localization
accuracy depends on the signal bandwidth [6], the cen-
ter frequency of the signal [7], the onset time [8], the
position in space and speed of movement [9, 10, 5], and
it decreases with signal to noise ratios smaller than 0dB

SNR [11, 12]. Both for semantic processing, and for
direction of attention and movement, the integration of
both modalities is essential as the information in each
of them relies on highly different characteristics but
priority is usually given to visual information.

2.2 Ventriloquism

Due to the variation in spatial acuity, visual information
dominates when audio and visual spatial information
mismatch. In such a case, the position of objects is
still merged and one object is perceived, mainly at the
position of the visual object. This effect is called Ven-
triloquism. Apart from the reliability of the spatial
information, the size of this binding effect depends on
the strength of links between audio and visual signal.
One link is created by co-varying time patterns. The
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size of the Ventriloquism effect, for example, decreases
when a still face is shown instead of a face with cor-
rectly moving lips along with a speech sample [13].
This strong perceptually motivated link between audio
and visual signals is also called Unity effect. For sig-
nals varying in their time synchrony, it has been shown
that stronger links exist for speech than for other non-
human vocalizations [14]. Comparing results from a
range of publications on the Ventriloquism effect as
listed in Table 1, it may be assumed that the strength
of the Ventriloquism effect also depends on the Unity
effect and therefore on perceptually defined groups.
Experiments on the size of the Ventriloquism effect
will thus need to consider semantic categories, to un-
derstand this phenomenon and to find valid limits for
audio and visual spatial offset in technical applications.

2.3 Semantic categories of objects

Research on the perception of environmental sounds,
as well as neuro-scientific studies on brain areas linked
to specific objects have identified a range of classes that
are differentiated within the brain. Different brain areas
are for example activated for animal vocalizations ver-
sus tool sounds [15], and human sounds, animal sounds,
and action sounds [16]. These categories can also be
found in studies using categorization tasks. Across
the studies by Gemmeke et al. [17], Gygi et al. [18],
and Piczak [19], seven broad categories were identi-
fied: speech, human sounds, man made sounds linked
to human action, sound of things, and nature sounds,
especially water and animals. Within each category,
Gygi et al. [18] additionally identified the sound spe-
cific features of discrete sounds, harmonic sounds, and
continuous sounds. These audio feature classes link
back to the parameters influencing the precision of au-
dio only localization and will therefore also be included
in the experimental design.

2.4 Summary

Across literature, it has been shown that bimodal spa-
tial perception highly integrates signals of both audio
and visual modalities. Due to greater spatial resolution
in vision this modality dominates the fusion process,
allowing for moderate spatial offsets between audio
and visual signals. Even though a great number of
studies on this Ventriloquism effect exist, only a very
limited range of stimuli have been investigated into

that determine the actual size of accepted offset an-
gle. Nevertheless, a potential influence of the identified
semantic categories and audio feature classes exists
on the strength of the Ventriloquism effect. The cur-
rent experiment will evaluate the influence of semantic
categories and audio feature classes on the maximally
accepted horizontal spatial offset between an audio and
a visual signal. A similar methodological design and
setup was used in experiments comparing the maxi-
mum accepted offset angle for speech only, comparing
between auditory trained and untrained participants
[20].

3 Methods

The experiment outlined in this section was conducted
to identify the maximally accepted horizontal audio-
visual offset for a range of stimuli. A forced choice
yes-no test was designed to test, whether the presented
audio-visual offset was perceivable or not. The point,
at which fifty percent of all answers indicate that the
presented stimuli is not perceived in the same posi-
tion, was taken as the maximally acceptable offset. In
psychophysics, this point is also called the point of sub-
jective equality (PSE). It can be defined by modeling
the distribution of answers given for a fixed number of
samples with a specific underlying function, the psy-
chometric function.

3.1 The psychometric function

The psychometric function describes the relationship
between the strength of a stimulus, in this case the
audio-visual offset, and the probability of the detection
or classification of it by fitting an s-shaped sigmoid
function to single data points from a detection or dis-
crimination task. The current discrimination task is
designed as yes-no/two-alternative forced choice test
(2AFC). The point of subjective equality (PSE) for a
stimulus is then defined as the portion 50% of correct
answers and describes the turning point of detection
above chance [21, p. 15,155].

The psychometric function is generally given as

ψ(x;α,β ) = F(x;α,β ), (1)

where x is the strength of the stimulus, the offset angle;
α determines the overall position of the curve on a
normalized scale between zero and one, and therefore
relates the percept to the stimulus level; β describes
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 I

II                                       III

30.9°

Fig. 1: Test setup showing the screen (I), loudspeakers,
video projection (II), the area covered by the
face (III) of the speech stimulus.

the slope or steepness of the curve and is inversely
proportional to the deviation [21, p. 82]. The function
F(x;α,β ) has to be chosen from a number of possible
distribution curves. In the current evaluation a logis-
tic function was chosen. In the logistic function, the
value of α corresponds to FL(x = α;α,β ) = 0.5 for
data from yes/no AFC tests—a probability of 50%. It
is therefore equivalent to the PSE, given on the nor-
malized scale. In addition to these parameters, Wich-
mann et al. [22] introduced the parameters γ and λ .
They account for inherent noise and uncertainty in
the responses due to guessing (γ), reflecting missed
trials, and lapsing (λ ), accounting for responses that
are stimulus-independent such as an unintentionally
pressed button. The chosen psychometric function then
is described as

ψ(x;α,β ,γ,λ ) = γ +(1− γ −λ )F(x;α,β ). (2)

3.2 Experimental design

One of eighteen selected videos was presented centrally
and the audio signal was presented through one of nine
loudspeakers at angular offsets of 0.0◦, ±5.1◦, ±10.3◦,
±15.4◦, and ±20.6◦. Each participant was seated in
a central position, equidistant to all loudspeakers. A
centered feedback video with spatially coherent audio
and video was presented after each trial to avoid bias-
ing of listeners to one side. This video confirmed the
previously given answer.

Participants were asked to judge, whether the actions
they saw in the video and the sound they heard were

spatially coherent, i. e. at the same position in space
or not, by pressing one of two buttons (“yes” or “no”)
on a MIDI controller. Participants were required to use
the left hand for the “yes”-button and the right hand
for the “no”-button. Additionally, participants had the
chance to give comments throughout the test in order
to comment on specific videos and were also asked to
leave a comment at the end of the test with no specific
question asked.

Every participant undertook a training session before
undergoing the actual test. The training session was
designed for participants to become acquainted with
the interface, the task, and the test procedure. It com-
prised 60 trials, with random videos presented out of
the whole dataset. The main test consisted of 360 trials
(9 positions, 18 videos, repetition of the center posi-
tion). Participants were required to take a break after
170 trials. All test runs were randomized for audio-
visual offset and video. The test procedure was as
follows:

1. The video was played.
2. The participant responded.
3. A feedback phrase and video were displayed con-

firming the answer given by the participant.
4. The next run started after an interval of 1.5 s.

Twenty-two participants took part in the test (age
range 18-60, 6 female). All were musically trained
and/or worked in an area closely related to audio and
video editing, and reported normal hearing and nor-
mal or corrected-to-normal vision. This study has gone
through the University of Surrey ethical assessment pro-
cesses in line with the University’s Ethics Handbook
for Teaching and Research.

3.3 Stimuli

The audio-visual stimuli were designed to represent the
semantic categories and audio feature classes identified
in Section 2. Examples for stimuli and the according
grouping were taken from Gygi et al. [18] and seven-
teen items were finally selected. Due to the indoor
recording facility, no non-electric machines could be
recorded. The final list of items is shown in Table 2.
All videos were recorded in HD 1920x1080p, ProRes
422 codec, with a sample rate of 48 kHz, 24bit, in the
AV-blue-screen lab at the Centre for Vision Speech and
Signal Processing. All items were chroma-keyed and
background replaced with a plane gray color. For each
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Table 2: The table shows the selected stimuli and a still of each video to visualize each item. Stimuli are grouped
according to their semantic categories and audio feature classes. Each stimulus is given a number for
easier reference.

Semantic category audio feature class

discrete impact harmonic continuous
Sound of things linked to motion

Axe
Hand bell

Zipper

Sound of things
Wooden pull crocodile

Remote car
Lawnmower

Artificial
Pulsed pink noise with
circular white figure

Water
Ice drops into glass

Pouring water into glass
Watering with water can

Speech

Human sounds:
Claps
Laugh
Cough

Animals
Stork

Barking dog
Purring cat
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stimulus four similar versions were edited to introduce
a variance within each item. All videos were edited to a
length of two seconds, with 6 frames of black followed
by a 10 frames fade in and 3 frames fade out at the end.
Audio was level aligned to create a realistic impression
of the sound in the reproduction space, thus introducing
level differences between items. The speech item was
set to 60 dB sound pressure level (SPL). In addition to
the stimulus, decorrelated pink noise at 50 dB SPL, or
+10 dB signal-to-noise ratio for the speech item was
played from five loudspeakers at the positions speci-
fied in ITU BS.775 [23] throughout the test creating
a uniform noise distribution in the room and masking
explicit sources of noise such as the projector.

3.4 Setup

The tests were conducted in an acoustically treated
room with approximately equal reverberation time of
0.2 s between 300 Hz and 8 kHz. The nine loudspeak-
ers (Genelec 8020 B) were mounted on the equator of
a truncated spherical structure with a radius of 1.68 m
and level-aligned at the listening position. Participants
were seated on a fixed chair equidistant from the loud-
speakers, which were at approximately ear height. The
image was projected (InFocus-IN110) onto a curved,
white, acoustically transparent screen. The video dis-
play was aligned to the loudspeakers and the curvature
was corrected with the software Immersive Display
PRO by Fly Elise. The picture covered an area from
±30◦ left to right and +18◦ to −15.8◦ top to bottom,
at an aspect ratio 16:9 HD, with the center of the pic-
ture aligned with the top of the loudspeakers. In this
way the visual part linked to the origin of the sound on
screen, e. g. the mouth of the actors, was aligned with
the center of the loudspeaker at 0◦.

The time synchronization of audio and video was en-
forced by manually delaying the audio signals. The
test procedure and the level and delay alignment was
implemented in Max 7 by Cycling ’74.

4 Results

The statistical analysis of the results was performed
by estimating the parameters α , β , γ , and λ for the
psychometric function per test stimulus, followed by
an analysis of variance across the defined semantic
categories and audio feature classes. In a second step
the regression between α , β , and specific audio and
video parameters was estimated.

4.1 Participant Comments

In addition to the measurement of yes/no answers, com-
ments of participants were collected. In general, it
was commented that soft sounds were harder to local-
ize than louder ones, but contrary to those statements,
some participants mentioned that they were less crit-
ical for louder sounds. Transients and more complex
sounds gave participants the feeling of localizing better.
Some participants raised the question where a sound
actually originates from for some of the given stimuli,
e. g. whether the purring of the cat originates from the
mouth of from the body of the cat. Others commented
on mis-aligned vertical components, such as the voice
coming out of the nose of the character displayed rather
than the mouth. Even though videos were edited so
that the only direction of motion was vertical across the
loudspeaker, participants mentioned being less critical
when a link existed between the side of the offset and
the direction of motion and of action. As an example,
the turned head when coughing was given.

4.2 Estimation of psychometric function

Prior to the statistical analysis, data was checked for
outliers across participants. Data from five participants
was excluded as they fell outside of the 95% confidence
interval at 0◦ offset. The parameters for the psychomet-
ric function per stimulus, and per stimulus and response
side were calculated using the function PAL_PFML_Fit
from the MATLAB toolbox Palmedes, version 1.8.1
[21] and the logistic function. The parameter α corre-
sponds to the PSE, the point at which 50% of answers
are yes. It is given as a normalized value between 0,
corresponding to the maximum tested offset of 20.6◦,
and 1, corresponding to 0◦. The corresponding logistic
functions are shown in Fig. 2a and the estimates for
the function are given in the accompanying dataset (see
Sec. 7).

4.3 Analysis by category and class

To compare the effect of the semantic categories and
the audio feature classes defined in Sec.2 on α and β ,
an analysis of variance (ANOVA) was performed. The
estimates of the functions for left and right side were
used in this analysis for a better statistical resolution. In
previous publications, it was suggested to use estimates
per participant in the statistical evaluation [24, 20].
However, not enough data points were available for
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Fig. 2: The estimated logistic functions, displayed per stimulus (a), per semantic category (b), and per audio feature
class (c). The x-axis is given as α , the normalized audio visual offset, and its corresponding audio-visual
offset in ◦.

a parameter estimation with only four samples per
pooled offset and participant. Therefore, the parameter
‘side’ was included as independent variable in the anal-
ysis to test for significant differences between left and
right side. The independent variables semantic category
and side had no significant effect on α (F(6) = 0.80,
p > 0.1; F(1) = 1.16, p > 0.1) or β (F(6) = 1.85,
p = 0.13; F(1) = 1.87, = 0.18). The groupwise com-
parison between the semantic categories is shown in
Figures 3a and 3b. The audio feature classes had a
significant effect on α with F(2) = 5.38, p = 0.01 and
on β (F(2) = 3.41, p = 0.05), indicating the steep-
ness of the estimated function. Posthoc comparisons
using the Tukey-HSD test for α indicated significant
differences between ‘discrete’ and ‘harmonic’ sounds
(meandi f = 0.08, p = 0.01, SD = 0.05), and between
‘harmonic’ and ‘continuous’ sounds (meandi f =−0.07,
p = 0.05, SD = 0.05). For β , posthoc comparisons
using the Tukey-HSD test indicated significant differ-
ences between ‘harmonic’ and ‘continuous’ sounds
(meandi f =−3.15, p = 0.05, SD = 2.32).

All comparison are also displayed in Figure 3. The
semantic categories are ordered according the median
value of β . This display shows that there is a trend of
increasing β and α values across the categories. The
underlying parameter leading to the increase, however,
is not apparent, as it is neither linked to motion, nor to a
contrast between human sounds with artificial sounds in
particular. The psychometric function was recalculated
per semantic category and per audio feature class for
data pooled across left and right side. The results are

displayed in Fig.2b and Fig. 2c, and the parameters are
given in the accompanying dataset (see Sec. 7).

Across the three audio feature classes, ‘harmonic’
sounds have the lowest value for α and β , resulting in
a more shallow curve. This observation may have its
reasoning in differences of attributes typical for each
group. In order to formulate a hypothesis on the mecha-
nisms causing the differences between the tested groups
of sounds, further analysis of the underlying sound and
video parameters is necessary.

4.4 Analysis of audio parameters

It has been shown that the relationship between accept-
able offset angle between sound and according visual
signal depends on the broad audio feature classes ‘har-
monic’ sound versus sounds with ‘impact’ or ‘contin-
uous’ signals. This classification is very broad and
not well-defined. In semi-automated production en-
vironments, a more precise technical description of
underlying audio attributes is necessary. Both, audio
feature classes and participant comments, hint towards
a range of attributes that should be investigated further
on their influence on the estimated parameters of α and
β .

According to Gygi et al. [18], the three audio fea-
ture classes are highly correlated with the mean pitch
salience, the spectral centroid and the duration of the
stimuli. In the regression analysis, the perceptual spec-
tral centroid1 was used instead of the spectral centroid

1IoSR-Surrey-MatlabToolbox V 2.8
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Fig. 3: Box plot showing the differences across semantic categories and audio feature classes for α and β . The
notches indicate the 95% confidence interval.
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Fig. 4: Partial regression for α and β as predicted by
the perceptual spectral centroid. The dotted line
indicate the 95% confidence boundaries.

for a better representation of the perceived central fre-
quency. In addition to the duration2[2], the event den-
sity2, the average frequency of events, the pulse clar-
ity[2] (how precise the pulse is dependent on the attack
time and the rhythm) and the RMS low energy2, the per-
centage of frames with less than average RMS, were
used. Additionally, parameters linked to localization
precision were added. As outlined in Sec.2, the local-
ization precision depends on the SNR and therefore is
linked to the level of the stimulus signal, represented
with the average level (RMS2), the maximum level
across all frames (maximum RMS2) and the sound
pressure level3. The bandwidth of the stimuli is repre-
sented by the number of third octave bands above 50%
of the maximum level2, the brightness2(ratio of energy
above 1.5kHz) and the roll off2(85% of energy are be-
low the calculated frequency). The last parameter, the
central frequency, is already covered by the perceptual

2MIRtoolbox 1.7
3MATLAB codes provided by the Salford Innovation Research

Centre.

Table 3: Regression parameters for α and β with the
predictor perceptual spectral centroid (PC).

b SE tStat p intercept
α , PC -0.00004 0.00001 -2.28 0.005 0.67
β , PC -0.0007 -0.0002 -2.87 0.01 8.86

spectral centroid2. Further, two visual measures were
included in the regression describing the relative size
of the stimulus: the total number of pixels filled with
visual object, and the number of pixels covered by the
stimulus in the central area of the video between the
pixels [460:620/880:1040], which is equivalent to the
size of the loudspeaker.The inter-aural cross correlation
as a measure of the strength of localization cues cannot
be applied in the current analysis as only monophonic
sounds are used as input to the analysis.

A stepwise regression was performed on α and β as
dependent variables, including all parameters as in-
dependent variables. For α , the significant regres-
sion equation included the perceptual spectral centroid
(F(1,20) = 9.57, p < 0.01), with R2 = 0.32 and a vari-
ance not explained by the model of rmse = 0.07 rel-
ative to α). The regression coefficients are given in
Table 3. The regression for β also included the percep-
tual spectral centroid (F(2,21) = 5.3, p = 0.01), with
R2 = 0.33 and a variance not explained by the model
of rmse = 1.3 relative to β . The regression fit is also
shown in Figure 4. Due to the limited number of only
thirty-four input variables (seventeen per side), only
one value can be fitted without the risk of over fitting.

5 Discussion

The psychometric function was estimated for seven-
teen sets of audio-visual stimuli, categorized into seven

AES Conference on Audio for Virtual and Augmented Reality, Redmond, WA, USA, 2018 August 20 – 22
Page 8 of 10



Stenzel, and Jackson Spatial coherence

different semantic categories and three audio feature
classes. The 50% threshold or PSE ranged between
7◦ for hand clapping to 12.5◦ for pouring water into
a glass. Yet, the analysis of the results revealed that
semantic categories did not significantly influence the
threshold at which the coherence of the visual and au-
ditory cues was recognized. Speech, which has been
considered as having specialized audio-visual integra-
tion, did not stand out as being any more or less critical.
Its measured PSE of 9.1◦is comparable to values be-
tween 10◦and 11◦in the literature for auditory-trained
test participants [20, 25] (see Table 1). In contrast,
time alignment of human speech has been reported as
being less critical than for animal vocalizations [14].
The Ventriloquism effect has also been shown to de-
crease when the visual signal accompanying an audio
speech signal lacks timed cues [26]. The pink-noise-
with-white-spot object, which as an artificial stimulus
was expected to have one of the lowest offsets, did not,
at 9.0◦, yield a significantly different PSE compared to
the speech. This PSE was, however, 3◦ - 5◦ larger than
those found by Melchior et al. [27] and Godfroy et al.
[28]. Across the semantic categories, the steepness of
the psychometric function did vary, but no trend was
identified, such as with human presence or motion.

In contrast, the low-level features represented by the
acoustic classes had a significant effect on the threshold.
Harmonic sounds were judged less critically (larger
offset) than continuous and discrete sounds. As har-
monic sounds can be harder to localize, these results
support the finding that bimodal localization is deter-
mined by the strength of the localization cue [2, 3, 5].
This explanation is supported by results of stepwise
regression. Of fourteen evaluated parameters, the au-
ditory center frequency (perceptual spectral centroid)
showed the strongest correlation across the stimulus
sets: it was negatively correlated with both PSE (α)
and steepness of the curve (β ), explaining around 30%
of the variance. A higher perceptual spectral centroid
indicates a shift of average energy within the audio sig-
nal towards higher frequencies, which thus bears less
low-frequency information and degrading the interaural
time difference cues. Although participant comments
hint towards visual motion as an influencing factor for
spatial coherence, the small number of stimulus types
denies the possibility of concluding whether param-
eters other than the perceptual spectral centroid are
relevant. Further research is necessary to discern the
specific contribution of aspects of the audio signal on

localization, including influences of both object and
participant motion (head and eye).

6 Summary

Spatial mismatch between audio and visual signals can
be encountered regularly in media consumption. A yes-
no forced choice was conducted, presenting auditory
trained participants with seventeen different environ-
mental sounds to define the limits of perceived spatial
unity. The visual signal was presented centrally and
audio was presented from one of nine loudspeakers
evenly spread across offsets angles between ±20.6◦.
Participants had to decide whether they perceived the
presented stimuli as spatially matching. The stimuli
were chosen to fall into one of seven identified semantic
categories and into one of three audio feature classes.
The psychometric function was estimated per stimulus
and the PSE, or 50% point, was defined. Differences
across semantic categories and audio feature classes
were evaluated. The semantic categorization did not in-
fluence the PSE significantly. For audio feature classes,
sounds marked as ‘harmonic’ had significantly larger
PSEs and slopes than those in the other two groups
with discrete and continuous sounds. A stepwise re-
gression showed that the perceptual spectral centroid
was negatively correlated with the PSE.
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