[

DOI: 10.61782/fa.2023.1081

.||i ill.

LR

forumacusticum 2023

CONTEXTUAL LOCALIZATION BIAS FOR LOW- AND HIGH-
FREQUENCY STIMULI

Bernhard Laback!”

Jonas Schiiltke

! Acoustics Research Institute, Austrian Academy of Sciences, Austria

ABSTRACT

The perceived azimuth of a sound source is biased by a
preceding source (precursor), typically, towards midline
(medial) by a lateral and towards the side (lateral) by a
central precursor. Little is known about effects of
intermediate precursor azimuths and the contribution of low
and high frequency regions. We tested the hypothesis that
for a certain intermediate precursor azimuth, lateral and
central biases cancel each other out. Ten normal-hearing
listeners localized 300-ms targets following 600-ms
precursors using a head-pointing task in a virtual audio-
visual environment. Both target and precursor azimuths
were systematically varied across the entire azimuth range.
Stimuli were white noises, filtered with listener-specific
head-related transfer functions. Low-pass (0.5-2 kHz), high-
pass (2.8-16 kHz), and broadband (0.5-16 kHz) stimuli
were tested to study effects in frequency regions dominated
by different localization cues: interaural time differences in
low-pass, interaural level differences and spectral shape in
high-pass, and all three cues in broadband stimuli. Precursor
effects were overall strongest for target azimuths of +/-70°.
Cancellation of lateral and central biases was found only for
+/-70°-targets, at a precursor azimuth of 58.3°. Importantly,
the data showed selective spatial contrast enhancement for
targets preceded by azimuthally matched Ps. Patterns of
precursor effects were relatively similar across frequency
regions.
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1. INTRODUCTION

Azimuthal sound localization is pivotal in everyday life,
e.g., when determining the direction of an approaching car.
Nevertheless, it is known for a long time that absolute
azimuthal localization of a target sound (T) is biased by the
azimuth of a preceding sound (P, precursor). This is called
the localization aftereffect (LA, e.g., [1]). Best known
effects are a medial bias (towards midline) by a lateral P
and a lateral bias (towards sides) by a central P. Since these
effects represent repulsion of T from P, it has been argued
that ecological pressure may favor azimuthal segregation of
competing sound sources over absolute localization [2].
According to this interpretation, LA corresponds to spatial
contrast enhancement of subsequent sounds ([1-3]).
However, before contrast enhancement can be accepted as a
“driving force” underlying the LA, its properties need to be
characterized further.

First, the literature on LA is mostly confined to P
stimuli being either fully lateral or central. Thus, effects of
intermediate P azimuths are largely unknown. To that end,
the current study systematically varied the azimuth of P and
T stimuli across the full azimuthal range from left (-90°) to
right (+90°). This allowed, for the first time, to rigorously
address the question if LA can indeed be described as a
generally repulsive mechanism that always increases spatial
contrast, or if also attraction is at work in certain spatial
configurations (see e.g., [4]). Further, it allowed to test the
hypothesis that for a certain intermediate precursor azimuth
(between central and fully lateral) the lateral and medial
biases cancel each other, resulting in an absence of bias.

Second, LAs may depend on the frequency region
and, therefore, on the localization cues available in each
region. Medial and lateral biases have been reported for
both low- and high frequency stimuli where interaural time
difference (ITD) and interaural level difference (ILD) cues
dominate, respectively [5-6]. Different frequency regions
have not been compared, however, in the same study. To
study the frequency-range-specificity of the LAs, the
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current study compared LAs between low-frequency, high-
frequency, and broadband conditions.

2. METHODS

Ten normal-hearing participants participated in the
experiment. Prior to the experiment, listener specific head-
related-transfer-functions (HRTFs) were measured using
the method described in [7]. Using virtual acoustics
technique, the HRTFs were then used to generate virtual
stimulus locations along the frontal azimuthal range. All
combinations of P and T azimuths of 0, £10, £30, £50, £70
and £90° were tested. As reference, each T azimuth was
also tested without precursor (NoP). Listeners were
instructed to indicate the perceived azimuth of T stimuli by
head-pointing in a virtual audio-visual environment using
headphones and a head-mounted display (see [6]). P and T
stimuli had a duration of 600 and 300 ms, respectively, and
were separated by a silent gap of 10 ms. Other aspects of
the paradigm were as described in [8]. Stimuli were random
white noises that were bandpass-filtered in three frequency
regions, referred to as low-pass (LP, 0.5-2 kHz), high-pass
(HP, 2.8-16 kHz), and broadband (BB, 0.5-16 kHz). Each
combination of P/T azimuth and frequency region was
tested six times. The different frequency regions were tested
in separate blocks, with balanced order across participants.
Before each block, listeners received localization training
based on visual reinforcement as described in [6].

3. RESULTS

The reference conditions without precursor (NoP, not
shown) revealed minimal overall bias (0.22° leftward) and
showed mean root-mean-square localization error (RMSE)
of 4.8° at midline and of 11.1° across all T azimuths. These
values are very close to corresponding errors in a free-field
experiment (4.6° and 11.1°, respectively [9]. The RMSE
was slightly but significantly higher (p = 0.005) for
condition LP (12.3°) than condition BB (9.9°), with
condition HP lying in between (11°).

The LA was defined as the shift in perceived
azimuth of T resulting from adding a P [i.e., the response
azimuth in trials with P minus the response azimuth in trials
without P (condition NoP)]. In the following subsections,
we address the idea of cancellation of medial and lateral
biases (section 2.2) and the idea of spatial contrast
enhancement around the azimuth of a P.

, Contral P Ipsi P
Lateral bias — >
T T T T T T T T T T
‘ 10F  Lateral Targets: LP o T |
| o T
A

Response Azimuth (re MoP, deg)

) T T AT N I 1
bia S—BD -60 -30 0 30 80 90
Precursor Azimuth (deg)

=
I

o
)

L L L

[~ Lateral Targets: HP o 10 |
o T ]

Response Azimuth (re NoP, deg)

| I T I ST T
-90 -60 -30 O 30 60 90
Precursor Azimuth (deg)

T T T T T T

™ Lateral Targets: BB o T |
o T70

Response Azimuth (re NoP, deg)

-90 -60 -30 0 30 s0 90
Precursor Azimuth (deg)

Figure 1. Localization aftereffect (LA), quantified as
the difference between response azimuth in trials with
P re in trials without P (NoP), as a function of
precursor (P) azimuth for the three most lateral target
(T) azimuths (50, £70, and +90°). The three panels
from top to bottom show data for the three frequency
conditions (Low-pass [P], high-pass [HP], and
bandpass [BB]). Data below the horizontal dotted line
indicate medial bias and data above that line indicate
lateral bias. Data on the right side (positive P azimuth)
and left side (negative P azimuth) indicate ipsilateral
and contralateral conditions, respectively. Error bars
indicate 95% confidence intervals.
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Figure 2. Same as Fig. 1, but for the three smaller T
azimuths (0, 10, and £30°).

3.1 Is there an intermediate P azimuth for which
medial and lateral LAs cancel each other?

Fig. 1 shows the LA as a function of P azimuth for the three
most lateral T azimuths (£50, £70, and +£90°). The three
panels from top to bottom show data for the three frequency
conditions (LP, HP and BB). In each panel, data are
collapsed and averaged across left- and right-side T
azimuths, such that on the right side of the graph (positive P
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azimuths) Ts are ipsilateral and on the left side of the graph
(negative P azimuths) Ts are contralateral to the P stimuli.
Data points below the horizontal (dotted) line indicate
medial bias and data points above the line indicate lateral
bias. According to the hypothesis, it was expected that
ipsilateral Ps cause medial bias (data points in the lower
right corner), that decreasing P azimuth reduces medial bias
while crossing zero bias at some intermediate azimuth, and
that decreasing P azimuth further induces lateral bias that
peaks for an P azimuth of zero. The actual data followed
these predictions only partly. Specifically, ipsilateral Ps
showed a trend towards medial bias and central Ps showed
a trend towards lateral bias. This appeared to depend,
however, strongly on the T azimuth and, to some extent, on
the frequency condition. For the lateral-most T (90°,
referred to as T90), the bias almost always remained medial
and hardly crossed zero. In contrast, for T50, the bias
tended to be more lateral, at least for conditions HP and BB.
For T70, and possibly also for T50 in the LP condition, the
curves appear to best represent the predicted transition from
medial bias for ipsilateral Ps to lateral bias for more central
Ps. Note, however, that the bias often oscillated, e.g.,
sometimes resulting in zero bias at Ps around zero. A cubic
polynomial function was fit to the data for T70 and the P
azimuth corresponding to zero bias was determined. The
zero-bias points were quite similar across the LP, HP, and
BB regions (59.3, 56.6, and 58.7°, respectively).

Fig. 2 shows the corresponding data for the three
smaller T azimuths (0, £10, and +30°). These data show no
trend at all in the expected direction. However, there
appears to be a pronounced oscillation in the bias patterns,
particularly for P azimuths between 0 and 70°. This pattern
is analyzed in the following subsection.

Overall, the data in Fig. 1 and 2 are not consistent
with the idea that there is a general transition from medial to
lateral bias (when shifting the P azimuth from ipsilateral to
central) that is independent of the T azimuth.

3.2 Local dilation of auditory space

The oscillations in the bias effect in Figs. 1 and 2 may
suggest that the effective amount of bias depends critically
on the azimuthal distance between P and T stimuli. This
leads to the idea (already proposed in previous studies, e.g.
[2,10-11]) that a P with a certain azimuth may selectively
increase the spatial contrast in auditory space in the vicinity
of that P. Note that in contrast to previous studies, P
azimuth was randomly changed from trial to trial, thus, any
contrast enhancement must be fast. To inspect the presence
of such an effect, Fig. 3 plots LAs for ranges of T azimuths
centered around each P azimuth, the latter being indicated
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by vertical arrows (with colors and symbols according to
the legend). Only “matched” conditions are shown, where T
azimuths surround a given P azimuth. The important aspect
of these curves is here not the absolute LA (i.e., the position
along the ordinate), but their slope. Curves with a positive
slope indicate enhancement of local spatial contrast, i.e.
dilation of auditory space in the spatial vicinity of P. Flat
curves (slope of zero) indicate no change in contrast.
Curves with a negative slope indicate reduced spatial
contrast, i.e., compression of local auditory space. In 16 out
of 18 cases (across the three frequency conditions), at least
one segment of the functions showed a positive slope
(revealed by a significant interaction of factors “T azimuth”
and “Presence of P” in repeated-measures ANOVA: p <
0.023). Only for P90 the slope was found to be negative in
the LP condition (p = 0.02). As control conditions, slopes
for T azimuths remote from P azimuths (“unmatched”
azimuths) were analyzed (not shown). In 339 out of the 345
cases the slope was not significantly positive (p > 0.05).
While these statistics did not correct for alpha-error
inflation, the binomial probability distribution was used to
judge the likelihood that these results were obtained by
chance. Obtaining 16 “successes” or more out of 18 has a
chance probability p = 0.0007 and obtaining 339 or more
out of 345 has a probability p < 0.0001. Thus, we can
conclude that the increase in spatial contrast around the
azimuth of Ps is a highly significant effect. There were no
pronounced differences across frequency regions.

4. DISCUSSION AND CONCLUSIONS

The localization aftereffect (LA), although a well-known
phenomenon that likely affects absolute sound localization
in everyday situations, is still insufficiently studied and
poorly understood. The current study relied on the paradigm
of [8], measuring the within-trial LA induced by Ps whose
azimuth was randomly varied from trial to trial and
employing a stimulus timing that roughly approximates
random switching of sound sources (like speakers) in a
multi-source environment such as a cafeteria. The first main
goal was to study a much wider range of P azimuths than
previously employed and, thus, to obtain a broader picture
of the effects involved and mechanism underlying the LA.
Specifically, we tested the hypothesis that for a particular
intermediate P azimuth (between central and fully lateral)
the lateral and medial biases would cancel each other. Some
evidence for such a cancellation was found only for target
azimuths of +70° and the point of bias cancellation occurred
at 58.2°, on average across the three frequency conditions
tested. For all other T azimuths, the bias function either did
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Figure 3. LAs for ranges of T azimuths that surround
each P azimuth, as indicated by vertical arrows (with
colors and symbols as defined in the legend). Curves
with a positive slope indicate contrast enhancement,
flat curves (slope of zero) indicate no change in
contrast, and curves with a negative slope indicate
contrast reduction. All other aspects are as in Fig. 1.

not even reach the cancellation point (remaining medial or
lateral across all P azimuths) or oscillated around the
cancellation point. This outcome suggests that the LA is
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spatially restricted, i.e. occurs predominantly for Ts
azimuthally matched to a given P. Note that this differs
from the results of LA studies using either ILD cues [8] or
ITD cues [4], where the LA was much more spread across
azimuths.

This outcome inspired a follow-up analysis on the
effect of a P on the local spatial contrast, i.e. on the slope of
the lateralization function at the P azimuth. While previous
studies have already found support for the idea of spatial
contrast enhancement (e.g., [2, 10-12]; but see also [13]),
those studies tested only a few P azimuths, allowing no
generalization. The present results showed contrast
enhancement for 16 out of 18 “matched” conditions (6 P-
azimuths * 3 frequency conditions) where the T and P
azimuths were matched. In contrast, for the 345 unmatched
conditions, only 339 showed contrast enhancement. These
results suggest that at least under the conditions tested in
this study, the LA is predominantly a repulsive mechanism
that helps to increase azimuthal separation between
subsequent sounds. Furthermore, the effect appears to be
quite fast, given that the P azimuth was varied from trial to
trial. For completeness, note that also attractive LA has
been reported for rather short P and T stimuli which might
explained by perceptual integration of target and distractor
[14].

The second main goal was to study the impact of
the frequency region on the LA. Overall, the patterns of
LAs were quite comparable between the LP, HP and BB
regions. Overall, this supports previous findings that both
ITD cues (dominant at low frequencies) and ILD cues
(dominant at high frequencies) are susceptible to LA. On a
more detailed level, the LA might be slightly stronger for
the LP region than for the HP and BB regions, which,
however, does not seem to be significant (but respective
analyses are only preliminary so far). If LA for conditions
including the high frequency region (HP and BB) should
indeed turn out to be smaller, this might be related to the
availability of spectral localization cues for those
conditions. However, answering this question thoroughly
would require controlled manipulation of the availability of
HRTF cues while keeping all other parameters (like the
frequency region) constant.

Finally, it is important to note that the conclusions
drawn here are preliminary and that more detailed and
rigorous quantitative and statistical analyses of the data are
required in follow-up work.
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