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The effect of moving sound sources has been studied in
several publications [4], [5], [8], [9]. However, little is
known about the binaural measurement of intelligibility
under moving babble-noise.

Abstract
The speech reception threshold (SRT) is measured to assess
speech recognition under the presence of distracting noises.
However, most laboratory test conditions do not reflect the
complexities of real-world listening, such as listening with
moving noise sources. In this study, a standard digit-triplet
test for measuring SRT at 50% intelligibility is adopted to
investigate the effect of moving babble noise source. A
listening experiment with normal-hearing adults is
performed, using binaural technologies to create a
headphone-based acoustic virtual environment (VAE). The
listeners are asked to identify digit-triplets spoken by the
target talker, always positioned in front (0° azimuth), under
the presence of static and moving babble noise also
produced by the target talker. The SRTs are measured
within-subject in both static and dynamic scenes under VAE.
In the dynamic scene, four conditions consisting of varying
directions of the dynamic trajectory are tested, by moving
the babble source away from (from 0° to +/-90° azimuth)
versus toward (from +/-90° to 0° azimuth) the target talker at
a constant angular velocity. The SRTs measured in the
dynamic scenes are compared to those measured in the static
scenes, in which the babble source is positioned statically at
0°, +90°, and -90° azimuth.

In the current study, the SRT of each participant was
measured using a listening-in-noise test which uses digit
triplets. Due to the repeated test conditions in this
investigation, a set of 14 parallel digit-triplet tests were
developed at the Institute of Technical Acoustic (ITA)
Aachen based on recommendations proposed by Akeroyd et
al. (2015) [1] and Zokoll at al. (2012) [10].
Although the use of the digits may seem less representative
of real-life listening, the digits are in the category of highly
familiar words and most frequently spoken words.
Additionally, such speech materials require low linguistic
abilities of the listeners and can be easily understood albeit
auditory disabilities. Moreover, the simple digit-triplet test is
more appropriate than a sentence test for the evaluation of
hearing aids or cochlear implants fittings [7], which is
appropriate for continuing research in the future. Digit tests
were also commonly used in tests of cognitive abilities, such
as attention capacity, which is very well aligned with the
investigations of the cocktail party effect in auditory
perception [2], [3].
In this investigation, the intelligibility of digit-triplets is
investigated under the presence of a babble noise source
either statically located or dynamically moving along a
horizontal trajectory in the virtual scene. The virtual sound
sources were presented binaurally via headphones in a sound
attenuated listening booth. For the binaural reproduction, a
set of head-related transfer functions (HRTF), measured
from the ITA artificial head, was convolved with the stimuli
to be rendered in free-field conditions. All virtual sound
sources were simulated using the real-time software Virtual
Acoustics (VA), developed at the ITA.

Introduction
The major complaint of listeners with hearing loss is that
they have difficulties in understanding speech with
background noise. Conventional pure-tone audiometry is not
sufficient to assess the problems in everyday life listening
situations thus listening-in-noise tests are needed [7].
In real-life listening situations, we are confronted with
multiple sound sources, either static or dynamic, that disturb
intelligibility in speech perception. In natural acoustic
scenes, conversations may become very difficult to
understand with masking noise that has dynamic movements
in space. Due to technical limitations in creating moving
sound sources in listening experiments, little is yet known on
the masking effect of a moving noise source.

Method
Stimuli
Stimuli consist of digit-triplets in German. The digit-triplet
test was developed under the guidelines from [1], [7] and
[10] and consists of three monosyllabic digits (0-9,
excluding 7) recorded by a female German native speaker. In
the digit-triplet test, the number of syllables for the digits
needs to be considered to avoid a certain digit being
recognized purely by its unique number of syllables. As a
result, the German digit-triplet test does not contain the
number seven (unique digit with two syllables).

One of the frequently used tests to assess intelligibility under
background noise is the listening-in-noise test. The purpose
of the test is to find the speech reception threshold (SRT)
which is the specific signal-to-noise ratio (SNR) at which the
listener is able to understand 50% of the message (e.g.,
digits, groups of vowels and consonants, sentences, stories).
SRT values are given in units of dB.
This study seeks to the effect of moving noise distractors on
speech intelligibility using a digit-triplet test.
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The masking noise was a randomized superposition of all
digits in the test, with a random delay (up to 4 s) between
successive repetitions of the speech items. This results in a
quasi-stationary noise that has the same long-term average
spectrum as the target speech.

The stimuli were presented through headphones. For the
binaural reproduction, head-related transfer functions
(HRTFs) were used, rendering a sound source under free
field conditions. The used HRTFset consists of ITA artificial
head HRTF measurements with a 3° x 3° resolution in
azimuth and elevation, respectively, measured with a
loudspeaker mounted on an arm at a radius of 1.86 m [6].

After optimization and evaluation of the digit-triplets, 14
lists each containing 24 unique digit-triplets were created
with different digit-triplets, provided that each digit in each
position must appear three times. In the validation with
human listeners, only seven lists were tested due to long
experimental condition. It is assumed that the psychometric
functions derived from the seven lists are similar to the other
seven lists untested, since all 14 lists were created in the
same way.

Virtual acoustic scenes with static and moving sound sources
were created using the Virtual Acoustic (VA) program,
developed from the ITA.

Subjects
Twenty-eight young adult listeners (thirteen female)
completed the listening experiment. All listeners were tested
for normal-hearing of <20 dB hearing level between 125 and
8000 Hz. German was the native language for all subjects.

The results of the digit-triplet test optimization are shown in
Table 1, where Sdigit is the slope of the psychometric function
and the SRT is the mean SRT with the corresponding error
σ.

Procedure
Listeners were seated in front of a display and used a
keyboard for data input. The used GUI and test routine was
developed in Matlab/VA to play back the digits and the
babble noise, to record and grade the response, to adjust the
SNR after each trial is completed, and to store all the results.

Table 1: Results of the ITA German digit-triplet test
optimization
Before
Optimization
After digit
selection
After intelligibility
adjustment

Sdigit [%/dB]

SRT ± σ [dB SNR]

18.0

-9.1 ± 2.4

17.7

-9.1 ± 2.1

17.7

-9.1 ± 0.3

The noise level was varied adaptively with a step size of 2
dB. After the first directional change, the variation of the
step size was reduced to 1 dB. The starting level of the noise
and the digit-triplets was set to 0 dB SNR.
The SRT was measured using all 14 digit-triplet lists in
which the seven test cases were repeated for with and
without head movements from listeners in the virtual scene.
In this paper, only the results of the seven cases tested
without allowing head movement in the virtual scene is
reported.

The results of the digit-triplet test evaluation are shown in
Table 2, where S is the mean slope of the psychometric
function with its error σ and the SRT is the mean SRT with
the corresponding error σ.
Table 2: Results of the ITA German digit-triplet test evaluation
S ± σ [%/dB]

SRT ± σ [dB SNR]

Analysis by digits

12.8 ± 1.8

-12.2 ± 0.3

Analysis by triplets

18.8 ± 2.1

-11.9 ± 0.2

The seven cases differ in the position and the movement of
the distractor, with the target always positioned in front (0°
azimuth). The cases are:
-

Distractor is located statically in the front

-

Distractor moves away from the front to the right

Test Conditions

-

Distractor moves away from the front to the left

Seven different cases were investigated in the listening-innoise test. The target was always positioned in front of the
listener (0° azimuth), but the distractor babble-noise can be
in positions 0°, -90°, +90° or moving toward or away to the
front. The worst case for intelligibility with strongest
masking effect is when the sources are co-located, that is
target and distractor in the same position (0° azimuth). The
most advantageous case is when the target and distractor are
in different spatial positions, that is target 0° and distractor
±90°. However, the masking effect is unknown when the
distractor is moving.

-

Distractor moves toward the front from the right

-

Distractor moves toward the front from the left

-

Distractor locates statically at the right

-

Distractor locates statically at the left

Figure 1 provides a graphical illustration of all seven test
cases.
All digit-triplet lists and the test conditions were presented to
participants in a counterbalanced manner using a Latin
Square.

Binaural Reproduction

The participants received the stimulus, which consisted of a
list of 24 digit-triplets per case. After each digit-triplet, they
must type in the digits in the same order as presented aurally
using a numeric keypad. While keeping the babble-noise

The listening experiment took place in a sound attenuated
listening booth at ITA which has a room volume of V ≈ 10.5
m3 (l x w x h [m3] = 2.3 x 2.3 x 2.0).
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level constant at 70 dB, the target sound source level was
changed adaptively using a one-up-one-down adaptive
procedure to track the SRT at 50% speech intelligibility.

The post-hoc analysis using pairwise comparisons are shown
in Table 3. The Bonferroni adjustment was applied for
multiple comparisons. The mean SRT was significantly
different between all possible pairs of the test conditions,
after averaging across (p<0.05).
Table 3: Significance value of pairwise t-test using Bonferroni
adjustment

Toward

Away

Away

p<0.0001

-

On Sides

p<0.0001

p=0.041

In addition, the percentage of correct answers between the
first and the third digit was analyzed, in the cases of moving
distractor towards and away, as shown in Figures 4 and 5.
The data were analyzed using a paired t-test. In both cases,
there exists a significant difference (p<0.0001) between the
percentage of correct answers of the first and the third digit.

Figure 1: Graphical representation of all test cases. T
denotes target sound source and D denotes distractor sound
source.

Results
The mean SRT results from the 28 participants are shown in
Figure 2. Release from masking is shown in Figure 3, which
was calculated by subtracting the SRT from the reference
“distractor front” condition from each of the remaining
conditions.

Figure 4: Distractor moving towards target. Percentage of
correct answers for the first digit and the third.

Figure 2: Comparison of mean SRT between cases.

Figure 5: Distractor moving away from target. Percentage
of correct answers for the first digit and the third.

Conclusions and Discussion
A German digit-triplet test with 14 parallel lists was
developed following the guidelines of previous works.
Masking noise that matches the long-term average speech
spectrum of the digits was created. The digit-in-noise test
measures the digit-triplet SRT using an adaptive procedure.

Figure 3: Comparison of release from masking in dB.

The data was analyzed in a repeated measures analysis of
variance (ANOVA) and yielded significant main effects for
distractor movement, F(2,110) = 37.14, p<0.0001.

The main results of the listening experiment are:
The intelligibility (mean SRT values) across all the cases
was found significantly different from each other.
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Perceptually, the most difficult case is when the target and
distractor are co-located.
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Figure 6: Distractor moving toward. Masking level of 1st
and 3rd digit.
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Figure 7: Distractor moving away. Masking level of 1st and
3rd digit.

It was demonstrated that the effect of a moving distractor in
speech intelligibility test using digit-triplets test is
significantly different between the different movements.
Therefore, moving sound sources as well as their direction of
movement with respect to a target source should be taken
into account to design more realistic listening-in-noise tests.
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