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Effects of noise-vocoded speech in the irrelevant-sound paradigm
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Introduction

The fact that immediate serial recall of verbal, or phono-
logically encoded material from working memory is im-
paired while listening to sound with no relevance for the
task at hand is termed the irrelevant sound effect. It
is particularly strong with background speech (hence the
term irrelevant speech effect) but it also occurs with other
stimuli containing variations in frequency or spectral con-
tent. It is practically absent when stationary sounds such
as white noise are used as distractors, or when the irrel-
evant sound merely contains amplitude variations (for a
review, see [1]).

The present study attempted to create a graded tran-
sition from the maximal interference produced by free-
running speech to a non-disruptive noise-like acoustical
background. That was accomplished by passing speech
samples through a noise vocoder, and varying the number
of filters used to affect the spectral detail being rendered.

The frequency cutoffs used in designing these filters were
based on research analyzing the power fluctuations oc-
curing in natural speech and thereby determining an op-
timal subdivision of the speech spectrum that appears
to be relatively stable across a variety of languages [2].
This research shows that 4 frequency bands, if properly
placed, convey more than 90% of the intelligibility infor-
mation. By using these 'optimal’ boundary frequencies in
speech synthesis we intended to determine whether they
(a) produced comparable intelligibility scores in two lan-
guages (German and Japanese) and (b) would yield the
same kind of disruptive effects in the ’irrelevant sound’
paradigm.

The experimental design of the present study required
both a sample of German and one of Japanese listen-
ers to be exposed to either their own, or the other, i.e.
foreign language while varying the number of frequency
bands used for synthesis. That way, the purely acoustical
effects of the vocoder-based speech degradation may be
separated from language-specific effects such as process-
ing the meaning of the irrelevant sound.

Method

A total of eighty normal-hearing listeners participated in
the experiments. Fourty native speakers of German (age
19 — 44 years; Median: 22 years; 37 female) were recruited
at TU Darmstadt, Germany, and another fourty native
speakers of Japanese (age 18 — 26, Median: 21 years; 18
female) participated at Kyushu University, Japan. They
were randomly assigned to two groups of 20 each being
exposed to German, or Japanese irrelevant speech, re-

845

Unit of Perceptual Psychology and Center for Applied Perceptual Research, Kyushu University, Fukuoka, Japan

spectively.

The irrelevant-sound material was generated by concate-
nating short sentences from a speech database of 45 sen-
tences to form 14-s utterances containing 6-8 sentences
each. For each experimental condition (see below), a
new sample of sentences was drawn, using male and fe-
male talkers equally often. Noise-vocoded speech was
generated by passing the recordings through a 20-, 4-, or
2-channel filterbank with frequency cutoffs as specified
in Table 1 and with limiting frequencies of 50 and 7000
Hz. The amplitude envelope in each of the filters was
extracted and used to modulate a noise band of corre-
sponding bandwidth.

Table 1: Experimental conditions: Processing of irrelevant
speech.

condition | No. of frequency
label bands boundaries [Hz|
original - -
20-band 20 critical bands
150, 250, ... , 4800, 5800
4-band 4 570, 1600, 3400
2-band 2 1600
1-band 1 -
silence - -

The resulting noise-vocoded (speech) stimuli were used as
‘irrelevant’ background sound, complemented by control
conditions of silence and the original, unprocessed record-
ings (see Table 1). Participants were diotically presented
with these sounds over headphones (Beyerdynamic DT
990) at a level of approximately 74 dB (SPL) while try-
ing to memorize a sequence of digits. On each trial, a
random permutation of the digits 1 — 9 was presented on
a computer screen at a rate of 1/s followed by a blank in-
terval of 5 s. Subsequently, a numerical keypad appeared
by which the subjects had to enter the sequence as they
remembered it. The irrelevant sound was presented dur-
ing encoding (9 s) and retention (5 s), and ceased before
subjects made their responses. Each participant com-
pleted 10 trials in each of the six conditions specified in
Table 1 in random order.

Results I: Speech intelligibility

In order to assess the intelligibility of the noise vocoded
speech material, two independent samples of 8 subjects
each were asked to write down what they had heard when
being presented with test sentences generated in the same
fashion as for the irrelevant speech experiment. The re-
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sulting accuracy scores (based on Japanese mora or Ger-
man syllables) are depicted in Figure 1.

It is evident that listening through 20 noise-vocoded
bands yields the same accuracy as listening to the origi-
nal while the amplitude fluctuations in a single frequency
band yield practically no intelligibility information, with
the 4- and 2-band conditions falling in-between, as ex-
pected. At present, we have no good explanation, as to
why the Japanese listeners appear to extract more phono-
logical information from the 2-band condition than our
German listeners do.
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Figure 1: Intelligibility of test sentences coded by mora
(Japanese) or syllables (German) correctly identified. Filter-
ing closely approximated the values specified in Table 1.

Results II: Irrelevant sound effects

For the irrelevant-speech experiment, the number of
digits correctly recalled in the appropriate serial posi-
tion was averaged across trials and participants, yielding
scores with a potential maximum of 9 (of the 9 digits pre-
sented per trial). These average recall scores are depicted
in Figure 2 as a function of the number of filter bands
rendered for the two groups of participants (Japanese and
German) and the two languages in which the irrelevant
speech was presented.

It is evident that in all conditions, i.e. for all partic-
ipants and languages, mean memory performance de-
creases (monotonically, with one exception) as the num-
ber of frequency bands is increased from 1 to 20 with
the upper and lower limits being defined by the silence
and ’original’ speech conditions, respectively. The sta-
tistical significance of this decline is confirmed by a
highly significant main effect of experimental condition ,
F(5,380) = 51.60, p < .001, in a three-factor, mixed 6
(conditions) x 2 (languages: Japanese or German) x 2
(locations: Fukuoka or Darmstadt) analysis of variance.

Furthermore, our Japanese sample appears to exhibit
better memory performance than the German sample
across all conditions investigated which is confirmed by
a significant main effect of location F(1,76) = 28.65,
p < .001. The only further significant effect found is a
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three-way interaction between condition, location, and
language F'(5,380) = 2.5, p = 0.03, suggesting that in
some of the filtered conditions (2, 4, and 20 bands) per-
formance suffers more when the irrelevant speech is pre-
sented in the participants’ native language, see Figure
2.
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Figure 2: Memory performance as a function of the number
of frequency channels used to synthesize irrelevant speech.
Solid lines: German listeners; dashed lines: Japanese lis-
teners. Blue squares: German irrelevant speech; red circles:
Japanese speech.

Discussion

The experiments reported here demonstrate that mul-
tichannel, noise-vocoded speech provides an option to
make a continuous transition from speech-like to noise-
like stimuli, both with respect to intelligibility and the
disruptive potential for working memory. The fact that
listeners were more disrupted when the irrelevant sound
was presented in their native language suggests that, par-
ticularly in conditions with impoverished spectral cues,
they tend to process more of the irrelevant phonological
information.
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