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Abstract: Previous research has shown that listeners can adapt to particu-
lar samples of noise, a phenomenon known as “frozen noise” [Langhans and
Kohlrausch, J. Acoust. Soc. Am. 91, 3456–3470 (1992)]. However, no stud-
ies have reported a similar effect for multi-talker babble. The results of this
study comparing open-set word recognition in multi-talker babble showed
that listeners are significantly more accurate when the babble is fixed than
when the babble is random. This documents the effect the authors refer to as
“frozen babble.”
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1. Introduction

Previous studies have shown that listeners can adapt to particular repeated samples of identical
noise, a phenomenon known as “frozen noise.” For example, Langhans and Kohlrausch (1992)
reported that the threshold for listeners to detect the presence of signals presented in frozen
noise is significantly lower than for signals presented in random noise. However, no studies have
reported such effects for multi-talker babble, a form of noise that is being used more in studies
of speech perception and spoken word recognition due to its high level of ecological validity
(e.g., Killion et al., 2004; Cutler et al., 2004; Wilson, 2003). In this paper, we report a subset of
data from a larger study, in which a change in our methodology allows us to compare spoken
word recognition performance of words mixed with a fixed segment of babble to spoken word
recognition of words mixed with a random segment of babble.

2. Method

2.1 Materials

The stimulus list consisted of 1428 English words chosen from the Hoosier Mental Lexicon
(HML; Nusbaum et al., 1984), designed to be a representative sample of the entire English
lexicon. To create a representative sample, the list was constructed such that it did not differ
statistically from either the HML or the CELEX (Baayen et al., 1993) on the following features:
(1) number of phonemes, (2) number of syllables, (3) syllable structure, (4) initial phoneme,

and (5) lexical frequency.
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Digital audio recordings of each word were created from the production of a male
speaker of American English in an IAC sound-proof booth at a sampling rate of 22.05 KHz.
Six-talker babble (three male and three female speakers) from the Connected Speech Test (Cox
et al., 1987) was added to the stimuli at three different signal-to-noise ratios (S/N): 0, 5, and
10 dB. The signal was centrally embedded in the babble, with a leading and trailing 420 ms of
babble. The S/N ratio for each token was determined by comparing the rms average amplitude
of the signal file with the babble file.

2.2 Procedure

The stimuli were presented to 96 native English-speaking undergraduates from Indiana Univer-
sity over Beyer-Dynamic D-210 headphones at 77 dB SPL. Each listener heard only one-
quarter of the stimuli (357). One-third of the stimuli were presented at each S/N and were fully
randomized such than no listener heard the same words at the same S/N. The experiment was
self-paced and responses were typed on a keyboard.

2.3 Fixed versus random babble

After running the first 48 listeners, two changes in the methodology were made. The first change
involved a switch from using a fixed portion of babble to a random portion of babble. That is, the
stimuli presented to the first 48 listeners used a segment of multi-talker babble which always
began at a fixed point. In contrast, the stimuli for the remaining 48 listeners were mixed with
randomly selected segments of multi-talker babble.

In addition to the fixed versus random babble difference, a slightly different leveling
procedure was used for the stimuli presented to the final 48 listeners. The level of the stimuli
with fixed babble was equated before mixing in the multi-talker babble, which had the effect
that the overall level of the stimuli increased as S/N decreased. Alternatively, the random babble
stimuli were releveled after mixing in the babble, so that the average rms amplitude of all the
stimuli was equal.

3. Results and discussion

Figure 1 shows the mean accuracy rates for listeners in the frozen and random babble condi-
tions. The listeners in the random babble condition were significantly less accurate (mean
=48.0, SD=0.303) on the word recognition task than the listeners in the frozen babble condition
(mean=57.7, SD=0.307; t=9.75, p�0.0001). To determine whether these differences were
due to random subject factors, the listeners in each condition were split in half and the two
groups were compared. No significant difference was found between the two subgroups in ei-
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Fig. 1. �Color online� Percent correct of fixed and random babble groups.
ther condition.
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The significant difference in word recognition accuracy between the listeners in the
fixed babble condition and the random babble condition is consistent with the claim that the
listeners in the former condition adapted to the frozen babble. However, it remains possible that
the difference was related to the releveling of the stimuli.1 To address this, we examined
changes in accuracy over the course of the experiment. If the accuracy difference comes from
listeners adapting to the frozen babble, we should see an improvement over the course of the
experiment (as they become more familiar with the noise pattern). Note that it is common for
listeners to improve over the course of an experiment as they become more familiar with the
task. It is likely that the listeners in the random babble condition will also show some learning,
but not as much as the listeners in the fixed babble condition. If listeners in the fixed babble
condition show a steeper learning curve than those in the random babble condition, we can
conclude that the difference in accuracy is not due to the way the stimuli were leveled, but rather
to the difference between fixed and random babble.

Figure 2 displays the accuracy for subjects in each condition over a moving 50-trial
window. The first point represents trials 1–50, the second point 2–51, and so on. To determine
whether these learning rates were significantly different, the frozen babble values were sub-
tracted from the random babble values, and a Pearson’s r correlation test was performed be-
tween these differences and the trial window. If the learning rates are the same, then there
should be no correlation (as the difference should be a horizontal line). However, a significant
positive correlation indicates that the frozen babble group shows a steeper learning rate. This
analysis revealed a strong positive correlation (r=0.766; p�0.001), consistent with the claim
that the difference in accuracy shown in Fig. 1 is an example of the frozen noise phenomenon.

In order to determine whether the frozen noise phenomenon can be changed based on
the S/N ratio in the stimuli, we also analyzed the data at each S/N ratio. Analysis of the learning
rate between the fixed and random babble groups was significant at each S/N ratio, as shown in
Fig. 3. In addition, learning rate was computed for each listener as the slope of the least-squares
fit regression line to the moving window data for each listener. A 2�3 ANOVA was carried out
with learning rate as the dependent variable, babble type (fixed versus random) as between
subjects factor, and S/N (0, 5, and 10 dB) as within subjects factor. The ANOVA showed babble
type to be a significant factor (fixed=0.0333, random=0.0122, F=7.4284, p�0.01), but nei-
ther S/N (F=1.0649, p�0.3) nor the S/N by babble type interaction �F�1� was significant.

4. Conclusions

Our results indicate that the frozen noise phenomenon affects listeners who listen to stimuli
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Fig. 2. �Color online� Learning rate for fixed and random babble. Each point corresponds to the mean percent correct
for all subjects in the respective condition over a 50 trial window starting with trials 1–50 and ending with trials
308–357. The left axis shows percent correct. The line shows the least-squares fit to the difference in percent correct
between the two groups for each 50 trial window and is represented by the right axis.
mixed with the same set of multi-talker babble. Although this outcome is expected given the
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literature on frozen noise, this has not been previously reported for multi-talker babble, which
has been used in a number of studies in recent years. Some of these studies have used frozen

2

++++
+++++++++

+++
+++++++++

+++++
+++
+++++++++

+++++++++++
+++++++
+++++++
++++
++++++++++++++

+++++
++++++
++++++++
++++++++++++++++++++++++++

+++++
++++++++++++

++
+++++++++

++++++++
++++++++++++++++++++++++++

+
+
++++++
+++++++++

+++++++++++++
++++++++++++

+++++++
+++++++
+++++++++++++

+++++++
+++++++++++++++++++++

++++++++++++++++++

trial window

pe
rc

en
tc

or
re

ct

xxx
xx
xx
xxx
xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx

xxxxxxxx
xxxx
xxxxxxxxxxxxxxxxxxx

xx
xxxxxxxxxxx

xx
xxxxx
xxxxxxxx
xxxxxxxx
xxxxxxx
xx
xxxxxxxxxx

xxxxxxxxxx
xxxxxxxxxxxxxx

xxxxx
xxxxxxxxxxx

xx
xxxxxxxxxx

xxxx
xxxxxxx
xxxxxxxxxxxx

xx
xxxxxxxx
xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx

xxxxxxxx
xxxx
xxxxxxxxx

0 50 100 150 200 250 300
64

68
72

76
80

0.
96

5
9

13
17

r= 0.321, p < .0001

di
ff

er
en

ce
be

tw
ee

n
gr

ou
psfrozen babble

random babble

(a)S/N=10 dB

++
+++
+++
+++++
+++++++
+++++
+++++++++++++

+++++++++++++++++++++++++++++++
+++++++++

++++++++++++++
+++++
+++++++++

+++++++++++++++++
+++++++++

+++
++++++
+++
++++
++++++++++++++

++++++++++++++++
+++++++++++++++++++++

++++++++++++
+++++++++++++++++++

+
+++
++++
++++++++++

++++++++++
+++++++++++++++++

+++++++++++++++++++
+++++++++++++

trial window

pe
rc

en
tc

or
re

ct

xxx
xxx
xxxxxxxxxxxxxxxxxxxxxxx

xxxxx
xxxx
xxxxxxxxxxxx

xxxxxxxxx
xxxxxxxxxx

xxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xx
xxxxxx
xxxxxxxxxxxxx

xxxxxxxxxx
xx
xxxxxxxxxxxxxxxxxxxxxxx

xx
xx
xxxxxxxxxxxxxxxx

xxxxxxxxxx
xxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx
xx
xxxxxx
xxxxxxxxx

xxxxxx
xxxxxxxxxx

xxxxxxxxxxxxxxxx

0 50 100 150 200 250 300

46
50

54
58

62
66

70

0.
23

6.
2

12
18

24

r= 0.684, p < .0001

di
ff

er
en

ce
be

tw
ee

n
gr

ou
psfrozen babble

random babble

(b)S/N=5 dB
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Fig. 3. �Color online� Learning rate for fixed and random babble by S/N. The axes are the same as in Fig. 2 but
broken down for each S/N used.
babble (e.g., Cutler et al., 2004; Engen and Bradlow, 2007), while others have used random
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babble (e.g., Killion et al., 2004; Wilson, 2003). Depending upon the research questions being
investigated, the use of frozen babble may be desired. It is our hope that this finding will aid
researchers in designing future experiments using stimuli mixed with multi-talker babble.

1A recent study by Engen (2007) found that releveling stimuli of different S/N ratios had little effect. Nevertheless,

this possibility will be considered here.
2Note that Engen and Bradlow (2007) repeated the same segment of babble in their six-talker babble condition,

while they alternated randomly between four different segments of babble in the two-talker babble condition.
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