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1. ABSTRACT

Two experiments are described which investigate the intelligibility of a small set of spoken VCV's when
presented in flucuiaLing noise environments to normally hearing subjects. The masking effecLs of three noise
environments. which differ with respect to the time-scale of the fluctuation oftheir power. are compared with
those of white noise.

The rust experiment compared the masking effectiveness of two samples of fluctuating broadband noise with
that of white noise. One of these samples was 'eubed‘ noise whose power fluctuated on an instantaneous
time-scale. The other fluctuating noise possessed random interruptions of 80 to was of milliseconds. The
second experiment compared the masking characteristics of a sample of white noise with the same sample
which is attenuated every other second. for a second. All the noise samples used in these experiments
exhibited flat long~term frequency spectra in both experiments. adaptive test procedures were used to
determine the Spwch Reception Threshold (SRT) associated with each sample of noise. and percentage-
correct scores ever a range of S/N levels were used to plot Perfonnancevlntensity (Pl) functions.

Results showed that. for this Speech material. instantaneous fluctuations have little influence upon masking
effectiveness. whilst the two noises which fluctuated over longer time-scales were less effective maskers than
white noise (at the same r.m.s.).Thc third fluctuating noise. whose r.m.s. changed every second. produced a
flattened PI function. The types of phonetic confusions associated with this noise were more random. and
normally robust features, such as voicing, were more often undetected.

 

2. INTRODUCTION

 

   
  

        

Most studies of speech intelligibility in noise have involved the use of white noise maskcrs”.speech babble“
or cafeteria” noise. A common approach’ is to measure the long-term spectrum of the speaker to be used
in the tests. or of a multi-spcaker speech corpus. and to filter white noiseuntil it displays a similar long-
term frequency contan However. all those noises are beer behaved than many lypcs of noise environments
often encountered in everyday situations. when the background noise tends to suffer large fluctuations in
power and frequency contenL

  
    

     

     
     

Miller and Licklider(l950)' made an early study of the effects on speech perception of an interrupted
broadband maskcr. Speech scores were measured for noises that were interrupted at various rates with various
noise-time ratios. In cfforLs to improve and validate the Articulation index as a procedure to estimate speech
intelligibility. Krytcr (62) was able to include the effects or intcnupted noise maskers. such as those used by
Miller and Licklider.

  The investigations rcponcd here derive from an attempt to study more closely the effects of fluctuating noise
backgrounds on speech perception. Since Miller and Licklidcr. new types of audiomcu'ic tests. such as those
based on adaptive procedures'. have become popular in speech audiomctry. The experiments discussed below
were designed to test the feasibility of applying such procedures in studies involving fluctuating nois‘c
backgrounds. as well as to investigate further the types of effects that may be identified.
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2. EXPERIMENT A

2.l Noise and speech material used in Expuiment A

There were three samples of noise used in Experiment A. The first was a 4 second sample of Gaussian white

noise (Fig. 1(a)) satnpled at l2.8 kHz. The second was 4 seconds of 'cubed‘ white noise (Fig. l (Wh'nlis
noise was created by digiully processing the while noise sample. raising its instantaneous amplitude by the

power three. and then scaling the signal down. Such a noise signal retains its flat long-term power spectrum,
but is more 'peaky' (on an instantaneous time-scale) than the white noise from which it is derived and sounds
like a ‘crackling' noise background. Fig. l (d) shows a detail of the cubed noise wavefonn compared with
the white noise waveform that was used to produce it. The third noise was also created digitally, by treating
a copy of the original noise sample in 80 rrts time slices. a random selection of which were attenuated by
20 db (see Fig. l (c)). The signal wt: scaled such as to possess the same r.m.s as the original signal. Again.

the processed signal (of 4 seconds duration) exhibited a flat frequency spectrum but this fluctuating noise
sample contained interruptions with durations and spacings in the range 80 to 400 milliseconds.

The speech material used in these tests was resu-icted toone example each of twelve intervocalic consonants
[m h p v fn d t z sg Ir] as in [ot'mol and spoken by a female RP speaker. Data was sampled at 123 kHz.

Fig. 1 Noise samples used in Expt. A: (a) the white noise sample. (it) the ’cubed‘ noise

noise sample (see text) (c) the noise sample with interruptions (of duration and spacing of

80 - 400 ms) (d) (i) Detail of the white noise and (ii) of the 'cubed' noise which was

derived from it. [Vertical gradations in Figs. 1 & 4 refer to same arbitary amplitude scale].
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2.2 Methodology
The experiment consisted of two parts: determination of the SRT using adaptive test procedures. and

measurement of the intelligibility of the same test material over a range of SIN levels to enable the plotting

of a PI function. '

2.2.l Determination of the SRT using adaptive test procedures. An adaptive 'up-down' procedure was used
to determine the SRT (threshold for 50% correct response). In such tests the level of the noise background
is turned down or up. depending on whether the response was correct or not. The subject‘s performance
should eventually sctde at 50%. and the average SIN level can be used as an estimate of the SRT.

The adaptive computercontrolled tut procedures used a MASSCOMP to play the speech (with noise) at 12.8
kHz (via a 5.6 kHz low-pas filter) through a pair of Sennheiser HmlASL headphones to a subject sitting

in a quiet room. The subject was requested to enter his responses via a keyboard. During the test. each speech
token.selected according to a randomised sequence. was mixed with the noise. The SIN ratio was controlled

by scaling the noise sample prior to mixing it wiut the speech and outputting Only one sample of each type
of noise was used in these experiments. but each time the speech was mixed with the appropriately attenuated
noise. a random start point in the {our second noise file was chosen for the speech data The level of the
noise was increased by l all when the subject selected the correct consonant from the li5t of twelve. and it

wm reduced by 1 dB when an incorrect response was given. Results from a pilot test were usedto derive
initial SIN levels appropriate for each type of no'ue. Before testing began, the level of the speech was set
such that both Experiments A and B could be performed at a comfortable overall level.

Each test used each of the 12 consonaan four times. tandome arranged into a sequence of 48 tokens. Each

of 6 subjects was asked It! perform two tests for each of the 3 noises (6 tests for each of the 6 subjects).

The tests were an-anged such that each subject experienced one of the six possible permutations of

presentation order twice. A value for the SRT was derived from each test by calculating the average of the
last 36 presentation levels.

2.2.2 Determination of the PI Function. This was facilitated using the same arrangement of hardware as

outlined above. Here. however. each test was carried out at a constant SIN ratio. and the percentage correct
score was recorded. Six new subjects each performed six tests with each of the three noises at +12. +6. +3,
0. -3 and -6 dB relative to a previously estimated SRT. The three batches of six tests were ananged amongst
the subjects such that each subject experienced one of the six possible permutations of presentation order.

2.3 ResulLs and Discussion (Experiment A)
The SRT's for each noise. from the adaptive test mulls averaged over the six subjects. are given in Table
l. The results of the second part of the experiment were combined to produce the Pl functions shown in Fig.
2. (NB. All SIN ratios reponed in this document. unless otherwise stated. are with reference to the same

arbitrary scale).

   

    

 

  

 

    
Table 1. SRT's for noises in E_xp§riment_A derived usin ada tive test
Noise Type

rocedttres.
Speech Reception Threshold (dB)'£stimated Error (dB)

 

White
'Cubed'
Interrupted (SO - 320 ms)

47.45

The results of the adaptive tests tend to imply that the masking effectiveness of the cubed noise is similar

to that of white noise. The interrupted noise appears less effective than both. Inspection of the PI functions
associated with the three noises confirms this difference in masking effectiveness. (Differences. in the absolute
sense, between SRT's measured by the two methods may be due to subject group. but are more likely‘ the
result of practice effects: measurement of the Pl function allow the subject to gain more familiarin with the
lcst material. and performance rnmsurcd by this method gent-tally appears better.) Miller and Licltlidcr
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(1950) also found that. when compared at similar rrmts. values. inlen'upted noise did not mask speech as well

as continuous noise. They explained: "When there were 10 bursLs of noise per second. the listeners were able

to get several glimpses of every word and to patch these glimpses together ". ‘
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Fig. 2 The PI functions derived from combining results for six subjects lisrcning to the test

material masked by the three noise samples used in Experiment A.
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Fig. 3 The waveforms that result from passing white noise and cubed noise through

digitally simulated auditory filters with various centre frequencies (L) .The filtered

waveforms are shown underneath the noise samples from which they are derived [6) White

noise and the same noise after filtering with f‘ = (ii) 250Hz, (iii) 1 kHz and (iv) 5 kHz;

(v) Cubed noise and the same noise after filtering with f‘ = (vi) 250 Hz. (vii) 1 kHz and

(vii) 5 kHz].
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Both pans of Experiment A imply that the cubed noise behaves similarly to white noise as a speech maskcr,
despite the severe (instantaneous) fluctuation of its power. This could be predicted using a model of the
auditory system that consisLs of a parallel set of overlapping bandpass filters. Such filters have a temporal
response which will ‘smooth‘ out any rapid. instantaneous fluctuations. except. possibly. in the higher
frequency channels. when the impulse responses of the filters are faster. Samples of the white and cubed noise
used in this experiment were passed through a digital simulation of three auditory filters "’ (with centre
frequencies at 250 Hz. 1000 Hz and 5000 Hz) and the resulting wavefonns are shown in Fig. 3. Instantaneous
fluctuation can be measured using the fourth moment of the waveform“ and such an analysis was performed
on the output of these filters. Only in the channel with the higher centre frequency of 5 kHz could differences
be detected between the fluctuations caused by cubednoise and ordinary white noise. Such differences are
unlikely to influence speech perception in this experiment (especially since all material was played out through
a 5.6 kHz lowpass filter).

A rudimentary phonetic analysis of the results did not reveal any obvious differences between the types of
confusions made by subjects listening against the three noise backgrounds. It had been thought that the
interrupted noise might cause subjects to make confusions that were more disparate with respect to their
phonetic features. An increase in the randomness of the subject's decision-making might also have led to
flattening of the Pl function. Since neither of these effects were observed. it was thought worthwhile to run
a second experiment, using noise which fluctuated on an even longer Lime-scale.

3. EXPERIMENT B

3.1 Noise and speech material used in Experiment B
There were two samples of noise compared in the second experimenL The first was an 8 second sample of
Gaussian white noise (Fig. 4 (3)) sampled at 12.8 kHz. The second was created from the first by attenuating
every other one second section by 30dB (see Fig. 4 (h)).The speech material was identical to that used in
the first experiment.

32 Methodology
As in Experiment A. the SRT was determined using adaptive procedures and Pl functions were obtained
using the same experimental protocol as before. This time. however. the PI functions were determined using
4 subjects listening to test material at +12. +6. +3, 0. -3, —9. -15 dB relative to a previously estimated SRT.

—8 seconds
Id .i it, .l li

ii)'

 
Fig. 4 Noise samples used in Experiment B: (i) White noise and (ii) the same noise with
regularly spaced interruptions of one second duration. every other second. '
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3.3 Results and Discussion (Experiment B)
The SRT's for the two noises. averaged over the six subjects used irt the adaptive test, are given in Table
2. The PI functions {or the two noises are shown in Fig. 5.

m ‘ iii” In' ' Iernt red nine5 Wm: non: : u I“. a: ‘ u om
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Fig. 5 The PI function for white noise and interrupted (1s. on/ofi) noise . derived by
combining results for four subjects listening to the test material over a range of SIN levels.
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Fig. 6 Scatter—plot of number of voicing errors against number of incorrect responses for
the white noise and interrupted noise (15 on I Is of!) used in Experiment 8.
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Table 2. SRT's for noises used in Experiment B, derived using adaptive procedures. »

Noise type Speech Reception Threshold (dB) Estimated error (dB)

15.05
23.79

Again. the results of both parts of the experiment associate a relmse of masking with the inten'upted noise.
The 'glimpsing' effect. referred to above. can still be used to explain the general release of masking observed
for this interrupted noise. In this case, it may be caused by a consonant still being intelligible, even when
most of it falls within the louder burst. the lesser pan of it proving sufficient for identification

   

 

   

  

  

  

While noise
Interrupted (ls onloft)

it should be pointed out. however, that some of the results of the adaptive testing were judged to be less
reliable in Experiment B. Although the SRT‘s determined for each subject were not distributed over a very
great range. the subject's progress during the adaptive test with this interrupted noise was markedly more
random than with white noise. 'l1te levels prompted by the subjecLs' responses did not always settle very
convincingly. Inspection of Fig. 5 reveals a flattening of the Pl function for subjects listening to speech
perceived in this fluctuating noise, which indicates that performance is less sensitive to changes in SIN level.
This will detract from the efficiency of an adaptive test which may need to be extended. with respect to the
amount of speech material presented to each subject, before an SRT can be confidently derived.

The nature of the fluctuating noise sample used in this experiment is such that for a range of overall SIN
levels. half of the speech can be almost completely masked whilst that half of the speech occun'ing between
the louder burss remains reasonably intelligible. Depending upon the difference in level between the ‘on' and
'ofi‘ pans of the noise. a plateau in the Pl function cart form around the 50% intelligibility region and cause
levels ill the adaptive test procedures to vary across a wide range. (The criteria for a con-ect response
depending chiefly upon wheuter the speech occurs during aquiet section.) The flattening of 3 Pl function by
fluctuations in the masker was reponed by Speaks et al.(1967 " who noticed that the PI function was less
steep when he used a competing message as a masher rather than white noise. He explained that this was
due to the 'random masking and disruptive features of competing speech'.(Such an effect has unfortunate
consequences for anyone trying to improve the SIN level of speech in a noise environment fluctuating in this
manner. as it may not greatly improve intelligibility).

Since. at lower SIN levels. many of the speech tokens were completely masked by the louder sections of the
fluctuating noise masker. the types of phonetic confusions observed for these conditions were predictably more
random. A scatter-plot of number of voicing errors against number of incorrect responses is shown in Fig.
6. This diagram illusuates how the normally robust feature of voicing, can be less easily detected in noise
that is fluctuating on such a time-scale than in white noise, when both noises are considered at SIN levels
that allow comparable degrees of ovcrafl intclligibility.

4. SUMMARY OF RESULTS AND CONCLUSIONS

Several types of effects associated with the masking of speech by a fluctuating noise background haw. been
identified (see Table 3) and it has been shown that adaptive test procedures can be practicany applied as part
of such investigations. Care should be taken. however. with noixs that fluctuate on some longer time-scales.
as a flattcning of the associated Pl function can reduce the efficiency of adaptive procedures and detract from
the significance of any results obtained.
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Table 3 Summary of rcsulu for Experiments A and B.

 

Timescale of Masking P1 slope Phonetic effects
fluctuation

 

instantaneous é" ------"As white noise------- —-‘  

 

  

   

 

80ms - 400 ms AdB less effective As white I As white

 

than white noise noise noise
lntcmtpted Approx. lOdB less Flattened | More indiscriminate

effective than white confusions
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