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Abstract 
This paper explores the influence of noise on perceived segment duration. In 
test words with initial / s o l /  occlusion duration was varied, giving rise to either 
/sl/ or /spl/ percepts. Perceptual phoneme boundaries were obtained for 
varying noise conditions. 

The results showed that there was no monotonic duration modzjication due 
to increased noise level. Rather, perceived occlusion duration turned out to be 
shortened with moderately degraded listening conditions, whilst subjective 
duration was lengthened with more unfavourable S/N ratios. 

It could be shown that the boundary shifts found were not caused by 
learning efJects. Neither were they afJected by language/dialect background. 

Introduction 
During the last decades a considerable amount 
of phonetic research has been devoted to 
issues of speech perception. Since the over- 
whelming majority of these investigations 
focused on so-called "lab speech", we have 
acquired rather detailed and in-depth 
knowledge about perception of speech under 
acoustically optimal conditions. Relatively 
little is known, however, about speech 
perception under more natural, noisy condi- 
tions. In addition to this, existing inves- 
tigations often describe the influence of noise 
on speech perception in a more global way 
(e.g. Gelfand & Silman, 1979; Gordon-Salant, 
1985; Kalikow, Stevens & Elliott, 1977; 
Miller & Nicely, 1955; Wang & Bilger, 1973). 

Therefore, this study is an attempt to shed 
some light on a basic aspect of speech 
communication in the presence of noise, 
namely perception of segment duration. The 
segment chosen for the present purposes was a 
time-varying silent period in 1s-11 context, 
giving rise to either Is11 or /spl/ percepts. In 
order to achieve a realistic approximation of 
everyday noise conditions, speech material 
recorded under laboratory conditions was 
blended with babbling of a great number of 
people, specifically phoneticians enjoying a 
coffee break at ICPhS 95 in Stockholm. 

Experimental procedure 

were the Norwegian words slitte (adjective 
pl.,"worn-out") and splitte ("to split") spoken 
both in isolation and in the context Det var ... 
jeg sa. (It was ... I said). Speaker was a trained 
male Norwegian phonetician (AKF). 
Recordings were made at the studio of the 
Linguistics Department, using digital 
equipment. Manipulations were done with 
Signalyze TM (Keller, 1994). 

Isolated "sIitte/splitte" 

A slitte token was manipulated in the 
following way: A period of silence which 
varied in 10-ms steps from Oms to 140ms was 
inserted between Is/ and /V. In order to avoid a 
bias towards one of the to possible alternatives 
slittelsplitte the initial fricative was shortened 
by 30ms, yielding a duration in-between the 
values found for original slitte (218ms) and 
splitte (1 5 8ms) respectively. 

For the noise conditions, babbling from a 
ICPhS 95 coffee break was blended with the 
stimuli in the following way: From the bab- 
bling an appropriate portion was excised, the 
duration of which was 400ms longer than the 
longest stimulus duration. This portion was 
blended with the speech signals in such a way 
that the first and the last 200ms of a speech- 
noise mixture contained noise only (with 
tapering of the firstflast 150ms). Intensity of 
the noise was determined by calculating 
overall r.m.s. amplitude. In mixing the noise 
with the stimuli, average amplitude of the /I/ 

vowel served as a reference.-For the isolated 
Stimulus preparation words condition four different SIN ratios were 
The speech material chosen for this study created: quiet, +12dB, +3dB and -3dB. 
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Manipulations of context-embedded test words 
were similar to those for isolated slittelsplitte. 
Into the original utterance Det var 'slitte'jeg 
sa a pause varying in 8-ms steps from Oms to 
96ms was inserted between Is1 and 111. The 
original fricative was shortened by 2 1 ms. 
After appropriate amplitude manipulation the 
stimuli were blended with the babbling, using 
the same SIN ratios as for the isolated words, 
with an additional SIN= OdB condition. 

Listening tests 
The stimuli were presented over two 
loudspeakers to individual listeners seated in 
the studio of the Linguistics Department. The 
listeners' task was to identify the stimuli by 
clicking on either slitte or splitte displayed on 
a computer screen. Following the procedure 
described in van Dommelen (1995), the CSRE 
(Computer ized  Speech  Research  
Environment) system was used to determine 
individual boundaries in the duration 
continuum. In short, depending on the 
listener's reactions the program will present 
shorterllonger durations following splitte/slitte 
responses, respectively. Subsequently, a 
phoneme boundary can be calculated as the 
mean of the duration values belonging to 
stimuli perceived by the listener as lying 
around the slitte/splitte boundary. Additionally, 
the range of the values around the mean is 
calculated. 

Various groups of listeners (see below) 
participated in the listening experiments. 
Subjects were paid for their services. 

Experiment 1 

Goal 
The hypothesis for the first experiment was 
that a period of silence in the presence of 
noise would become subjectively shorter due to 
masking effects. The effect was expected to 
be smallest for the best of the babbling 
conditions (SIN= +12dB) and to increase for 
degraded S/N ratios (e.g. Howard-Jones & 
Rosen, 1993). This assumption implies that 
with decreasing SIN level listeners would prefer 
monotonicly increasing phoneme boundary 
values. In addition it was postulated that an 
increasing noise level would reduce the 
listeners' decision certainty, thus leading to 
range increase. 

In this first experiment there were 20 
- Norwegian subjects with varying dialectal 

backgrounds. The order of presentation was: 
(a) quiet, (b) SIN= + 12dB, (c) SIN= +3dB and 
(d) SIN= -3dB. 

Results 
The data of the first block of listening tests 
partly falsify the hypotheses formulated 
above (cf. Table 1). Though under noise 
conditions there is a shift of the mean 
phoneme boundary towards longer durations, 
there is no monotonic increase. On the 
contrary, the boundary value for the -3dB 
condition shows a tendency towards shorter 
durations. At the same time, however, range 
values meet the expectations in that there is a 
monotonic increase in range with decreasing 
SIN level. 

Experiment 2 

Goal 
The results of Experiment 1 possibly reflect 
an effect of learning. It seems conceivable 
that during the course of the four subtests the 
listeners got accustomed to the background 
noise and adjusted their boundary criterion. In 
other words, especially with the last S/N 
condition (-3dB) the listeners to a certain 
degree would have been able to reconstruct 
durations of silence as perceived under quiet 
listening. To test this hypothesis, the tests 
from the first experiment were run using a 
different group of 20 listeners in a different 
order: (a) quiet, (b) S/N= -3dB, (c) SIN= +3dB 
and (d) SIN= +12dB. 

Results 
The results of Experiment 2 almost exactly 
replicate those of the first experiment. 
According to a repeated measures ANOVA 
with SIN ratio and order of presentation as 
factors, only the former factor is significant 
(F(3, 114)= 32.700; p< 0.0001) with no 
significant interaction (F(3, 114)= 0.865; p= 
0.461). It can be concluded that the shorter . 
mean boundary durations with S/N= -3dB 
reflect a genuine influence of noise on 
subjective duration which is not due to any 
learning effects. 

For the range variable, statistical analysis 
had similar results as for phoneme boundary 
(SIN ratio significant with F(3, 114)= 11.291; 
p< 0.0001 and no significant interaction: F(3, 
114)= 0.287; p= 0.834). 



Experiment 3 reach statistical significance (F(3, 84)= 0.353; 
p= 0.787). 

Goal 
The realisation of the present test words as 
[sl~t:a]/[spl~t:a] represents only one possible 
pronunciation variant. Quite often, the 
fricative in slitte will be realised as u], whereas 
for splitte a pronunciation variant having 
retroflex flap instead of [I] can be found 
([spr~t:a]). This raises the question whether in 
Experiments 1 and 2 the location of the 
boundary on the slitte/splitte continuum has 
been biased due to varying phonological 
expectations on the part of the listeners. For 
example, there could be a bias towards a splitte 
percept for listeners who produce and expect 
to hear slitte with initial u]. 

In order to investigate such possible biasing 
effects the tests of Experiment 1 were run 
with a group of speakers whose pronunciation 
of the test words coincided with the realisation 
presented in the listening tests (South-/West- 
Norwegian). A group of 10 subjects with 
appropriate dialectal backgrounds took part in 
the experiment. 

Experiment 4 

Goal 
The data from Experiment 3 strongly suggest 
that the responses given by the listeners in the 
first two experiments have not been 
influenced by specific pronunciation 
expectations due to varying dialectal 
background. Experiment 4 sought to gain 
more certainty in this respect. Therefore, the 
same listening tests were run with a group of 
non-native speakers with a variety of mother 
tongues. In total, 19 non-native speakers with 
varying degrees of proficiency in Norwegian 
took part. Most of them were students from 
an introductory course in Norwegian. Explicit 
interviewing after the test revealed that none 
of these listeners was so familiar with 
Norwegian as to regard the pronunciation of 
the test words as unusual or somehow 
conspicuous. All of them performed the tests 
with ease. 

Results Results 
The results clearly indicate that in all 
probability the positioning of the phoneme 
boundaries in Experiments 1 and 2 has not 
been biased by phonological factors. An 
ANOVA with S/N ratio and group of listeners 
as factors showed statistical significance only 
for the former factor (F(3, 84)= 25.292; p< 
0.0001). There was no significant interaction 
(F(3, 84)= 0.706; p= 0.551). 

Also with regard to range values the data 
fully confirm the previous results. Whilst S/N 
ratio has a significant influence (F(3, 84)= 
9.364; p< 0.0001), the interaction between 
this factor and group of subjects does not 

The response pattern for the group of non- 
natives fully parallels the results we got so far. 
From the factors S/N ratio and group of 
subjects only the former is statistically 
significant (F(3, I l l ) =  22.893; p< 0.0001), 
with no significant interaction (F(3, 11 1)= 
0.866; p= 0.461). 

Though the foreigners' range values for 
S/N= -3dB do not show the same increase as 
for the natives, the interaction between S/N 
ratio and group of subjects is not significant 
for this parameter (F(3, 111)=1,688; p= 
0.174). 

Table I .  Mean phoneme boundaries (2) and ranges in ms for perception of isolated "slitte/splitte" 
under varying noise conditions. 

quiet + 12dB +3dB -3dB 
- Experiment ji (range) x (range) Z (range) 2 (range) 

1 30 (24) 43 (25) 45 (27) 40 (35) 
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Table 2. Mean phoneme boundaries (T) and ranges in ms for perception of context-embedded 
"slitte/splitte" under vaying noise conditions in Experiment 5. 

quiet + 12dB +3dB OdB -3dB 

Z (range) Z (range) K (range) 5i (range) Z (range) 

32 (20) 39 (18) 34 (19) 31 (22) 25 (23) 

Experiment 5 

Goal 
The listeners' task of slitte/splitte identifica- 
tion in noise can be regarded as a recon- 
struction of the test word's segment durations 
as perceived in quiet. Degraded listening 
conditions will reduce the listeners' ability to 
do so, not in the least as far as the initial 
fricative is concerned. In Experiment 5 it was 
investigated whether the presence o f  
surrounding context will facilitate duration 
estimations, therefore reducing the influence 
of noise. 

A group of  15 Norwegian listeners 
participated in this experiment. 

Results 

turned out to be more complicated than had 
been postulated at the outset. The presence of 
moderately disturbing background noise caused 
a shift of mean phoneme boundary position 
towards longer durations. This corresponds to 
a subjective shortening of occlusion duration. 
On the other hand, for context-embedded test 
words more severely degraded listening 
conditions showed a decrease of the boundary 
values, i.e. a perceptual lengthening of 
occlusion duration. Especially for the isolated 
words condition, the most unfavourable S/N 
ratio caused less acute phoneme boundary 
judgements. 
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