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ABSTRACT  
The issue of the effect of consonant manner on the 
perceptibility of laryngeal contrast was addressed. 
Previous studies of perceptual confusion suggest that, 
in noise, the laryngeal contrast in fricatives is more 
difficult to perceive than stops for listeners in 
English, which is typologically classified as an 
“aspirating” language. The present study examined 
whether a similar pattern is observed in Russian, 
which is typologically classified as a “true-voice” 
language. Native listeners of Russian identified 
voiced and voiceless obstruents in Gaussian white 
noise conditions. The results demonstrate that 
voicing in stops is more confused than that in 
fricatives in noise, indicating a trend that is the 
opposite of that observed for English. The results 
suggest that the pattern of manner asymmetries in 
the perception of laryngeal contrast is not universal. 
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1. INTRODUCTION 

Over the past two decades, data from speech 
perception have played a crucial role in the 
development of phonological theories [e.g., 7, 13, 
14] and in turn phonology has clarified speech 
perception [e.g., 3, 6]. The focus of the present study 
is the effect of consonant manner on the 
perceptibility of laryngeal contrast.  

Although the classic study of perceptual 
confusion [9] showed that the voiced-voiceless 
contrast in English was relatively less confused in 
white noise, recent studies replicating Miller and 
Nicely [9] suggest that, for native English listeners, 
the laryngeal contrast in fricatives is more difficult 
to perceive than stops [11]. Such manner 
asymmetries are observed not only in white noise 
[11] but also in speech-shaped noise [5, 10], 
suggesting that the pattern is, to some extent, 
consistent across different masker types. 

An intriguing but unsolved question is whether 
or not such asymmetries are consistent across 
languages. Additional data from languages other 
than English would help address this question. 

Here, the effect of consonant manner on the 
perceptibility of laryngeal contrast in Russian was 
investigated. Such as English, Russian has two-way 
laryngeal contrast, and the contrast is traditionally 
described as voiced versus voiceless. However, 
according to recent developments in typological 
studies of laryngeal contrast [e.g., 1], English is 
classified as one of the “aspirating” languages, 
which are typically characterized by short-lag and 
long-lag voice-onset times (VOTs) in word-initial 
stops. Russian is classified as one of the “true-voice” 
languages, which are typically characterized by 
prevoicing and short-lag VOTs in word-initial stops 
[1, 12]. Since the acoustic manifestation of laryngeal 
contrast is different between aspirating and true-
voice languages, the perceived confusability (or 
similarity) of contrasts might be different between 
the aspirating language English and the true-voice 
language Russian. 

 Two perception experiments are described in 
the following sections. The results of Experiment 1 
confirmed that the laryngeal contrast in stops and 
fricatives is equally audible for listeners in a quiet 
condition. The results of Experiment 2 demonstrated 
that the voicing in stops is more confused than in 
fricatives in noise.  

2. EXPERIMENT 1 

2.1. Participants 

The participants were 17 native speakers of Russian 
(mean age, 21 yrs; range 18–28 yrs). Of the 17, five 
were male and 12 were female. The data of one 
participant were excluded from the analysis because 
he did not complete the experiment. 

At the time of the experiment, the participants 
were undergraduate or graduate students in 
Orenburg, Russia. None reported using any language 
other than Russian on a daily basis. None reported 
any known history of speech or hearing disorders. 

2.2. Auditory stimuli 

Coronal stops and fricatives (/t, d, s, z/) were 
embedded between open vowels /a/, and thus the 
stimuli consisted of four types of vowel-consonant-
vowel (VCV) sequences: /ata/, /ada/, /asa/, and /aza/.  



These materials were pronounced by two native 
speakers of Russian (a female and a male). Two 
possible stress patterns were recorded, and two 
repetitions of each condition from each speaker were 
used as stimuli. Tokens were recorded onto a 
portable recorder (PCM-M10, Sony) with a stereo 
microphone (ECM-MS907, Sony) using a 44.1-kHz 
sampling rate at a 16-bit quantization level. The first 
channel of the stereo recordings was extracted for 
creating the stimuli. 

2.3. Procedures 

An identification experiment was conducted in a 
quiet room at Orenburg State University (Russia). 
Stimuli were presented to the participants via 
headphones (MDR-Z700, Sony), and the participants 
were instructed to choose what they heard from two 
choices: voiced or voiceless. The possible choices 
were orthographically presented on a screen, and the 
participant responded by clicking the button as 
quickly as possible. The possible place effect of 
orthographic representation was counterbalanced: 
half of the trials were presented with the ‘voiced’ 
button on the left and the ‘voiceless’ button on the 
right, and the other half with the ‘voiceless’ on the 
left and the ‘voiced’ on the right. For each 
participant, the number of trials was 64 (4 consonant 
types × 2 stress patterns × 2 speakers × 2 tokens × 2 
button positions). Before the experiment, each 
participant performed nine practice trials. The 
experiment was implemented by the speech analysis 
software Praat [2]. 

2.4. Results and discussion 

Table 1a is the cross table for stops, and Table 1b is 
that for fricatives. Not surprisingly, both tables show 
that the listeners’ performances were almost on the 
ceiling level, confirming that both the stop and 
fricative stimuli used were equally audible enough 
for the listeners in the quiet condition. 
 

Table 1a: Cross table for stops in the quiet 
condition. Each number represents the number of 
responses.  

Stop, quiet Response  
 Voiceless Voiced Row  

total Stimulus 

Voiceless 256 
(100%) 

  0  
(0%) 

     256 
(100%) 

Voiced 1 
 (0.4%) 

  255 
(99.6%) 

     256 
(100%) 

 
Column total 

257 
(50.2%) 

255 
(49.8%) 

512 
 (100%) 

 

Table 1b: Cross table for fricatives in the quiet 
condition.  Each number represents the number of 
responses. 

Fricative, quiet Response  

 Voiceless Voiced Row  
total Stimulus 

Voiceless 255 
(99.6%) 

  1  
(0.4%) 

     256 
(100%) 

Voiced 1 
 (0.4%) 

  255 
(99.6%) 

     256 
(100%) 

 
Column total 

256  
(50%) 

256 
 (50%) 

512  
(100%) 

 

3. EXPERIMENT 2 

3.1. Participants 

The participants in Experiment 2 were identical to 
those in Experiment 1. The participants performed 
Experiment 2 after completing Experiment 1. 

3.2. Auditory stimuli 

A new set of stimuli was created by adding masking 
noise to the stimuli used in Experiment 1. The 
masker was Gaussian white noise, an energetic 
masker (for recent discussions on masker types, see 
Cooke et al. [4]).  The Vocal Tool Kit in Praat was 
used to add noise to the stimuli. 

Stimuli with three levels of signal-to-noise ratio 
(SNR) were prepared: −5  dB, −8  dB, and −10  dB. 
For the observation of confusion patterns, the levels 
of the SNR that induced each listener’s perceptual 
confusion were carefully determined on the basis of 
the results of a pilot study. 

3.3. Procedures 

The procedures in Experiment 2 were basically the 
same as those used in Experiment 1. 

In Experiment 2, the number of trials was 192 (4 
consonant types × 2 stress patterns × 2 speakers × 2 
tokens × 2 button positions × 3 SNR conditions). 
Listeners performed the task in the following order: 
−5  dB (easiest), −8  dB (intermediate), and −10  dB 
(hardest).  

3.4. Analysis 

A preliminary analysis indicated that perceptual 
confusion was successfully induced at all three SNR 
levels. In the subsequent analyses, the responses 
were pooled across SNR conditions. 

For the evaluation of each listener’s sensitivity 
to the stimuli apart from response bias, d’ values 



were calculated for each manner condition for each 
listener.1 d’ is a measure of sensitivity that was 
proposed in signal detection theory [8]. Higher d’ 
values indicate higher sensitivity. 

In addition to d’, criterion (c), which is a 
measure of the response bias, was also calculated for 
each manner condition for each listener. 2  

3.5. Results 

Table 2a is the cross table for stops, and Table 2b is 
that for fricatives. No remarkable response bias is 
observed in Table 2b, whereas Table 2a shows a 
slight response bias toward voiceless. Table 3 
summarizes the mean d’ and c values for stops and 
for fricatives. 
	  

Table 2a: Cross table for stops in the noise 
condition (pooled across SNR conditions). Each 
number represents the number of responses.  

Stop, noise Response  
 Voiceless Voiced Row  

total Stimulus 

Voiceless 
561 

(73.0%) 
  207  

(27.0%) 
     768 

(100%) 

Voiced 
298 

 (38.8%) 
  470 

(61.2%) 
    768 

(100%) 
 
Column total 

859 
(55.9%) 

677 
(44.1%) 

1536 
 (100%) 

 
Table 2b: Cross table for fricatives in the noise 
condition (pooled across SNR conditions). Each 
number represents the number of responses.  

Fricative, noise Response  
 Voiceless Voiced Row  

total Stimulus 

Voiceless 
563 

(73.3%) 
  205  

(26.7%) 
     768 

(100%) 

Voiced 
204 

 (26.6%) 
  564 

(73.4%) 
    768 

(100%) 
 
Column total 

767 
(49.9%) 

769 
(50.1%) 

1536 
 (100%) 

 
 

Table 3: Mean d’ and c values in the noise 
condition across 16 listeners and across SNR 
conditions. Standard deviations are represented in 
parentheses. 

  Voicing in stop Voicing in fricative 

d’ 1.79 (0.96) 2.31 (0.8) 

c −0.18 (0.31) −0.004 (0.2) 
 

For the investigation of the effect of 
manner of articulation on the perceptibility of 

voicing contrast, a linear mixed-effects model 
was constructed with ‘Manner (stop vs. 
fricative)’ as a fixed effect and ‘listener’ as a 
random effect. The dependent variable was 
the d’ value. A likelihood-ratio test indicated 
that the fixed effect of Manner was significant 
[X2(1) = 7.5232, p<0.01]. The d’ values for 
the stop stimuli were significantly smaller 
than those for the fricative stimuli. 

For the examination of whether any 
response bias was significant, one-sample t-
tests were conducted on the c values. The 
results showed that, although the mean value 
of c for ‘fricative’ was not significantly 
different from zero [t(15) = −0.0738, p = 
0.9421, n.s.], there was a significant difference 
between the mean c value for ‘stop’ and 
zero[t(15) = −2.303, p < 0.05]. 

Further, the effect of the stress position of 
the stimuli (stress on the first vs. second 
syllable) on the listeners’ voiced-voiceless 
response was considered. The distributions of 
d’ as a function of c with different stress 
positions are illustrated in Figure 1a (for 
stops) and Figure 1b (for fricatives). 

A linear mixed-effects model was 
constructed with ‘Stress Position (first vs. 
second syllable)’ as a fixed effect and 
‘listener’ as a random effect. The dependent 
variable was the d’ value. No significant 
effect of Stress Position was obtained for 
stops [X2(1) = 1.4015, p = 0.2365, n.s.] or for 
fricatives [X2(1) =	  0.2021, p = 0.6531, n.s.]. 
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Figure 1a: Sensitivity (d’) as a function of response 
bias (c) with different stress positions (for stops). 
Positive c values: the bias toward voiced response. 
Negative c values: the bias toward voiceless response.  
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Figure 1b: Sensitivity (d’) as a function of 
response bias (c) with different stress positions (for 
fricatives). Positive c values: the bias toward 
voiced response. Negative c values: the bias 
toward voiceless response.  
 
To summarize, the results showed that the d’ 

value was significantly smaller for the stops than 
for the fricatives. A significant response bias 
toward voiceless was obtained for the stops. The 
perceptibility of voicing contrast was not 
significantly affected by the stress position of the 
stimuli. 

4. DISCUSSION AND CONCLUSIONS  

The present study examined the effect of consonant 
manner on the perception of laryngeal contrast in 
Russian, which is typologically classified as a true-
voice language.  

The results of the noise-masking experiment 
showed that the sensitivity measure d’ was 
significantly smaller for stops compared to fricatives. 
This suggests that voicing in stops is more confused 
than in fricatives in noise for Russian listeners, 
indicating a trend that is the opposite of that 
observed for English.  

The results of this study suggest that the pattern 
of manner asymmetries in the perception of 
laryngeal contrast is not universal. If the perceived 
similarity of laryngeal contrast according to the 
manner of articulation is not universal, there should 
be at least three possible patterns: 
 
(1) Fricative voicing is more difficult to perceive 

than stop voicing (e.g., English; [5, 10, 11]). 

(2) Stop voicing is more difficult to perceive than 

fricative voicing (e.g., Russian; the present study). 

(3) Stop and fricative voicing are symmetrically 

perceived (Language X, as yet unknown). 

 
Future studies could extend these observations 

to the other languages, advancing our understanding 
of the source of such manner asymmetries.  
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_______________________________ 
1The formula used for the sensitivity measure is as 
follows: d’ = z(H) – z(F). Z(H) is the z-transformed 
probability to response X to X item, i.e., the probability of 
correct response (“Hit”). Z(F) is the z-transformed 
probability to response X to Y item, i.e., the probability of 
incorrect response (“False alarm”). See [8] for details. 
2The formula used for the response bias measure is as 
follows: c = −(z(H) + z(F))/ 2. 


