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Abstract 
Vocal fry is an aperiodic phonation that is naturally 
associated with low pitch production. This study aims to 
examine whether vocal fry can affect people’s 
perception of pitch range. A two-alternative-forced-
choice task is used to test whether vocal fry can 
facilitate the “low pitch” perception, and non-fry and fry 
sounds are played in pairs. The synthetic vocal fry 
stimuli vary in the f0 range and the ratio of pulse-to-
pulse variability. The results show that people generally 
hear a lower pitch during vocal fry, and the magnitude 
of this effect depends on the f0 range as well as the ratio 
of fry. Heavy fry almost always sounds lower. The 
finding of this study further supports the hypothesis that 
voice quality is integrated in pitch perception. 

 
Index Terms: speech perception, voice quality, vocal 
fry 

1. Introduction 
Pitch perception plays a crucial role in speech 
processing, as pitch conveys important linguistic 
information such as tone and intonation from a speaker. 
Although pitch is an auditory concept, in practice, it has 
been used interchangeably with fundamental frequency 
(F0), which appears to be the only acoustic correlate of 
pitch. Since F0 range differs across speakers, what is a 
low or high F0 varies by speaker, and phonetic 
categories (e.g. tonal categories) thus overlap in acoustic 
signals. In order to uncover the intended linguistic pitch 
by a speaker, listeners need to identify the pitch location 
within a speaker’s pitch range. Speaker normalization is 
certainly easier when listeners are previously exposed to 
a voice or when the context is available (e.g. [1]), but 
studies ([2][3]) have shown that listeners are able to 
identify the pitch location of very brief voice samples in 
an unknown speaker’s range in the absence of any 
contextual cues. This suggests that listeners must use 
other signal-internal information that co-varies with F0 
as cues to pitch range. Both [3] and [4] speculated that 
voice quality could be such a cue.  

Indeed, Kuang and Liberman [5] found that spectral 
slope, one of the most important voice quality cues, can 
significantly shift the perception of pitch height: 
Listeners tend to hear a higher pitch in the presence of 

the tense voice, which is naturally associated with a high 
F0 in pitch production [6-9]. Based on this previous 
study, we hypothesize that, vocal fry, the voice quality 
that is associated with the low end of the pitch scale, 
should bias the listeners to perceive a lower pitch. 

The term “vocal fry” (or creak, creaky voice, 
laryngealization, glottalization [10-18] has been used to 
cover a broad range of phonations in literature (see [19] 
for a review). Vocal fry is usually defined as a train of 
discrete glottal pulses of very low frequency, with 
almost complete damping of the vocal tract between the 
pulses [16, 6]. And the singing literature [6-9] treats 
vocal fry as the low end of the pitch scale. The modal 
register for male speakers is approximately 86-170 Hz 
for males, and 175-240 for females. And the f0 of vocal 
fry is ranged from 31.6 to 69.1 Hz in [16], 10.9-52.1 Hz 
in [20], and 22-92 Hz in [21], 18-65 Hz in [22], 24-77 
Hz in [23].  

Vocal fry can be perfectly periodic, and the 
perception of “fry” is because the f0 is very low, 
listeners are able to hear the individual pulses. Vocal fry 
can also be period-doubled or tri-bled. Based on the 
properties of acoustic signals, vocal fry can be 
characterized into several categories (after [10, 19]):  

 
• High degree of pulse-to-pulse irregularity, in both 

duration (jitter) and shimmer (amplitude).  
• Fairly regular with strong secondary excitation 

peaks 
• Fairly regular without strong secondary excitation 

peaks 
 

Listeners are able to distinguish these different types 
of vocal fry [19]. Vocal fry commonly co-occurs with 
low tones in many languages, e.g. Mandarin and 
Cantonese. Figure 1 presents two examples of variations 
of vocal fry for Mandarin tone 3. [24] shows that vocal 
fry is not tied to certain tonal category, but co-varies 
with the f0 scale. 

Since the periodic type of vocal fry is essentially low 
f0, this study will focus on the aperiodic type, as it is 
able to combine with different f0 ranges. By definition, 
this type of vocal fry has random period-to-period 
variability (jitter) (c.f. Figure 1 bottom). Therefore, we 
will use this parameter to synthesize vocal fry.  
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Figure 1: Examples of vocal fry in Mandarin 
Tone 3. Top: example of regular pulses; Bottom: 
example of irregular oscillation.   

 

2. Method 
2.1. Stimuli 
A series of pulse trains with steady f0 were synthesized. 
Figure 2 and 3 lay out the schema of the stimuli. Three 
seven-stepped f0 continua were created, with the step 
interval at one semitone apart. So the highest and lowest 
steps were three semitones from the centers (i.e. the 
fourth step). The centers of these three f0 continua were 
at 50 Hz, 70 Hz and 90 Hz respectively. As reviewed 
before, 50 Hz is the average f0 range for pulse register 
across studies and across genders; 70 Hz is about the 
upper limit of pulse register, and [25] claims that people 
are able to hear individual pulses at this range; and 90 
Hz is above the range of pulse register, but still at the 
low range of a male speaker.  

To synthesize the “fry” version of the stimuli, 
random jitter was added into the regular buzz. We 
characterized jitter as the standard deviation of a 
presumed Gaussian distribution of periods. A normal 
sustained voice has a jitter of about 1.0%, and detectable 
jitter is about 2% (c.f. [26]). 8% and 15% were reported 
in natural vocal fry production [23], and a ratio above 
20% was reported for the extreme cases [27]. Therefore, 
we set the ratio of jitter at 0% (i.e. regular buzz), 2%, 
8%, 15% and 25%, to represent the different degrees of 
vocal fry attested in natural production.  

Therefore, there were 105 stimuli in a total: 7 f0 
steps (1-7) x 3 f0 ranges (50 Hz, 70 Hz, and 90 Hz) x 5 
ratios of jitter. The duration for all stimuli was set to 1s.  

2.2. Procedure 
In a two-alternative-forced-choice pitch classification 
task, stimuli were presented in pairs. The stimuli were 
arranged into three blocks based on f0 ranges, and 
within each block: 1) for the first half, the first sound 
was always a regular buzz at step 4, and the second 
sound was the 35 sounds (7 steps x 5 ratios); 2) for the 
second half, the order of the stimuli was reversed (i.e. 
the first sound was the target, and the second sound was 

the reference). Repetition was set to 2, so there were 420 
trials in a total. Randomization was done across all 420 
trials.  

 

 
Figure 2: Schema of F0 manipulation. AB order 

(left): the first sound is constant, and the second sound 
is a F0 continuum. At step four, the two sounds have the 
same F0. For the BA order, the constant sound is at the 
second position. The centers (step four) for the three 
pitch-range conditions were at 50 Hz, 70 Hz and 90 Hz.   

 
 

         
Figure 3: Examples of jitter manipulation. Left: 

periodic condition (jitter ratio=0%); right: aperiodic 
condition (jitter ratio =25%). 

 
For each trial, the listeners were asked to attend to 

pitch, and judge whether the second sound is higher or 
lower than the first sound by clicking on the 
correspondent buttons on the computer screen. All 
testing took place in a sound booth with stimuli 
presented over Sennheiser 280 headphones.  

2.3. Subjects 
20 English speakers, aged between 18 and 22, were 
recruited from the student population at the University 
of Pennsylvania. None of them reported to have hearing 
or voice issue.  

3. Results 
The results are subset by f0 ranges. Figure 4- 6 present 
the percentage of “the target sound is higher”, which 
averages across both AB and BA orders for all listeners. 
The right half of these figures (step 4-7) illustrates when 
the target stimulus has a higher f0 than the reference 
stimulus. As can be seen here, compared to the non-fry 
(i.e. 0% ratio) condition, listeners generally less likely to 
judge the target sound to have a higher pitch in the 
presence of fry. The main effects of ratio conditions 
were evaluated using an MCMC generalized linear 
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mixed-effects model (mcmcglmm package in R). F0 
steps (1-7) and ratios conditions (0%, 2%, 8%, 15% and 
25%) were used as fixed factors, and random intercepts 
and slopes were included as subjects. The main effects 
of the ratio are summarized in Table 1-3. The results are 
reported as means of regression coefficients followed by 
95% highest posterior density intervals in square 
brackets and associated p-values. 

For the 50 Hz condition (Figure 4), the 2% jitter 
does not make significant differences from the regular 
buzz (0% ratio). 8% and 15% jitter conditions are 
slightly different from the reference condition, but do 
not reach significance. Nonetheless, the 25% jitter 
condition has a significant shift -- the percentage of “the 
target is higher” does not pass the 50% threshold until 
the target stimulus is two semitones higher than the 
reference stimulus.  

The classification functions for 70 Hz condition 
(Figure 5) is similar to the 50 Hz condition, but the 
magnitude of shift is greater for the fry stimuli. 
Particularly, the stimuli with 25% jitter never pass the 
50% threshold, meaning that the sounds with heavy fry 
always sound lower to the listeners. And both 8% the 
15% jitter conditions are significantly different from the 
reference condition, and the fry stimulus needs to be two 
semitones higher than the reference in order to sound 
higher. The 90 Hz condition (Figure 6) is very similar to 
the 70 Hz condition (Figure 5), although that the 
magnitude of the shift is even greater (shown in Table 2 
and Table 3).  

In addition, it is noticeable that the classification 
functions for the 50 Hz condition is less categorical than 
the ones for 70 Hz and 90 Hz conditions.  

 

Table 1. Main effects of the jitter ratio for 50 Hz 
condition. Summary of means of regression 
coefficients, 95% highest posterior density 
intervals, and p-values. 

  mean l-95% 
CI 

u-95% 
CI 

pMCM
C 

 

(Intercept
) 

-1.69 -4.07 -0.002 0.036  

2% 0.50 -0.79 2.23 0.454  
8% 0.36 -1.08 1.84 0.586  
15% 0.4 -0.94 2.14 0.474  
25% -1.66 -3.81 -0.24 0.022 * 

 
 

Table 2. Main effects of the jitter ratio for 70 Hz 
condition. Summary of means of regression 
coefficients, 95% highest posterior density 
intervals, and p-values. 

 mean l-
95% 
CI 

u-95% 
CI 

pMCMC  

(Intercept) -1.24 -2.73 0.26 0.10 . 
2% -0.27 -1.47 1.05 0.68  
8% -1.69 -3.15 -0.42 0.00 ** 
15% -2.63 -4.14 -1.14 <0.001 *** 
25% -3.51 -5.19 -1.73 <0.001 *** 

 

Table 3. Main effects of the jitter ratio for 90 Hz 
condition. Summary of means of regression 
coefficients, 95% highest posterior density 
intervals, and p-values. 

 mean l-95% 
CI 

u-95% 
CI 

pMCMC  

(Intercept) -3.95 -7.33 -0.68 0.01 ** 
2% -0.98 -3.37 1.27 0.39  
8% -4.15 -7.09 -1.67 <0.001 *** 
15% -4.81 -7.92 -1.89 <0.001 *** 
25% -10.15 -15.28 -6.34 <0.001 *** 

 
 
 

 
Figure 4: Pitch classification function for 50 Hz 
stimuli. X-axis represents the seven f0 steps, y-
axis represents the percentage of “the target 
sound is higher”; different lines represent the 
different ratios of jitter.  
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Figure 5: Pitch classification function for 70 Hz 
stimuli. X-axis represents the seven f0 steps, y-
axis represents the percentage of “the target 
sound is higher”; different lines represent the 
different ratios of jitter.  

 
Figure 6: Pitch classification function for 90 Hz 
stimuli. X-axis represents the seven f0 steps, y-
axis represents the percentage of “the target 
sound is higher”; different lines represent the 
different ratios of jitter.  

4. General discussion 
This study aims to examine whether vocal fry can affect 
people’s perception of pitch range. A pitch classification 
task is used to test whether vocal fry can facilitate the 
“low pitch” perception. The results show that people 
generally hear a lower pitch during vocal fry, and the 
magnitude of the effect depends on the f0 range as well 
as the ratio of fry. Heavy fry almost always sounds 
lower, even if its f0 is several semi-tones higher than the 
non-fry stimulus in the same trial.  

[5,24] proposed that since vocal fry is naturally 
associated with the low end of f0 scale, it is possible that 
people can utilize this voice quality to cue low pitch. 
The findings of this study support this hypothesis. It is 
possible that listeners treat vocal fry as extremely low 
pitch. Cross-linguistically, vocal fry has been commonly 
found to co-occur with low tones, and perception studies 
[28, 29] showed that the presence of vocal fry facilitated 
the perception of low tones. This study demonstrates 
that this effect is not language specific, but subject to 
universal psychoacoustic mechanisms. The fact that the 
aperiodic type of vocal fry can combine with different 
f0 range is especially useful, because speakers do not 
need to dip very far in f0 scale to sound low. Therefore, 
vocal fry can enhance the contrast between low and 
non-low tones in both production and perception.   

It is also interesting that the magnitude of the shift 
for the 50 Hz condition is substantially smaller than 
higher-frequency conditions. By definition, vocal fry 
can simply be very low f0. As the frequency slow 
enough, people are able to hear individual pulses. So a 
50 Hz regular buzz also sounds like vocal fry. This type 
of vocal fry is different from the aperiodic phonation 
discussed in this paper. However, it is possible that 
these two types of vocal fry are not very distinctive for 
very low f0 due to overall low continuity. Since listeners 
are able to hear individual pulses, and thus less sensitive 
to the periodicity, it requires a greater amount of jitter to 
let the listeners notice the irregularity. Finally, the 
magnitude of the shift also depends on the ratio of 
irregularity. Increasing aperiodicity can lead to more 
low pitch perception, which indicates that aperiodicity is 
a strong cue of low f0. 

In sum, pitch perception is more than f0, and 
listeners are able to integrate voice quality cues in pitch 
range perception, and thus listeners can more 
successfully identify the linguistic categories, e.g. tones.  
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