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Background 
•  Interactive conversation is one of the most important activities 

that is affected by hearing impairment. 
•  Measures of effort are important, in terms of both listening and 

communication, in understanding hearing disability. 
•  The difficulty of communicating in a given situation may be 

reflected in talkers’ speech production. 
•  Voicing jitter refers to short-term cycle-to-cycle variability in 

fundamental frequency (Lieberman, 1961). 
•  Voicing jitter is affected by many factors, including vocal fold 

stiffness, sub-glottal pressure and rate of airflow (Titze, 2000). 
 

Aim 
To investigate the sensitivity of frequency jitter in voicing to 
changes in acoustic environment at the individual level. 
 

Methods 
 

Participants 10 male and 10 female native Australian-English 
speakers, aged between 18 and 51, with normal pure-tone 
hearing thresholds, were tested in pairs. 
 

Acoustic environments 5 acoustic scenes, recorded using a 62 
channel spherical microphone array, were presented at their 
original, recorded levels. 

 
 
 
 

Table 1. Acoustic environments and levels (dB A) 
 

Puzzle task Pairs of participants communicated while jointly 
completing puzzles where the task was to find a path by moving 
between matching colours or matching pictures. Each participant 
saw a complementary version of the same puzzle. Tangram 
symbols were used to elicit complex descriptions and questions. 
 
 
 
 
 
 
 

 
 

Figure 1. Conversation elicitation task. Complete (unseen) puzzle with  
solution (left) and complementary participant views (centre and right). 

 

Procedure Pairs of participants sat facing one-another at a 
distance of 1.3 m. Noise was presented through open 
headphones (Beyerdynamic DT 990 Pro) in 5 minute blocks in 
randomised order. Speech was recorded using close-talk 
microphones which were calibrated to a B&K microphone at 1 m. 

 

Analysis 
Steady-state portions of 4143 [a], [ɪ] and [u] vowels were 
manually segmented using Praat. 

Results 
•  Mean voicing jitter is lower and less variable in more 

challenging environments. 
 
 
 

 

 

Figure 2. Individual voicing jitter data across 5 acoustic environments 
 
 

•  Voicing jitter is sensitive to changes in acoustic environment at 
the individual level. 

 

Figure 3. Mean estimates and 95% credible intervals across 5 acoustic environments 
 

Discussion and conclusion 

•  Creaky voice, resulting from low sub-glottal pressure, low 
airflow and slack vocal folds during phonation (Keating, 
Garellek & Kreiman, 2015), increases voicing jitter while 
lowering F0. 

Figure 4. Creaky voice lowers F0 (left), particularly in soft environments (centre), and 
increases the variability of jitter in softer environments (right) 

 

•  Creaky voice may reflect low vocal effort. 
•  Voicing jitter is potentially a measure of effort which can be 

tested under conditions which incorporate cognitive demands 
relevant to communication. 

•  Voicing jitter is a behavioural measure but is also objective as 
voicing jitter is below the level of conscious control. 

•  Sensitivity to changes in the acoustic environment at the 
individual level indicates that voicing jitter could be the basis of 
a clinical/laboratory measure of effort in the future. 
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