
• Physical activity is a type of physical stress
STRESS: “the non-specific response of the body to any demand” [1]

• Many studies report an increase in fundamental frequency (f0) during stress, 
but most research concerns psychological stress [2]

• Less is known about physical stress, and methods vary widely [3]:

• Speech tasks: counting 1 to 10, sustained vowels, reading a sentence

• Physical tasks: moderate to extreme (e.g., running till exhaustion) 

• Consequently, it is unclear to what extent findings generalize 

• To facilitate comparison and extend ecological validity, we have created a 
corpus of multiple speech tasks and levels of activity.

• The first results presented here investigate mean f0 and vocal intensity.
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→ How does physical activity affect f0 and vocal intensity?

change in f0 (normalized)

Individual results

Small increaseModerate increase Light intensity patterns with 
control or moderate intensity
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Change in f0 in Hz: 3 patterns

Change in SPL in dB: 3 patterns
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SPL: mean difference btw. conditions

Descriptive results: Differences 

between conditions calculated per 

speaker and averaged 

f0 observations: 13,512 SPL observations: 108

f0: mean difference btw. conditions f0 plotted against SPL: descriptive results

Mean f0 was calculated for each speaker per trial 

per condition (9 trials) and plotted against SPL to 

give an indication of their correlation

• calibrated mic (MiniSPL)
(30cm from mouth)

• sound pressure level meter
(Acoustilyzer; NTi Audio)

• equivalent continuous 
sound level (Leq) in dB 
per trial
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9.6 db 
increase! 

59.1 dB 

41 Hz
increase 

216 Hz

Finding Previous findings What’s next?

f0 and SPL increase 
with light and 
moderate activity

We found higher increases in f0 than previous studies: 

e.g., for moderate activity [4] report 19 Hz (vs. 33 Hz). 
But speech task was sustained phonation of /a/ (we 
used connected speech)
→ Is magnitude of effect task-related?

[5] report an increase similar to ours (31 Hz ), but 
speakers ran till exhaustion then read a passage – this 
exercise level was more demanding than ours. But 
mean f0 was calculated differently.
→ How much does mean-f0 method affect results? 

Analyze our data on sustained 
/a/: Does our effect size decrease 
or stay the same? 

Analyze our reading data with 
their method (mean f0 per 
utterance): Significant difference 
between results obtained with 
each method?

considerable 
speaker differences

Speaker differences are rarely addressed, but are 
considerable when reported; e.g., [6] found that 40% of 
speakers had no change or decreased f0 during activity.
→ Due to sample size? N=51 (vs. 14 in [4], 23 in [5])

Analyze other 36 speakers:
Does distribution of individual 
results (above) change? 
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(speakers anonymized with 3-letter code)

• head-mounted mic

• PRAAT: 

1) automatic detection of 
voicing via autocorrelation 

2) manual correction
3) mean f0 extracted from each 

voiced section (V, below)

Speech task

N = 12 control

35% max. 
heartrate (HR)

65% max. 
heartrate

controlcontrol light activitylight activity mod. activitymod. activity

condition condition

light-con 2.8 dB

mod-con 4.2 dB

mod-light 2.3 dB

95% CI

light-con 18.4 Hz (16.5–20.3) 

mod-con 33.4 Hz (31.5–35.3) 

mod-light 15.0 Hz (13.2–16.9) 

Statistics: Linear mixed model on raw data 

(rand. var.: speaker); ANOVA; post hoc 

Tukey test showed significant differences 

between all conditions (p < 0.001) 

[1] Selye H. 1974. Stress without Distress. Philadelphia, PA: Lippincott, 14. [2] Kirchhübel C, 

13,512 observations108 observations
(3 trials x 3 cond. x 12 speakers)

• female 
• German native speakers  
• age: 19–31y (x̅ = 23)

no cycling
(sitting still)

light cycling moderate cycling

Calculating exercise intensity:
Karvonen method

208 - (age*0.7) = age-predicted max HR 

- resting HR = HR reserve

*exercise intensity + resting HR

• 126-word passage:
transcribed monologue  

• “read as you speak”

• 3 trials per condition

• approx. 45s/trial
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