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Background



Breathing as Human Behaviour



How does the brain control breathing?



How does the brain control breathing?



Scientific Interest in Breathing: Early 20th Century



Scientific Interest in Breathing: Mid-20th Century



• In humans, modulatory effects of 

respiration have been demonstrated 

in motor, sensory, and cognitive 

tasks.

• Bidirectional interplay between 

respiratory control and higher 

cognitive functions.
• Respiration modulates neural 

oscillations across cortical and 

subcortical networks (including 

those not traditionally associated 

with olfaction).
Brændholt et al., 2023

Scientific Interest in Breathing: Early 21st Century



Methodologies



Respiratory measure and racial pseudo-science

“A difference of structure 

in the pulmonary 

apparatus”



How can we measure breathing?



How can we measure breathing?

 Use at least two belts (you don’t know which 

one will work best)

 Ask participants to wear tightly fitting clothes

 Remove jewellery and avoid garments with 

wiring or metallic buttons

 Use a physical prop to control gesture or 

postural movements, especially for speaking 

tasks

 Remove sources of electrical noise

 Allow time for belt to “settle”

Getting a good signal from breath belts



Annotation of the signal

Approaches reported in the literature:

• Manual annotation

• Take the zero-crossings of the acceleration 

of the respiratory signal within an 

appropriate bandwidth (e.g., 0.05 Hz − 10 

Hz)

• Find the locations of values equivalent to 

10% of the value of the velocity peak before 

and after the peak

• Take the “initial time point at which volume 

starts to change rapidly” and the terminus is 

then the point of ”maximal volume”



Pre-processing and Annotation

Speech

Breath



Pre-processing and Annotation



Pre-processing and Annotation

Breath belt continues expanding after the speech begins



Pre-processing and Annotation

https://github.com/alexisdmacintyre/Speech

BreathingToolbox

https://github.com/alexisdmacintyre/SpeechBreathingToolbox


Dependent Variables

• Time series

• Full cycle

• Inhalation duration

• Post-inspiratory period

• Volume

• Kinematics

• Speed of intake

• Smoothness

• Laboriousness

• Et cetera…

Speech breathing across different 

speaking styles



Examples of Applications



Speech and language

Distribution of 

respiratory cycle duration

Breath size as a function of 

subsequent utterance size

MacIntyre, 2022



Zaccaro et al., 2022

• The heartbeat-evoked potential (HEP) is of 

a greater amplitude during exhalation, 

compared to inhalation

• When tapping to their own heartbeat, 

participants showed a stronger respiratory 

phase-dependent modulation of HEP and 

accuracy when attention was directed 

interoceptively.

• HEP changes during interoceptive (but 

not externally directed) attention were 

positively correlated with higher 

detection accuracy at exhalation than 

inhalation.

• Exhalation may allow attentional shift 

towards the internal bodily states?

Interoception



Kluger et al., 2021

• Compared parieto-occipital MEG power 

spectra for detected and undetected 

near-threshold visual targets

• Correlation between respiration phase 

and detection precision related to the 

suppression of alpha band power, which 

in turn is modulated by the phase of 

respiration. 

• Significant respiratory modulation of 

cortical parieto-occipital alpha rhythms 

previously found to be related to 

perceptual performance.

Perceptual sensitivity



Learning and memory

• Respiration affects oscillatory activity in key 

memory structures at frequencies implicated in 

memory function

• Task-based differences in human performance 

suggest nasal vs. mouth breathing may affect 

cognition/behaviour differently

• Pathways through to neocortex via olfactory 

bulb, as well as brainstem

• “Breathing as a cortical organizing principle” across 

diverse regions and networks



Conclusion



Summary

• Breathing encompasses more than maintaining 

basic homeostasis in humans

• Speaking and coordinating socially

• Interoception and self-regulation

• Cognition, motor control, sensory perception

• Global signal uniting disparate regions and 

networks?

• Breath belts provide a simple, cheap, and 

accessible tool for spirometry
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Questions?


