
Scaling free text analysis with LLMs
Participants report memories of real events in which their breathing changed in an 

open text box. Free-text responses capture an unconstrained ecological range of 
respiratory experience across everyday life.  Recent work demonstrates that LLMs 
perform inductive thematic coding at quality comparable to human raters [8, 9] and can 
reliably evaluate thematic alignment across thousands of open-ended responses [10]. 
We apply a zero-shot LLM analysis to these descriptions, mapping emergent themes 
onto six theoretically grounded functional dimensions.
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Interoceptive research [1, 3, 5, 7]  highlights the role of metabolic bodily rhythms 
(such as cardiac, respiratory, gastric, and menstrual cycles, among others) in shaping 
brain dynamics, as well as cognitive and affective states. 

Leveraging Respiration Awareness
Breathing has recently been studied for its role in modulating neural dynamics [3, 

4, 6]. Among the many bodily rhythms, respiration has a quality that sets it apart from 
others: it can be both involuntary and volitionally controlled. This quality allows 
for increased  awareness of breathing. In this study we leverage theis awareness by 
directly asking participants to report lived experiences where their breathing pattern 
changed. The goal is to map breathing patterns with cognitive states, emotional states, 
or tasks that might be seem unrelated to the metabolic function of breathing.

Participants are recruited online (Prolific) and complete 3–10 iterations of a 
standardised report. Each iteration presents the following question:

"Recall a real situation you experienced in which your breathing may have 
changed, even if you only recognise it now. Describe it in 1 to 2 lines and 
include one concrete detail (for example, the place, the activity, or who you 
were with)."

For each recalled situation, participants identify the associated breathing phase 
(inhalation / breath holding / exhalation) and provide continuous slider ratings for 
valence, arousal, breath depth, and breath control. See the Analysis pipeline in the 
right to see how the LLM is used to extract common themes.

The LLM-based analysis suggests that the three respiratory phases tend to co-occur 
with distinct situational and experiential signatures — though with substantial overlap 
visible in the shared themes and mixed phase distributions in Fig. 1. These are 
tendencies, not exclusive mappings.
Limitations. This study relies on retrospective self-report, which means the situations 
described are filtered through memory, interpretation, and language. Participants do 
not report raw breathing events, they report what they noticed, what they 
remembered, and what they chose to describe. 

Next steps:With the full sample (N > 500) we will formally model whether thematic 
categories predict slider ratings (valence, arousal, breath depth, breath control) using 
mixed-effects models, examine individual variation in respiratory gesture patterns, and 
validate thematic assignments against human raters (Cohen's κ).
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Fig.1: Thematic Extraction

Situation descriptions were grouped by breathing phase and processed by an LLM (Claude Sonnet 4), which identified 9 
themes that differentiate across phases. The LLM received only text descriptions (no affective ratings). Each situation was 
assigned to one theme. Bars show phase distribution per theme, revealing clear dominance patterns: inhalation themes 
(startle, exertion, stress, calming), breath-holding themes (concentration, awaiting outcome), and exhalation themes 
(frustration, relaxation, relief).

Current sample: These exploratory results are based on a partial dataset (N = 113 participants, 518 
situations); target sample is N > 500 (~2,000+ situations). Theme structure and phase distributions 
may shift as data collection continues. 
 

Summary of preliminary findings:

INHALATION: Reactive responses & Preparation to action Sudden shock or startle · 
Physical exertion · Surprise at unexpected news · Preparing body before effortful action

BREATH HOLDING: Sustained focus & Anticipation Listening or watching intently · 
Anticipatory anxiety and waiting · Fine motor precision tasks · Suspense awaiting outcome

EXHALATION: Release & Recovery Relief after tension resolves · Sighing with frustration 
or resignation · Settling into rest or comfort · Contentment and sensory pleasure

For each recalled experience:
● Free text description
● Breathing phase selection 
● Rating (0-100) of valence, 

arousal, control, memory and 
breath depth 

● Input: text situations grouped
 by phase                                      

● Prompt (shortened): “ Identify 
8-9 themes that differentiate 
phases”                       

● Output: 9 themes + situation 
assignments (fig. 1)

● Validate theme 
coherence         

●  Plot themes in affective 
space (arousal × 
valence) (fig.2)                                                            

●  Inspect clustering 
patterns    

Hypothesis
The respiratory cycle is not merely a metabolic rhythm but an active organising 
structure for cognition and affect, with characteristic patterns tending to co-occur 
with distinct situational and experiential states.

Fig. 2: Themes in Affective Space. Each dot represents a situational theme positioned by mean arousal (x-axis) and 
valence (y-axis), based on participant ratings that were not provided to the LLM during thematic extraction. The LLM 
only received text descriptions; affective ratings serve as independent validation of theme coherence. Dot color indicates 
mean breath control (blue = involuntary, yellow = neutral, orange = controlled). Mini bars below each label show phase 
distribution (green = Inhalation, yellow = Breath holding, coral = Exhalation). Inhalation-dominant themes cluster in 
high-arousal, low-valence regions (startle, stress), while exhalation-dominant themes span both pleasant 
(relaxation, relief) and unpleasant (frustration) states. Breath-holding themes occupy mid-valence positions 
associated with sustained attention.

Participants fill survey:      Responses fed into LLM:                      Researcher checks LLM output:

Analysis pipeline:
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