
● The nature of perception is active: we actively 
move our body to sample our surroundings - a 
process known as active sensing [1, 2, 3]. In vision, 
we coordinate eye movements and fixations to 
efficiently acquire sensory information [4, 5].

● Most paradigms examine perception passively, 
ignoring physiological rhythms,  such as the cardiac 
or respiratory cycles, that continuously modulate 
sensory processing [6, 7, 8]. Here we examine how 
these rhythms interact with active visual exploration.

Research question: how do cardiorespiratory cycles 
modulate eye movements during active visual 
exploration, and does such an effect differ in passive 
viewing?
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Cardiac coupling 

Large saccades (≥3º) coupled to 
late systole in Active cond. 
(R=0.43, p=0.005); fixations 
coupled to early diastole (R=0.43, 
p=0.005) in Active cond.

Condition effect: significant 
difference in coupling for both 
saccades (p=0.025) and fixations 
(p=0.045) (Fig. 3).

Respiratory coupling 

Saccades that couple to systole 
also coupled to exhalation 
(R=0.40, p=0.019) (Fig. 4).

Arousal

Higher continuous pupil size 
(p<0.0001) and heart rate 
(p<0.001), lower HRV (SDNN: 
p=0.001; RMSSD: p=0.029) in 
Active cond. compared to Passive 
cond.
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1. INTRODUCTION 

a) Eye movements will couple to cardiac and 
respiratory cycles in active exploration, adjusting 
sampling to periods of less afferent activity. 

b) Detection time (RT) will be shorter when occurring 
in periods of less afferent activity

c) Interoceptive sensitivity will affect accuracy of 
categorization. 

2. HYPOTHESES

3. METHODS

6. REFERENCES

Active condition: participants freely explore natural 
images (i.e., bushes) until they detect a hidden 
stimuli (i.e., tiger-like Gabor patch). They press a key 
to signal the detection, and then state its direction (i.e., 
horizontal, vertical).

Passive condition: participants don’t actively explore 
the screen, but see a recording of another 
gaze-contingent exploration.

Task design

Physiological measurements: Electrocardiography 
(ECG), respiration band, eye tracking & pupillometry 5. DISCUSSION

Figure 1. Visualization of the task. A circle of 
40 mm of radius, contingent to the gaze of the 
participant, uncovers the Gabor like a 
torchlight.

● Active exploration, not passive viewing, shows cardiorespiratory coupling. 
Synchronization reflects intentional exploratory behaviour, not passive sensory exposure.

● Fixations and saccades couple to distinct cardiac phases (systole vs. diastole), consistent 
with diastole as a privileged window for sensory sampling [4, 5] and the systole/diastole 
action-perception framework [9].

● Saccades that couple to systole are additionally coupled to mid-exhalation, suggesting a 
hierarchical cardiorespiratory gating of eye movements. 

● Higher arousal in Active confirms autonomic engagement differences.

● Further data acquisition (full sample: n = 56) and analyses (i.e., microsaccades, detection 
times, accuracy) will allow testing of hypothesis b and c, and strengthen the results.

Figure 3. Cardiac Phase-Locking of Eye Movements. Dot = 1 participant mean phase; arrow = 
group mean vector (length =R)

Figure 4. Respiratory coupling of saccades in systole. Arrow = group mean direction & length (R).

n = 28
age = 21.7, SD = 3.6

Trial duration                                                      
Active: 12.08s ± 1.77                                                         
Passive: 9.39s ± 0.48

Heartbeats x trial
Active: 15.49 ± 2.96 
Passive: 12.34 ± 2.12

Figure 2. Saccade Amplitude Distribution.

4. PRELIMINARY RESULTS

Descriptives:

Breaths x trial
Active: 3.78 ± 0.66
Passive: 3.13 ± 0.90

Saccades x trial                                             
Active: 25.5 ± 4.8
Passive: 22.1 ± 2.6
Sacc. amplitude (see Fig. 2).


