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1. Introduction

4. Discussion

2. Methodology

Linear mixed effect models verified significant or near significant group by test interaction effects for measures of self-referential episodic memory (Fig. 1), attention and
short-term memory (Fig. 2). Cognitive improvements correlated moderately to strongly (Spearman) with changes in HRV (Tbl. 1).

3. Results

Hypotheses
H1) HRV-biofeedback persistently improves self-
referential episodic memory and cognitive control.

H2) Improvements correlate with biofeedback-
evoked changes in HRV.
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Variable r

Non-self -.09

Self .52*

Attention .54* 

STM .42†

**p < .01. *p < .05, †p < .06.

Fig. 2 Executive functions

Attention             Short-term memory (STM)

Objective episodic memory recollection

CorrelationsTbl. 1

Legend

ηp
2 = 0.150*

HRV
Biofeedback

Neurophysiological
stimulation

Persisting 
cognitive changes 

Self-
referential 
processing

External 
attention,

Short-term 
memory

ηp
2 = 0.172†

Error bars indicate 95% CI.

ηp
2 = 0.234*

End of inhalation (peak)

End of exhalation (trough)

No biofeedback

Transmitter

Physiological 
acquisition systemBiofeedback loop

Respiratory signal

Electrocardiogram
Heart rate 
(calculated)

Time

Peak

Trough

Physiological time signals

HRV self-regulation training either with (BG) or without (CG) biofeedback 

Slow breathing
≈ 6 breaths / min

Biofeedback

Heart rate 
regulation

Avatar

Sea

BG

CG

ηp
2 = 0.020

vmPFC  =  ventromedial prefrontal cortex

Minimal self Narrative self 

?

Heart rate variability (HRV)

HRV
Biofeedback

Indicator

HRV

Interaction

Cognition
Self-referential 

processing
Episodic 
memory

Executive 
Control 
(e.g., attention)

Cardiac
sensors

Respiration belt

Training target

1) Synchronize avatar and sea color
-> cardio-respiratory synchrony
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-> HRV amplitude

vmPFC

“I was, I am, 

I will be…”

Self body

consciousness

+


