
ACKNOWLEDGEMENTS
REFERENCES

SHORT ON TIME? HERE’S THE SUMMARY

Joel Frohlich1,2, Ninette Simonian1, Nicco Reggente1

¹Institute For Advanced Consciousness Studies, Santa Monica, California, USA
²Institute for Neuromodulation and Neurotechnology, University Hospital and University of Tübingen, Germany

The entropy or “complexity” of electroencephalogra-
phy (EEG) signals decreases during states of uncon-
sciousness and increases during psychedelic states 
relative to ordinary wakefulness (Sarasso et al. 
2021). However, it is uncertain how EEG entropy 
changes during non-pharmacological altered states 
of consciousness (npASC), though prior work sug-
gests similar changes as seen in psychedelics 
(Schwartzmann et al. 2019).

We examined EEG actiity during stroboscopic stimulation and breath-focused meditation. 
Brain wave complexity takes a surprising twist during altered states: fast signals 
increase in complexity, as expected, while slower rhythms surprisingly reduce their 
complexity, adding nuance to our understanding of brain activity and consciousness.

Our results show a dissociation between 
EEG entropy at fast and slow timescales 
during npASC. In particular, our finding of 
diminished 2 - 10 Hz entropy during 
npASC, including a visually rich experi-
ence of stroboscopic stimulation, is sur-
prising given that neural entropy generally 
scales with the richness of conscious 
content (Carhart-Harris, 2018). 

Results
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A dissociation between EEG entropy at slow and fast timescales 
in non-pharmacological altered states of consciousness

• After preprocessing and data cleaning, we retained: 
    N = 74 datasets for weak stimulation
    N = 72 datasets for strong stimulation
    N = 69 datasets for meditation
    N = 215 datasets total
 • We found increases in entropy at fast timescales 
(8 - 40 Hz) but decreases in entropy at slow 
timescales (2 - 10 Hz).
      • Weak stimulation appears more similar to medita-
tion as judged by PermEn16 (8 - 20 Hz): 
  meditation < weak stimulation < strong stimulation
      • Strong stimulation appears more similar to medita-
tion as judged by PermEn8 (16 - 40 Hz): 
  meditation < strong stimulation < weak stimulation

Table 1: Stimulation frequencies

Stage Part1 Part2 Part3a Part3b
STRONG Light pulse A freq (Hz) 7.5 - 12.5 13.5 - 18.5 4.5 - 12 8.0 - 14.0
STRONG Light pulse B freq (Hz) NA NA 40.0 - 79.5 40.0 - 79.5
STRONG Binaural Beat freq (Hz) 7.5 - 12.5 13.5 - 18.5 4.5 - 12 8.0 - 14.0

WEAK Light pulse A freq (Hz) 0.2 0.2 0.2 0.2
WEAK Light pulse B freq (Hz) 0.5 0.5 0.5 0.5
WEAK Binaural Beat freq (Hz) 7.5 - 12.5 13.5 - 18.5 4.5 - 12 8.0 - 14.0
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Background

Methods

Conclusions

 • We induced non-pharmacological altered states of con-
sciousness (npASC) induced by 1) stroboscopic stimulation with 
binaural beats and 2) breath-focused meditation, while recording 
64-channel EEG. 
 • Participants in the stimulation group received either STRONG 
(high frequency) or WEAK (low frequency) stroboscopic stimuli 
(see Table 1). 
 • The stroboscopic stimulation causes geometric, kaleido-
scopic perceptions similar to those experienced with psychedel-
ic substances. 
 • We calculated the permutation entropy (Bandt and Pompe, 
2002) of the EEG signals at various time lags, providing a mea-
sures of complexity at different frequencies. 
 • Results were analyzed with linear mixed models and log-like-
lihood ratio tests to infer effects of timepoint and condition.
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Faster  (8 -  40 Hz)                    Slower (2 -  10 Hz) 
Overall higher entropy during altered states ...              Overall lower entropy during altered states ...

Here, we substract pre-experience rest-
ing (top row) and post-experienc resting 
(bottom row)  to reveal what happens 
during the experience ...

Very slow (< 2.5 Hz)
mixed results
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