
A Tri-reference-point framework: threat certainty organizes behavioural modes
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B Experimental timeline of the three studies (chronological order)

Study 1a
n = 12  (shock 6 / control 6)

Study 1b
n = 12  (same rats, ≈5 mo later)

Study 2
n = 17  (ext 9 / non-ext 8)

≈5 mo
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C Multimodal readouts and CS–US trial structure
20-s 9-kHz CS 0.7-mA shock600-s baseline

180-s ITI
per-trial structure

Freezing dense %; FreezeFrame 5

22-kHz USV aversive; DeepSqueak

50-kHz USV novelty/social contexts; DeepSqueak

Lever press instrumental; Graphic State 4

Boli session autonomic; tray count

D Raw-to-model reconstruction pipeline
RAW EXPORTS

FreezeFrame 5  (freezing)

Audacity + DeepSqueak
(22- & 50-kHz USV)

Graphic State 4  (lever)

Session boli  (tray count)

RECONSTRUCTION
parse each channel

from raw exports

re-bin to a common 5-s grid

separate event zeros from
structural missingness (0 ≠ NaN)

harmonize → 74,164 rows

VALIDATED K=4 MODEL
diagonal Gaussian HMM

(four theory-guided states)

discrete-aware five-fold CV
(variance-floor selection)

100 restarts + partition stability

decoded paths + exact round-trip
+ subject-aware downstream tests


