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Extended Data Fig. 1: Trial initiation time in units of seconds a. Trial initiation time by block
(N = 291). Data are replotted from Fig. 1h but in units of seconds. b. Trial initiation time
difference (high - low) across all rats. (Wilcoxon signed-rank test, N = 291).
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Extended Data Fig. 2: Trial initiation times depend on previous trial outcome. a. Trial
initiation time by previous reward in mixed blocks for (left) post-rewarded trials, (center) post-
unrewarded trials, and (right) all trial. b. Trial initiation time averaged over block (Wilcoxon
Signed-rank test, N = 291). c¢. Trial initiation time ratio (mean trial initiation time in high
blocks/low blocks, N = 291). d. Mean change trial initiation times from low or high blocks to
mixed blocks, N = 291. e. Previous trial regression coefficients in mixed blocks, N = 291.
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Extended Data Fig. 3: Wait times are not affected by previous trial outcome. a. Average wait
time by volume for each block conditioned on whether the previous trial was (left) rewarded or
(center) unrewarded, and (right) all trials (N = 291). b. Wait time ratios (wait time for 20 uL
High/Low) across rats (N = 291). ¢. Wait time dynamics transitioning from low (blue) or high
(red) blocks into mixed blocks (N =291). d. Reward
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Extended Data Fig. 4: Average trial initiation time in mixed blocks conditioned on the
previous block (N =291).
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Extended Data Fig. 5: Dynamics of wait times (top) and trial initiation times (bottom) at
transitions from mixed to high (red) or low (blue) blocks. a. Data are replotted from Fig.
2b, but with expanded x-axis limits. Trial initiation times still maintain contrast effects 40 trials
into mixed blocks. b. Wait time transitions from mixed to high (red) and low (blue) blocks. c.
Trial initiation time transitions from mixed to high (red) and low (blue). Block labels refer to
the block at trial O after the mixed block. Colors are flipped relative to Fig. 2b because a current
low block (blue here) is always preceded by a high block (red in Fig. 2b).
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Extended Data Fig. 6: Satiety effects for trial initiation time are modest and do not qualita-
tively affect results a. Trial initiation time for an example session as a function of trial number.
Line is least-squares regression. b. Trial initiation times block transition plots without detrend-
ing. Results are qualitatively similar to Fig. 2.
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Extended Data Fig. 7: Alternative retrospective models fail to capture both fast and slow
trial initiation time dynamics at block transitions. Trial initiation time model transitions
from low (blue) or high (red) blocks to mixed blocks. Top: A “vanilla” learning rate model
with a single, static learning rate. Bottom: a dynamic learning rate model where learning rate
gain is equal to the unsigned RPE of that trial.
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Extended Data Fig. 8: Model comparison for wait times favors inferential over retrospective
model, but does not distinguish between inferential and belief state models. a-b. Cross-
validated negative log-likelihood comparing inferential model and (a.) retrospective or (b.)
belief state model. c-d. Akaike information criterion (AIC) comparing inferential model and
(c.) retrospective or (d) belief state model. e-f. Bayesian information criterion (BIC) comparing
inferential model and (e.) retrospective or (f.) belief state model. For each, Wilcoxon signed-
rank test, N =291
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Extended Data Fig. 9: Inferential model identifies mistaken inferences during mixed blocks
across rats. a. Average wait time curves conditioned by model-inferred block in mixed blocks
only in held-out test set across rats. b. Wait time ratio (wait time on 20 pL inferred high/low
trials) is modulated by inferred block (p << 0.001, Wilcoxon Signed-rank test, N = 291)
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Extended Data Fig. 10: Sub-optimal inferential model with lambda. Distribution of A fit over
rats (N =291).

51


https://doi.org/10.1101/2023.03.14.532617
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.03.14.532617; this version posted August 2, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

== Good inference rats
== Poor inference rats

5 60"/40" percentile 63'"/35" percentile 70"/30t" percentile
& Mixed *Low Mixed *Low Mixed %Low
S
[$]
@ 1
L)
(0]
£
c 0 ~
k] 7
k] \
€1
3 \
= *High *High *High
-2
-10 0 10 20 -10 0 10 20 -10 0 10 20

Trial from block switch

Extended Data Fig. 11: Differential wait time dynamics based on \ from sub-optimal Bayes
model are robust across a range of percentiles.
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Extended Data Fig. 12: Males and females have comparable wait time ratios (top) and trial
initiation time ratios (bottom). Wait time p = 0.23, Wilcoxon Rank-sum test, N = 184 males,
107 females. Trial initiation time p = 0.59, Wilcoxon Rank-sum test, N = 184 males, 107
females.
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Extended Data Fig. 13: Models are able to recover generative parameters. N = 48 random
parameter sets.
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Extended Data Fig. 14: Wait time curves without threshold (right) have qualitatively simi-
lar context effects, but longer average wait times. Wait times one standard deviation above
the pooled session mean were excluded for most analyses in this study (left). Including all wait
times preserved the contextual effects, but resulted in longer average wait times, as the mean is
particularly sensitive to outliers. Outlier wait times tended to occur in low blocks, likely due to
attentional or motivational lapses. Therefore, the main difference between the thresholded and

unthresholded data is that the wait time curves in low blocks are both flatter and longer in the
unthresholded data.
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