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Extended Data Fig. 1 | Additional mRPE Model Quantifications. a. like Fig. 1e 
but in the context of all trials for all cues, instead of just the reversed cue. The 
H→L reversal still takes significantly longer than the L→H reversal on average 
(p = 0.0352, n = 20 animals). b. Visualization of different model fits for an 
example animal, note how the mRPE model function (green) takes longer to 
begin to decay after the reversal (yellow arrow). c. Table comparing model 
characteristics between the models in Fig. 1k–m. d. Unweighted (negLL) and 
weighted (BIC) fit comparisons between models, quantified as the change in 
score from the best of the 6 models (top), with post-hoc comparisons visualized 

(lower). The heat plots quantify the mean difference between model 1 (right 
vertical) and model 2 (left lower). Lower scores (redder) indicate better model 
fit. Asterisks indicate significant post-hoc differences at p < 0.05 (n = 40 
animals). This panel supports Fig. 1k & l. e. Like d, but comparing the start of 
reversal (decay at least 10% from pre-reversal level) between models. See 
Fig. 1m for direct comparison to behavior. All error bars: mean + /− SEM. 
Asterisk (*) indicates statistical significance at p < 0.05, see Supp. Table 1 for 
more statistical information, including more post-hoc comparisons, 
sidedness, and corrections for multiple comparisons.
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Extended Data Fig. 2 | Schematic of Time-Series Generalized Linear 
Modelling. This figure depicts the process of assigning significant encoding  
of specific predictors in neurons. Please see Methods- ‘Generalized linear 
modelling’ for more details.



Extended Data Fig. 3 | Implant Placement Histology. a. Schematic of 
two-photon preparation (left), with sample image (center), and placements  
for all experiments (right). Placements from experiments in Fig. 2 only are in 
pink (n = 3/6), Fig. 3 in black (n = 8/8), and Fig. 4 in orange (n = 4/4). The spread  
of the retro-cre virus (as in Fig. 4l) is denoted with gray translucent overlay  
for applicable mice. The tissue from three mPFC (pink) placements was 
inadvertently destroyed in an unsuccessful histology pilot and therefore not 
included. b. mPFC dopamine photometry schematic as in Fig. 4a (left) with 
sample placement (center) and implant map (left) from all mice (n = 7/7).  
c. Optogenetic recording schematic, as in Fig. 5a, with virus injection in mPFC 
and bilateral fiber placement over VTA (top left), with sample viral spread 
image (top center), and combined spread map from all ChR2+ (solid border, 
n = 10/10) and mCherry (dashed border, n = 10/10) animals (top right). Also 
included are sample VTA fiber tip placements (lower left) and hit maps from 
ChR2+ (n = 9/10, solid black) and mCherry (n = 10/10, dashed outline) animals 
(lower right). One ChR2+ animal’s VTA slices were too damaged to localize 

targeting and are omitted. d. mPFC→VTA terminal recording strategy with 
GCaMP6s injected in mPFC and photometry fiber placement over VTA, as in 
Fig. 4k (top left) with sample mPFC GCaMP6s spread image (top center) and 
spread maps from all N/A animals (n = 8/8) with translucent overlay (top right). 
VTA placements (n = 8/8 n/a, 7/7 Sal. 7/7 SCH + RAC) are in the lower row, with a 
sample fiber tip track (lower left) and hit maps (lower right). Bilateral cannula 
locations (lines) for Sal. and SCH + RAC mice alongside GCaMP6s spread are 
also provided (center). e. Schematic of mPFC-VTA DREADD expression 
strategy, as in Extended Data Fig. 5a (top left) alongside sample DREADD 
expression in mPFC (top center) and hit maps (top right) (n = 5/5 DREADD, 5/5 
mCherry). Also included are retro-Cre spread maps for all mice (lower). 
Abbreviations: PL= prelimbic cortex, IL = infralimbic cortex, Cg1 = dorsal 
anterior cingulate cortex (ACC), Cg2 = ventral ACC. PL, IL, and ACC comprise 
the rodent medial prefrontal cortex15. M1 = primary motor cortex, M2 = 
secondary motor cortex, MO =medial orbital cortex, LO = lateral orbital cortex, 
VTA = ventral tegmental area, as defined in the Paxinos Atlas87.
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Extended Data Fig. 4 | See next page for caption.



Extended Data Fig. 4 | Stability across Contingency Reversal. a. Hypothesis 
for cue stability cell proportions, from previous work21 compared to neural 
results before (pre), after (post), and across reversal. b. Cue stability map on 
two days before reversal, where H → L and H → H cues are high value (dark 
purple). c. Cue stability map constructed from two post-reversal stable 
behavior days, where H → H and L → H cues are high value (dark purple).  
d. Across reversal cue stability map, with cells tracked from pre-reversal (x-axis) 
where H → L and H → H are high value to post-reversal (y-axis) where H → H and 
L → H cues are high value. e. Example animals with different spacing between 
stable pre and post day compared across reversal. f. Statistics on the 
proportion of stable cue cells for high value (dark purple) and low value (light 
purple) cues before, after, and across reversal. There is not a significant 
difference in the proportion of coding within a cue type in any of the conditions 
(p = 0.1715, data from n = 4 cross-cue comparisons from n = 6 animals). g. Trial-
averaged time histogram of stable cue cell activity before (pre) and after (post) 
contingency reversal, sorted by H → H activity. h. Mean +/-SEM traces for stable 
cue cells on H → L (green dash), H → H (dark purple solid), L → H (light blue dash) 
and L → L (light purple solid). Error bars are shaded in accordance with high 

(dark purple) or low (light purple) value. i. Quantification of average stable cue 
cell activity during cue and trace interval (0–2.5 s) split by cue (Cue x time 
p = 0.0032, cells from n = 6 animals). There is not a significant difference within 
coding of 85% or 15% cues before or after reversal. j. Session permutation 
control results, which reflect the correlates of modeled mRPE signals from 
reversal days evaluated with GLM on neurons from reversal and other days. If 
CD neurons displayed a similar activity profile to the reversal days on pre- or 
post- days, there would not be a significant increase in the proportion of 
isolated cells on the reversal day (CD: p = 0.0071, CE: p = 0.1923, n = 20 animals). 
k. Reversal cell stability quantification. There is not a significant difference 
(p = 0.6970 n = 6 animals) in the relationship with the CD signal for tracked  
cells on the identification day (2) vs the previous day (1). l. There is not a 
significant difference between the proportion of excited/inhibited cells in 
imaging in Fig. 2g vs Fig. 4h (p = 0.1287, n = 4 PFC-VTA, n = 15 PFC animals). See 
Supp. Table 1 for more statistical information, including more post-hoc 
comparisons, sidedness, and corrections for multiple comparisons. See 
Extended Data Fig. 3 for placements.
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Extended Data Fig. 5 | Inhibiting mPFC → VTA Signaling Impairs CD.  
a. Schematic of DREADD expression viral strategy b. Animals received 
deschloroclozapine, DCZ (1 mg/kg) one day before and three days during 
reversal. c. This experiment tests the hypothesis that inhibiting the mPFC→VTA 
projection will reduce CD signaling during reversal. d. Lick raster plots from 
example animals suggest a modestly impaired H → L reversal in Gi-DREADD 
animals (right) compared to mCherry controls (left). e. Quantifying this 
relationship reveals a significantly reduced CD amplitude from the mRPE 
model on the first reversal day (p = 0.0238, n = 5 animals per group). All error 
bars: mean + /− SEM. Asterisk (*) indicates statistical significance at p < 0.05, 
see Extended Data Table 1 for more statistical information, including more 
post-hoc comparisons, sidedness, and corrections for multiple comparisons. 
See Extended Data Fig. 3 for virus expression.










