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Fig. S6. 
(A) Mean population calcium activity at the center port on forced information (top) and forced 
no information (bottom) trials, in sessions with a 1s (red) and 10s (blue) delay. Shading shows 
standard error. Significance of the difference between 10s and 1s delay in both top and bottom 
by signrank test. (B) Population activity on forced information trials across delays. Each cell’s 5 
mean activity in sessions with 1s and 10s delay, and the difference between them, shown. Cells 
in all columns sorted by 10s delay activity. (C) As in (B), but for forced no information trials. 
(D) Number of cells with significant coding of information at the center port across delays and 
their overlap, p<0.001, chi-square test, N=993. Coding computed as information index in 1s 
interval after – 1s interval before the center port odor. Significance (p<0.05) determined by 10 
comparison with shuffled data. (E) Coding of water CS, side odor A – side odor B, in sessions 
with 10s vs. 1s delay. Top, mean population coding index for odor A – odor B in 10s and 1s 
delay sessions. Shading shows standard error, significance of information coding at center odor 
based on index difference between 1s interval after odor presentation and 1s interval before 
greater than shuffled data. Bottom, mean difference between coding index in 10s – 1s delay 15 
sessions (purple). Gray shows shuffled data. (F) Mean population coding index for odor C – odor 
D in 10s and 1s delay sessions, as in (E). (G) Coding of water US, no information water reward – 
no reward, in sessions with 10s vs. 1s delay as in (E). (H) We compared 1s delay sessions with a 
second separate set of later sessions with the delay returned to 10s. We observed that information 
coding was diminished in the 1s sessions compared also to these additional later “Day Y” 10s 20 
sessions. Left, shows mean population information value coding index in 1s and later 10s delay 
sessions. Shading shows standard error, significance of information coding at center odor based 
on index difference between 1s interval after odor presentation and 1s interval before greater 
than shuffled data. Right, mean difference between information value coding index in later 10s 
(Day Y) – 1s delay sessions (purple). Gray shows shuffled data. Significance of the difference in 25 
coding between 1s and 10s sessions based on observed difference greater than shuffled data. (I) 
We compared the two sets of 10s delay sessions, one earlier before the 1s sessions, and one later 
after decreasing the delay to 1s and then returning it to 10s. Left, shows mean population 
information value coding index in earlier Day X 10s and later Day Y 10s delay sessions. Shading 
shows standard error, significance of information coding at center odor based on index difference 30 
between 1s interval after odor presentation and 1s interval before greater than shuffled data. 
Right, mean difference between information value coding index in earlier 10s (Day X) - later 10s 
(Day Y) delay sessions (purple). Gray shows shuffled data. Significance of the difference in 
coding between earlier and later sessions based on observed difference greater than shuffled data. 
(J) Schematic of learning across training stages when information is introduced by providing 35 
odor at the side port and making water rewards probabilistic. (K) Mean calcium activity of cells 
responding to the center port odor on forced information (top) and forced no information 
(bottom) trials, in sessions before (red) and after (blue) learning upon the introduction of 
information. Shading shows standard error. Significance of difference between before and after 
learning in both by signrank test. (L) Population activity at the center port across learning. Left, 40 
activity on forced left (port 1) and forced right (port 2) trials. Right, activity on forced 
information (port 1) and forced no information (port 2) trials. Each cell’s mean activity shown. 
Cells in all columns sorted by activity on forced information trials after learning. Information is 
assigned to either the left or right port across animals. Here, the label “left” indicates whichever 
port was assigned to provide information, which was counterbalanced across mice. (M) Number 45 
of cells with significant coding of left vs. right (before learning) and information vs. no 
information (after learning) at the center port and their overlap, p<0.001, chi-square test, N=788. 
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Coding computed as information index in 1s interval after – 1s interval before the center port 
odor. Significance (p<0.05) determined by comparison with shuffled data. 
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Fig. S7. 
(A) Reaction times by trial type in the task variant with four center port odors. Bar shows mean 
across animals, points show mean value for individual mice. (B) Population mean information 
and water coding indices. Shading shows standard error. Gray vertical shading shows 1s post-5 
center port odor information and water CS coding analysis window. Information coding index 
compares information and no information trials; water coding index compares large and small 
water reward trials. (C) Number of cells with differential activity (significant coding index 
increase after odor) for information and water at the center port odor. N=437, overlap, p>0.05, 
chi-square test. (D) Mean information (left) and water (right) coding indices across the 10 
population. Cells in both plots sorted by information coding index. (E) Population responses to 
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center port odors. Mean calcium activity at the center port on the indicated trial type for each cell 
and the differences between information and no information and large and small water trials. All 
cells sorted by the information-no information difference. (F) Decoding accuracy of information 
vs. no information trials 0.8-1s after center odor. Info cells are those with weights in the 
information-no information classifier trained using all cells in the top 10% of absolute value. 5 
Water cells are those in the top 10% of water classifier weight absolute value. Accuracy shown 
for classifiers trained using all cells, only the top 10% of information classifier cells, only the top 
10% of water classifier cells, a matched number of randomly selected other cells, removing only 
the top 10% of information classifier cells, removing the top 10% of water classifier cells, or 
removing a matched number of randomly selected other cells. Significant differences (labels a-d) 10 
tested with kruskal-wallis test with tukey-kramer correction for multiple comparisons. (G) 
Decoding accuracy of large vs. small water reward trials 0.8-1s after center odor. Accuracy 
shown for classifiers trained using all cells, only the top 10% of water classifier cells, only the 
top 10% of info classifier cells, a matched number of randomly selected other cells, removing 
only the top 10% of water classifier cells, removing the top 10% of info classifier cells, or 15 
removing a matched number of randomly selected other cells. Significant differences (labels a-c) 
tested with kruskal-wallis test with tukey-kramer correction for multiple comparisons. 
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Fig. S8. 
(A) Comparison of the model's contrastive loss as measured by InfoNCE (Info Noise-Contrastive 
Estimation)(80) with intact versus shuffled labels. Lower loss suggests a better fit model. 
Decoding accuracy of (B) information trial type versus no information trial type for all trials, (C) 5 
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presence of reward on information trials and (D) presence of reward on no information trials. In 
(b-d), the legends are defined as follows. In the “shuffled trials all labels” condition, the 
assignment of trials was randomized relative to their original time-varying labels, for all the label 
types, but we left the matching between labels and the time they were assigned in a trial (table 
S3) intact. In the “shuffled max all labels” condition, we randomly scrambled both the trial- and 5 
the time-affiliation of a given label, for all label types, thus resulting in the maximum amount of 
signal scrambling. For the “shuffled info label” condition, we only scrambled the trial-label 
assignment for the “info vs no info” label type (table S3), leaving all others intact. For the 
“shuffled reward label” condition, we only scrambled the trial-label assignment for the 
“rewarded vs unrewarded” label (table S3), leaving all others intact. "Full" is the finalized intact 10 
labels for the full model. Results are reported as an average across 5 runs, using different random 
seeds to achieve the train/test allocation. (E-G) Models fit to only random sub-populations of 
cells were also used as controls to show that embedding quality deteriorated with reduced sample 
size. 20% (magenta) and 60% (orange) of OFC neurons recorded were sub-sampled and 
compared to the full sample (blue). Each sampling was the average of five runs, using five 15 
different random seeds to subsample the cells. Results are reported averaged across sessions, 
animals and runs with error bars to show 95% confidence interval. 
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Table S1. 
Mice and sessions imaged in main dataset. 
 

Mouse Session Number of 
registered cells 

Number of 
trials 

Information 
Side Port 

JB413 20211123 169 253 Left 
JB413 20211124 169 168 Left 
JB413 20211220 169 201 Right 
JB413 20211223 169 234 Right 
JB424 20220210 56 214 Right 
JB424 20220211 56 239 Right 
JB424 20220223 56 210 Left 
JB424 20220224 56 217 Left 
JB425 20220203 91 209 Left 
JB425 20220207 91 276 Left 
JB425 20220217 91 251 Right 
JB425 20220218 91 212 Right 
JB426 20220302 194 191 Right 
JB426 20220303 194 204 Right 
JB426 20220316 194 180 Left 
JB426 20220317 194 236 Left 
JB432 20220526 198 176 Right 
JB432 20220527 198 163 Right 
JB432 20220613 198 244 Left 
JB432 20220614 198 227 Left 
JB433 20220526 226 182 Right 
JB433 20220527 226 169 Right 
JB433 20220608 226 242 Left 
JB433 20220609 226 275 Left 
JB434 20220526 204 152 Right 
JB434 20220527 204 256 Right 
JB434 20220606 204 264 Left 
JB434 20220607 204 245 Left 
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Table S2. 
Mice and sessions imaged in the dataset comprising learning before and after the introduction of 
information. 
 

Mouse Session Number of 
registered cells 

Number of 
trials 

Pre vs. Post 
Learning 

JB413 '20211014' 148 102 Pre 
JB413 '20211015' 148 159 Pre 
JB413 '20211102' 148 196 Post 
JB413 '20211103' 148 197 Post 
JB424 '20220105' 197 210 Pre 
JB424 '20220106' 197 254 Pre 
JB424 '20220121' 197 218 Post 
JB424 '20220124' 197 227 Post 
JB425 '20220105' 48 222 Pre 
JB425 '20220106' 48 310 Pre 
JB425 '20220119' 48 218 Post 
JB425 '20220120' 48 227 Post 
JB426 '20220126' 152 218 Pre 
JB426 '20220127' 152 210 Pre 
JB426 '20220131' 152 252 Post 
JB426 '20220201' 152 231 Post 
JB432 '20220428' 77 185 Pre 
JB432 '20220429' 77 179 Pre 
JB432 '20220505' 77 203 Post 
JB432 '20220506' 77 166 Post 
JB433 '20220428' 106 164 Pre 
JB433 '20220429' 106 156 Pre 
JB433 '20220505' 106 194 Post 
JB433 '20220506' 106 191 Post 
JB434 '20220428' 60 218 Pre 
JB434 '20220429' 60 210 Pre 
JB434 '20220504' 60 252 Post 
JB434 '20220505' 60 231 Post 
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Table S3. 
Mice and sessions imaged in delay comparison sessions, 10s vs. 1s. 

 

Mouse Session Number of 
registered cells 

Number of 
trials 

10s vs 1s 

JB424 '20220527' 169 128 10 
JB424 '20220531' 169 165 10 
JB424 '20220606' 169 212 1 
JB424 '20220607' 169 142 1 
JB425 '20220518' 135 170 10 
JB425 '20220519' 135 135 10 
JB425 '20220607' 135 133 1 
JB425 '20220609' 135 174 1 
JB426 '20220616' 72 213 10 
JB426 '20220617' 72 244 10 
JB426 '20220711' 72 297 1 
JB426 '20220713' 72 261 1 
JB432 '20220623' 258 200 10 
JB432 '20220627' 258 169 10 
JB432 '20220706' 258 279 1 
JB432 '20220707' 258 217 1 
JB433 '20220629' 136 246 1 
JB433 '20220630' 136 230 1 
JB433 '20220708' 136 207 10 
JB433 '20220711' 136 207 10 
JB434 '20220812' 223 220 10 
JB434 '20220817' 223 178 10 
JB434 '20220824' 223 447 1 
JB434 '20220825' 223 418 1 
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Table S4. 
Mice and sessions imaged in analyses comparing 1s sessions to later 10s sessions. 
 

Mouse Session Number of 
registered cells 

Number of 
trials 

10s vs 1s 

JB424 '20220606' 217 212 1 
JB424 '20220607' 217 142 1 
JB424 '20220616' 217 255 10 
JB424 '20220617' 217 274 10 
JB425 '20220607' 33 133 1 
JB425 '20220609' 33 174 1 
JB425 '20220616' 33 318 10 
JB425 '20220617' 33 228 10 
JB426 '20220711' 114 297 1 
JB426 '20220713' 114 261 1 
JB426 '20220728' 114 264 10 
JB426 '20220729' 114 200 10 
JB432 '20220706' 280 279 1 
JB432 '20220707' 280 217 1 
JB432 '20220727' 280 248 10 
JB432 '20220728' 280 219 10 
JB433 '20220629' 136 246 1 
JB433 '20220630' 136 230 1 
JB433 '20220708' 136 207 10 
JB433 '20220711' 136 207 10 
JB434 '20220824' 216 447 1 
JB434 '20220825' 216 418 1 
JB434 '20220906' 216 241 10 
JB434 '20220907' 216 233 10 
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Table S11. 
Summary statistics for test-train splits in behavioral model fitting. Accuracy (SEM) and Aikake 
Information Criterion normalized by sample size, N, (SEM) reported across animals for test-train 
splits in behavioral models. 
 5 

Model 
Test 
Accuracy SEM Train AIC/N SEM 

RLwater 0.483 0.014 1.39 0.01 
λ-RLinfo 0.719 0.009 1.07 0.01 
RLwater + RLinfo 0.715 0.012 1.08 0.01 
RLwater + λ-RLinfo 0.74 0.014 1.07 0.02 
WS-LS 0.646 0.036 1.31 0.03 
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