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Figure S1. Behavioral performance in the Front and Mid task. Related to Figure 1.   
Performance is given as the mean percentage of correct choices (+/- SEM) during the whole Task Phase 
(dark gray), Front task (FT, ocher), and Mid task (MT, teal). The performance of each task type was well 
above chance (test of proportion: *** significance at a = 0.001, **a = 0.01).  
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Figure S2. Supplementary decoding analyses. Related to Figure 3 and 4. 
(A and B) We considered two additional algorithms to replicate the random forest decoder (RFD) 
analysis. The algorithms were trained to classify time windows as belonging to one out of two phases of 
the recording session, based on spiking activity, rat position, and the combination of the two. Dots 
represent the decoding accuracy of individual recording sessions, averaged over 5 repetitions of 10-fold 
cross-validation for the logistic regression, and 5 repetitions of 5-fold cross-validation for the neural 
network. For the logistic regression (A), neural data significantly improved the predictions based on 
animal position alone for all contrasts. The statistically significant effects are consistent with those 
obtained using the RFD. For the neural network (B), spiking activity did not provide additional 
information with respect to animal position when decoding robot presence, task engagement, or robot 
movement direction, but it did result in a significant improvement when decoding task differentiation, 
namely whether a time window belonged to the Front or Mid task. The statistically significant effects are 
very similar to those obtained using the random forest decoder, except that the neural network did not 
indicate a significant difference between rat position and the combination of neural data and rat 
position in the decoding of task engagement. *** Significance at a = 0.001, ** a = 0.01, * a = 0.05 
(Wilcoxon’s signed-rank test, Bonferroni-corrected p-values).  
(C) We repeated the decoding analysis using RFDs by subselecting only epochs in which the animal was 
in the proximity of the reward wells, thus excluding large movements around the cage. This was done by 
discarding movements further than 4 cm away from the reward wells (which roughly corresponds to the 
frontmost third of the cage compartment). The results are very similar to the ones obtained using all 
data, showing that the ability to decode behavioral epochs using the position of the animal relies on 
small repositioning around the reward wells, and does not crucially depend on large movements around 
the cage.  
(D) Our RFD analysis shows a difference between fast-spiking cells (putative interneurons) and broad-
spiking cells (putative pyramidal neurons) in terms of the information carried about the behavior of the 
robot. To determine whether the population signal that we have identified in the decoding analysis is 
exclusively driven by interneurons, we repeated the decoding analysis using only putative pyramidal 
neurons. We observe a small decrease in the decoding accuracy of neural data (e.g. decoding accuracy 
of Front vs. Mid task using only neural data: 0.66, 0.62-0.72 using all neurons, 0.63, 0.60-0.71 using only 
pyramidal neurons), but the deviations from our results using all neurons are minor, confirming that 
modulations induced by the robot are distributed across the population, and not only expressed by the 
interneurons.   
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Figure S3. CA1 cell sensitivity to outbound versus inbound trajectories of the robot. Related to Figure 
4.   
(A) Two example CA1 units of firing fields, plotted as a function of robot position. These firing rates 
discriminated between outbound and inbound trajectories of the robot. Overall, 33 out of 132 cells with 
place fields (25%) discriminated between the outbound versus inbound trajectory in the Front task (! =
5.3; & = 1.1 × 10*+). This discriminatory activity was similarly present during the Mid task (31 out of 
157 cells, 19.8 %; ! = 4.6; & = 3.5 × 10*.).  
(B) Place fields of the same units (i.e. firing-rate maps as a function of rat position), zoomed in on the 
cage compartment.  
(C) Histograms of binned firing rates as a function of linearized robot position. Same neurons as shown 
in (A-B). The Front task is shown in ocher and the Mid task in teal. Top: firing-rate averages (solid: 
outbound, dashed: inbound trajectories) and standard errors (shading); see Figure 4 for additional 
details. Horizontal lines below the averages show significantly different bins (a = 0.05, FDR-corrected), 
while vertical bars on the side indicate an overall difference in firing rate across whole trajectories (a = 
0.05). Line color indicates a difference between outbound and inbound trajectories for the Front (ocher) 
or Mid Task (teal; Wilcoxon’s signed rank test). Variations between trials in the rasters are partially 
explained by the rat moving in and out of the cell’s place field.  
(D) Decoding robot movement direction using a random forest decoder (RDF), based on spiking activity, 
rat position, and the combination of the two. RDFs were trained to classify time windows as belonging 
to either the outbound or the inbound trajectory. Dots indicate the decoding accuracy of individual 
recording sessions, averaged over 5 repetitions of 10-fold cross-validation. *** indicates significance at 
a = 0.001. The random forest decoder distinguished between outbound and inbound trajectories using 
neural data. However, performance increased when using only the rat’s position or a combination of 
neural and position data (accuracy for neural data: 0.64, 0.56 - 0.74; rat position: 0.74, 0.71 - 0.79; Both: 
0.75, 0.71 - 0.78; Wilcoxon’s signed-rank test, Bonferroni-adjusted; & = 3.7 × 10*0, & = 3.7 × 10*0 and 
& = 1.5 for neural vs. position, neural vs. both, and position vs. both, respectively). Notably, the robot’s 
crossing of a particular spatial position on the maze during the outbound trajectory was coupled to 
reward delivery if the rat made a correct behavioral response. Thus, differences between out- and 
inbound trajectories may be associated with different short-term reward expectancy. 
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Figure S4. Error in predicting robot and rat position expressed as Euclidean distance. Related to Figure 
4.  
(A) Decoding of robot position (averaged across FT and MT) using neural data, rat position, and the 
combination of the two, measured as the Euclidean distance between true and predicted locations. The 
combination of neural data and rat position results in a small but significant improvement in decoding 
performance with respect to either of the inputs alone. *** Significance at a = 0.001, **a = 0.01, *a = 
0.05 (Wilcoxon’s signed-rank test, Bonferroni-corrected p-values). 
(B) Decoding of rat position using neural data for maze periods and task periods (when the animal is in 
the cage), measured as the Euclidean distance between true and predicted locations. Note that care is 
required when comparing the error in cm between robot and rat position, as this metric does not take 
into account the difference between slow and stereotyped robot movements versus sudden and varied 
rat explorations.  
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Figure S5. Parameter sensitivity of the ROC analysis. Related to Figure 5 and 6.  
(A) Percentage of neurons with significant AUC value (top) and their average AUC values (both maximum 
and mean across spatial bins) as a function of the minimum number of seconds (Min s.) that the animal 
was required to spend in a given bin in each task phase (FT and MT) for a spatial bin to be included in 
the analysis. Bars indicate 95% confidence intervals. 
(B) Distributions of significant (dark grey) and non-significant (light grey) area under the curve (AUC) 
values for different sizes of the temporal binning window (indicated by Dt). AUC values pertain to the 
distinction between Front and Mid task. Other analysis parameters were not changed. AUC per neuron 
was determined as the maximum across spatial bins (left) and as the average across spatial bins (right).  
(C) Average of the maximum AUC values for all broad-spiking (BS, blue), fast-spiking (FS, red) and 
unclassified (UC, gray) units for different sizes of the temporal binning window (indicated by Dt). AUC 
per neuron was determined as the maximum across spatial bins (left) and as the average across spatial 
bins (right). Bars indicate 95% confidence intervals. 
(D) Percentage of neurons with significant AUC per neuron type, for different sizes of the temporal 
binning window. 
(E) Average AUC value for significant BS, FS, and UC units, as a function of the number of individual 
spatial bins required to have a significant AUC value in order for the neuron to be considered as having 
significant AUC. AUC per neuron was determined as the maximum across spatial bins (left) and as the 
average across spatial bins (right). Bars indicate 95% confidence intervals. 
(F) Percentage of significant neurons per neuron type as a function of the minimum number of 
significant spatial bins. 
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Figure S6. Sensitivity of mutual information and conditional mutual information about task phase to 
the size of the temporal binning. Related to Figure 5 and Figure 6.  

(A) Average information (MI and cMI) about task phase (top row) and robot position (bottom row) as a 
function of the size of the temporal binning window (indicated by Dt) for broad-spiking, fast-spiking and 
unclassified neurons.  
(B) Percentage of units with significant MI only (blue), significant cMI only (purple), significant MI and 
cMI (green), and significant cMI (with or without significant MI, red) about task phase (top) and robot 
position (bottom) as a function of the size of the temporal binning window. 
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Figure S7. Difference in ROC and information theoretic values between fast and broad-spiking neurons 
after equalizing average spike counts. Related to Figure 6.  

Our analysis shows that fast-spiking (FS) neurons carry more information about Front vs. Mid Task and 
robot position than broad-spiking (BS) and unclassified (UC) neurons. To investigate whether this 
difference could partly be explained by the higher firing rate of FS neurons, we lowered the spike count 
of every FS cell to the average spike count of BS cells of the same session by randomly removing the 
necessary number of spikes.  
(A) Average AUC values show that FS cells (red) discriminate more strongly between FT and MT than BS 
(blue) and UC (grey) units (Mann-Whitney’s U-test, p=1.4 × 10*1 and p=1.7 × 10*1	compared to BS and 
UC respectively) even after their firing rate has been drastically reduced. Bars indicate 95% confidence 
intervals. 
(B) Average MI (solid colors) and cMI (light colors) show that FS cells (after firing-rate correction) still 
carry more cMI about task phase than BS and UC cells. We used Wilcoxon’s signed-rank test and Mann-
Whitney's U-test for comparisons within and across cell types respectively (horizontal lines indicate 
significance at a = 0.01 after Bonferroni correction). Bars indicate 95% confidence intervals. 
(C) Average MI (solid colors) and cMI (light colors) about robot position after reducing the firing rate of 
FS units no longer shows a superior information content for FS cells (cf. Figure 6). Bars indicate 95% 
confidence intervals. 
 
   
 


