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In the last decade, researchers have reported a type of cells in the 
brain that only increases their activity at a particular moment in 
time during behavioral tasks. These cells are named “time cells” 
because they are thought to act as a timer in the brain and keep 
track of time elapsed.  However, no rigorous analysis have explicitly 
shown that such cells are encoding the passage of time, rather 
than other behavioral variables that correlated with time, for 
example, the animal’s movement. 

How to read this figure? 
Each row is the activity 
of one neuron and the 
color represents the 
activity of the neuron 
across time. Specifically, 
the red spot is where the 
neuron becomes active.


 

Are “time” cells encoding time per se, or other behavioral 
variables that are correlated with time? To test this hypothesis, 
we employed a neural network modelling approach.

We used a Recurrent Neural Network (RNN) to model the brain due 
to their shared computational principles: (1) recurrent connections 
between network units to retain information (2) the network learns to 
improve its performance and maximize rewards in behavioral tasks.

We train the network on a simulated neuroscience-based behavioral 
task: the Nonmatch-to-Location (NML) task where the animal/agent has 
to remember the location of a sensory stimulus and choose a nonmatch-
to-location stimulus in the choice phase to obtain reward. 

RNN can successfully perform this task as 
its task performance reaches almost 100% 
after training. Individual units in the 
network becomes active transiently at a 
particular moment in time, resembling the 
characteristic of “time” cells in the brain. 
Therefore, “time” cells naturally emerge in 
a recurrent network trained on NML task.

The “time cells” are also selective for spatial locations, meaning that 
these cells also encode information about space. Furthermore, using 
mutual information measure, we found that quantitatively speaking, 
“time cells” carry significant amount of information about space. 

Comparing the first column to the 
second column, we found that 
when we disrupt the association 
between the “time” cell activities 
and the time elapsed, the mutual 
information increases, suggesting 
that time coding doesn’t contribute 
to the information content of these 
so-called “time” cells at all. 
Instead, space is a stronger 
modulator of the network activity. 

Here R() represents randomized 
dimension. 

Our study serves as a proof-of-principle that in recurrent networks 
optimized on behavioral tasks, the so-called “time” cells do not 
encode time per se, but rather encode other behavioral variables, like 
the agent’s location in space. Further experimental work needs to be 
done to validate such findings in the brain. 
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