
A self-prediction role for anterior cingulate cortex?
1. Anterior Cingulate Cortex (ACC)
The ACC is involved in  “everything” but its exact function 
remains unclear:
• Cost of control [1]
• World model [2]
• Hierarchical RL  [3, 4]
In this modeling study we investigate  ACC function; this 
poster presents preliminary results..
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Level 0.44 0.04 0.30 0.34 0.32 0.32 0.31 0.29
Level % 0.18 0.04 0.18 0.22 0.25 0.18 0.19 0.24
Reward 0.00 0.16 0.21 0.24 0.19 0.09 0.16 0.14
TD-error 0.10 0.29 0.23 0.29 0.24 0.12 0.16 0.22
Value 0.03 0.09 0.67 0.54 0.44 0.34 0.37 0.29
Action 0.01 0.04 0.01 0.02 0.02 0.02 0.01 0.01
Egg? 0.01 0.00 -0.03 -0.02 -0.02 0.01 0.00 0.03
Snake? 0.01 0.00 0.10 0.11 0.08 0.08 0.10 0.10
Snake loc 0.16 0.04 0.07 0.09 0.03 0.08 0.04 0.12
Q*bert loc 0.11 -0.03 0.05 0.13 0.19 0.25 0.18 0.28

3. ACC Modules 
We train multiple ACC modules to monitor the base model’s state. LSTM and 
predictive coding modules (see box Predictive Coding) capture temporally extended 
behavior, accounting for the uniquely long temporal signatures of ACC neurons [5]. 

2. Base Model
ACC lesions result in only mild impairments; the role ACC is most likely supportive. To 
account for this, we use a base-model (an actor-critic network trained on the Atari 
game Q*bert – see box Q* bert) to simulate habitual behavior. 

Representations for Cognitive Control in Anterior Cingulate Cortex

Using simple image analysis, we can track many in-game events alongside model responses: enemy 
appearance and position, level completion, TD-errors, etc. The plot on the right shows one episode.

Left: cartoon explanation of RSA, adapted from [6]. Right, representational dissimilarity matrix 
for one ACC module (predictive coding) over one episode (~3500 steps).

How do these models behave? Spearman correlation coefficients between model RDMs (columns) (BM stands for base 
model) and RDMs of various events and quantities (rows). Each RDMs is visualized next to the column and row headings.

ACC module architectures (cartoon). Two simplified versions of ACC 
models are shown above; in total we are currently exploring five 
modules (Auto-encoder, one-step predictor, LSTM predictor, predictive 
coding LSTM predictor, and a controller module). All modules are 
abstracting or predicting base model activations. This setup enables 
exploration of a wide space of possible models.

Predictive coding (left cartoon) is used to force the model to encode long-range temporal 
dependencies in its recurrent weights. It’s not yet clear whether this worked (right figure).

Q*bert

4. Analysis and preliminary findings
All modules could learn to predict the base model’s activations with 
sufficient accuracy (all achieving an average error < 0.3 when substituting 
value activation predictions). To investigate the properties of the 
different models, we conducted  RSA (see box Representational Similarity 
Analysis). Temporally extended structure can be discovered from 
prediction of a reflex-based agent acting in a Markov problem. This may 
be a key role of ACC relating to cognitive control. 
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