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Motivation

v Modeling human cognition is a fundamental challenge in understanding 
human behaviors. A realistic simulation can enable a digital twin of 
human cognition.
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Motivation

v Research Gap: Most existing work focus on cognitive simulation under 
ideal conditions, neglecting the influence of dynamic intervention from 
the environment .
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Motivation

v Our Core Research Question: How can we simulate the impact of 
dynamic environmental stimuli on the regulation of human cognitive 
behaviors with precision at a fine-grained level?
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Framework

➢ Step 1: A machine agent to solve cognitive tasks.
➢ Step 2: Transfer task info from agent to human.
➢ Step 3: Decoding human cognitive process in task solving with 

drift-diffusion model (DDM).
➢ Step 4: Simulating stimuli perturbation on cognitive process 

with DDM-integrated DRL agent.

v Integrate sequential models from cognitive science 
with data-driven deep reinforcement learning (DRL).
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v Integrate sequential models from cognitive science with data-driven deep 
reinforcement learning (DRL).

➢ Data-Driven Model: Hard to represent the internal mechanisms of the cognitive process.
➢ Drift-Diffusion Model: Represent cognitive process in a sequential manner.
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v Integrate sequential models from cognitive science with data-driven deep 
reinforcement learning (DRL).

➢ Step 1: A machine agent to solve cognitive tasks.
➢ Step 2: Transfer task info from agent to human.
➢ Step 3: Decoding human cognitive process in task solving with drift-diffusion model (DDM).
➢ Step 4: Simulating stimuli perturbation on cognitive process with DDM-integrated DRL agent.



Evaluation: Response Time Simulation
v More realistic simulation across both 

individuals and stimuli.



Evaluation: Response Time Simulation 
v More consistent response time trends as real humans.



Evaluation: Better Training Efficiency

vMore consistent response time trends as real humans and 
higher training efficiency for fast convergence.

v Better training efficiency for fast convergence.



Evaluation: Interpretability
v Interpretability: Reflect cognitive trajectories as humans.



Evaluation: Generalization 

v  Diverse cognitive tasks, and different feedback modalities.



Evaluation: Generalization 
v  Diverse cognitive tasks, and 

different feedback modalities.

Scan this barcode to find more 
details about our paper 
(https://arxiv.org/abs/2301.06216).
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