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What makes humans so uniquely intelligent? 
How do people make the best use of limited cognitive resources? 

What are the unique algorithms we use to learn from other people?
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About the HMC Lab
The HMC Lab is an Independent Research Group led by Dr. Charley Wu, with the goal of understanding the 
gap between human and machine learning. 

Our research methods include:  
• online experiments (commonly in the form of interactive games) 
• lab-based virtual reality experiments 
• computational modeling of behavior (e.g., decisions, search trajectories, and reaction times) 
• evolutionary models and simulations 
• developmental studies (comparing children and adults) 
• neuroimaging using fMRI/EEG 
• analyzing large scale real-world datasets 

We also have a rich collaboration network of researchers from Harvard, MIT, Princeton, and multiple Max 
Planck Institutes around Germany. To find out more, visit the lab website at www.hmc-lab.com
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http://www.hmc-lab.com
https://charleywu.github.io/


Project 1: Pedagogy and Tool Discovery
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Research Question 

Tool use is a key signature of human intelligence (Rawlings & Legare, TICS 2020), 
yet the cognitive mechanisms underlying how we develop and innovate upon tools is not well understood.  

Here, we focus on the role of pedagogy in amplyifying individual innovations and unlocking cumulative 
cultural evolution 

Approach 

• Innovate upon a previous experiment (Allen*, Smith*, & Tenenbuam, PNAS 2020), where participants 
selected which tool they found most useful 

• Here, we will allow people to develop their own tools and implement a transmission chain, where the 
solutions or instructions from one generation of participants will be passed along to the next  

• Study the key ingredients for cumulative culture in tool use (e.g., observational learning vs. explicit 
pedagogy) and which task dimensions are most sensitive to pedagogy (e.g, opaque vs. transparent 
causal structure) 

Scope 

• Learn to design and implement an online experiment based on previous online experiment code 
(experience with Javascript/HTML/PHP highly recommended) 

• Analyze data and perform statistical analyses (experience with Python/R encouraged) 
• Collaboration with MIT and Deepmind

Allen*, Smith*, & Tenenbuam (PNAS 2020)

Tool use in animals and humans

Cumulative culture

Kurzban & Barrett (Sci, 2012)

https://www.sciencedirect.com/science/article/abs/pii/S1364661320302527?via=ihub
https://www.pnas.org/doi/pdf/10.1073/pnas.1912341117
https://www.pnas.org/doi/pdf/10.1073/pnas.1912341117
https://www.science.org/doi/10.1126/science.1219232


Project 2: Designing a MuJoCo environment for intuitive physical reasoning tasks

Research Question 

According to Piaget, infants gradually learn to successfully search for hidden objects which 
points to the lack of object permanence as a cognitive concept in newborn’s mind (Piaget, 
1954). Other physical reasoning concepts like continuity, solidity, gravity and inertia also mature 
later during infant’s cognitive development (Spelke et al., 1992). Smith and Gasser claim these 
reasoning abilities emerge in the interaction of an agent with an environment (Smith & Gasser, 
2005). Taking inspiration from cognitive development literature, several attempts have been 
made to replicate intuitive physics reasoning in machines (Chang et al., 2017, Piloto et al., 2022, 
Agrawal et al., 2016, Smith et al., 2019). But none of these attempts have incorporated the idea 
from Smith and Gasser that intuitive physics understanding emerges from agent-environment 
interactions of the embodied agents. To implement this in practice, a simulated playground is 
necessary for the machine to interact in. The goal of this project is to build such an environment.


Approach 
• Improve upon the existing MuJoCo environment

• Add a curriculum of tasks with different objects for the iCub robot to interact with in the 

simulation

• Create an OpenAI gym environment from the MuJoCo environment


Scope


• This is meant as a lab rotation project

• Learn to code MuJoCo environments and turn them into an OpenAI gym environment

• Time permitting, the environments can be tested with existing neural network architectures
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https://github.com/robotology/icub-gazebo-grasping-sandbox

Kachergis et al. (2021)

https://scholar.google.com/scholar_lookup?title=The+construction+of+reality+in+the+child&author=J+Piaget&publication_year=1954&
https://scholar.google.com/scholar_lookup?title=The+construction+of+reality+in+the+child&author=J+Piaget&publication_year=1954&
https://psycnet.apa.org/record/1993-05134-001
https://pubmed.ncbi.nlm.nih.gov/15811218/
https://pubmed.ncbi.nlm.nih.gov/15811218/
https://dspace.mit.edu/handle/1721.1/112749
https://www.nature.com/articles/s41562-022-01394-8
https://proceedings.neurips.cc/paper_files/paper/2016/file/c203d8a151612acf12457e4d67635a95-Paper.pdf
https://proceedings.neurips.cc/paper/2019/hash/e88f243bf341ded9b4ced444795c3f17-Abstract.html
https://mujoco.org/
https://icub.iit.it/
https://gymnasium.farama.org/
https://github.com/robotology/icub-gazebo-grasping-sandbox
https://escholarship.org/uc/item/4j58p1r2


Project 3: Neural correlates of reward generalization and exploration
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Research Question 

How do people integrate observations of reward when they also generalize to similar 
options? 

Approach 

• Simultaneous fMRI and eye-tracking study planned for early 2023, using a modified 
version of the Spatially correlated bandit task 

• Use eye-tracking to improve our process-level understanding of previous 
computational models (Wu et al., 2018; Wu et al., 2020) 

• Relate model predictions and parameters to understand the neural mechanism 
underlying reward generalization and exploration  

Scope 

• Learn to design and implement an fMRI experiment based on previous online 
experiment code (Javascript/HTML) 

• Learn to work with the analysis of eye-tracking data 
•Collaboration with MPI Berlin and University of Hamburg

Spatially correlated bandit

http://doi.org/10.1038/s41562-018-0467-4
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008149


Project 4: Experiments in Virtual Reality (VR)
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Research Question 

VR provides naturalistic and immersive setting for human experiments, combined with 
total control over environmental factors (ICON). This allows us to effectively study 
several cognitive processes like navigation (Kuhrt et al., 2022), cognitive load (Albus et 
al., 2021), and memory (Plancher et al., 2018), in social and individual settings. 


We are currently interested in understanding the role of social learning in competitive 
settings like Hide and Seek (Shen et al., 2019, Crawford et al., 2007, Wang et al., 2019).


Approach 
•Develop experiments in Virtual Reality using Unity. You can build off of an existing 
multiplayer hide and seek environment 

•Collect data from players in Virtual Reality setting. 
•Study the cognitive process in question using the collected data. 

Scope 
•Formulate research question to study relevant cognitive process (theory of mind, 
navigation, memory, etc.) 

•Learn to develop environment using Unity or other VR toolboxes. Collect and analyze 
data using Python or R.

Landmarks: A solution for spatial navigation 
and memory experiments in virtual reality


OpenAI: Multi-Agent Hide and Seek

https://immersivecognition.com/projects/virtual-reality-experiments/
https://www.nature.com/articles/s41598-021-84599-7
https://www.sciencedirect.com/science/article/pii/S0360131521000312
https://www.sciencedirect.com/science/article/pii/S0360131521000312
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00047/full
https://arxiv.org/pdf/1910.07882.pdf
https://www.jstor.org/stable/pdf/30034582.pdf
https://liu.engin.umich.edu/wp-content/uploads/sites/56/2018/04/Infocom2014.pdf
https://unity.com/
https://link.springer.com/article/10.3758/s13428-020-01481-6
https://link.springer.com/article/10.3758/s13428-020-01481-6
https://www.youtube.com/watch?v=kopoLzvh5jY


a  Fully revealed environment b  Screenshot of search task c  Bonus round

Project 5: Propose your own project!
• Take the reigns and propose your own research project! To make things 

feasible within the rotation period or for a thesis, here are some suggestions 
of projects with existing data/code that could be built upon: 

• How does cooperation arise in competitive environments? Through 
a series of agent-based and evolutionary simulations, we found that 
unconditional sharing of information can be beneficial, even in the absence of 
traditional reciprocity or reputation-based mechanisms. Many open 
questions, new environments, and learning mechanisms that can be tested 

• Why do people systematically under-generalize? Why are people 
systematically biased towards performing local search? 
These are unexplained questions from a series of previous papers studying 
the search for rewards in spatially structured (Wu et al., 2018) and 
conceptually structured (Wu et al., 2020), and graph-structured environments 
(Wu et al., 2021). All the code and data are publicly available (1, 2, 3) 

• Note: proposing your own project requires a high level of independent 
thinking and ability to craft an interesting and obtainable research question
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Evolutionary simulations

Spatial Conceptual

Graph-structured

https://charleywu.github.io/downloads/bouhlel2018sharing.pdf
https://charleywu.github.io/downloads/tump2019evolutionary.pdf
https://charleywu.github.io/downloads/wu2018exploration.pdf
https://charleywu.github.io/downloads/wu2020similarities.pdf
https://charleywu.github.io/downloads/wu2021inference.pdf
https://github.com/charleywu/gridsearch
https://github.com/charleywu/cognitivemaps
https://github.com/charleywu/graphInference

