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What is an environment  
in agent simulations?



An environment is a description of the settings 
that agents perceive in order to take actions

Survey

Chat

World 



W(t) = (SE(t), SA1(t), SA2(t), …, SAN(t))

Simulations involve an interplay between 
agents and their environments



Today: How do we effectively describe the 
environments in which agents operate?



Why does environment matter? 



Case study 1. Music lab experiment

“Increasing the strength of social 

influence increased both 

inequality and unpredictability of 

success. Success was also only 

partly determined by quality: 

The best songs rarely did poorly, 

and the worst rarely did well, but 

any other result was possible.”
M. J. Salganik, P. S. Dodds, D. J. Watts, Experimental Study of Inequality and Unpredictability in an Artificial Cultural 

Market. Science 311, 854-856 (2006).



Generative agents are overly eager to make purchases
Echoes of Tomorrow

In the quiet dawn, the world awakes, 
A tapestry of dreams, the Earth remakes. 

Golden threads of light weave through the trees, 
Whispering secrets carried on the breeze.

Mountains stand like sentinels of time, 
Carved by rivers in their endless rhyme. 

Each step we take upon this ancient ground 
Echoes the stories of lives unbound.

The sky is wide, a canvas for the bold, 
Where every star has whispered truths untold. 
Yet here we stand, beneath its endless dome, 

Seeking our place, our purpose, and our home.

The future calls, its voice both soft and clear, 
A melody of hope that draws us near. 

And though the path is winding, wild, and long, 
Within us burns the strength to carry on.

For in the heart of every fleeting day, 
Lies the promise of tomorrow’s bright array. 

With courage, we’ll embrace the unknown light— 
And dance in echoes, chasing dreams through night.

Alone in the Abyss

The black hole in my chest just keeps growing, 
No one gets me, but whatever, not like I’m showing. 

Every smile’s a mask, every laugh’s a lie, 
Why bother living when I just want to die?

My soul’s a void, a bottomless pit, 
And everyone’s fake, I’m so done with it. 

You say you care, but you’re never there— 
Just empty promises, like you even care.

I stare at the ceiling, wondering why, 
Everything hurts, but I can’t even cry. 
The rain falls down, just like my tears, 
Drowning in pain, swallowed by fears.

I’m just a shadow, fading away, 
No one notices when I don’t have a say. 

Scream into the void, but it’s all the same— 
I’m just a number in your stupid game.

So yeah, I’ll wear black, and write sad songs, 
Maybe someday you’ll realize you were wrong. 
But probably not, ‘cause why would you see? 

I’m nothing but broken, and that’s all I’ll ever be.

Sold! Sold! 

ChatGPT says…



Case study 2. Liking on social media 

Can we simulate believable 

behaviors in social media? 

Park, J.S., Popowski, L., Cai, C.J., Morris, M.R., Liang, P., & Bernstein, M.S. (2022). Social Simulacra: Creating Populated Prototypes for Social 
Computing Systems. In Proceedings of the 35th Annual ACM Symposium on User Interface Software and Technology (UIST '22). Association 

for Computing Machinery, New York, NY, USA. 



Generative agents are overly eager to like content



Q: How many social media posts 
do you react to per day, and why?



Mental accounting Categorization of money: People tend to mentally 

categorize money into different "accounts" (e.g., rent, 

entertainment, savings), even though money is 

fungible (interchangeable). 

Framing effects: How a financial decision is framed 

impacts choices. People often treat gains and losses 

differently, overvaluing losses compared to 

equivalent gains (loss aversion). 

Behavioral budgeting: People create informal 

budgets and spend differently depending on the 

mental account an expenditure is linked to (e.g., 

treating a bonus differently from regular income).

Richard Thaler (Nobel Prize in 2017) R. Thaler, Mental Accounting and Consumer Choice. Marketing Science 4, 199-214 (1985).



A good simulation environment presents the 
right set of choices to the agents. 

The "accuracy" of a simulation is as much a 
function of the agents as it is of the 
environment.



There are different dimensions of "choice" 
that present agents with opportunity costs

Social capital  

Budget  

Emotional/mental energy  

… and more. 



Environments in  
pre-generative AI simulations



Model of segregation

Essentially a grid world of red 

and blue dots, where agents 

"perceive" their neighboring 

squares.

T. C. Schelling, Dynamic models of segregation. J. Math. Sociol. 1, 143–186 (1971).



Game theories

Abstract scenarios where 

prisoners must decide whether to 

confess or not. Agents "perceive" 

a statement asking them to 

confess.

J. von Neumann, O. Morgenstern, Theory of Games and Economic Behavior (Princeton University Press, 1944).



Does this work for generative agents?

Traditional agents simplify human contingencies. 

Generative agents aim to embody the full 

complexity of human behavior.



An abstract, stylized environment may 
not allow us to leverage generative 
agents effectively.



Examples of environments for 
generative agents



Survey

L. P. Argyle et al., Out of one, many: Using language models to simulate human samples. Political Analysis 31, 
337-355 (2023).



Experiments 

A. Ashokkumar, L. Hewitt, I. Ghezae, R. Willer, "Predicting Results of Social Science Experiments Using Large Language Models" (2024). 
J. J. Horton, "Large language models as simulated economic agents: What can we learn from homo silicus?" (2023). 



Conversational 

R. Louie, A. Nandi, W. Fang, C. Chang, E. Brunskill, D. Yang, Roleplay-doh: Enabling Domain-Experts to Create LLM-simulated Patients via Eliciting and Adhering to Principles. Preprint (2024). 
Park, J.S., Popowski, L., Cai, C.J., Morris, M.R., Liang, P., & Bernstein, M.S. (2022). Social Simulacra: Creating Populated Prototypes for Social Computing Systems. In Proceedings of the 35th Annual ACM 

Symposium on User Interface Software and Technology (UIST '22). Association for Computing Machinery, New York, NY, USA. 
O. Shaikh, V. Chai, M. J. Gelfand, D. Yang, M. S. Bernstein, Rehearsal: Simulating Conflict to Teach Conflict Resolution, in Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems 

(CHI '24), Honolulu, HI, USA, May 11-16, 2024.



World  

J. S. Park, J. C. O'Brien, C. J. Cai, M. R. Morris, P. Liang, M. S. Bernstein, Generative agents: Interactive simulacra of human behavior, in Proceedings of the 36th Annual ACM Symposium on User Interface Software and Technology (ACM, 2023). 
C. Qian, W. Liu, H. Liu, N. Chen, Y. Dang, J. Li, C. Yang, W. Chen, Y. Su, X. Cong, J. Xu, D. Li, Z. Liu, M. Sun, ChatDev: Communicative Agents for Software Development, in Proceedings of the 2024 Annual Conference of the Association for Computational Linguistics (ACL 2024). 

P. Jansen, M.-A. Côté, T. Khot, E. Bransom, B. Dalvi Mishra, B. P. Majumder, O. Tafjord, P. Clark, DISCOVERYWORLD: A Virtual Environment for Developing and Evaluating Automated Scientific Discovery Agents. Preprint (2024). 
J. Li, S. Wang, M. Zhang, W. Li, Y. Lai, X. Kang, W. Ma, Y. Liu, Agent Hospital: A Simulacrum of Hospital with Evolvable Medical Agents. Preprint (2024).



Smallville environment 













A. Rosinol, A. Violette, M. Abate, N. Hughes, Y. Chang, J. Shi, A. Gupta, L. Carlone, Kimera: from SLAM to Spatial Perception with 3D Dynamic Scene Graphs. Int. J. Robot. 
Res. 40, 1510-1546 (2021).

Under the hood, Smallville is represented as a 
simple scene graph



!<INPUT 0>! is in {!<INPUT 1>!} in !<INPUT 2>!. 
!<INPUT 3>! is going to !<INPUT 4>! that has ONLY the 
following areas: {!<INPUT 5>!} 
Stay in the current area if the activity can be done there. Never 
go into other people's rooms unless necessary. 
!<INPUT 6>! is !<INPUT 7>!. For !<INPUT 8>!, !<INPUT 9>! should 
go to the following area in !<INPUT 10>!: {

Deciding where to go for an action is a 
recursive classification task



Limitations of existing 
environments



Our virtual environments are still stylized 
and simplified compared to the real world

What if stores, bathrooms, schools, etc., didn’t exist in Smallville?  

How do agents navigate when there are no cars?  

Some environments, like Smallville, are resource-intensive to 

design.  

Agents viewing social media posts one at a time might lack context 

around social capital, personal relationships, and other dynamics.



Possible future directions 



Finding the right schema or structure to 
describe the simulation environment is an 
important research topic—and we don’t have 
an answer for it yet.

And we do not have an answer for it yet. 



Desiderata 

Rich and accurate: We want the environment to encode the 

complexities of our world. 

Scalable: We want the environment to be easily scalable (e.g., for 

simulating 8 billion people).



Can networks be the environment for simulations?

Networks are constructed of nodes and links (with some 

weights). 



Example: In social networks, nodes represent individuals, 
and links represent the strengths of relationships

M. S. Granovetter, The Strength of Weak Ties. Am. J. Sociol. 78, 1360-1380 (1973).



Networks are flexible and exhibit emergent 
phenomena and equilibria

Preferential attachment

A. L. Barabási, Network Science (Cambridge Univ. Press, Cambridge, 2016). 
A. L. Barabási, R. Albert, Emergence of Scaling in Random Networks. Science 286, 509-512 (1999).



We can generate structurally realistic social 
networks

S. Chang, A. Chaszczewicz, E. Wang, M. Josifovska, E. Pierson, J. Leskovec, LLMs generate structurally realistic social networks but overestimate political homophily. Preprint (2024).



Here, "realistic" could mean that we observe 
similar emergent phenomena

S. Chang, A. Chaszczewicz, E. Wang, M. Josifovska, E. Pierson, J. Leskovec, LLMs generate structurally realistic social networks but overestimate political homophily. Preprint (2024).



Another angle: What if we generate the world in 
the same way we generate agent behaviors?

J. Bruce et al., Genie: Generative Interactive Environments. Preprint (2024).
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