AgentSheets: An Interactive Simulation Environment with End-User Programmable Agents

Agent-based programming as a way to get the public interested in processing information, not just accessing it.

AgentSheets: A Simulation Authoring Tool

“Agents” are entities that can sense (e.g. other agents, keystrokes) and act (e.g. move, send messages).  They live on a “sheet”, a gridded world.  They are programmed with the Visual Agent Talk (VAT) and Tactile Programming.  Can be used for all sorts of simulations, in all domains.

Styles of Learning

Interactive Storytelling – A simulation as an interactive story of the Montgomery Bus boycott

Distance Learning – Simple web publishing of AgentSheets simulations allows for the generation of informative, interactive web sites about complicated phenomena.  In this case, the action of Prozac is demonstrated for patients.

Learning by Visualization and Modeling  - NASA uses AgentSheets to presimulate E. Coli in microgravity

Learning through design – Video games may not necessarily be educational, but designing them can be.

Learning by taking apart  - Bridge simulation (to be demoed)

Learning by simulation – EcoWorlds: Students build agents that are animals that must eat and/or be eaten by other animals.  The animals also have adaptations to deal with particular environmental conditions.  Students exchange their created animals over the Behavior Exchange web site to create joint simulations.

AgentSheets in the Classroom

Agent sheets prove to be useful for Social Studies, a domain that computers have not been terribly helpful in in the past.  Not only are social studies concepts simulateable by AgentSheets, but the automatic web publishing allows for the communication of ideas

The Grape Boycott

Students create a web page about the UFW Grape Boycott and are able to create a simulation to demonstrate it.

Educational Outcomes

AgentSheets are powerful learning tools, and provide motivation.

Claire, one of the students who created the Grape Boycott project:


“I don’t get into technology, I don’t get into history, but I like the combination of the two!”

Simulations as learning tools

Building a simulation requires deeper understanding of a concept.  (If you learn by teaching, imagine how well you learn when your student is as dumb as a computer!)  Students must learn which principles they can discard for the purposes of simulation.  Proper representations of agents can make the simulation more understandable, and therefore more useful, so design is important.  Building, running and observing a simulation leads to new questions – the scientific method at work.

Simulations as collaboration-enabling tools

Co-developing a simulation is extensively collaborative.  Students can also distribute the workload amongst doing the basic research, writing the simulation, and developing the web page.  Students can also collaborate with students at other schools via the behavior exchange.

StarLogo: Beyond the Centralized Mindset

Introduction

Sciences of complexity

· Chaotic systems – Small changes in initial conditions can lead to large changes in final conditions, typically with information loss (Weather: “A butterfly flapping its wings -> tornado…”, Stock market) 

· Self-organizing systems – Bottom up organization (Flocking, ant colonies)

· Adaptive systems – Interactions change the rules of interaction (Genetics/evolution)

· Nonlinear dynamics – Systems described by mathematical equations that are not solvable to a general function of time (Three body problem, Lorenz equation)

· Artificial life – Simulations that simulate biological or ecological processes (Predator-prey simulations)

Also: 

· Emergent systems – Few rules, many interacting agents leads to generation of novelty (Chess)

· Positive feedback systems – Systems in which divergence from equilibrium leads to further divergence from equilibrium, as opposed to negative feedback systems in which divergences correct themselves (Classical economics vs. “Them that has, gets.”)

Studying these sciences highlights the importance of decentralized models of the world.  For a variety of psycho-social reasons, decentralized systems are not easily accepted or understood.  (Despite not deferring to the Ultimate Mover, scientists still look for linear cause-effect relationships.)

Research

· Probe students’ conceptions of complex phenomena

· Develop new conceptual tools

· Develop new computational tools

Tools

StarLogo is an approachable modeling environment for decentralized systems.  Cellular automata systems are too abstract for students, so author chooses a tool that uses creatures and colonies.  

StarLogo takes Logo, and adds:

· Many more turtles (1000s)

· Turtles have senses that can be used to control behaviors

· The world contains information, is not just a pallet

In the 60s, Logo introduced the world to procedural abstraction recursion.  In the 90’s StarLogo introduces massive parallelism.

Student projects

A dozen students, wide variety of backgrounds/experience, 8-10 sessions lasting 60-90 minutes.

Traffic Jams

1. If there is a car ahead of you slow down

2. Otherwise, speed up until you hit speed limit

(Initial simulation included radar trap and radar detectors.)

Traffic jams start w/o obvious cause, such as speed trap or stoplight.  The “cause” is the random initial distribution of cars – inhomogeneities in initial distribution build themselves up over time.

Termite mounds

1. If you are not carrying anything, and you find a woodchip, pick it up, then move away a bit.

2. If you are carrying a woodchip and you come across another, set yours down in the nearest empty spot.

Number of mounds decreases monotonically over time, despite the fact that termites can take away or add to a mound .  Reason: when a mound disappears, its gone forever.  (They missed another very important fact about the geometry of the mounds.  What?)

Ant Cemeteries

Ramesh and Mitchel cannot imagine how a pile can start without a leader to choose the spot.

The Centralized Mindset

Students had trouble “believing” in fully decentralized interactions.  They looked for a leader, or at least a seed.  Likewise, scientists have shown the same prejudice historically, e.g. slime mold clustering.  

The fact is, though, that we are surrounded by social and technological systems that are top-down organized.  (Resnick calls these structures “hierarchies,” Wilber calls them “pathological holarchies.”)

What about internally?  Minsky says that the human mind is composed of thousands of interacting entities, that there is no “I”.

Decentralized Thinking

While students showed strong evidence of the centralized mindset initially, after working with StarLogo, they began to develop new way s to think about decentralization.

· Positive feedback – Students were not familiar with the term. But new the concept

· Randomness can help create order – random fluctuations create seeds, which self-organizing systems build up with positive feedback

· A Flock isn’t a Big Bird – even scientists don’t necessarily understand holarchies.  (“A car can’t crash into a traffic jam.”)

· A Traffic jam isn’t just a Collection of Cars – Students had difficulty with emergent objects at first, but learned to recognize them

· The Hills are Alive – People think of the environment as something to be acted on, not interacted with.  Hence, StarLogo gives equal devotion to “patches” as it does to “turtles.”

