Termites Activity Lesson Plan
Overview: Students program rules for termite agents to build stacks of chips. Students first “program” two termites using physical objects to model the situation, and then translate their program into TNG code in a model using several hundred termites.

Class time: Two class periods (about 1.5-2 hours)

Learning Goals:

· Think logically and systematically to design a set of simple rules to accomplish a task 

· Explore how complex behavior can emerge in a system without centralized control

· Discover and understand the usefulness of simulation modeling to test and explore ideas
Materials

· 11 Snap-blocks1 per group (10 blocks are the same color; 2 blocks are a different color)

· 5-6 index cards per group

· 1 Chess board2 per group

· 1 computer w/ TNG software + termites.sltng file per group

· 1 commands handout per group (Termite_Commands.doc)
· 1 student activity sheet per group (Termites student activity instructions.doc)

· 1 computer connected to projector

1You may use any manipulatives that stack. We used blocks like these:
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2Or print out the termites grid pattern pdf, make copies, and tape 4 sheets together to make a larger grid.
Setup

· Arrange students in groups of 3-4 and organize the materials so each group has a set.

· Set up one group’s materials at a table in the center or front of the room to demo the activity.
Day 1
1. Do now: Read the Student activity instructions handout and the Termite Commands handout.
2. Introduce activity – You will program termites to build a tall stack of wood chips. 
· First you will do this off-computer using two orange blocks to represent two termites, and 10 blocks to represent wood chips that are randomly scattered across a chess board. 
· A termite can do simple things like move forward 1 or more steps, turn left or right 90 degrees, pick up and drop a chip, sense when it’s standing in a box with a chip, and sense if it’s holding a chip. All the commands that you can use are listed on the “commands” handout. 
· The way that you will program is to write the command that you want to use on an index card, and assemble the cards in the order you want the termites to execute the commands.
· The commands will be executed in a loop, which means that after an agent follows a command, you move the card to the back of the stack, and then you read the next one, and so forth, repeating the same instructions over and over again. 
· Remember that the blocks are randomly scattered so your program has to work with any configuration of blocks, not just one particular pattern. 
· The two termites can start anywhere on the board. 
· Both termites follow the same set of commands.

· Also, try to use as few commands as possible. We’re only giving you 5 cards, but you don’t have to use all of the cards. If you really need more or if you mess up, you may ask for 1 or 2 more. 
· Start by just trying to get the termites to make a stack of 2 blocks.
3. Demo the execution model. Ask students to call out 3-4 different commands from the Commands handout, including one If statement. Write one command per index card. Order the index cards in a stack. Ask several students to execute the commands while you read them out loud. Everyone else should watch. Emphasize how you’re moving each index cards to the back of the deck as it is executed so the cards remain in the same order. Do at least 2 loops and make sure students understand the execution model. 
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4. Direct students to form groups of 3-4 and pass out remaining materials.
5. When facilitating the activity, use questions and hints to help students develop the solution on their own. There are many correct answers. 
· Students may want to create a stack by having a termite pick up every chip and just carry the stack around. Remind students that each termite can only carry one chip at a time.

· Students may also want to program the termite to pick up a chip and carry it to a certain spot to make a stack. Ask students that the termite can only execute the simple commands listed on the sheet. It can’t “memorize” a location and program itself to return to that spot.

· Students may ask what to do when the termite hits the edge of the board and can’t finish executing a certain command. The answer is on their activity sheet – go to the next command.

· Remind students to read the hints on their activity handout.

· There are many correct answers but these are the two essential elements:

i. There must be a command for dropping a chip onto another chip: “If standing on a chip? AND carrying a chip? Then drop chip

ii. There must be at least a forward or back command in between picking up a drop and dropping a chip onto another chip. This is important in order to move the termite away from the starting stack so that it doesn’t just pick up a chip from a stack and drop it in the same stack again.
6. Midway through the activity time, you may want to get the students’ attention for some discussion. Ask students to share challenges/problems, write these on the board, and go back to each one to ask students to share if they’ve found solutions.

Day 2

1. Transition to computer lab to test out program on TNG model that contains hundreds of termites. 
2. On projector, show students how to:

· Start up TNG program

· Open termites file

· Save project as -> termites your initials ( onto desktop

· Maximize spaceland window – click on setup and forever. Point out that the termites aren’t moving because they haven’t been programmed to do so yet.
· Locate the forever block on the canvas

· Get to the Termites blocks subset and use the commands handout to match the commands they wrote on the index cards w/ the StarLogo blocks.

· Create a stack of blocks that represent the same order of commands as their index cards

These instructions are also on the student activity sheet, with screenshots.

3. Students should translate the commands on their index cards to StarLogo blocks, run the simulation, make observations, and try the challenges.
4. Optional teacher-led demo: Investigate the role of randomness in this simulation. Pose the question: Do you need the dice or the coin to still program the termites to make stacks?
· In the setup block: disconnect the scatter all block

· In the setup block: set all termites to face the same direction

· In the forever block: remove all “roll dice” and “if heads” blocks

· Click setup and forever. Observe the impact of no randomness. 

· Put in a roll dice block and run the simulation again. Observe if this is enough.

· Put in a if heads block and run the simulation. Observe if this is enough.

· Wrap up with a discussion about why randomness is important to make the termites stack. Why did the original program work without “roll dice” or “if heads” block? (Answer:  the “scatter all” block in setup and termites facing in different directions when they’re created)

5. Optional: Instruct students to upload their file onto a forum or Moodle assignment and write a short paragraph describing how their program works and whether the termites were stacking.

6. Optional extension: You may want to take a look at students’ projects and choose a few of them to discuss the following day to compare and analyze algorithms.

After executing the command, move the index card to the back of the deck. 
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