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Introduction

The sequence is estimated to take approximately 10 one hour sessions followed by a full day workshop. The sequence starts with students moving an object in ToonTalk and exporting data to Excel to be plotted. Students complete a webreport from a template of various challenges. The next activities involve a competitive ‘guess my graph’ game where students challenge one another to recreate certain shapes of graph. Finally students will build a version of a lunar lander game by using and modifying pre-built tools from a notebook.
The activities will approach well known difficulties in this area: 
· Confusions between the concepts of position, speed and acceleration. Students will be working extensively with position, speed and acceleration sensors/ tools that allow them to both observe and control object motion within ToonTalk. 

· Difficulties interpreting graphs (e.g. thinking that the curve of a position-time graph shows a trajectory of object motion). Students will plot graphs of motion that they control themselves. They will be asked to recreate the shape of various graphs by the setting of relevant variables. 
· Alternate conceptions of the causes of object motion (e.g. thinking a constant speed requires a constant force). Students will use a ‘booster’ tool which instantiates Newton’s second law. They will experiment with force and mass variables and observe their effect on acceleration.
General learning aims
· Investigate the relationship between position, velocity and acceleration

· Gain some understandings of what position-time and velocity-time graphs represent.

· View, compare and contrast motion events in two different representations – the movement of ToonTalk pictures that are controlled by sensors or tools, and position-time/ velocity-time graphs plotted in Excel
· To explore and investigate Newton's second law of motion (F=ma) within the context of the lunar lander game.
· A peripheral aim is to become conversant in using different systems for different tasks (Instrumentalisation) i.e. ToonTalk for the modeling and data recording, Excel to plot a graph of the motion, and WebReports to write a report of the results and share them with others.

Activities
An outline of the activities is shown below. Students will complete webreports (in most cases using a template as the basis) or worksheets during some of the activities.
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Introduction to plotting position-time and velocity-time graphs

Students in our age range (10-14) will not have good understandings of time-based graphs. Start with a discussion about other time graphs such as those in weather reports. Show the ToonTalk tools for controlling the motion of an object with up and up speed sensors, recording data from these sensors, then plotting the data in Excel. Discuss sampling concept and how it works in ToonTalk, without too much detail. Use F8 to control robots and start/ stop sampling. Explain about not scrolling while recording data. Students then complete a webreport on producing various graphs and answering questions.
Assessment criteria

A rocket is flying upwards in space at a constant (unchanging) speed (say 1000 miles per hour – much faster than a car). Draw a graph of the up position of the rocket over time. Draw a graph of the up speed of the rocket over time.
Investigating and plotting acceleration
Discussion including the questions:

· what is speed?

· what is acceleration?

· what changes when something is accelerating?

Demo the acceleration behaviour. Students then complete a webreport possibly including questions:
1. Put the acceleration behaviour on the back of the Lunar Lander. How can you make it accelerate downwards?
2. Set acceleration to 0 and up speed to 30. Explain what happens to the speed. 
3. Set acceleration to -20 and up speed to 100.  Explain the motion of the lander.
4. Explain how to use (modify) the acceleration tool to make the lander accelerate from left/right, instead of up/down? 
Demo making a graph by first setting up speed and acceleration. Students are then challenged to make a similar graph, and three other types of graphs (see questions.htm).

Assessment criteria

A rocket is stationary (not moving). It starts accelerating (in the up direction) at -50. Explain what happens to the motion:
The rocket now stops accelerating. Explain what happens to the motion:

Predicting graphs from motion
The idea here is that students observe the motion behaviour of pre-programmed green cars, then predict and draw the corresponding position-time and velocity-time graphs, before actually plotting them in Excel and comparing with their predictions. Students consider a context of vehicle motion that they should be more familiar with than the lunar lander, they consider motion in a horizontal direction as opposed to the vertical motion of the lander, and some cars have behaviors in which the acceleration changes after reaching a certain value. Worksheet and ToonTalk tools:
cars_activity.html

Assessment criteria

A rocket is at an up position of 500. It is moving (in the up direction) with a speed of 100. It is accelerating (in the up direction) at -20. Draw a graph of up position over time. Draw a graph of the up speed over time.
Make my graph challenge
Students play a competitive game modeled after guess my robot. Game rules summary: Use the up and  up speed sensors and the acceleration behaviour to move your Lander. Select either the up or up speed sensor and export to Excel. Post a graph of your data as a webreport and explain which variable you graphed. Challenge people to produce a graph that has similar shape to your own. Now find a graph that someone else has posted, and try to produce a graph that looks similar, and post it as a response to their challenge.

Game rules: make_my_graph.htm
Game template:

make_my_graph_template.htm 

Assessment criteria

An analysis of the types of graphs that are posed and solved can be made. We can look at whether the graphs become more sophisticated over time, which types of graphs students like to attempt to solve, whether there are different ways of creating the same shaped graphs and so on.
Matching different descriptions

The idea of this activity is for students to match corresponding narrative, position-time or velocity-time graph and ToonTalk sensor descriptions of the same motion event. Students should collaboratively complete this task in groups of 2-4. Guidance report: matching_motion.htm
Optionally, a variation of this task can also be used for cross-site collaboration and assessment. Each group will be given say one of each type of representation (none of which match) and have to create the missing 6 corresponding representations. Then they give the complete matrix to the other collaborating site who do the matching task and send their results back.
Assessment criteria

This activity is designed as assessment itself, and should be video/ audio recorded.

Using the booster tool
Take out the rocket picture and add the booster and acceleration behaviours to the back of it. Explain what the booster behaviour does. Students will complete a webreport template which will include questions like the following:
· How does the mass of the rocket effect the acceleration?

· What effect does increasing the boost amount have?

· Gravity on Earth is approximately -10. Gravity on the moon is -1.6. Does a lander fall more or less rapidly downwards on the moon? Try it and explain.
· If your Lunar Lander is bigger and heavier (has more mass), does it move toward the ground more rapidly than a lighter one (without the booster on)?

· Say that you want your Lunar Lander to move at a constant speed (i.e. not accelerate or decelerate) on the Moon when the booster is firing. The boost amount is 40 and gravity is -1.6. What mass should your Lander be? Try it in ToonTalk and explain.

· Give your Lander some speed in the left/right direction and play around with the booster. Does the boost amount effect the movement in the left/right direction?
· What sort of shapes can you make when your Lander has left/right speed? 

Assessment criteria

With a lander that is not boosting:
1. Does the gravity of a planet (the acceleration) affect how quickly it will move downwards? Explain.

2. Does the mass of the lander affect how quickly it will move downwards? Explain.

With a lander that is boosting upwards:

1. Does the mass of the lander affect how quickly it will move upwards due to the booster? Explain.
2. Does the amount of boost force affect how quickly it will move upwards due to the booster?

Lunar Lander game making
Play Lunar Lander for inspiration e.g. http://www.thepcmanwebsite.com/media/lunar_lander/
Provide a basic version of the game in ToonTalk, or a set of tools that can be modified and extended. Students then construct their own version of a Lunar Lander game, and post it on the webreports system. Students play each others games.
Assessment criteria

Can analyze how the students have used the tools i.e. how many tools they have used, whether they have modified tools, whether they have programmed additional robots etc.
Tools

	Tool
	Description
	Status

	Acceleration
	Accelerates an object up/down
	Exists in prototype notebook on webreports

	Export to Excel
	Tool for copying sensor data to clipboard for pasting into Excel
	Exists in prototype notebook on webreports

	Booster
	Applies an acceleration depending on the boost ‘force’ and the ‘mass’ of the object
	Exists in prototype notebook on webreports, minor improvements needed

	Flames and sounds
	Displays flames and sound effect when the ‘boost’ key is pressed
	Exists in prototype notebook on webreports

	Lunar Lander notebook
	Notebook of (additional) tools for creating versions of the lunar lander game
	To be completed


Students design their own version of lunar lander by modifying a basic version
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