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Introduction

Knowledge domain 

1D Collisions are part of the curriculum for 15-16 year olds in the Cyprus Educational System.  The curriculum activities in this domain are based on a strict mathematical approach and are constrained by specific algebraic skills. The different classes of collisions (perfectly elastic, perfectly inelastic) constitute simple applications of the conservation of momentum law and law of conservation of energy, which are basic concepts of physics. Conservation laws have the broadest possible application of all laws in physics and are thus considered by many scientists to be the most fundamental laws in nature. However, they are currently presented in the educational system in a very didactic manner with the result that students identify them as meaningless algorithms to be implemented in working out a solution as to the outcome of a collision.

Based on constructionist theory (Papert, 1980), our basic aim is to provide students the opportunity to actively build their own knowledge structures while they are involved in a domain that is personally meaningful to them.  Furthermore, we believe that the development of modeling skills provides a setting in which meaning can be usefully constructed by learners (Constantinou, 1999).  Modeling is also a central problem solving activity that pervades much of the English mathematics and science curriculum, and is also addressed in a specially designed strand of the curriculum. Evidence has indicated that this is a fruitful pursuit (e.g. Hoyles, Morgan & Woodhouse, 1998).

ToonTalk is a dynamic modeling environment that can facilitate implementation of a modeling approach to teaching and learning about collisions.  Through collaboration, students will actively engage in a combined inquiry and modeling approach and they will have the opportunity to create, test, refine and validate models in Toontalk about the different observed classes of collisions without applying any mathematical formulae.

Related documents

Deliverable 2.1.1 Description of Knowledge Domain (b):Kinematics and Dynamics

Deliverable 2.1.2 TM Spec: Modeling 1D Collisions

Deliverable 4.1.1 TM prototypes

Related activities (if relevant)

“Ball bouncing on a wall”

Setting

We will work with 30 seventh and eight graders (13-14 years old) who will join a computer club at the University of Cyprus.  We will meet these students twice a week for an hour at the computer lab of the Department of Educational Sciences at the University of Cyprus. Students will work collaboratively in groups of two at all stages of our intervention.

We will also work with 5-10 students in London, aged 10-12 years. This group is likely to start work after the Cypriot group. We will meet this group for an hour once a week at the south Camden CLC, and for one or two concentrated days at the Institute of Education. Students will perform observations as a single group, and modeling individually or in pairs.

Aims of activity sequence

· To develop modeling skills, situated in the context of empirical observations and physical intuitions.
· To appreciate the important role of conservation rules in relation to specific physical quantities in science.

· To encourage description, critique and refinement of models and modeling practices.

Role of collaboration

Group work

Through group work we are pursuing:

· Exchange of predictions, observations and explanations while studying each case of collision.

· Qualitative changes in models through model exchange, refinement and cross-feedback, peer review of models.

· Motivation for developing models.

· Model validation by comparison with local phenomenon.

· Sharing of representations of classification.

· Motivation for written and structured explanations of reasoning so that it becomes transparent to kids elsewhere.

· To set challenges for other kids.

· To reflect about the evolution of models, and the method of model validation.

Web reports

Students will be asked to prepare web reports as reflective activities at the end of the study of each collision. Descriptions of the observed collision, the proposed model creation procedure, the model itself and the results of the model test will be included in the web reports so that students across sites will be able to:  
· Look at product, interpret the process and rebuild the process in their own way.

· Comment on model and provide feedback.

· Refine model to reflect more aspects of the phenomenon.

Assessment criteria

· Sequence of student constructed models that demonstrate gradual improvement/refinement.

· Ability to apply conservation of momentum in unfamiliar collision situations.

· Ability to explain the role of models as epistemological tools useful in developing understanding in science.

· Appreciation of conservation rules as powerful tools for analyzing phenomena.

· Ability to seek quantities that are conserved as useful tools in analyzing new classes of phenomena.

Means of evaluation

We are going to use various means of evaluation at different points of the activity sequence.

· Pretests-Post-tests on modeling and on appreciation of the conservation of quantities (at the beginning and at the end of the activity sequence).

· Reflective researcher diary at the end of each collision session. 

· Task-based interviews at the beginning and at the end of the activity sequence to assess students’ ideas on the nature of science.

· Analysis of blabs (on line journals), personal and group web reports.

Overview of activity sequence
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Description of activities

Observe and describe Collision A

Objectives

· Observe Collision A and describe the phenomenon.
· Determine important factors: the process of constructing a model of the phenomenon (possibly a “transfer” model).

Description

Students observe the event of a perfectly elastic collision of two balls of equal mass, one moving with constant horizontal velocity and one stationary, on a horizontal table. Afterwards, they describe how the phenomenon appears visually and determine the factors that should be considered and design the model, possibly a “transfer” model (ball 1 transfers its velocity to ball 2) to explain the situation.   

Collaboration points in activity

Students will publish their design on a personal web report, then review other's models and compare to their own.

Create a model in ToonTalk

Objectives

Create a model of Collision A in ToonTalk (possibly a “transfer” model). 

Description

At first, students will decide on the things that they need to include in the model (ball 1, ball 2, how to give constant velocity to ball 1, way to detect the collision). Then students will begin the modeling activity, implementing the model they chose in the previous activity using Toontalk primitives. 

Observe and describe Collision B

Objectives

Observe Collision B and describe the phenomenon.
Description

Students observe the event of a perfectly elastic collision of two balls of equal mass, moving in opposite direction with equal velocities, on a horizontal table. Describe how the phenomenon appears visually and detect the behavior of the balls. 

Test the Collision A model in Collision B 

Objectives

Test the first model they created in Collision A.

Description

At this point students will test the model created in the previous activity. If they chose a “transfer”, they will reach at inconsistency, because in Collision B ball 1 doesn’t transfer its velocity to ball 2. In this way they check the model’s validity.

Create a model in ToonTalk

Objectives

· Suggest the steps of constructing a model of the phenomenon (possibly a “reflect” model).
· Create a model of Collision B in Toontalk.

Description

Due to “transfer” model’s inconsistency, students have to construct a new model for Collision B. This model will possibly be a “reflect” model, in which the two balls just change direction after collision. Then students will decide on the things that they need to include in the model (same as Collision A, adding the velocity of ball 2 prior to the collision). The next step is to begin the modeling activity, based on their analysis of collision B, using ToonTalk primitives. 

Collaboration points in activity

· Students will post their new model with a brief description on a web report.

· Students will discuss their modeling activity using ToonTalk, compare and refine their models.

Observe and describe Collision C

Objectives

Observe Collision C and describe the phenomenon.
Description

Students observe the event of a perfectly elastic collision of two balls of equal mass, moving in opposite direction with unequal velocities, on a horizontal table. Describe how the phenomenon appears visually and detect the behavior of the balls. 

Test the collision B model in collision C

Objectives

Test the model created in Collision B.  

Description

At this point students will test the “reflect” model created in the previous activity and reach at inconsistency, because in Collision C even though the two balls change direction after the collision, they have unequal velocities.   

Create a model in ToonTalk

Objectives

· The process of constructing a model of the phenomenon (possibly a “swap” model).
· Create a model of Collision C in ToonTalk.

Description

If the previous model is inconsistent with the new observation, students have to construct a new model. This model will possibly be a “swap” model, in which the two balls just swap velocity. Then students will decide on the things that they need to include in the model (same as Collision B, adjusting the velocities of the balls). The next step is to begin the modeling activity, involving just “swapping” the velocity of the two balls when collision is detected, using ToonTalk primitives. 

Collaboration points in activity

· Students will share their thoughts in group discussion and try to determine the factors that they should include in a new model in order to explain Collision C. 

· Students will post their new model with a brief description on a web report.

· Students will discuss their modeling activity using ToonTalk, compare and refine their models.

Observe and describe Collision D

Objectives

Observe Collision D and describe the phenomenon.
Description

Students observe the event of a perfectly elastic collision of two balls of equal mass, moving in the same direction with unequal velocities, on a horizontal table. Describe how the phenomenon appears visually and detect the behavior of the balls. 

Test the collision C model in collision D

Objectives

Test the model created in Collision C.

Description

At this point students will test the model created in the previous activity. If they chose the “swap” model, it will accurately produce the desired behavior also in this case.   

Test the collision C model in collisions A and B

Objectives

Test the current model in collisions A and B. 

Description

At this point students will test the current model in Collisions A and B. If they chose the “swap” model, it will describe accurately the behavior of the balls in these cases too.    

Create representations of classification

Objectives

Create representations of classification in order to decide which of the three models describes the greatest number of situations of collision.  

Description

By exploring the models with a range of different inputs, students will create representations of classifications of the three models according to whether or not they describe correctly the four collisions. They will be able to report that although the collision events in the different classes appear different visually, the same underlying model (balls swapping velocity) in fact determines their behavior.     

Collaboration points in activity

· Students will post their model of choice with a brief explanation of the reasons that led them to this decision on a web report.

· Students will comment on peers’ decisions and rationale.

· Students will share their classification representations across sites.

Define the velocity conservation law

Objectives

Calculate the sum of the velocities of the balls prior to and after collision in all cases and define the velocity conservation law. 

Description

Students will calculate the sum of the velocities of the balls prior to collision A and compare it to the sum of the velocities after the collision. They will do the same for all the collisions and decide that the sum of the velocities remains the same. In this way they will discover the velocity conservation law.

Describe the sequence followed – discuss the nature of models and their role in science

Objectives

· Students reflect on the sequence of activities they followed (metacognitive task).

· Students discuss about the nature of models and appreciate their role in science.

Description

Students will describe (e.g. in writing, journals) the sequence of the various situations of collision as a means of reflective activity.  Through discussions between groups and across sites we expect that students will be able to provide information about the nature of models and their contribution to science.

Collaboration points in activity

Through discussion across sites students will talk about the nature of models (e.g. their characteristics, structure, etc) and appreciate their role in understanding the different situations of collisions, and extend their conclusions to science in general. Students in different sites may not agree on the ‘final’ model (students are often not consistent), so they can discuss their different approaches.

Observe and describe Collision E

Objectives

Observe Collision E and describe the phenomenon.
Description

Students observe the event of a perfectly elastic collision of two balls of unequal mass, one moving with constant horizontal velocity and one stationary, on a horizontal table. Describe how the phenomenon appears visually and compare it to Collision A.   

Test the current model in Collision E

Objectives

Test their model of choice in Collision E and see if their model produces the predicted results.  

Description

The modeling of collision E requires elaborate algebra, and knowledge of the two conservation laws. Any model the students have constructed previously will fail.

Test the velocity conservation law in Collision E

Objectives

Test the velocity conservation law in Collision E and see if their model produces the predicted results.  

Description

Students will test the velocity conservation law and reach an inconsistency because in Collision E the two balls have unequal mass.    

Collaboration points in activity

· Students discuss about the inconsistency they reached when they applied the velocity swapping model in the present situation of collision.

· Students will share their results about the sum of the velocities of the balls prior to and after collision in group discussion and determine that mass is an important factor that affects the behavior of the two balls.

Define the momentum conservation law

Objectives

Calculate the sum of the momentum of the balls prior to and after collision, compare and define the momentum conservation law. 

Description

Students will calculate the product of mass and velocity of each ball in Collision E. Then they will calculate the sum of the products prior to and after collision, compare and define the conservation of momentum law.     

Test the conservation of momentum model
Objectives

Test the model of the conservation of momentum law in all cases of collisions – it’s the “correct” model!  

Description

Due to the conservation of velocity inconsistency, students need a new model for Collision E. This model will be the conservation of momentum, which describes accurately the behavior of the balls. A conservation of momentum model is probably too complex for students to construct. We will provide a ready-made tool, which they will use in experimentation to reveal invariants of the rule. Students will test the model of the conservation of momentum in the previous four collisions. Then students will suggest other cases of perfectly elastic collisions of two balls of unequal mass and test the model. They will determine that this is a general rule that describes accurately the behavior of the balls in all cases.
Another possible approach is to use the model in an exploratory way to determine some of its properties. For example, by changing the masses and velocities, students may discover that v1 – v2 = v2’ – v1’ or make similar conjectures about the post-collision velocities of the balls. Also, if the mass of ball1 is made very small compared to that of ball2, and ball1 is set to move into a stationary ball2, then the behavior of the model approaches what happens when a ball bounces off a ‘fixed’ object like the ground or a wall. Ball1 will bounce off ball2 with almost opposite velocity, and ball2 will barely move. This is because ball2’s mass is approaching infinity relative to ball1 (in the limit), which is one way of thinking about a ball-wall collision.

Collaboration points in activity

· Students will post their findings on testing the model of the conservation of momentum law in the previous four collisions on a web report.

· They will share the new cases of collisions they proposed and compare the results of testing the conservation of momentum law.  

· Students will share their final results in group discussion and decide that the model of the conservation of momentum is the model that produces the correct behavior in all cases of perfectly elastic collisions.

Reflect on and discuss the importance of conservation laws

Objectives

Students will appreciate the importance of conservation laws through a reflective group discussion.

Description

Students will reflect on the different classes of collisions and conclude that they constitute simple applications of the conservation of momentum law, which is a basic concept of physics. They will also appreciate that the conservation laws have the broadest possible application of all laws in physics and are thus considered by many scientists to be the most fundamental laws in nature.

Tools

	Tool 
	Description
	Used in
	Defined in

	Velocity transfer
	Transfer the velocity of ball 1 to ball 2, while turning the velocity of ball 1 to zero
	Collision A 

(to be tested in Collision B)
	

	Velocity reflection


	Change the sign of each ball’s velocity after collision
	Collision B

(to be tested in Collision C)
	

	Velocity swapping


	Swap the velocity of each ball after collision
	Collision C

(to be tested in Collision D, A and B)
	TM Spec 2.1.2: Modeling 1D Collisions

	Conservation of momentum
	Define the velocity of each ball after collision based on the equation of conservation of momentum
	Collision E (to be tested in all classes of collision)
	


References
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Modeling pretest


Appreciation of the conservation of quantities pretest





Collision A





�





Observe and describe  Collision A





Create a model in Toontalk (possibly a “transfer” model)





Web report:


A theory based on collision A..





Test the “transfer” model    - Doesn’t work!





Collision B


�





Observe and describe  Collision B





Create a new model in Toontalk (possibly a “reflect” model)





Web report:


Issue with first model, advantage of second.





Web report:


Issue with second model, advantage of third.








Collision C





Create a new model in Toontalk (possibly a “swap” model)





Observe and describe  Collision C





�


�





Test the “reflect” model    - Doesn’t work!





Collision D





Observe and describe  Collision D





�


�





Test the “swap” model    - It works!





Test the “swap” model in Collisions A and  B





Create representations of classification – decide which model describes the greatest number of situations of collision





Web report:


Classification of collisions.





Calculate the sum of velocities of the balls prior to and after collision - Define the velocity conservation law





Describe (eg in writing, journals) the sequence followed.  Discuss the nature of models and their role in science





Web report:


Account of activity so far.





Collision E





�


�





Observe and describe  Collision E





Test the “swap” model    -  It doesn’t work!





Test the velocity conservation law  -  It doesn’t work!





Web report:


Issue with forth model.





Calculate the product of mass and velocity of each ball – Calculate the sum of the products prior and after collision - Define the “conservation of momentum” law





Experiment with the  “conservation of momentum and energy” tool.





Concluding web report:


What have we learnt?





Test the conservation of momentum law in all collision situations





Reflect on and discuss the importance of conservation laws





Modeling post-test


Appreciation of the conservation of quantities post-test
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