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 1  Description of the scenario

 1.1  Content

A short description: Juggler is a simple game with balls and rackets, built on E-slate. The educational idea of the game is to build a simplified model that embodies specific notions of mathematics and science and to apply mathematical concepts in a virtual realistic phenomenon. The intention is to encourage students feel free to control the environment and play with variables, making meaningful conjectures while playing the game

The user must try to juggle two balls using two rackets manipulated with the mouse, in order to "save" the balls from falling down. The balls move according to functions whose variables can be dynamically changed by students through the manipulation of vector representations. 

Subject domain: Physics, Kinematics. 

Key words: Velocity, acceleration, projectile, trajectory, force.

Argumentation: Each students group will use a Digalo chart where the group members will record their arguments about the questions posed by the teacher.

 1.2  Objectives

Subject related: To construct ideas about the motion in the field of gravity, to understand how velocity and acceleration are combined during the motion, to visualize the curve of parabola and understand its characteristics.
Technology use related:  
· Use the games as attractors to motivate and engage pupils and enhance them to formulate their ideas about mathematical and scientific concepts. 

· Manipulate a real life situation, by using a PC simulation. 
· Use an interactive digital environment for argumentation and creative exchange of opinions and ideas (Digalo).

Social and action related: Collaboration in small groups. Team work. Peer education. Participate in a discussion based on argumentation in order to persuade some body else and in order to understand the other’s point of view.

 1.3  Time

Duration: 1-3 class periods (45 minutes each), depending on the available time and teacher’s specific educational agenda. There is no special program about using the microworld. The students play the game and record their observations and comments about the questions that the teacher has made.
 2  Actions, Materials and Artefacts 

 2.1  Digital artefacts: 

· A microworld created with e-Slate. The students hse the rackets with the mouse and change the bodies’ velocities by manipulating the available vectors. 

· A Digalo chart where the discussion among the team members will be recorded.

 2.2  Student’s workbook and manual:  None
 2.3  Teacher’s instruction book and manual: None.

 3  Space and Students Info

 3.1  Students Info
Sex and Age: between 9 and 12 years. Gender: indifferent.
Prior learning. No specific preexisting knowledge is necessary
Nationality and cultural background: All
Social status and social environment: All
Special needs and abilities: Potentially for all by inclusion in group work.

 3.2  Space Info

Organizational and cultural context: Regular elementary and junior high school.
Physical Characteristics: The educational scenario will take shape in the school’s computer room. The indispensable equipment is a computer for every student’ group, a whiteboard, a computer for the teacher and a video projector so that the all class will have access to what the teacher wants to show. 

The necessary software is E-Slate and Digalo. The discussion in Digalo will take place through Internet and will be organized in a way that will permit every student of the group to work from his/her personal computer at home.
 4  Social Orchestration
 4.1  Grouping
Setting: In each classroom there will be 15 to 25 students with one tutor (unless there is a provision for a teacher assistant or a technician for the computers lab). Students will be divided to groups of 2 and each group will work in front of one computer. The two students will play the game by turns and after some turns they will discuss their ideas about the questions under examination.
Grouping criteria: Mixed gender, ability and interest in science.
 4.2  Interaction 
Characteristics of work: The students, at a first stage, will get their hand in the microworld and learn how to manipulate the rackets and the vectors. 
Afterwards the students will play the game. It has been observed that they use three different strategies in order to juggle the balls:

i) They move the rackets and set the parameters of velocity and force through dynamic manipulation of the vectors.

ii) They try to predict balls' trajectory in order to juggle the balls by moving the rackets. To achieve this, they alternat the functions regarding the trajectory of the balls, in the logo script.

iii) They place the rackets to different places and try to juggle the balls between them.

Also it has been observed that the students trough the process of playing this game constructseveral mathematical meanings:

· The trajectory of the ball is related to the combination of the two vectors (velocity and acceleration). Thus they made several conjectures about how to set the initial vectors in order to define the orientation of the ball's trajectory.

· The trajectory of the balls is related to functions and "looks like the graphic of a hyperbola or parabola".

· Physical phenomena can be described and explained using mathematical models which give us the power to predict the objects reaction. 

Support by the tutor(s): The teacher will tour the groups to maintain focus, facilitate the enquiry in the microworld environment and support the argumentation.
Teacher’s approaches: The teacher will act as Facilitator (he or she will help students to handle the microworld’s environment, will guide them to experiment and will help them organize the discussion in the Digalo environment) and as Animator (he or she will encourage students to overcome the difficulties they will face and will encourage them to tackle all the questions). 

 5  Assessment Procedures 
 5.1  Formative assessment: 

· Interviews with students: Semi-structured interviews with each group’s members to elucidate their ideas. 

· Observation notes: The teacher will take notes about the experimentation of each group and will use the Digalo chart for the assessment of the argumentation procedure 

· Peer assessment: In a class plenary, every students’ group will present their conclusion and will comment and judge other groups’ conclusions.
 5.2  Summative assessment:
· Essays: None. 

· Performance: After they have completed the activities, the students should be able to describe the characteristics of a parabola and to explain how acceleration of gravity changes the velocity when a body is moving in the gravitational field.
 5.3  Evaluation

· Interviews with students and tutors. 

· Audio and video taping. 

· Questionnaires.

First group
Students of the first group tried to juggle the balls by using three different strategies.
i) They moved the rackets and set the parameters of velocity and force through dynamic 
   manipulation of vector representations.
ii) They tried to predict balls' trajectory in order to juggle the balls by moving the rackets. 
    For acheiving this, they alternated the functions regarding the trajectory of the balls, in 
    the logo program.
iii) They placed the rackets in different places and tried to juggle the balls between them 


Students trough the process of playing this game constructed several 
mathematical meanings:
- The trajectory of the ball is related to the combination of the two vectors 
  (velocity and force). Thus they made several different conjectures about 
  how to set the initial vectors in order to define the orientation of the ball's trajectory.
- The trajectory of the balls is related to functions and "looks like the graphic 
   of a hyperbola or parabola".
- Physical phenomena can be described and explained using mathematical 
   models which give us the power to predict the objects reaction. 

Second group
Students of the second group wanted to "create their own game", so they 
used the juggler idea and developed an 'arcanoid' bricks game. 


Their design idea was based on functionalities they created and were not 
easily found in commercial versions of the game. For example, they wanted 
the user to be able to place the bricks wherever he or she liked and to choose 
the number of bricks placed in the court. They also wanted to be able to move 
the racket freely on the court and not have the usual racket movement restricted 
to a horizontal line at the base of the court. The students thus re-constructed 
the Logo code by taking away the rules of Newtonian motion and gravity, inserting 
different rules for ball collision, one for the racket and another for the bricks 
(they disappear on collision) and a constant velocity rule for the ball. 

