Visiting Greece by plane

1. Scenario identity 

a. Writers: 
Didirem team (M.Artigue; C. Cazes; JB. Lagrange; B Le-feuvre, X Merrier T.K. Minh; F. Vandebrouck) 
b. Subject area: 
It is a multidisciplinary scenario: geography, physic and mathematic. 
c. Topics:
The principal notions are:

· Location, longitude, latitude and altitude in geography;

· Spherical Coordinates System

· Vectors, angles and trigonometry
· Initiation to programming.
2. Activity rationale 

a. Teaching and learning problem addressed 
The general problems addressed both aim to connect several branch of knowledge and to connect school knowledge to out-of-school activities. 
b. Innovation
The innovation consists in  creating a team of teachers in three disciplines geography, physics, and mathematics and in putting into operation relevant concepts of three disciplines in an original context and a priori not academic to fight against the partitioning of disciplines among students.

c. Added value
To use ICT to connect school and real word by reinvesting and adapting school knowledge to an out-of –school exciting project such as flying above Greece.
3 Context of implementation 

a. Educational Goals
· To use Cruislet characteristics for connecting school mathematics and out-of-school activities, and making students sensitive to the mathematics involved in a social technology: navigating on the earth.
· To use Cruislet potential for having students work on 3D representations, angles, vectors, linking this work to displacements in 3D space. 

· To reinvest prior knowledge in non-standard settings (angles and trigonometry).

· To familiarize with notions of mathematical interest beyond the secondary curriculum (ie spherical coordinates) 

· To introduce students into Logo programming, giving sense to Logo procedures as records of displacements, showing the power of iteration and offering new differential visions on geometrical curves.

· To enrich the vision of curves such as spirals, circles, helix by a local kinematic conception focusing on their differential geometrical properties.
b. Which students? 
Students from 11th grade classes (16 to 17 years old). This scenario has been adapted also for 9th grade students, see paragraph 6 (possible extension and adaptation). 
c. Students prerequisites
The principal notions are: 
· Longitude and latitude in geography

· Cartesian coordinates

· Vectors, angles and trigonometry in 2D


d. Duration

The scenario runs during 3 or 4 hours 



e. Place  
It takes place in a computer room 
f. Resources and tools
In addition to the Cruislet software, students may need a word processor, a spreadsheet, a calculator and an Internet access. The teacher needs a video projector.
g. Types of activities 
Students work in pairs (or groups of 3 possibly). They are asked to do a report of their activities at the end of three hours. 


4 Enactment of the activity  


a. Activity
This scenario uses the Cruislet software and has two phases:

· Presentation and familiarization with the software
· Preparing and programming trips


b. Resources and tools
Two paper maps of Greece and Mount Olympus are distributed to students; a document to help students during the third phase is also planned (annex 2) and students use Cruislet



c. Organization of classroom activities 
First phase: presentation and familiarisation 
In this phase, a history-geography teacher was involved too and guided the exploration of the map, using places of interest for geographical or historical reasons. He also made the link between the coordinate system of Cruislet and the notions of latitude and longitude
a) Collective presentation of the software using a video-projector. The collective presentation will explore the main characteristics of the DDA: 

· virtual exploration of Greece, location of important historical and touristic places by scrolling the 3D map and zooming in/out, 
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· creation of an avatar, and presentation of the different existing modes for moving this avatar (entering a final position in (lat, long, height), a vector displacement in spherical coordinates or a city name), 
· presenting the camera system, and looking for reasonable parameters for it, 
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· exploiting the interrelation between representations (for instance for getting the coordinates of a particular place), 

· exporting the displacement of an avatar into a Logo procedure. 

b) Collective programming of a first trip with one stop, for instance a flight from Athens to Sparta. Programming should first be done by using absolute positions, then by using displacements. Angle could be 0 for the first step, and then vary to produce a change in altitude. 

c) Small group work for preparing variations of the initial trip. 

d) Collective discussion: listing the questions raised this first activity and the solutions found or advances reached by the different groups. 

Second phase: Preparing and programming trips

a) Collective discussion: coming back to the questions rose at the first session if necessary. 

b) Small group work: each group completes at least one travel. 

c) Collective discussion and synthesis: How to prepare a trip? What data are necessary? How to get these? How to program a trip? What has been learnt about the different commands? 

d) Small group work on a new problem. Adding a turn around Olympus Mount 

e) Collective discussion: Comparing the strategies used. How to design a circular trip at a given altitude? What to change to design a helicoidally trip or to design a spiral trip at a given altitude? 



d. Assessment suggestions 

See an example of a worksheet in annex 1 

5 Examples from the classroom

Here is an example of the programming of a triangular flight
[image: image3.png]« xaLm-N\ o)





6 Possible extensions and adaptations 

6-1 Adaptation to grade 9

As already said, this scenario has been implemented with grade 9 students. In this case, the scenario hads three phases:

· Discovery of Greece;

· Installation of a helicopter on Mount Olympus;

· Travel by plane under constraint;
· Flight according to geometric figures.
The organization of classroom activities was the following: 

First phase

The teacher uses the video projector to illustrate the important basic functionalities of the software:

· the two graphic zones in two or three dimensions,
· the functionalities of zoom and moving on the map in three dimensions offered by the mouse,
· the information button (I) that allows the display of the region, the longitude, the latitude and altitude of the current point.
Students are invited to familiarize with these first functionalities by looking for longitudes, latitudes, and altitudes of some cities: Athens, Patras, Thessaloniki, Heraklion. Then students can choose for themselves other cities or famous sites of Greece. They are asked to organize data collected in a spreadsheet file:

The first phase ends with a discussion based on the comparison of the values obtained by the different groups. We can expect that there are differences in altitudes found for various sites and it will explain the reasons for this phenomenon. The clarification of the phenomenon may require assistance from the teacher. 

In this phase, a further question can be offered to students: looking for in Cruislet the farthest cities to the East, the West, the North and the South of Greece. For example, the farthest city to the East is Samos (37,75 of East latitude). This can lead to an evaluation of the extreme latitudes and longitudes in Greece, as well as to a location of edges of the Cruislet’s map, contributing to familiarize students with this representation of an unfamiliar space and to movements in this space. 

Second phase

The teacher takes back the video projector to explain how to introduce a plane (the menu “avatar”) and how to move it in two possible ways:

· The first way using the menu “select a destination” or entering into the menu “position” the latitude, longitude and altitude of a place where we want to bring the plane.

During this explanation, the teacher asks students to introduce a plane on their computer and to bring it to Athens, then to Patras. The movements are materialized by red vectors. The teacher explained at this time the operation of the “camera” which allows to modify the visualization of the plane and his moving. Students do manipulations on their computers at the same time as the teacher. Teachers and students seek collectively satisfactory adjustments for this last.

· The second way to moving a plane is to use the menu « direction » and enter a moving vector by its spherical coordinates (Theta, Fi, Rm). The teacher illustrates the operation of this mode via some examples and students are invited to do the same. Then, he asked students to anticipate the effect of some movements given (putting in relation with the cardinal directions in particular)

Students are invited to change the form of their avatar and modify it in helicopter. The instruction of the second phase is presented as a challenge between groups. It is to put the helicopter as high as possible on Mount Olympus. 

Students do not have the designation of Mount Olympus on the Cruislet’s map. They have to look for its longitude and latitude, or by using the map distributed (annex 2), or searching on the Internet. They can then move the helicopter closer to the Mount Olympus with the menu “position” but the data collected do not correspond exactly to the position of the mountain. Students have to move the helicopter by using the menu “direction” to land as high as possible. Students come up against the feedback “I cannot move to the given position”. The constraint that is asked is carried out when all the down vertical moving is impossible.

The second phase ends again with a discussion in the form of report. Students explain their strategies and announce the altitude at which they managed to land the helicopter. Different strategies are compared. The question of reducing the number of movements is raised and put in relation with the addition of vectors.

Third phase

Students must organize from the altitude of 400m above Athens a trip to Sparta with the constraint it should be as short as possible. Then they have to:

· identify the two mountains on the journey from Athens to Sparta, their position compared with the cities Athens and Sparta and their altitude;

· define a strategy of bypass or flying over two mountains.

In the case of flying over two mountains:

· give thanks to the Greece’s map the Theta direction in which direct the plane to link Athens with Sparta;

· define at least two stages of the journey (distance of Athens, altitude);

· calculate the angles Fi and distance Rm on different portions of the journey from Athens to Sparta

The document provided in annex 3 can be adapted and distributed to students during or after their activity according to difficulties encountered.

This third phase is also the object of a collective discussion of strategies used that are visualized and tested, and the calculations involved are explained to lead to the comparison of journey lengths.  

6.2 Possible Extensions of this adaptation
Two extensions involving the Logo programming are possible:

1) The teacher uses the video projector and runs the following Logo program which makes a plane fly over Athens in form of equilateral triangle with constant altitude of 5000 meters.

~ SETPOS(37.9737 23.7278 5000)

~ make "a 0

~ repeat 3 [wait(80)

~make "a :a+120 

~ SETDIR(:a 0 10000)]

Aided by the teacher, the students must interpret the commands, then adapt in groups the program for others figures:

· an equilateral triangle vertical over Athens;

· a regular hexagon with constant altitude.

2) In the second extension, at first the teacher runs a Logo program which makes an acrobatic figure to a plane over Athens. Students must understand and interpret again the Logo commands. Then they have to modify in groups the given program to make a horizontal spiral flight, a circular flight, a helical flight.
A collective report is conducted on both the geometrical knowledge and programming involved in this phase.

Annex 1 : An example of worksheet 

Travelling with a map

1. Find Athena and Sparta. 

What are their latitude and longitude? (use this command [image: image4.emf]

)
2. Check out the mountains between these two towns.
To create and to command an avatar

Add an avatar with these commands:  [image: image5.emf]

.

                                                  [image: image6.emf]


1. Put the avatar above Athena, altitude 4000 m.
2. Conduct a trip from Athena to Sparta  (altitude constant de 4000 m) and return.

Note the Theta and Fi value for each flight and the estimate the distance between these two towns.

You may visualize the trajectory by using this command in Camera properties:

[image: image7.emf]


Programming with  Logo (initiation)

After ticking [image: image8.emf]

, the « situations » and the « directions » are exported by this command [image: image9.emf]

.

Then you can program with Logo [image: image10.emf]


1. What information is provided by SETPOS and SETDIR?

2. Change the SETOS or SETDIR value to conduct a trip above the Greece.. 

The command Run (or button F6 of the keyboard) of the menu Logo permit to conduct the trip. Report on the step of your trip: 

~….
3. Program the flight Athena- Sparta (the shorter one, departure altitude 400 m, arrival altitude 400 m).


	….


4. To Program a flight  « Vertical equilateral Triangle» constant altitude 5000 m 
	~


5. To Program a flight  « Vertical equilateral Triangle» non constant altitude 
	~


Programming with Logo

The objective is a familiarisation to LOGO in order to realize specific figures

1. Enter and compile this Logo program:

~ SETPOS(37.9737 23.7278 5928.8486)

~ make "a 0

~ repeat 3 [wait(80)

~make "a :a+120 

~ SETDIR(:a 0 10000)]

2. Modify the previous program to obtain a flight  « equilateral vertical Triangle » .

~
3. Write then compile a program « Regular Hexagon» constant altitude.

~…
Annex 2: Documents for preparing the journey Athena-Sparta
Geographic Coordinates
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Journey Direction 
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Pamonas Peak
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