1.
Title: Building in 3D

2.
 Scenario Identity 

–Writer(s): 
Candia Morgan, Jehad Alshwaikh, Institute of Education, University of London, UK

–Subject area: 
Geometry

–Topic(s): 
3D geometrical figures; spatial visualisation; 2D representation of 3D space; angles and turns in 3D

3. 
Activity rationale

–Teaching and Learning problem addressed:

3D geometry is an area of the curriculum that appears difficult both to learn and to teach. 2D representations of 3D objects are frequently used in order to support analysis of their geometrical features, yet the success of this approach relies on students' ability to make connections between the different representations. In practice, the focus of the curriculum is often more on developing skills in constructing particular type of 2D representations rather than on using them in order to develop understanding of the 3D objects themselves. The aim of this set of activities is to engage students in using a range of representations purposefully and making connections between them in order to gain a fuller understanding of 3D geometrical objects and their properties.
–Innovation

MaLT (MachineLab Turtleworld) provides a computational environment that enables new ways of making connections between different forms of representation. Students can construct representations of 3D objects by writing Logo programs that direct a ‘turtle’ along a path. Once an object has been constructed using a program with a variable quantity (e.g. the length of an edge or the size of an angle), the 1D variation tool can be manipulated directly in order to change the value of the variable. This manipulation has the effect of animating the object, allowing visual effects to be achieved such as a door opening and closing.

The use of a 'real world' context is an approach advocated within the UK curriculum for motivating students in the lower secondary school. For example, a curriculum development project funded by the Bowland Trust and supported by the UK government Department for Education and Skills is producing a number of curriculum packages of pedagogic plans and materials for teacher training involving the use of mathematics within contexts of interest to students of this age (e.g. music and international aid). This scenario conforms to this recommendation by engaging students in designing a building to fit local needs.
–Added value

The activities proposed in this plan make use of a range of modes of representation for 3D objects. This enables students to develop their visualisation skills and to choose the mode of representation best suited to the task in hand.

Paper and pencil representations of 3D shapes either focus on just two dimensions at a time (e.g. plans and elevations) or rely on the appearance of a shape from a specific point of view (e.g. perspective or isometric drawings), these representations do not provide a single complete specification of the properties of the shape. In contrast, when working with MaLT, the use of Logo programming to construct 3D objects directs students to consider the formal properties of 3D shapes. They have to specify the lengths of all edges (thus needing to consider equalities and proportional relationships). They also have to specify not only the sizes of all the angles but also the nature of each turn in 3D space (whether a turn within the current plane or a pitch or roll into another plane). This provides students with concrete experience of the properties of 3D shapes that relates directly to their formal specification.

The 1D variation tool adds a further opportunity to focus on specific properties and to experience the effects of varying lengths and angles dynamically. As well as providing a further source of insight into the relationships between various features of such objects, the animation effect is not only visually appealing to young people but also may be exploited to provide further motivation for the construction activity by, for example, working on tasks that have as their purpose the construction of an animated model.

The set of activities as a whole has an overall purpose and a concrete outcome in the form of the design of a building. This project format is intended to motivate students through its opportunities for creativity and through competition with their peers. The need to communicate their final design to an audience also provides a realistic environment for students to reflect on the different forms of representation available to them and to make choices between them in order to communicate most effectively.
4. 
Context of implementation
–Educational Goals

In relation to the subject domain:

· development of visualisation skills in 2D and 3D

· analysis and use of properties of 2D and 3D figures

· analysis of 3D figures into their component parts

· understanding and use of angles in 2D and 3D
In relation to the learning process:

· analysing a problem and breaking it into manageable parts
· developing positive attitudes towards mathematics and a vision of how mathematics may relate to problem solving in the real world

· collaboration with peers

· presentation and communication to peers
–Which students? 
Lower secondary school (aged 12-14)
–Students’ prerequisites
· familiarity with properties of simple 2D shapes including angle and side properties of rectangles and equilateral triangles

· familiarity with measurement of angle (in degrees)

· knowledge of basic angle facts (right angles; angles on a straight line; angles in a triangle)
–Duration
13 school hours plus homework
–Place
The first activity involves surveying the site for which the building is to be designed. This may be a site within the school grounds or further afield. (Alternatively, if it is not possible to organise such an excursion, this activity may be substituted by providing students with paper-based materials to be used in the classroom.)
This scenario involves both computer- and non-computer-based lessons. The non-computer-based lessons should take place in a classroom that is arranged in such a way that students can work in groups of 4-6. Enough table or floor space is required for each group to work together with paper and other resources.

The computer-based lessons require a room with sufficient computers for students to work in groups of 2 or 3.

–Resources and tools
· MachineLab Turtleworlds (MaLT)

· worksheets

· prepared MaLT files

· paper: plain, squared and isometric

· Multilink cubes (or other building blocks for constructing 3D models)

· measuring instruments

· A collection of photographs, sketches, architects plans of buildings and parts of buildings. A possible source of these representations is the set of posters of famous modern buildings produced by the Guardian newspaper. These may be ordered from http://www.guardian.co.uk/artanddesign/series/greatmodernbuildings
–Types of activities
The students are expected to work collaboratively in groups of 4-6. The overall project of each group is to produce a design for a building that will be of use to the school or wider community (e.g. a sports hall). This collaborative work will involve discussion, joint decision making and sharing tasks among the group. Some lessons will involve an introduction by the teacher and individual or paired work to develop specific skills. The final lesson will include a presentation by each group to the rest of the class.
5. 
Enactment of the activity

–Activity 1: Introduction - Planning the overall design
In advance of this activity, the teacher should decide the type of building to serve as a focus of the project. This should be a building of use to the school or local community, for example a sports centre or community centre. 

Phase 1

If possible Phase 1 should involve a visit to the proposed site of the building. If this is not possible, the teacher should provide students with a scale plan of the site and, after the initial introduction to the project, move directly to Phase 2.

In classroom:

The teacher explains the overall purpose of the project and modes of working: to work in groups to create a design for [a new sports centre for the school] and to prepare a presentation of this design. Students are organised into groups of 4-6 to work together throughout the project.
Teacher and class discuss: what needs to be done as the first steps in the design process? This discussion should conclude (at least) that it is necessary to:
· decide the constraints on the design (space available, required elements)

· find out the needs the building has to meet

Outside (or substitute a prepared scale plan of the site):

The teacher identifies the space designated for the [sports centre].

Working groups of students choose measuring instruments, measure and record the dimensions of the ground space available.

Return to classroom:

The teacher leads a discussion of how to produce a scale drawing of the space. Each group agrees on the necessary calculations and results. They then each produce a scale drawing of the site.

Phase 2

The teacher leads a whole class discussion of what might facilities might be put into the [sports centre]. Generate two lists: necessary components (e.g. changing rooms) and optional components.

In their working groups, students decide on two of the optional facilities that the group agrees should be included in the design. The group then drafts a questionnaire to gather opinions of students in other classes (or members of the community) about desirable facilities. The two most popular of these should also be included in their design.
The teacher leads a discussion to review the questionnaires. Each group shares the questions they have drafted; the whole class discusses the usefulness and appropriateness of the questions (issues that may arise: ambiguity, ease of answering, bias).

Each group works to revise their questionnaires in the light of the discussion. 
Individuals make initial sketches of the outside of the building and discuss these within their group.

Homework

Each member of the group will ask at least five other students (or community members) to complete their questionnaire. The group should collate their results and make a decision about what facilities to include in their sports centre design.

Resources and tools for Activity 1:

· measuring instruments, e.g. trundle wheels, tape measures, metre rulers

· squared paper

–Activity 2: Distinguishing forms of representation

This activity will provide students with an overview of the project they will be working on. Its main aim is to provide a motivation for individuals and groups of students to engage with tasks involving 2D representations of 3D shapes both by providing a 'real life' context that they can relate to and by stimulating their aesthetic appreciation of 3D objects.

The stimulus materials will involve a number of different modes of representation in both 2D and 3D and discussion of the meaning of these representations will begin to develop the language of the domain

Phase 1

Students are seated in their working groups. Each group has a set of different representations of a selection of buildings including some or all of the following:

· photographs, paintings and/or drawings of each building from different viewpoints

· photographs or sketches of details (including interior features, doors, staircases)

· plans and elevations

Around the walls of the classroom are posters with large photographs and architects plans of each of the buildings.

Within their group, students discuss what these representations are and sort them into sets related to the same building, identifying each building on the posters around the walls.

When the sorting is comlete, the teacher asks a member of each group to choose one of their photographs or drawings and to explain to the whole class:

· which building does it show?

· how do you know it is that building?

· where was the photographer/artist viewing the building from?

The teacher should then lead a whole class discussion about the similarities and differences of these representations:

· what can you see/ not see in different types of representation?

· why might a particular representation be useful or interesting? to whom?

Phase 2

The teacher reminds the class of the project aim to design a [sports centre]. She or he outlines the kinds of drawings that they will be learning to make (plans and elevations, isometric drawings) and tells them that as part of this they will be using MaLT to design the door for their building.

Demonstration to whole class of MaLT:

a) house - representation of a building that can be turned using the variation tools to see it from different angles. (See Appendix for house procedures.)
Ask the class what they can see, what they cannot see as the house is moved.

b) a simple door that opens/closes using the 1D variation tool. (See Appendix for door procedures.)
Ask the class to predict what angle will be shown on the variation tool when the door is half open, fully open.

Discuss what other kinds of doors they might choose to have (revolving, sliding, double swing doors).

Phase 3

Groups start the process of design, using the results of the questionnaires completed as homework to decide what components to include in their design and making initial rough drawings.

Their discussion should address (among other issues):

· what rooms to include downstairs and upstairs

· the overall shape of the building

· what kind of front door to have (e.g. single or double, swing, sliding, rotating)

Resources and tools for Activity 2:

· A collection of photographs, sketches, architects plans of buildings and parts of buildings. A possible source of these representations is the set of posters of famous modern buildings produced by the Guardian newspaper. These may be ordered from http://www.guardian.co.uk/artanddesign/series/greatmodernbuildings
· a single PC running MaLT

· pre-prepared MaLT procedures for a house and a door
–Activity 3: Isometric Drawing

Phase 1

The teacher distributes to each group of students a 'building' consisting of 6-8 multilink cubes. This is positioned in the middle of the group's table. Using plain paper, each student draws what they can see of the 'building' and writes their name on the back of their paper.

All buildings and drawings are collected at the front of the classroom. The teacher chooses and holds up a drawing and asks the class to identify which building it is a picture of. Repeat this with several drawings. (It may be expected that different ways of representing the 3D aspect of the buildings will have been used and should be shared with the class.) The teacher leads a discussion about the differences and effectiveness of the various representations. Issues that may arise include:

· whether/how hidden faces are shown

· how the relationships between different faces are indicated

· whether individual cubes are indicated or just the overall shape of the building

Phase 2

The teacher explains that a conventional way of drawing 3D objects may make it easier to communicate effectively. S/he shows the class a prepared display of an isometric representation of a multilink model. Students use multilink to construct this model. It is possible that not all students will construct identical models as the representation is ambiguous. If this is the case, the teacher shows the whole class two different (but correct) versions of the model and invites discussion of the differences, establishing that both are correct given the available information. S/he then shows the second display showing an isometric representation of the same model from a different viewpoint. Students compare their models and decide which is the correct version.

The teacher selects one of the models made earlier and demonstrates on the board how to construct an isometric drawing of it.

Each student now builds a model using 6-8 multilink cubes. Each model is placed in the centre of the group's table. Each student then uses isometric paper to draw an isometric representation of each of the models on their table. The teacher intervenes to support any students who are having difficulties with this.

Within each group, all the drawings are compared and sorted so that drawings of the same model from different view points are collected together. These sets of drawings are passed to another group. Each group of students now works together to build models from the drawings they have been given.

Finally, the teacher selects some examples of sets of drawings and the models corresponding to them (the originals and those constructed from the drawings) and leads the class in comparing and validating the work that has been done.
Resources and tools for Activity 3:

· Multilink cubes or other building blocks

· plain paper, isometric paper

· a pre-prepared whole class display of two isometric representation of a model made with the building blocks
–Activity 4: Plans and Elevations

The teacher reminds students of the different views of buildings they looked at during Activity 2 'Distinguishing Forms of Representation', drawing their attention to the architect's drawings (ideally the posters showing these buildings and their various representations should still be displayed around the classroom). S/he leads a discussion of what these are showing and what they might be useful for.

The teacher displays a pre-prepared set of plan, side elevation and front elevation of a 3D object. Each student uses multilink cubes to construct a model corresponding to the plan and elevations. Each group of students compares the models built by their group members and agree on a single correct model to share with the rest of the class. The teacher leads a discussion validating the correct models, identifying and clarifying any difficulties or confusions.

A set of cards with plans and elevations and equivalent multilink models are distributed to each group. Groups work together to sort the cards to match the models. The teacher supports any groups having difficulties.
Each student constructs a model using 6-8 multilink cubes and draws a plan, front and side elevation. The drawings from one group are exchanged with those of another group. Groups work together to construct models from the drawings they have been given.

Finally, the teacher selects some examples of sets of drawings and the models corresponding to them (the originals and those constructed from the drawings) and encourages the class to compare and validate the work that has been done.
Resources and tools for Activity 4:

· multilink cubes or other building blocks

· a pre-prepared whole class display of a plan and elevations of a model made with the building blocks

· a set of cards with plans and elevations for each group and equivalent pre-prepared models

· plain or squared paper
Activity 5: Developing a 3D Sense of Motion

This activity introduces students to MaLT. The working groups should divide into two to allow students to work with 2-3 students at each computer.

The teacher explains the aim of the lesson - to learn how to use MaLT as a tool for drawing 3D shapes - and reminds students that they will be using this tool to construct animated doors for their [sports centre] design.

The teacher uses a toy aeroplane to demonstrate and discuss with the class how an aeroplane takes off and moves in three dimensions. In doing this, s/he introduces the vocabulary that will be used in MaLT to describe different kinds of turns in 3D space, turn, pitch and roll, relating these to different phases of the aeroplane's flight (e.g. take off, changing course, turning with a roll when coming in to land). It is anticipated that most students will have some experience of flying in aeroplanes and will be able to use this experience to make sense of the new vocabulary.

The teacher demonstrates the Logo commands corresponding to turn, pitch and roll, and takes instructions from the students to produce the path of an aeroplane taking off and changing course.

Groups of students discuss how they want their own aeroplane to move and use the Logo instructions in direct drive mode to produce their paths. Support is provided by the teacher and by the help sheet as needed.
Resources and tools for Activity 5:

· computers for groups of 2-3 students

· MaLT

· Help sheet

· toy aeroplane
Activity 6: Walls and Windows

The teacher introduces the task - to use MaLT to draw two adjacent walls of a room - and leads the class through the first step of imagining what their walls should look like:

Imagine one wall of a room.

What shape is it? How long, how high, what are the angles at the corners

Does it have a window in it? Where?

Go to the corner of your imaginary room. What happens when the first wall meets another wall?

Students then follow the guidance of the worksheet to make a procedure to draw one wall, then position the turtle appropriately to draw the second wall.
When students have succeeded in this task, they may draw a window or door in one of their walls.

Some students may chose to complete their rooms, adding further walls, windows and doors.
Resources and tools for Activity 6:

· computers for groups of 2-3 students

· MaLT

· Help sheet

· worksheet: ‘Walls and Windows’

Activity 7: Roofs

Students load pre-prepared prism1 file, follow instructions to manipulate the 1D variation tool in order to make the prism join up, determine the angle required and explain it (using knowledge about equilateral triangles).

Students load pre-prepared prism2 file, follow instructions to manipulate the two variables using the 1D variation tool to make the prism join up, determine the angles required and explain it (using knowledge about equilateral triangles). They then follow instructions to initiate and manipulate the 2D variation tool in order to make the faces of the prism open like a double door. They discuss what is happening in their pairs and explain the required relationship between the angles.

3. Students load pre-prepared prismX file, follow instructions to manipulate the four variables using the 1D variation tool to make the shape into a prism. They discuss what is happening in their pairs and explain the required relationships between the angles and the side lengths.

The teacher leads a whole class discussion of the solutions to the final task. Points that may be drawn out of the discussion include:

· what does each of the sliders control?

· the sizes of complementary angles

· alternative solutions that are and are not equilateral
Resources and tools for Activity 7:

· computers for groups of 2-3 students

· MaLT

· pre-prepared MaLT files: prism1, prism2, prismX

· worksheet: ‘Roofs’

–Activity 8: Doors

The teacher introduces the task in the overall context of the whole project to design a [sports centre]: groups are to decide what kind of main entrance they want for their building - double swing door, revolving door or sliding door. Students will first construct a procedure for a single swinging door and then adapt this and/or use it as a sub-procedure to construct a more complex moving door.
This activity is likely to need several class sessions to be completed. 
Phase 1: Constructing a door

The teacher leads the class in imagining and describing the shape and movement of a swinging door. The discussion should include issues such as:

· opposite edges of the door are equal

· the corners of the door are all 90°

· where is the angle that changes as the door opens and closes?

· what is this angle when the door is fully closed? fully open?

· relate the change in the angle to the previous lesson's use of the 1D variation tool to open and close prisms

Students follow the instructions in step 2 of the worksheet ‘Constructing a Door’ to make a procedure to draw a door. The instructions given are faulty, so students need to edit them to form a correct rectangle.

Once the procedure works, students follow the instructions in step 3 of the worksheet to incorporate their door procedure into a new procedure with a variable for the angle of turn of the door. They run (and if necessary debug) their procedure, using the 1D variation tool to animate the door.

Phase 2: An entrance for the sports centre

Each group of students discusses and makes a decision about the kind of main entrance they want for their sports centre design. The teacher may guide groups to help them to make achievable choices.

To help the teacher in providing such guidance, three worksheets are provided: 

· Revolving Doors involves combining several rectangular panels into a single unit, then constructing a super-procedure with a variable angle to make the unit rotate. (The introduction of the variable is very similar to that demanded by the simple door already constructed.)

· Swing Doors involves constructing two independent opening doors and coordinating their positions, orientation and angles or turn in order to open them in opposite directions. An additional challenge is to control the animation of both doors by using a single variable, demanding use of complementary angles.

· Sliding Door involves adapting the super-procedure used to open the simple door so that the variable represents the horizontal position of the base of the door rather than an angle of turn. An additional challenge is to construct a pair of doors that slide in opposite directions, requiring either two 'slide' variables to be manipulated separately or repeated use of a single variable to animate two movements in opposite directions.

Groups work with the guidance provided by the worksheets to produce their doors.

When the animations are complete, each group saves their procedures to be demonstrated in the subsequent lesson and prints out copies of the screen display (Turtle screen and Logo editor) for possible inclusion on their poster displays.
Resources and tools for Activity 8:

· computers for groups of 2-3 students

· MaLT

· worksheet: ‘Constructing a Door’ for all students

· worksheets: ‘Revolving Doors’, ‘Swing Doors’, ‘Sliding Doors’ to be distributed to groups at the discretion of the teacher

–Activity 9: Completing and Presenting the Design

This activity is likely to need two class sessions – one to prepare the posters and one for the presentations.

Phase 1: Preparation

Students review the components of their design of the [sports centre] so far and decide what further work they need to do, distribute the work among the group and complete the components. 
At this stage the teacher should intervene with each group to discuss their plans and to ensure that they are all clear about the overall task and about the role of each group member. In particular, the teacher should stress to each group that the various components of their design should fit together coherently. This may involve discussing scale.
When all components of the design are ready, groups collate them, discuss and decide what to include in their poster presentation and how to incorporate the various components into the display and presentation. They plan how to present their design to the rest of the class. 
All presentations should include display of an animated door using a MaLT file saved at the end of the Activity 8.
Phase 2: Presentation

3. Each group in turn displays and justifies their design (including both a poster and a demonstration of their animated entrance in MaLT). The teacher and rest of the class may ask questions to clarify:

· the meaning of particular representations

· the function and rationale of particular parts of the [sports centre] design

· how the animated entrance was constructed in MaLT
When all designs have been presented, the teacher leads a brief discussion reminding students about the criteria for a good design of a [sports centre] identified at the beginning of the sequence of lessons in Activity 1.

Each group of students discusses each of the other groups' designs and agrees:

· feedback for each group about the quality of their design

· a vote for their choice of best design

The teacher calls on each group to share their feedback and the outcome of their vote with the whole class.
Resources and tools for Activity 9:

· at least one computer running MaLT

· students’ saved MaLT files of animated doors

· printouts of students’ doors produced in MaLT

· large sheets of paper for making posters

· plain, squared, isometric paper

· coloured pens, glue for making posters
–Assessment Suggestions

The poster and presentation by each group in the final lesson provides an opportunity for assessing: the students’ choice and justification of appropriate forms of representation; their ability to produce different forms of representation of the same building in coherent ways (i.e., using compatible scales, compatible plans and isometric views, etc.)
6. 
Possible extension
Opportunities for differentiation are available throughout the scenario as more advanced students may be encouraged to tackle more complex designs, to use more accurate measurements, etc. Any who complete the animated door in MaLT very easily may be asked to use MaLT to construct other building components, e.g. a staircase.
 MaLT procedures to construct a house viewable from different perspectives.

to rect :a :b

repeat 2 [fd(:a) rt(90) fd(:b) rt(90)]

end

to box :a :b

repeat 4 [rect(:a :b) rt(90) fd(:b) lt(90) rr(90)]

end

to roof :a :b

repeat 3 [rect(:a :b) rt(90) fd(:b) lt(90) rr(120)]

end

to house :a :b

box(:a :b)

up(90) fd(:b) dp(90)

roof(:a :b)

end

to viewhouse :x :y :z

rt(:x) up(:y) rr(:z)

house(8 3)

end

viewhouse(180 180 180)

MaLT procedures for a simple opening door

to door

up(90)

repeat 4 [fd(6) rt(90) fd(4) rt(90)]

end

to opendoor :angle

rt(:angle)

door

end

opendoor(100)
MaLT Help Sheet
[image: image4.wmf]Moving the turtle: 
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fd(3) 
moves the turtle 3 steps forward

bk(4) 
moves the turtle 4 steps back

penup 
stops the turtle leaving a trace. You can now move the turtle (using fd or bk) without drawing

pendown 
starts the turtle drawing again

Turning the turtle:




[image: image2.wmf]
lt(30) 
(left turn) turns the turtle through 30 degrees to its left

rt(80) 
(right turn) turns the turtle through 80 degrees to its right

up(45) 
(up pitch) turns the turtle upwards through 45 degrees (think about a plane taking off)

dp(120) 
(down pitch) turns the turtle downwards through 120 degrees (think about diving into a swimming pool)

lr(180) 
(left roll) makes the turtle roll 90 degrees to its left (think about yourself turning over in bed)

rr(75) 
(right roll) makes the turtle roll 75 degrees to its right

Press Insert to execute the instructions (with the cursor on the line you want to execute)

F5
clears the drawing screen

Constructing walls and windows

Step 1


Imagine one wall of a room.

What shape is it? How long, how high, what are the angles at the corners

Does it have a window in it? Where?

Go to the corner of your imaginary room. What happens when the first wall meets another wall?

Make a sketch of two walls of your room on paper.

[image: image5.wmf]
Step 2

Most walls are rectangular.

[image: image6.wmf]Use MaLT to draw a rectangular wall.

Step 3

Make your instructions for drawing a wall into a procedure:

to wall

[type in all your instructions]

[image: image7.wmf]end

Now tell the turtle to wall

Step 4

[image: image8.wmf]Turn the turtle and draw the second wall of the room.

Step 5 - Challenge!

[image: image9.wmf]Now put a window in one of your walls.
Roofs - Making 3D shapes move

1
Roof1
From the File menu, Open prism1.lgo.

Click in the final line of the editor window on the instruction Prism(90) and press Insert.

A shape should now be drawn in the 3D window.

Click in the 3D window and then click on the shape.

Drag the slider to make the shape join up into a roof (a triangular prism like a Toblerone bar).

What value of the angle variable makes the shape join up? 



Explain why this value of angle works.

2
Roof2

From the File menu, Open prism2.lgo
Click in the final line of the editor window on the instruction Prism(60 70) and press Insert.

Click in the 3D window and then click on the shape.

Drag the slider to make the shape join up into a triangular prism.

What values of ANGLE1 and ANGLE2 make the shape join up? 

ANGLE1



ANGLE2




Explain why these values work.

2 continued

[image: image10.wmf]
Click to select the horizontal part of the corner next to ANGLE1


 and the vertical part of the corner next to ANGLE2.

Now click in the 2D Variation window and drag to draw a line.

Watch what happens to the shape as you drag around the window.

Can you make the sides of the prism open out like a double door?

What can you say about the values of angle1 and angle2 that make this happen?

3
Roof 3
From the File menu, Open prismX.lgo

Click in the final line of the editor window on the instruction Prism(4 6 60 70) and press Insert.

Click in the 3D window and then click on the shape.

Drag the sliders to make the shape join up into a triangular prism.

What does each of the sliders change?

slider A 








slider B







slider Angle1







slider Angle2








What values make the prism join up?

A


B


ANGLE1


ANGLE2



Compare your  answers with other groups. Is there more than one possible solution? Why?
Constructing a door
Step 1

Look at the door to your classroom. What shape is it? Describe what happens when it opens and closes. What angle does it swing through?


Step 2

Open a new Logo file.

Make the turtle face upwards.

Type in the following procedure to draw a door.

to door

fd(6)

rt(90)

fd(4)

rt(100)

fd(6)

rt(100)

fd(3)

rt(90)
end

Try it out to see if it works. 

Edit the procedure by changing some of the numbers - now try telling the turtle to door again.

Save your file now.

Step 3

Look at where the turtle is and which way it is heading. How would it need to move to make the door swing open or closed?

Make a superprocedure to make your door open and close.

to opendoor :angle

[type in a command to turn the door]
door

end

Tell the turtle to opendoor(90).

Click on the door to open the variation tool. Use the tool to open and close your door by dragging the slider. 

Does your door look right? 

You will probably have to make a few changes to get it working properly!

Save your file again.
Double swing door

Step 1

Imagine a double swing door. How does it move if you push just one side? How does it move if you push both  sides at the same time? How does the left-hand door move? How does the right-hand door move?

Make a sketch of your door when it is open.
Step 2

Make a procedure to draw your double swing door.

Try it out to make sure it works.

Step 3

Make a superprocedure to make your double door swing open and closed when you use the variation tool.




Revolving doors

Step 1

Imagine a revolving door. What shape is each of the panels? How many panels does it have? What is the angle between each pair of panels? 

What does the door look like from the front of the building? What would it look like if you were able to look straight down onto it? 

Make a sketch of your door.

Step 2

Make a procedure to draw your revolving door.

Try it out to make sure it works.


Extension: Make a revolving door with a different number of panels

Step 3

Make a superprocedure to make your door revolve when you use the variation tool.

[image: image3.wmf]
Constructing Sliding Doors

Step 1

Imagine a sliding door. How does it move? What changes as it moves?

(Concentrate on the position of the left hand corner of the door as the door moves.)

Step 2


Make a procedure to draw a simple door: 
to door

(list your instructions here) 
end

Check that your procedure works by entering

door

Step 3

Make a procedure to make the turtle move a variable distance before starting to draw the door:


to slide :distance

(list your instructions here)

end

Try out your procedure by entering

slide(6)

Click on the line to bring up a slider that you can drag to change the distance.

Step 4

Combine your slide and door procedures to make the door slide.

Challenge (Step 5)

Use your slide and door procedures to draw a pair of sliding doors.

Use the command up(angle)  so that the turtle is facing upwards before it starts to draw the rectangle.





Think: What kind of turn do you need? left/right, pitch or roll?





You can use your procedure wall again.





Use penup to lift the pen before moving - remember to pendown to start to draw again.





What command do you need to make this happen?





Reminder: Type door  then press Insert.





Think: Should it be rt(:angle) or rr(:angle) or up(:angle) or …?





You may use a sub-procedure to draw each of the two doors.





Challenge: Can you make the two sides of your door swing open simultaneously?





Reminder: Think about how you made your simple door open and close.





You may use a sub-procedure to draw each of the panels.





Reminder: Think about how you made your simple door open and close.





HINT To make the distance variable, use the instruction fd(:distance)








