Pull-ups and pop-ups – 3D shapes the easy way

Liz Meenan offers innovative ideas to engage KS2 pupils in linking 2D and 3D shapes.
When I first became a fully fledged teacher I always hit a problem when it came to teaching the names and properties of 3D shapes. I wanted the pupils to get a sense and a feel for the shapes, and as part of the work I would get them to make the 3D shapes using nets. The students would be able to first try and visualise how 2D nets can become 3D shapes and then actually physically fold the nets into the shapes for themselves. Octahedrons, dodecahedrons, prisms, icosahedrons and even cubes led to a lot of mess and disorder. Pupils would accidentally cut off the tabs or forget or misunderstand which edges had to be glued together. All in all, a lot of hard work went into making very unsatisfactory models instead of things of beauty that we could show off and at the same time use to explore spatial properties.

Then, in 1994, at a conference, I met a Polish mathematician who introduced me to pull-up nets. He sketched the ‘stair net’ for a cube and showed on the diagram how to use a loop of thread to pull up the net to make a cube. Very quickly I began to visualise what he meant and couldn’t wait to have a go. That night I used card, thread and a minimum of glue (with not a tab in sight) to make the shape on page 8. I pulled the thread and the net folded up into a handsome three-dimensional cube. It was one of those mathemagical experiences. I had to make more. Exploring the properties of a cube, counting the number of sides, faces and edges, or calculating the area of faces etc became a simple activity. This was real problem solving in 3D, extremely enjoyable, no hassle, very kinaesthetic and the models were brilliant. When I got back from the conference I began to ponder various questions: Was this the only net of a cube which could be pulled up to make a cube? What about the other ten cube nets? Do any of these pull up? (See diagram on pdf.)
Also how would you modify this pull-up net for a cube to make it a pull-up for a cuboid?
What about other 3D shapes, do they have pull-up nets? Yes indeed, the world is your 3D oyster. The regular tetrahedron pull-up is simply a parallelogram split up into four equilateral triangles (see below for instructions). 

It’s easy to make and very effective. Or try a pull-up net for an octahedron and a square-based pyramid (see pages 10 and 11 for instructions). Other pyramids can be made by changing the number of triangles and the shape in the middle. Sadly, I tried to make a pull-up net for a dodecahedron but failed. I really don’t think it’s possible due to the symmetry of the shape, but I have enclosed a pop-up net for a dodecahedron calendar, which is extremely effective, and again is based on the traditional net. It’s not new – Martin Gardiner included it in one of his books – but what amazes me is that very few mathematicians have ever made one (see below for instructions). 
Now we come to what I call the crème de la resistance of pull-up nets. As part of my part-time work as a PGCE tutor at Leeds University I taught a session on shape and space. I showed the students my pull-up nets and the pop-up icosahedron. They were all impressed and I left them with a challenge. ‘I would love to be able to make the complete set of Platonic solids using the easy pull-up and/or pop-up nets.’ I knew how to easily make the cube, tetrahedron, octahedron and the dodecahedron but the only way (excluding using the traditional net and glueing) I could make an icosahedron involved plaiting. This takes a bit of time and is quite complicated. My holy grail was a pull-up or pop-up icosahedron. And behold, the next day, into the lecture room walked Indiana Jones in the form of PGCE student Tom King. He presented me with a pull-up net for an icosahedron. I was amazed. It was so simple and elegant (see page 13 for instructions). So now I had my complete set of easy to make Platonic solids and could explore their properties and uniqueness. 

Use these nets and the hassle is taken out of making 3D shapes. They can be made very cheaply and effectively using card, scissors and a little glue and thread. But the proof of the pudding is in the folding. You’ve learned the theory and read the instructions, now have a go yourself. Make yourself some easy 3D shapes and maybe discover some new pull-ups at the same time.

Pull-up cube
(see diagram on pdf)

1.
Cut out this net of a cube and stick it on to card.

2.
Next, stick the shaded square on to a piece of card, leaving the other shapes free. 
3.
Use a needle and thread and the four positions A, B, C and D to link the shaded square and the last square.
4. 
Now pull up the net to make a cube.
Challenge

Try other nets of a cube. There are ten more. Do any of them pull up to make a cube?
Pull-up tetrahedron
(see diagram on pdf)

1.
Cut out this net of a tetrahedron and stick it on to card.

2.
Next, stick the shaded triangle on to a piece of card, leaving the other shapes free.
3.
Use a needle and thread and the four positions A, B, C and D to link the shaded triangle and the last triangle.
4.
Now pull up the net to make a tetrahedron.
Pull-up octahedron

(see digram on pdf)

1.
Cut out this net of an octahedron and stick it on to card.

2.
Next, stick the shaded triangle on to a piece of card, leaving the other shapes free.
3.
Use a needle and thread and the six positions A, B, C, D, E and F to link the triangles together.
4.
Now pull up the net to make an octahedron.
Challenge

Try pulling up other nets of tetrahedrons.
Pull-up square-based pyramid

(see digram on pdf)

1.
Cut out this net of a square-based pyramid and stick it on to card.

2.
Next, stick the shaded square on to a piece of card, leaving the other shapes free.
3.
Use a needle and thread and the four positions A, B, C and D to link the triangles together.
4.
Now pull up the net to make a square-based pyramid.
Challenge

Make other pull-up pyramids starting with a pentagonal-based pyramid.
Pop-up dodecahedron calendar

(see digram on pdf)

1.
Duplicate or stick the sheet on to thick card.

2.
Cut out the two ‘flower’ shapes and 

score lightly on the dotted lines.
3. 
Weave an elastic band round the two ‘flower’ shapes and the calendar will pop-up to form a dodecahedron.
Pull-up icosahedron

(see digram on pdf)

1.
Cut out this net of an icosahedron and stick it on to card.

2.
Use a needle and thread and the 14 positions A to N to link the 20 triangles together.
3.
Gently but firmly pull up the net to make an icosahedron.
