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Foreword

The project “Tinkering EU: Contemporary Education for Innovators of Tomorrow” (funded with support 
from the Erasmus+ Programme of the European Union) aims to implement the Tinkering pedagogy  by 
creating a European community of Tinkering practitioners and by encouraging exchange of expertise and 
practice between formal and informal learning institutions (museums, science centres, schools and 
universities). It is introducing Tinkering to European museums and educators, inspired by the USA-based 
experience of the Exploratorium of San Francisco. The project was coordinated by the National Museum 
of Science and Technology Leonardo da Vinci working together with the University of Cambridge UK, 
NEMO Science Museum NL, Centre for Life, UK, Deutsches Museum DE, MOBILIS Science Centre HU and 
JEDLIK High School HU. The project aims to: 

• enrich skills and competences in Science, Technology, Engineering and Mathematics (STEM) 
 and contribute to developing 21st century skills 
• promote a learner-centred pedagogical approach through Tinkering 
• improve the attractiveness of, attainment in, and lifelong relationship with, 
 science and technology for families and students 
• implement the innovative pedagogy of Tinkering in school and out-of-school 
 contexts at European level 
• create a Europe-wide community of practice working with this pedagogy 
• encourage exchange of expertise and practice between formal and informal 
 learning institutions and professionals. 

The project partners developed several new Tinkering activities, both for schools and for family 
audiences. This document contains the results of their work. All activities were prototyped, tested with 
school and family audiences on the museum floor, evaluated and fine-tuned by the partners, and are 
now available for use. 

The process of developing new Tinkering activities has been among the most important phases of the 
project. It offered partners the opportunity to reflect deeply on what Tinkering is about, and how to 
translate its theoretical and methodological principles into practice. In doing so, partners were inevitably 
invited to reflect on their own existing pedagogy, identifying differences and similarities with Tinkering 
(as well as differences and similarities among the museums themselves). 

The activities you find in this document reflect the particular nature of this experience: They are the 
expression of our understanding of Tinkering through the lenses of our own pedagogical identity(ies). 
Integrating the Tinkering pedagogy into one’s own practice does not – cannot – mean renouncing one’s 
own experience or choices. It should however help practitioners reflect on how Tinkering extends, or even 
challenges, already-existing understandings, practices and methodologies for learning in museums, as 
well as where Tinkering can introduce innovation and enrich the fields of formal and informal education. 

The activities differ from each other: from an open-ended exploration of light (Light Paths and Light Play 
designed by the National Museum of Science and Technology Leonardo da Vinci - MUST), and the 
re-imagined Tinkering version of an all-classic game (Pingball designed by the Centre for Life), to 
building a narrative using gears (Gears! designed by NEMO Science Museum), to an engineering-inspired 
challenge (Store &Ride designed by MOBILIS). We hope you will not only take up these activities in your 
institutions as such, but also use them as opportunities to reflect on on the unique nature and pedagogy 
of Tinkering in terms of design, materials, environment and facilitation. 

RECIPE FOR A GOOD RESULT
This document works better when used in combination with the Methodological Framework. The latter 
provides the theoretical and methodological basis of Tinkering as seen by the Tinkering EU project. 
You can download it from: 
http://www.museoscienza.org/tinkering-eu/download/Tinkering-A-practitioner-guide.pdf
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Light Painting - MUSEO NAZIONALE SCIENZA E TECNOLOGIA LOENARDO DA VINCI 

Pingball - CENTRE FOR LIFE

Gears - NEMO SCIENCE MUSEUM
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LIGHT PAINTING

AUDIENCE

FORMAT

DURATION

STAFFING

PARTICIPANT
GROUPING

Adults, families

Drop-in 

No fixed time. 5 minute introduction. Dwell time varies.

Two facilitators (calculating 6 work stations
and 25 people max)

Ideally 3 participants per work station. 
But it also works with people working individually

Activity Plan

Light painting involves playing with light in order to create a range 
of creative photographic effects. Learners use a light source, a web camera 
linked to a computer and a programme that simulates long exposure time. 
The software on the PC controls the web camera so it collects images 
continuously. Moving a small source of light in front of it, it would appear as 
if you were drawing on a photo. Learners tinker with the light effect e.g. by 
changing  the source of the light and materials. They can  build their own 
source of light using the materials provided, reflecting, refracting, diffusing 
and changing the colour of the light. They tinker with materials to create 
their ‘light brush’, then test what happens if you apply different light effects 
on the photo.

OUTLINE

MUSEO NAZIONALE SCIENZA E TECNOLOGIA LOENARDO DA VINCI 



ROOM PREPARATION

• Use a room that can be kept in dim light with the main lights switched off. For better results participants 
 should be able to see themselves on the PC/laptop monitor when they are in front of the web camera.   
• Set up workstation tables. At each workplace set up:
 - An  80x160cm table with 3 or 4 stools or chairs
 - A PC or laptop with the software programme; if an internet connection is available, connect all the PCs 
   to the internet  
 - A cardboard box (60x60x70cm) with a USB webcam
 - A black big paper foil on the table, under the box 
• Set 2-3 tables for materials. Materials for building the different sources of light (the ‘light brushes’) should be 
 laid out on the tables so that it is easy for the participants to see what is available and choose the things that 
 most inspire them.
• Prepare a simple example that the facilitator can use to help people get started.
• Switch off the main light leaving the room in dim light. 

In the following photo you can see an example of the set up for the activity at MUST.

ACTIVITY SETTING IN THE TINKERING ZONE AT MUST. SET UP FOR THE WORK STATION.

PEOPLE AT WORK DURING THE ACTIVITY AT MUST. PEOPLE AT WORK DURING THE ACTIVITY AT MUST.
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HEALTH AND SAFETY

HAZARD

Dim light could increase risks 
of tripping, bumps and falls.

Dim light makes use of tools more 
hazardous.

NOTE: THIS IS AN OPTIONAL SET UP. THE ACTIVITY ALSO WORKS WELL WITHOUT IT.

REDUCING THE RISK

Invite visitors to move slowly and carefully around the room.

Make sure that each workstation has a lamp to help participants 
to see more clearly.
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ESSENTIAL MATERIALS

• See appendix 1 for a list of materials.
• You can adjust the materials or add additional ones. Use any material that produce different optical effects.

ESSENTIAL TOOLS

At each work station, set up consists of:
1. Table with stools or chairs
2. PC or laptop 
3. Webcam (we use: Spotlight Webcam Pro Trust 1.3 MPixel)
4. Light painting software:
 a. LPL Mercury Pro Software (http://lightpaintlive.com/ ) downloaded  from Google Play store
 b. Online link: Glow Doodle http://scripts.mit.edu/~eric_r/glowdoodle/ 
     There is also an offline version: http://scripts.mit.edu/~eric_r/glowdoodle/win_download.html 
5. Scissors, cutters, hole punches 
6. Box (see appendix 2) 

EXTRA TOOLS OR MATERIALS

It is possible to create even more impressive light painting photo effects if you make them using a digital camera in 
a completely dark room. You could set up a separate, additional dark room or other dark area nearby (e.g. a large 
tent) for this purpose. In the dark room, set up an SLR camera (with flash function) on a tripod and set it to a long 
exposure time (at least 20-30 seconds). If possible, link the camera to a PC or laptop so that the final picture can be 
viewed on a computer screen rather than just on the small SLR camera screen.
When participants have finished tinkering at their work station and have made their light brush, they can move into 
the dark room where, with the help of the facilitator, they could create a photo.
It is possible to put participants into the picture using the camera flash function:
 1. The facilitator asks participants to stay in a fixed position.
 2. The facilitator opens the camera’s diaphragm (as the room is very dark no image can be produced 
     at that moment).
 3. The facilitator switches on the flash and asks participants to move around while - at the same time - 
     using their light brush to draw in the air. 

With this technique the final light painting photo effects are more impressive than when using webcams:



INTRODUCING THE ACTIVITY (5 MINUTES)

• You can use a light painting photograph to start the introduction.

When introducting the activity to the participants, the facilitator should refer to something like the following:

“Today we are going to do a drawing with light. Like a painter needs canvas and brushes to create her painting, you will 
use a web camera (canvas) and a ‘light brush’ to create your own. Usually the web camera collects the light by opening 
and closing the diaphragm very quickly.  If we allow the diaphragm to stay open for longer it can collect more light. In 
this case if we move a light in front of the camera it is possible to record the light path, as if we were drawing.”

It is useful to physically show the participants how to use the little flashlight and the software. The software is very 
simple and it takes a short time to explain how to use it.
The facilitator should also introduce participants to the materials because, after testing the software with the 
flashlight, they have to build their own ‘light brush’, starting from the source (LED or flashlight). Learners can also 
use motors to introduce mechanical movements to their ‘light brush’.

•  Brief the participants on health and safety: because the room is dark, participants must take care of how they 
 move around (e.g. move slowly, no running) as well as when they use cutters, scissors or any hole punch.

MANAGING THE ACTIVITY WHILE IN PROGRESS (NO SET TIME LIMIT)
(For more detailed guidelines to Facilitation please refer to the Methodological Framework, chapter 3)

• The facilitator should invite participants to explore the technique first using the flashlight, and then invite them 
 to try make their own ‘light brush’ with more varied and creative effects.

• Several variables can be changed while tinkering with the materials. Participants might feel the need for more 
 support by the facilitator. Instead of indicating solutions, support can be given by inviting participants to reflect 
 on the questions:
 - What do you think happens to the light if you put something semi-transparent in front of it?
 - How could you use the holes to create a different light effect?
 - Is there any way you could get the light source to move more quickly? (e.g. they could attach an LED to 
   a thread and rotate it)

• Other examples of things that might change the light effect:
 - Rotating the light brush by hand
 - Attaching an LED to a motor
 - Changing the colour of a flashlight by using different colour transparent plastics
 - Changing the angle of the light path
 - Leaving the light in front of the web camera without moving it which will make the image brighter
 - Moving the light toward the camera, which will also make the light brighter
 - Take a photo, change something and take a second photo, a third and so on; the software overlaps all 
   the exposures

• At the beginning, take some minutes to observe carefully if learners have understood the activity: often people 
arrange the scene inside the box with a light brush and then take the photo but with no movement. Support might 
be needed to understand that in light painting you need to move the light in order to draw.
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Examples of photos made by our visitors at MUST
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Below are examples of light brushes

MANAGING THE END OF THE ACTIVITY

• Ideally people should be allowed to take their time with tinkering and decide when to stop. 
• Ask them if they would like to show you their photo. 
• Because of the dim light and position of tables, participants will not have seen other people’s photos. You could 
 ask participants if they would like to see what has been done, and invite each person/group to present their work.
• Ask them politely to take a few minutes to clean up so the group can start a new activity.
• If the PC is connected to the internet, ask visitors if they want to send their photo to themselves by email
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MATERIALS

ITEM

LED

Battery buttons 3 V (Cr 2016 - 
Cr 2032)

Straws

Cardboard  2-3mm thick 
cut in to sheets 10x20 cm

String or thread

Plastic optical fibre, strings 
15-20cm length

Lollipop sticks

Electric motor with batteries

All kinds of materials  that 
reflect, diffuse, change or alter 
the light colour 

Aluminium foil and container

Grab flashlight

Transparent plexiglass 
(coloured, fluorescent) of
different shapes

CD disc

Paper tape

COMMENTS

Red, white, blue, green, with various effects (blinking, 
changing colour, fixed light etc.)

For LEDs

Different colours

To build a range of structures

To spin objects 

For optical effects 

Slow motors work better

Wax paper, gel sheets, translucent paper, 
semi-transparent or reflective objects

For optical effects

They have to have low brightness otherwise the photo 
could be too over exposed

For optical effects

For optical effects

APPENDIX 1



CARDBOARD BOX WITH WEB-CAMERA

This is the tool used to take the photo with the web-camera.
Two sides of the box are cut in this way:

This means  the participants can rotate the box in two different positions: one with the web camera in front of the 
participants, and one with the web camera up looking down towards the surface of the table.

Use a dark fabric to avoid light inside the box: 
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To fix the web camera to the box use two wooden supports as seen in the following photos:  

During the Tinkering EU project the Light Painting activity is being tested with visitors at the Deutsches Museum 
as part of the work for the Project. Based on the Light Painting Pilot Plan, in this document you can find the 
description of the activity as tested and run at the Deutsches Museum.
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WEB-CAMERA WOODEN SUPPORTS

HOW FIX THE WEBCAM TO THE BOX

http://www.museoscienza.org/tinkering-eu/download/appendix-lightpainting-Hres.pdf


PINGBALL

AUDIENCE

FORMAT

DURATION

STAFFING

PARTICIPANT
GROUPING

Families

Drop-in sessions

10-45 minutes

Two facilitators or one if few participants

Participants work individually or in pairs

Activity Plan

The aim of the activity is to get the marble from the gap at the top left to the 
gap at the top right of the board. Each participant or pair has a magnetic 
board with rubber band ‘bumpers’ around the edges, plus a large marble. 
Participants stick pieces to the board, including blocks, magnets and elastic 
bands, in order to complete the challenge. 
The activity explores the phenomena of movement and forces, 
including gravity, friction, stored energy and magnetism. 

Extension: bring together more than one board to run a marble 
through multiple boards consecutively.

OUTLINE

CENTRE FOR LIFE



ROOM PREPARATION

• Lay the boards out on the tables. Try to arrange them on the table to allow participants to get around the board 
 without getting in the way of other users. 
• Boards should be propped up on blocks so that they slope towards the participants. Use 2 wooden blocks 
 to prop up each board on the opposite side to where the partipciants will be stood. Stick the blocks to the table 
 with Velcro if possible.
• Place the materials (blocks, card, plasticine etc.) on tables at the side of the room. Having the materials separate 
 encourages people to have access to the full range of materials and a chance to see others working. 
 Each resource should have an obvious place that it goes back to (e.g. use different coloured containers).
• Tables should be spread out around the room so that the participants and facilitators can move around them 
 easily. No chairs are required, except for participants who really need them (e.g. people with mobility needs). 
• Set up one or two example boards. Place these where everyone can see them, perhaps near to the room 
 entrance. This allows the facilitators to demonstrate some of the basic features to everyone as they enter 
 the area. Some participants may want to try the example board before trying to make their own.

SUGGESTED ROOM LAYOUT

Spread out the available tables so that there is space to move about, especially as visitors will have to keep moving 
to the storage area to collect materials. A board on each side of the table allows space for the participants or 
observers to easily get around the board. Having four boards on a rectangular table allows lots of collaboration 
between groups.

TABLE FOR
MATERIALS

POINT OF
ENTRY

DEMO
BOARD

Ñ

HEALTH AND SAFETY

HAZARD

Swallowing or choking on small parts
or magnets

Slipping on marbles on the floor

Injury caused by pinging elastic bands 
and flying marbles

Injury caused by dropping items

Trapping skin or fingers with magnets

NOTE: STAFF SHOULD CONSIDER THESE RISKS WHILE THE ACTIVITY TAKES PLACE AND BE PREPARED TO ADAPT THE SPACE OR ACTIVITY IF NEEDED.

CONTROLS

• Ideally, children under 5 should not be in the area. 
• Inform parents on entry to the area that there are small items 
 and that young children should be closely supervised.
• Remove small magnets immediately if they break off the blocks.

• Warn participants that there may be marbles on the floor.
• Ask them to take care when moving around the area.

• Warn participants not to ping too vigorously.
• Facilitators to manage any inappropriate behaviour.

• Lightweight materials used.
• Keep boards away from the edges of the table.

• Warn participants to take care when using magnets.
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ITEM

Magnetic boards
Metal bolts
Metal nuts
Metal nuts
Long, thick elastic bands
Wooden blocks to prop boards up
Solid foam building blocks, 
various shapes (wooden blocks also work)

Small flat stick-on magnets
‘Skittle’ shaped magnets
Short, thick elastic bands
Thin elastic bands
Large marbles
Pliers
Super glue
Drill with 6mm bit

SIZE

~370x780mm
M6, 30mm long
M6 
M6 Nylock
Size 89
~150x34x29mm
Various, 
e.g. ~100x50x50mm
10x5x1mm
12x21mm
Size 75
Any
25mm

No PER PERSON/PAIR

1
8
8 (on top of board)
8 (underneath board)
6
2
At least 8

At least 2 per block
At least 6
At least 2
At least 4
1 (plus spares)
For setting up only
For setting up only
For setting up only

TOTAL (FOR 12 BOARDS)

12
96
96
96
72
24
Minimum 96

Minimum 192
Minimum 72
Minimum 24
Minimum 48
12
1
1
1

ESSENTIAL MATERIALS AND TOOLS

EXTRA MATERIALS AND TOOLS

• Cardboard sheets, tubes, - selection for people to use, can normally be re-used
• Sticky tape (masking tape tends to work best)
• Plasticine
• Spinners - Laser cut
• Other kinds of balls (plastic, metal, rubber)
• Scissors
• Velcro to stick wooden blocks to boards, or boards to tables
• Lolly pop sticks, Pipe cleaners, plastic cups, spoons etc. (Having a larger range of different materials 
 is good for the older ages but with younger ages it can be a bit overwhelming or they get distracted by it.)

PREPARING THE MATERIALS IN ADVANCE

• Drill holes around the edge of each board for the bolts (see picture). 
• Attach bolts with one nut (plain) on top and one (Nylock) underneath the board at each hole. 
• Hook elastic bands (size 89) over the bolts to make bumpers along the edges.
• Stick small magnets onto foam blocks with a small blob of superglue. 
• Make some tunnels and other sample pieces out of card to give people ideas.
• Set up a demonstration board to show how materials might be used, but that doesn’t complete the challenge 
 and therefore cannot be copied exactly.
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INTRODUCING THE ACTIVITY

When introducting the activity to the participants, the facilitator should refer to something like the following:

“Our goal is to get the marble from the entrance here (pointing 
at the gap at one side of the example board) to the exit here (pointing at the other side of the example board). But what 
happens in between is up to you! Make it as fun and interesting as you can. This is my game so far (demonstrate the 
example board – Tends to be half finished) and then I could put another spinner or another elastic band to ping it back 
up….etc.”

An alternative with a slightly different goal could be…

“Your aim is to create a fun pinball-style game for another family (or group) to play. You need a clear starting point 
and an end point for your game”.

• Provide a brief explanation of the materials and tools:

“Use any of the materials from around the room and when you are finished please return them all to where you found 
them. Some of the pieces have small magnets on them to stick to the board. If a magnet comes off, please bring it to us 
to be fixed, because they’re very dangerous if children swallow them! You might want to make use of the elastic bands 
around the edge of your board to bounce the marble off (show them how). Pinging with your hands is definitely allowed, 
but watch out for marbles on the floor. This is not an easy task. Play around, keep trying things out and see what you 
can do.”

TIPS FROM INITIAL TRIALS:
1 The introduction very much sets the atmosphere. 
2 You need to make it sound fun, so be enthusiastic. 
3 Be aware that the activity can be quite difficult. Encourage people not to give up too quickly 
 even if they are finding it hard.
4 Tell people they can ping the marble off the elastic bands, because otherwise some people think that is cheating. 
 Demonstrating example boards helps if people are unsure.

MANAGING THE ACTIVITY ONCE IT IS IN PROGRESS
(For more detailed guidelines to Facilitation please refer to the Methodological Framework, chapter 3)

• You may need to demonstrate the example board again or let them try the example themselves.
• Give people inspiration if they look like they are running out of ideas of their own, such as:
 -  Remind them they can ping the marble off the edges
 -  Suggest new material to try
 -  Show them how to make a bumper from skittle magnets
 -  Ask questions that might get them to think of new ways to funnel the marble towards the gap.
• Add extra challenges if people think they have finished, such as hitting all four sides of the board, 
 or only bouncing once, or to do it without any pinging. 
• Give encouragement and value people’s work by commenting on good ideas or innovative uses of materials.

MANAGING THE END OF THE ACTIVITY

• When participants decide they are finished, ask them to show you what they’ve made. 
• Celebrate their success and ideas. 
• If they are not satisfied with it, remind them that it is more about the process than the end result. 
• Take pictures of useful ideas. 
• Ask participants to put the pieces back again ready for someone else to use, unless you want to keep the board 
 as an example. Remind them again that the little skittle shaped magnets are very strong, that the best way 
 to get them off the board is to tip them sideways and to be careful when picking up more than one of them.
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EQUIPMENT

FOAM BUILDING BLOCKS
WITH MAGNETS ATTACHED

WOODEN BLOCKS
TO PROP BOARD UP
(SEE IMAGE BELOW)

ELASTIC BANDS

PLIERS

MARBLES

SKITTLE MAGNETS
(SEE IMAGE BELOW)

BOLTS

ENTRY/EXIT GAP
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BOARD RESTING ON WOODEN BLOCK WITH VELCRO. CLOSE UP OF SKITTLE MAGNETS.

FOAM BUILDING BLOCK WITH MAGNETS. 
STICK MAGNETS ON WITH SELF-ADHESIVE,
THEN ADD A BLOB OF SUPER GLUE.

SAMPLE TUNNEL PIECE, MADE FROM CARD AND TAPE 
WITH MAGNETS STUCK ON BOTTOM.

SAMPLE SPINNERS ON SKITTLE MAGNETS.
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GEARS

AUDIENCE

FORMAT

DURATION

STAFFING

PARTICIPANT
GROUPING

Families, children 8+

Drop-in

No fixed time. Average time spent = 40 mins

1 explainer (2 would be better, in particular for the initial 
phase so that the facilitators can observe each other 
and learn more about Tinkering).

Individually or in a small group (group composition can vary;
ideally not more than 3 people per gear system, 
larger groups can split up and make several systems).

Activity Plan

Participants create a gear system using a range of materials available. As a 
start, the facilitator invites visitors to make a simple gear system with at 
least two components which set each other in motion when moving one of 
them. While making a gear system, visitors could explore various ways of 
power transmission, acceleration and change of directional movement.

OUTLINE

NEMO SCIENCE MUSEUM



ROOM PREPARATION

Depending on the available space and possibilities in each institute, the ideal set up would be:
• Tables with enough seats for all visitors. When only one facilitator is available we would recommend 
 a maximum of 12 visitors. 
• Preferably spread visitors out over several smaller tables, with approximately 6 people per table.
• A shelving or other kind of arrangement unit with materials displayed so that participants can easily see what 
 is available. Systems with boxes  with lids or see-through trays work well. For example:

• If possible, use three separate storage units: 
 - one for the disk materials
 - one for the teeth and axle materials
 - one for all other materials (including base plates, sticking materials, etc.). 
• Arrange the materials in such a way as to allow visitors to walk through the room, to get the different 
 type of materials required.
• A dedicated workbench or separate table for working with the technical tools (drilling, hammering, etc).

SUGGESTED ROOM LAYOUT

Example of possible arrangement of the room (see pictures below).

TABLE (6P)

STORAGE STORAGE

STORAGE

SH
O

W
C

ASE
SH

O
W

C
ASE

WORKBENCH

TABLE (6P)

TABLE (4P)

POINT OF
ENTRY

Ò
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HEALTH AND SAFETY

HAZARD

Small parts – swallowing or choking 
hazard.

Use of pins, skewers, scissors and 
strong glue (or glue guns) may result in 
harm when used carelessly.

Use of tools may result in harm when 
used carelessly.

Use of glue may cause stains.

NOTE: STAFF SHOULD CONSIDER THESE RISKS WHILE THE ACTIVITY TAKES PLACE AND BE PREPARED TO ADAPT THE SPACE OR ACTIVITY IF NEEDED.

REDUCING THE RISK

• Children under 5 should not be in the area without supervision.

• When used normally, this should not pose a great risk. 
• Brief participants on how to use tools and materials safely.

• Choose child-friendly tools, which normally should not pose 
 a great risk, if used wisely. 
• You may want to set up a separate workbench as the sole area 
 where you can work with tools. This makes it easier to keep 
 an eye on and only this bench gets damaged.

• Choose washable glue if possible.

• Attractive and functional decorations on the wall, for example ‘Steam punk’ style drawings of gear systems, 
 which show gears in actual mechanical inventions. These are meant to add to the atmosphere as well as 
 to provide some narrative, which may help to get people started within a theme or framework. 
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ESSENTIAL MATERIALS AND TOOLS

In appendix 1 you will find the list of materials that have been tested. A selection was made from simple, widely 
available materials that are easy to manipulate, so there’s low threshold to use them and inspires to continue the 
activity at home. 

Feel free to adjust materials and add different ones. Try materials beforehand as soon as possible to see how 
visitors react. 

Keep a few things in mind when choosing new materials:
• Brightly coloured material or really decorative material (feathers, googly eyes, etc) might shift the focus from 
 tinkering/making to crafts/decorating. When using coloured materials (like the poolnoodles and crafts foam) 
 stick to one colour.
• Some materials might be frustrating instead of contributing to the activity. Things we tried that did not work well: 
 - Glue that doesn’t hold well or takes really long to dry.
 - Strips made out of ‘standard’ corrugated cardboard (the outer layer stripped off) to be used as teeth; the flutes 
    of this type of cardboard aren’t rigid enough and collapse after a few turns.
 - Pushpins; these are very attractive and visitors used loads of them as teeth. This could become expensive, 
    but moreover it is hard to get the distances between the pins right as to get the gears to work. Also, some 
     visitors hurt themselves while working with them.  

EXTRA MATERIALS AND TOOLS

• Use a cardboard cutter to cut three-layered cardboard into workable sizes and to cut corrugated cardboard 
 into strips.
• Use a saw to cut tubes, pool noodles and peg boards into small pieces.
• Use a glue gun but take the safety concerns into consideration.

PREPARING THE MATERIALS IN ADVANCE

• Cut cardboard and peg board into workable sizes (about 20x20 cm).
• Cut the single-face-corrugated cardboard into strips of 1 cm wide.
• Cut mailing tubes and pool noodles into small rings/disks of 1 cm wide.
• Prepare a variety of example gear systems; use different types of teeth, different examples of power 
 transmission, different narratives, and different levels of complexity (see examples in ‘Possible 
 outcomes’ section below). Please keep in mind that examples that are too complex may cause frustration or 
 result in copies of the example, rather than in new designs inspired by the example.
• Present materials in an organised, but attractive manner. If possible, spread out the groups of materials over 
 different sides of the room to stimulate people to walk around.
• Make sure there is at least one base plate (of any kind) and at least 2 disks (of any kind) per person.

The quantitiy of additional materials is flexible. Do keep in mind that the presentation, the relative amount of 
material offered and the examples shown may influence what material people will use. Also, we advise not to put 
out too many strips of single face corrugated cardboard strips, as this may lead to people only using those and no 
other teeth-materials.
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INTRODUCING THE ACTIVITY

The introduction sets the atmosphere and makes the visitor feel welcomed and encouraged to get started and 
explore. So be friendly, inviting and enthusiastic.

When introducting the activity to the participants, the facilitator should refer to something like the following:
• Welcome to our Maker Space – in this space you will find lots of different materials and tools that you can use 
 to make a simple gear system.
• Do you know what gears are? Could you give an example of the use of gears? (e.g. in a bicycle, a motor of a car, 
 a clock, etc.)
• The aim is to make a simple gear system with at least two components that set each other in motion when 
 moving one of them.  
• Show real-life examples of gear systems, for example a hand mixer, a video recorder or a juicer.  Below are 
 photos of the machines we used. The visitors can see some of the machines in action by pushing the red or green 
 button.  

• Show examples of gears and set them in motion. Choose a range of creative as well achievable examples, i.e.
- examples with different gear systems
- examples with no story/creative elements
- examples that tell a story, i.e.
develop a personal narrative 
give emphasis on the aesthetic aspect
use a variety of materials (bright colours, textures etc.)
• When showing the example, describe the movement and provide the narrative behind it, e.g.

“Here someone has used a gear system to make a storyboard. One of the cogs is attached to a stick which moves this 
little dog up and down. They named this ‘Dog on the Way to the Circus”.

“This person decided to make a useful gadget. This device is a tea-bag stirring machine”

• Describe the example, refer to its movement or the narrative. Invite participants to try the examples.
• Encourage participants to walk around the room, have a good look of the materials and choose to try out what 
 they like. You might want to also say something like:

“Making the gears work can be fiddly/tricky/difficult. It is best to start by exploring with the materials to see what works 
and what does not”. 
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MANAGING THE ACTIVITY ONCE IT IS IN PROGRESS
(For more detailed guidelines to Facilitation please refer to the Methodological Framework, chapter 3)

Observe the participants while they are working on their gear system.
• Encourage and value people’s work by commenting on good ideas or innovative uses of materials.
• Ask questions about what they are planning on making or why they chose to do things a certain way, to encourage 
 them to articulate their ideas and reasoning.
• Encourage further explorations:
 - Offer ideas or materials
 - Ask questions to challenge the visitor to develop the system further e.g. 

 “What will this set into motion? Maybe you can make something move with this gear?”
 - Fuel divergent thinking by encouraging new ideas “That’s interesting – I’d love to come back later to see how this 
will work” or, “I have never seen that before, that’s a great idea”.

 - Invite visitors to have a look at what other people are making to get inspiration
 - Add extra challenges if people think they have finished “Do you think you could make it move more slowly? Or can 
you make it move into the other direction?”
 - Point out aspects the visitor may not have noticed e.g. “Which way does this gear turn? And the next one?” or “The 
small one seems to turn much faster – that’s interesting! How does that happen?”

• When visitors are stuck:
 - Encourage visitors to look closely to see what the problem is, point out things they may not have seen, so they 
 may get a better understanding of the problem and come up with a solution themselves. 

“The belt seems to move upwards from the gear. How could we resolve that?” or “At some point the gears don’t seem to 
touch each other very well, did you notice that? Why do you think this happens? Can we make an adjustment so they do 
connect better?”

 - Point out similar examples  that may provide completely new solutions/ideas
 - Offer new/different material, e.g. tape to connect things if glue doesn’t hold

 - Provide a narrative for people who find it hard to get started, e.g. “See if you can make one gear with a cyclist and 
one with a car, and make the car go faster” or “Maybe you can make a handy tool for a task you don’t like or find hard, 
like a ‘stirring machine’ or ‘dish washing tool’.”

• Specific technical points of interest – potential frustrating aspects of materials that we noticed during our 
 prototyping sessions:
 - When using the drill to make holes in the styrofoam disks for the axle, 
   the holes tend to get quite large. As a result the axle becomes wiggly 
   and the gears may not work well. Styrofoam is quite soft, and usually 
   you can just push the axle through by hand.
 - Quite often the gear system doesn’t work continuously due to 
   ‘wiggly’ axles, which makes the disks move apart. 
   Things to investigate and improve are: the size of the hole; the length 
   and diameter of the axle; the anchoring depth of the axle in the baseplate
 - When using a belt or chain, these often shift upwards (and eventually 
   come off) when turning the gears. A ‘stopper’, a band across the belt, 
   can hold it in place.

MANAGING THE END OF THE ACTIVITY

People decide for themselves when to finish. Before they leave:
• Ask them if they would like to show you how their gear system works. Ask them to point out the part that they are 
 most proud of, or which part was hardest to get to work.
• Take a photo of their gear system to acknowledge their work.
• Invite them to take the gear system home, otherwise to leave it on the showcase for others to play with and 
 get inspired by.
• If they choose to leave it, invite them to take a picture.
• Ask them politely to take a few minutes to clean up so the next visitor can make a gear system.
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PHOTOS ARE FROM DIFFERENT TEST SESSIONS, JUST TO GIVE AN IDEA.

PHOTOS OF POSSIBLE OUTCOMES 
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APPENDIX 1

MATERIALS

The list below contains the categories of materials we think are essential for the work, with a list of specific 
materials that we tested and thought to be useful. Although listed in categories, a lot of these materials could be 
used in various ways.

Feel free to adjust according to what is available at your institution. At the end of this list there are some ideas for 
optional additional materials, and some things to consider when changing or adding materials.
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ITEM

DISK MATERIALS

Toilet paper rolls

Cardboard rings 

End caps for mailing tubes 

Paper cups 

Corks 

Styrofoam disks 

Lids/caps

Wheels

Disks cut from poolnoodles

Thick craft foam 

Cardboard 

COMMENTS

We cut these in our own workshop into 1 cm wide rings cut 
from mailing tubes with various diameters (we used 5, 6, 8 
cm)

Various sizes (we used 5, 6, 8 cm)

Various sizes (we used 5, 7.5, 10 cm)
These are relatively expensive.

In various sizes. e.g. from drinking bottles, jars, etc
Lids with a ribbed outer surface are easier to glue things 
onto

We used these: 
http://www.techcardtechnology.com/TechCard_Kits/kits/co
mponents/wheels_axles.html 

We cut these in our own workshop into 1 cm thick disks

6mm thick, Darico Foamies sheets
This is hard to get in Europe and relatively expensive. We 
ordered in bulk from www.craftskitsandsupplies.com 

Leftover pieces of one-layered corrugated cardboard
Thin crafts cardboard (preferably basic colours)

TEETH/COG MATERIALS

Strips of corrugated cardboard 

(paper) Straws

 
Clothes pegs

 
Small plastic spoons

 
Ice pop sticks and tongue 
depressors

Large and small paperclips

AXLE MATERIALS

Nails 

Nuts and bolts

Long cotter pins

Wooden sticks

Skewers and toothpicks

Single face corrugated, fine  cardboard (flute: 2mm wide, 1 
mm high) 
(from 
http://www.cchobby.nl/ribbelkarton-vel-25x35-cm-10-vell
en.aspx) 
We cut these in our own workshop into 1 cm wide strips

A variety of thick, thin, coloured, stripey and bendy straws 

3 cm and 4.5 cm long

30mm long
The optimal nail length depends on the thickness of the 
disk and the thickness of the baseplate. If the part of the 
nail inside the baseplate is too short, the axle will become 
wiggly and lead to frustrating gear systems.

Variety of sizes; make sure they’re suitable to use for the 
peg board and shoebox lids

30 mm long

We use 10cm long sticks (6mm diameter)

BASEPLATE MATERIALS

Three-layered (corrugated) 
cardboard

Single-layered (corrugated) 
cardboard

Lids of shoe boxes, or small 
cardboard parcel boxes

Pegboard (optional)

FOR POWER TRANSMISSION

Variety of rubber bands

 
Variety of sewing elastic band

String

STICKING/CONNECTING 
MATERIALS

Cello tape

Masking tape

Double sided tape

Good, quick drying, washable 
and safe glue

Binder (fold over) clips

Cut into pieces of approx. 20 x 20 cm

Cut into pieces of approx. 20 x 20 cm
 

Cut into pieces of approx. 20 x 20 cm

For conduction belts, or to create friction on the outer 
surface of disks

Thinner types seemed frustrating as they wouldn’t work 
very well as belts. Wider types might be better

Preferably doublesided tape that sticks well to cardboard, styrofoam, 
plastic and poolnoodles. We tested several types and prefer:  
https://www.conrad.nl/nl/dubbelzijdig-plakband-met-beschermpapier-l-x-b-50-m-
x-12-mm-creme-3m-9527-3m-inhoud-1-rollen-549681.html 
These are 12mm wide; Max 1 cm wide would be better, because this fits 
better onto the disks and strips of corrugated cardboard

Preferably strong and quick drying glue that sticks well to cardboard, 
styrofoam, plastic, poolnoodles and wood. We tested several types and 
prefer   http://www.heutinkcreatief.nl/interlijm-flacon-115-ml.html or 
http://www.creotime.com/product/clear-multi-glue-gel-236-ml/#!prettyPhoto 
Glue guns would be good, but because of safety we don’t use them in our 
institute

Various sizes

TOOLS

Scissors

Hole puncher

Stapler

Ruler

Pencil, pencil sharpener and 
eraser

Pens

Hand drill

Small saw

Clamp

Hammer

Nippers

Template for circles

Template to mark the centre of 
the gear

Child friendly, but good enough to cut cardboard

With various sizes of drill bits

Child friendly

Depending on the setup of the room, and whether a good 
workbench is available, it might be useful to add this to 
hold items while drilling holes or sawing

We had these made out of 8 mm thick plastic

We made these ourselves by laminating paper circles and 
piercing  a small hole in the centre of each

PRACTICAL MATERIALS

First Aid Kit

Tissues / Tork tissue roll
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DISK MATERIALS

Toilet paper rolls

Cardboard rings 

End caps for mailing tubes 

Paper cups 

Corks 

Styrofoam disks 

Lids/caps

Wheels

Disks cut from poolnoodles

Thick craft foam 

Cardboard 

COMMENTS

We cut these in our own workshop into 1 cm wide rings cut 
from mailing tubes with various diameters (we used 5, 6, 8 
cm)

Various sizes (we used 5, 6, 8 cm)

Various sizes (we used 5, 7.5, 10 cm)
These are relatively expensive.

In various sizes. e.g. from drinking bottles, jars, etc
Lids with a ribbed outer surface are easier to glue things 
onto

We used these: 
http://www.techcardtechnology.com/TechCard_Kits/kits/co
mponents/wheels_axles.html 

We cut these in our own workshop into 1 cm thick disks

6mm thick, Darico Foamies sheets
This is hard to get in Europe and relatively expensive. We 
ordered in bulk from www.craftskitsandsupplies.com 

Leftover pieces of one-layered corrugated cardboard
Thin crafts cardboard (preferably basic colours)
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TEETH/COG MATERIALS

Strips of corrugated cardboard 

(paper) Straws

 
Clothes pegs

 
Small plastic spoons

 
Ice pop sticks and tongue 
depressors

Large and small paperclips

AXLE MATERIALS

Nails 

Nuts and bolts

Long cotter pins

Wooden sticks

Skewers and toothpicks

Single face corrugated, fine  cardboard (flute: 2mm wide, 1 
mm high) 
(from 
http://www.cchobby.nl/ribbelkarton-vel-25x35-cm-10-vell
en.aspx) 
We cut these in our own workshop into 1 cm wide strips

A variety of thick, thin, coloured, stripey and bendy straws 

3 cm and 4.5 cm long

30mm long
The optimal nail length depends on the thickness of the 
disk and the thickness of the baseplate. If the part of the 
nail inside the baseplate is too short, the axle will become 
wiggly and lead to frustrating gear systems.

Variety of sizes; make sure they’re suitable to use for the 
peg board and shoebox lids

30 mm long

We use 10cm long sticks (6mm diameter)

BASEPLATE MATERIALS

Three-layered (corrugated) 
cardboard

Single-layered (corrugated) 
cardboard

Lids of shoe boxes, or small 
cardboard parcel boxes

Pegboard (optional)

FOR POWER TRANSMISSION

Variety of rubber bands

 
Variety of sewing elastic band

String

STICKING/CONNECTING 
MATERIALS

Cello tape

Masking tape

Double sided tape

Good, quick drying, washable 
and safe glue

Binder (fold over) clips

Cut into pieces of approx. 20 x 20 cm

Cut into pieces of approx. 20 x 20 cm
 

Cut into pieces of approx. 20 x 20 cm

For conduction belts, or to create friction on the outer 
surface of disks

Thinner types seemed frustrating as they wouldn’t work 
very well as belts. Wider types might be better

Preferably doublesided tape that sticks well to cardboard, styrofoam, 
plastic and poolnoodles. We tested several types and prefer:  
https://www.conrad.nl/nl/dubbelzijdig-plakband-met-beschermpapier-l-x-b-50-m-
x-12-mm-creme-3m-9527-3m-inhoud-1-rollen-549681.html 
These are 12mm wide; Max 1 cm wide would be better, because this fits 
better onto the disks and strips of corrugated cardboard

Preferably strong and quick drying glue that sticks well to cardboard, 
styrofoam, plastic, poolnoodles and wood. We tested several types and 
prefer   http://www.heutinkcreatief.nl/interlijm-flacon-115-ml.html or 
http://www.creotime.com/product/clear-multi-glue-gel-236-ml/#!prettyPhoto 
Glue guns would be good, but because of safety we don’t use them in our 
institute

Various sizes

TOOLS

Scissors

Hole puncher

Stapler

Ruler

Pencil, pencil sharpener and 
eraser

Pens

Hand drill

Small saw

Clamp

Hammer

Nippers

Template for circles

Template to mark the centre of 
the gear

Child friendly, but good enough to cut cardboard

With various sizes of drill bits

Child friendly

Depending on the setup of the room, and whether a good 
workbench is available, it might be useful to add this to 
hold items while drilling holes or sawing

We had these made out of 8 mm thick plastic

We made these ourselves by laminating paper circles and 
piercing  a small hole in the centre of each

PRACTICAL MATERIALS

First Aid Kit

Tissues / Tork tissue roll
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cm)
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Leftover pieces of one-layered corrugated cardboard
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TEETH/COG MATERIALS

Strips of corrugated cardboard 

(paper) Straws

 
Clothes pegs

 
Small plastic spoons

 
Ice pop sticks and tongue 
depressors

Large and small paperclips

AXLE MATERIALS

Nails 

Nuts and bolts

Long cotter pins

Wooden sticks

Skewers and toothpicks

Single face corrugated, fine  cardboard (flute: 2mm wide, 1 
mm high) 
(from 
http://www.cchobby.nl/ribbelkarton-vel-25x35-cm-10-vell
en.aspx) 
We cut these in our own workshop into 1 cm wide strips

A variety of thick, thin, coloured, stripey and bendy straws 

3 cm and 4.5 cm long

30mm long
The optimal nail length depends on the thickness of the 
disk and the thickness of the baseplate. If the part of the 
nail inside the baseplate is too short, the axle will become 
wiggly and lead to frustrating gear systems.

Variety of sizes; make sure they’re suitable to use for the 
peg board and shoebox lids

30 mm long

We use 10cm long sticks (6mm diameter)
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BASEPLATE MATERIALS

Three-layered (corrugated) 
cardboard

Single-layered (corrugated) 
cardboard

Lids of shoe boxes, or small 
cardboard parcel boxes

Pegboard (optional)

FOR POWER TRANSMISSION

Variety of rubber bands

 
Variety of sewing elastic band

String

STICKING/CONNECTING 
MATERIALS

Cello tape

Masking tape

Double sided tape

Good, quick drying, washable 
and safe glue

Binder (fold over) clips

Cut into pieces of approx. 20 x 20 cm

Cut into pieces of approx. 20 x 20 cm
 

Cut into pieces of approx. 20 x 20 cm

For conduction belts, or to create friction on the outer 
surface of disks

Thinner types seemed frustrating as they wouldn’t work 
very well as belts. Wider types might be better

Preferably doublesided tape that sticks well to cardboard, styrofoam, 
plastic and poolnoodles. We tested several types and prefer:  
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Glue guns would be good, but because of safety we don’t use them in our 
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Hole puncher

Stapler

Ruler

Pencil, pencil sharpener and 
eraser

Pens

Hand drill

Small saw

Clamp

Hammer

Nippers

Template for circles

Template to mark the centre of 
the gear

Child friendly, but good enough to cut cardboard

With various sizes of drill bits

Child friendly

Depending on the setup of the room, and whether a good 
workbench is available, it might be useful to add this to 
hold items while drilling holes or sawing

We had these made out of 8 mm thick plastic

We made these ourselves by laminating paper circles and 
piercing  a small hole in the centre of each

PRACTICAL MATERIALS

First Aid Kit

Tissues / Tork tissue roll
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(from 
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A variety of thick, thin, coloured, stripey and bendy straws 
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disk and the thickness of the baseplate. If the part of the 
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Variety of sizes; make sure they’re suitable to use for the 
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Masking tape

Double sided tape

Good, quick drying, washable 
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Binder (fold over) clips

Cut into pieces of approx. 20 x 20 cm
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Glue guns would be good, but because of safety we don’t use them in our 
institute

Various sizes
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PRACTICAL MATERIALS

First Aid Kit

Tissues / Tork tissue roll

OPTIONAL ADDITIONAL MATERIALS

You can use more materials for this activity. It would be good to add ‘creative’ materials that could spark the 
imagination and would help create a narrative. For example, paper, cardboard, bobbins, translucent film, bells or 
springs.
Keep a few things in mind when choosing materials:
• Brightly coloured material or really decorative material (feathers, googly eyes, etc.) might shift the focus from 
 tinkering to crafts/decorating. When using coloured materials (like the poolnoodles and crafts foam) it might be 
 better to choose one colour.



Activities for schools

32

Light Paths - MUSEO NAZIONALE SCIENZA E TECNOLOGIA LOENARDO DA VINCI 

Store & Ride - MOBILIS SCIENCE CENTRE
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LIGHT PATHS

AUDIENCE

FORMAT

DURATION

STAFFING

PARTICIPANT
GROUPING

School students, 14 years old and beyond

Structured activity

90-120 minutes:
Timing:
 • 10 minute introduction of the activity, materials, goals 
    and examples of light paths
 • 70 minutes building light contraptions in groups
 • 10 minute ‘finale’ when the whole chain is switched on

Two facilitators

School groups of 25-30 students in groups of 2 to 4 students

Activity Plan

The main goal of this activity is to create a chain reaction made of a path of light 
that travels from one point to another. The chain is activated by a single light 
source that is switched on manually at the start table. When the start light for 
the whole chain is switched on, it should activate all the light contraptions 
across the sequence of the tables - without any manual input - right to the end 
of the final one. Each group builds their own ‘light contraption’ which passes 
the light across the table. Light can be:
 • Reflected
 • Focussed 
 • Used to activate LEDs
 • Used to activate motors that release hidden lights until the end 
    of the chain (last contraption)

Each group builds their light contraption across the surface of the table. 
As they tinker with tools and materials, learners explore phenomena of 
geometrical optics: reflection, refraction, diffusion, focal point, convergence 
and divergence of light, light transmission and shadows.

IMPORTANT NOTE
Total darkness should be secured before switching on the starting light on the first table. 
The contraptions should not need any other source of light to work. They should light up 
once they receive the input light, which comes from the previous table in the chain.

ALTERNATIVE OPTION FOR A SHORTER ACTIVITY
Each group makes their own single light path on one table. In the end, on each table there 
is a smaller autonomous chain reaction.  

OUTLINE

MUSEO NAZIONALE SCIENZA E TECNOLOGIA LOENARDO DA VINCI 



ROOM PREPARATION

• Use a room that can be darkened. This means it is dark enough to see the light paths but not so dark to prevent 
 participants to move around safely.
• Set up approximately 7 tables, one for each group. Place each of these tables in a linear sequence one 
 close to the next. Tables of 150 x 80cm are the appropriate size for groups of four people. Each group builds their 
 light contraption (a pathway of light using the materials and tools available) on their own table. Tables with a 
 white or very pale top surface work best as the light paths can be seen more easily. Make sure that the tables are 
 stable, so that the structures do not fall over if you accidentally push against the table.
• Set up approximately 4 separate tables for the materials. Arrange the material so that it is easy to see what is 
 available and to make selections. The tables for the materials should be lit using a small lamp.
• Set up a separate table for the tools. This should be lit using a lamp. The participants should only use tools when 
 they are at this table. It should be lit sufficiently to make tool use safe. The tools table should have hole punches, 
 scotch tape and scissors.
• Optional: participants usually work standing but you can have chairs to use if needed.
• When you are ready for the introduction to the class, switch on the lamp on the tools table then switch off the 
 main light, leaving the room in dim light.
• Prepare a simple example to use if necessary during the introduction of the activity e.g. use a flash light, a lens, 
 a mirror, an LedBox and a motor if it is available.

SUGGESTED ROOM LAYOUT
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Set up area in the Tinkering Zone at MUST. Tables are placed far away from each other to gain more stability 
against movements of other tables nearby. This way, the working area for each group is also clearly marked. 

Set up for the tables with the materials:
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HEALTH AND SAFETY

HAZARD

Dim light could increase risks of 
tripping, bumps and falls.

Dim light makes the use of tools more 
hazardous.

REDUCING THE RISK

Brief the students inviting them to move slowly and carefully 
around the room.

Brief the students inviting them to use tools only at the tools table 
where the light is better.
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ESSENTIAL MATERIALS AND TOOLS (QUANTITIES ARE INDICATIVE, NOT MANDATORY)

ITEM

Small mirrors (maximum 5 x 10cm); plane, convex and concave

Diffusion paper sheets 

Small but intense (red, white, blue, green) electric torch, with various effects 
(blinking, changing colour, fixed light etc.)  

Metal bulldog clips between 20 and 40 mm size 

Lens counts wires, small magnifier, convergent and divergent lens, prism

Transparent Plexiglas plates (coloured, fluorescent,) of different shapes 
(square, rectangle…)

Small pieces (15 x 15cm) of dark fabric (black, brown). It is important that 
light doesn’t pass through. 

Wooden blocks (different sizes from 2 x 2cm to 10 x 10cm)

Coloured straws

Cardboard tubes

Plastic transparent tubes 

Pieces of cardboard, rectangular shape 10 x 20cm size, 2-3mm thick

Paper tape

A ball of thin string or twine

1.5V  AA batteries

Ledbox: this is a component which switches on an LED when it is lit by a light 
source. There are instructions for how to build this tool at the end of the 
document

Plastic flexible and rigid optic fibre (3m cut into  pieces 15-20cm in length)

Any materials that you can find which give optical effects i.e. any objects that 
can reflect, diffuse, create shadows etc.

QUANTITY

50

20 x A4 pieces

30

100

60

40

30

50

50

10

20

≈25

≈10

1

≈ 70 (quantity depends on the 
Led box number used)

50

20



ESSENTIAL TOOLS
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ITEM

Scissors

Hole punches

Scotch tape rolls

QUANTITY

10

10

10

EXTRA MATERIALS AND  TOOLS

ITEM

Scissors

Hole punches

Scotch tape rolls

QUANTITY

10

10

10

PREPARING MATERIALS IN ADVANCE

• Instructions for preparing a LedBox are included in appendix 2.
• Instructions for programmable devices (Picocrickets and/ or Littlebits) are included in appendix 3.
• All other materials should not need any special preparation other than being laid out on the dedicated tables 
 in an attractive and enticing way.

INTRODUCING THE ACTIVITY (10 MINUTES)

1. INTRODUCE THE ACTIVITY
Ask students to sit around the tables in groups of 3-4 persons for each table.
It is possible to create even smaller groups of 2 students in the case that team building is not a priority among 
the goals.
Give students one small light and one LedBox inviting them to find out how the LedBox works. When everybody has 
explored for some time, give a lens to each group and ask them to find out how they can switch on the LedBox but 
keeping the light far away (when the light is far away from the sensor the intensity of the light is too weak and the 
LED does not switch on; using the convergent lens, students would have to focus the light onto the sensor).
Add one more lLedBox to introduce the chain reaction idea. Make sure guidelines are clear regarding the optical 
path of the light and the focal point of a lens. At the end make sure that you demonstrate a range of materials and 
tools and how they can be used in different ways to gain different optical effects. 

2. INTRODUCE THE GOALS
a. Each group needs to take up one work station at the tables between the start light and final target.
 The final target could be a simple object that reacts to light (there are many gadgets on the market), or a more 
 complex scenographic finale created by the staff - e.g. the light could:
 - light up a big Christmas tree (if it is Christmas period);
 - trigger the start of a piece of music;
 - trigger a laser show.

All these examples have a light sensor and are triggered by the light coming from the last contraption in the chain. 

b. The groups should work towards ‘making visible the invisible’.

c. The main goal is to have a chain of light across all the tables. The whole chain should only be triggered by the 
 initial start light. At the moment when we switch on the trigger light at the start of the chain there should be no 
 other lights visible. The light path, created by the contraption on each table, must only be triggered by the light 
 that comes from the light on the previous table of the chain.

d. Although not mandatory, the facilitator can suggest ‘a narrative’; students can build a story around, or give 
 an aesthetic dimension to, their contraption, adding to a more inspirational, creative and artistic approach. 

3. EXPLAIN THE TIMING FOR THE SESSION
Facilitators should give students an idea of how long they should spend exploring the tools and materials: 
a. 5 minutes to explore materials
b. 80 minutes to build their contraption
c. 10 minutes for the final setup and the performance of the chain reaction

4. BRIEF THE STUDENTS ON HEALTH AND SAFETY: 
Since students work in dim light, they need to pay attention to how they move around the room. If they need to use 
cutters, scissors or any hole punch equipment, they should work on the dedicated table with the lamp.

In the left hand picture the beam starts from the red torch (turned on manually). The light goes through a convex 
lens then is focused, following its reflection on a mirror, onto the sensor of a light box. A white LED is activated and 
another convex lens focuses the white light onto a second light box. This switches on another white LED. The light 
goes through a divergent lens and an orange filter. The light changes colour from white to orange. It is then 
reflected using a mirror and goes through a prism, which shrinks the final beam on the table on the left.   



PREPARING MATERIALS IN ADVANCE

• Instructions for preparing a LedBox are included in appendix 2.
• Instructions for programmable devices (Picocrickets and/ or Littlebits) are included in appendix 3.
• All other materials should not need any special preparation other than being laid out on the dedicated tables 
 in an attractive and enticing way.

INTRODUCING THE ACTIVITY (10 MINUTES)

1. INTRODUCE THE ACTIVITY
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It is possible to create even smaller groups of 2 students in the case that team building is not a priority among 
the goals.
Give students one small light and one LedBox inviting them to find out how the LedBox works. When everybody has 
explored for some time, give a lens to each group and ask them to find out how they can switch on the LedBox but 
keeping the light far away (when the light is far away from the sensor the intensity of the light is too weak and the 
LED does not switch on; using the convergent lens, students would have to focus the light onto the sensor).
Add one more lLedBox to introduce the chain reaction idea. Make sure guidelines are clear regarding the optical 
path of the light and the focal point of a lens. At the end make sure that you demonstrate a range of materials and 
tools and how they can be used in different ways to gain different optical effects. 

2. INTRODUCE THE GOALS
a. Each group needs to take up one work station at the tables between the start light and final target.
 The final target could be a simple object that reacts to light (there are many gadgets on the market), or a more 
 complex scenographic finale created by the staff - e.g. the light could:
 - light up a big Christmas tree (if it is Christmas period);
 - trigger the start of a piece of music;
 - trigger a laser show.

All these examples have a light sensor and are triggered by the light coming from the last contraption in the chain. 

b. The groups should work towards ‘making visible the invisible’.
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c. The main goal is to have a chain of light across all the tables. The whole chain should only be triggered by the 
 initial start light. At the moment when we switch on the trigger light at the start of the chain there should be no 
 other lights visible. The light path, created by the contraption on each table, must only be triggered by the light 
 that comes from the light on the previous table of the chain.

d. Although not mandatory, the facilitator can suggest ‘a narrative’; students can build a story around, or give 
 an aesthetic dimension to, their contraption, adding to a more inspirational, creative and artistic approach. 

3. EXPLAIN THE TIMING FOR THE SESSION
Facilitators should give students an idea of how long they should spend exploring the tools and materials: 
a. 5 minutes to explore materials
b. 80 minutes to build their contraption
c. 10 minutes for the final setup and the performance of the chain reaction

4. BRIEF THE STUDENTS ON HEALTH AND SAFETY: 
Since students work in dim light, they need to pay attention to how they move around the room. If they need to use 
cutters, scissors or any hole punch equipment, they should work on the dedicated table with the lamp.

In the left hand picture the beam starts from the red torch (turned on manually). The light goes through a convex 
lens then is focused, following its reflection on a mirror, onto the sensor of a light box. A white LED is activated and 
another convex lens focuses the white light onto a second light box. This switches on another white LED. The light 
goes through a divergent lens and an orange filter. The light changes colour from white to orange. It is then 
reflected using a mirror and goes through a prism, which shrinks the final beam on the table on the left.   



MANAGING THE ACTIVITY WHILE IN PROGRESS (80 MINUTES OR MORE)
(For more detailed guidelines to Facilitation please refer to the Methodological Framework, chapter 3)

• The facilitator should observe each group closely to see their reactions to the experience – for example, 
 are people getting stuck or frustrated?
• The facilitator can ask questions designed to get students to think about solutions to problems, or invite them 
 to articulate their problems which can help them to understand where they might be going wrong.
• The facilitator should encourage groups to look at what other groups are doing for inspiration.
• The facilitator should provide countdowns to help keep everyone on track for the final ‘show’. This is important 
 because usually students take a lot of time to test different solutions without building something that functions 
 in a stable way.
• Remind each group that each single contraption has to be ignited by the light coming from the previous table;  
 each group should be encouraged to first think about what and where the last light of their contraption will be, 
 then communicate it to the next group in the chain. A good trick is to suggest they should start building from 
 the final part of the contraption.        

MANAGING THE END OF THE ACTIVITY (10 MINUTES)

• All the participants need to finish their contraption at the same time. 
• There is a final choral moment when all the participants watch the ignition of the light reaction. If all the 
 contraptions work well the ignition is very fast along the chain.
• When all contraptions are lit, the facilitator invites all participants to go around and look at each other’s work.
• Suggestion: the facilitators could use the ‘magic finger,’ that is, a very strong light that triggers any sensor 
 and helps get the chain working when things get stuck during the final show.
• At that point the activity could be considered finished. You might want to have a short discussion about what 
 worked and what was more difficult, or a discussion about which scientific concepts were involved during the 
 students’ work. 
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SOME EXAMPLES OF LIGHT CONTRAPTIONS
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Colored straws

Cardboard tubes

Pieces of cardboard, rectangular shape 10 x 20cm size, 
2-3 mm thick

Paper tape

String or twine (thin)

Scissors

Batteries  1.5 V  AA

LedBox: a device that switches on an LED when the 
sensor is lit (see appendix 2 for instructions on how to 
build one)

All objects you can find which give an optical effect i.e. 
anything that can reflect, diffuse, creates shadows etc.

Plastic optical fibre

The fiber has to be extremely flexible in order to permit 
very tight bends.
The fiber consists of a central core and an outer PMMA 
"floating" coating in plastic / silicone transparent 
material.
The products are widely used in clothing, decorated 
shoes and hats, pet supplies, mobile phone decoration, 
car decoration, lighting, signs, advertising signs and 
other fine decorative areas.
Diameter 5-8mm

Curved transparent Plexiglas tubes

Stands 
(6cm square base, 30cm rod with 0.8 cm diameter)

50

10

2 large sheets 60 x 80cm

5

1

10

70

50

3m cut in strings 15-20cm 
long

20

20

MATERIALS
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APPENDIX 1

ITEM

Small mirrors (max 5 x 10cm), plane, convex and 
concave

Roll Dcfix mirror effect

Diffusion paper sheets  

Small but intense coloured (red, white, blue, green) 
electric torch, with various effects (blinking, changing 
color,…)
Finger lights:
http://www.houseofrave.com/ultra-led-finger-lights.html

Metal bulldog clips between 20 and 40mm size

Convergent and divergent lens, prism.
http://www.optikascience.com/catalogue/index.php?id_pro-
duct=511&controller=product&id_lang=1
Note: more convergent lenses are needed than divergent  ones

Lens counts wires magnifier

Small magnifier with different focal length

Transparent plexiglass (coloured, fluorescent) of
different shapes

Small pieces (15 x 15cm) of dark fabric (black, brown)
It is important that light doesn’t pass through
 

Wooden blocks (different sizes from 2 x 2cm to 10 x 
10cm).
These are for building

LittleBits

QUANTITY

30

1

20 foil A4

30

100

30

15

15

40

20 pieces

100

20
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material.
The products are widely used in clothing, decorated 
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car decoration, lighting, signs, advertising signs and 
other fine decorative areas.
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Stands 
(6cm square base, 30cm rod with 0.8 cm diameter)

50

10

2 large sheets 60 x 80cm

5

1

10

70

50

3m cut in strings 15-20cm 
long

20

20

ITEM

Small mirrors (max 5 x 10cm), plane, convex and 
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Roll Dcfix mirror effect

Diffusion paper sheets  

Small but intense coloured (red, white, blue, green) 
electric torch, with various effects (blinking, changing 
color,…)
Finger lights:
http://www.houseofrave.com/ultra-led-finger-lights.html

Metal bulldog clips between 20 and 40mm size

Convergent and divergent lens, prism.
http://www.optikascience.com/catalogue/index.php?id_pro-
duct=511&controller=product&id_lang=1
Note: more convergent lenses are needed than divergent  ones

Lens counts wires magnifier

Small magnifier with different focal length

Transparent plexiglass (coloured, fluorescent) of
different shapes

Small pieces (15 x 15cm) of dark fabric (black, brown)
It is important that light doesn’t pass through
 

Wooden blocks (different sizes from 2 x 2cm to 10 x 
10cm).
These are for building

LittleBits

QUANTITY

30

1

20 foil A4

30

100

30

15

15

40

20 pieces

100

20
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EXTRA MATERIALS
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ITEM

Cubic Prism
It is used to divide the beam in multiple paths (as you can see in the image on right in the midst 
of 3 LedBoxes )

Fly eye lens 
It works well if using a laser (class 1), creating beautiful visual effects

Dichroic glass or film (e.g.  3M™ Dichroic Glass Finishes DF-PA Blaze).
NOTE: If your institution has an old video projector that doesn’t work anymore, it is possible to find all of these optical 
element inside them) 

Little Bits
Little Bits are small units with different functional parts: power, sensor actuators, cables. It is 
simple to build an automatic system that reacts to light. If the purpose is to use them in the 
light chain reaction, the following modules are required:
Power - plus 9V battery
DC motor
Servo 
Cable
Light sensor
More info about using Littlebits: www.littlebits.cc  

Any mechanism with a motor controlled by a photo sensor with the same circuit as an LedBox.
For example, in the image you see a DVD burner drive taken from an old PC: when the light hits 
the photoresistance the drive opens. 
NOTE: In this case you have to find the right value of resistance in the circuit, depending on the kind of motor you have. 
Ask someone who knows  a bit of electronics! 

LedBox with laser 
You have to use a class 1 laser: it is the safest class.   



WHEN A LIGHT HITS THE LDR …ON THE OPPOSITE SIDE …A LIGHT SWITCHES ON

MAKING AND USING A LEDBOX

In this Tinkering activity the optical phenomena, such as reflection or refraction, reduce the intensity of the light as 
it travels along the light path. Use a LedBox device to overcome this problem. This device ‘repeats’ the light beam: 
when a light beam activates the LDR photoresistance, an LED on the opposite side of the box switches on.

An Ledbox is made of:
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APPENDIX 2

ABS Enclosure Flanged, 50 x 35 x 20mm    
 
LDR photoresistance, 8 Ω → 300 kΩ    

Resistor 1.8 kΩ ; ±5%;0.25 W
   
Resistor 2.2kΩ ±5% 0.25W   

LED with different color with light Intensity > 10.000 mcd 
(high brightness)

NPN Bipolar Transistor, 0.1 A 30 V, 3-Pin TO-92

Battery case for 2 AA battery

Clip for battery 9V PP3

RS components 741 7408
 
RS components 234-1050 

RS components 2508404986

RS components 707-7690

RS components  Example:  809-1638, 810-7257, 
810-6948

RS components 625-4584

RS 614-2368

RS 162-9078
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SOME EXAMPLES OF LIGHT CONTRAPTIONS
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MAKING A DIFFERENT LEDBOX 

Deutsches Museum (while testing the activity during the pilot phase of the project) has identified and proposed an 
interesting solution for LedBox: They observed that the chain reaction is very fast through the tables, so they 
designed an LEedBOox to introduce a delay in switching on the LED when it is illuminated.

This sketch shows the complete circuit:
Power supply is a 4.5 V – Battery,R1 (and R7) are responsible for the sensitivity.
It is possible to take a potentiometer instead of R1 so you could change the sensitivity.
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STORE & RIDE

AUDIENCE

FORMAT

DURATION

STAFFING

PARTICIPANT
GROUPING

School groups. Primarily designed for students aged 
15-16 years but could also work with students aged 13-14 
and older aged 16-18.

Timed sessions

90 minutes
Timing:
 • 0-2 minutes: composing the groups 
 • 3-6 minutes: explaining the phenomena of energy
    storage and retrieving 
 • 7-13 minutes: getting acquainted with the provided material 
 • 14-75 minutes: sketching, brainstorming and execution
 • 76-88 minutes (approx. 2 minutes each group):
    introduction/presentation of the vehicle and the building
    process (challenges, highlights of the construction)
 • 89-90 minutes: positive feedback by the facilitators, 
    conclusions 

Three facilitators (including the main facilitator)

Small groups of two or three students

Activity Plan

The activity invites to devise and build a vehicle using the provided material. 
The vehicle would move using the energy stored in a simple energy storage 
device incorporated into  the vehicle. The energy storage device can be 
charged only once by the participants, and the vehicle should only operate 
on the retrieved energy (pushing, throwing, dropping is not allowed).  

OUTLINE

MOBILIS SCIENCE CENTRE



ROOM PREPARATION

• Set up 1 table for the hand tools
• Set up 3 tables for the materials organized in three categories, for: 
 - chassis/frame
 - energy storage/engine 
 - transmission/drive train
• Set up 10 tables and 20 chairs (for a group of 20 people)
• On each work table there should be a 
 - lancet (folding knife)
 - a ruler
 - a pencil
 - a screwdriver for cross head screws
 - TESA Extra Power Universal tape
• Tables should be accessible from all sides by the participants

SUGGESTED ROOM LAYOUT

ENERGY STORAGE

GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5

GROUP 6 GROUP 7 GROUP 8 GROUP 9 GROUP 10

TRANSMISSION CHASSIS WORKSHOP (TOOLS)

WORK TABLES

MATERIALS
AND TOOLS
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HEALTH AND SAFETY

HAZARD

Tools present a risk of injury if not used 
properly (cutting devices, drills, 
adhesive tapes, glue guns, small parts)

NOTE: STAFF SHOULD CONSIDER THESE RISKS WHILE THE ACTIVITY TAKES PLACE AND BE PREPARED TO ADAPT THE SPACE OR ACTIVITY IF NEEDED.

REDUCING THE RISK

• The tools provided should meet the EU safety standards. 
• All participants should be alerted to potential hazards and 
 be instructed on how to use the tools and safety precautions. 
• More hazardous tools should only be used on the ‘workshop 
 table’ which can be more carefully supervised.
• Only the facilitators should use the polystyrol cutting device.
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ESSENTIAL MATERIALS AND TOOLS

See appendix 1.

INTRODUCING THE ACTIVITY

• The facilitator should introduce the primary and the secondary goals:

 - (Primary goal): “Make something that moves using stored energy.”

 - (Secondary goal): “Keep the vehicle in motion for as long as you can”.

• The facilitator presents the ‘essential tools’ on the tables and shows and does the same for the hand tools 
 on the tool table.
• The participants should be given some time to look at the materials and tools and be briefed on how to use them 
 safely.



MANAGING THE ACTIVITY ONCE IT IS IN PROGRESS
(For more detailed guidelines to Facilitation please refer to the Methodological Framework, chapter 3)

• The bearing of the wheels can be prepared in advance so that participants can concentrate on the drive 
 and the creation of the energy storage device.
• The facilitator prepares the missing, or modified, parts (e.g. drilling, cutting). 
• The facilitator should observe the participants closely and try to identify when people are ‘stuck’. If a participant 
 is getting frustrated or becoming demotivated, the facilitator might want to raise some questions to help focus 
 on the problem – i.e. why do you think that the air is coming out of the balloon too fast?” (rather than indicate 
 solutions such as “use the elastic band to slow down the flow of air from the balloon’’) – suggest to use a 
 different tool or material, or invite to look at what the others are doing. A ‘reflective conversation’ helps learners 
 think through the process and more easily come up with ideas or solutions. 
• Facilitators should encourage iterative exploration of ideas and ongoing testing of alternative solutions. 
 Feedback from success and failure helps moving on in the experience of building the vehicle. Regular testing 
 also helps identify problems  and possible solutions.
• The facilitator may invite and encourage the participants to take photos and videos. This will make them feel
 even more motivated and be more proud of their vehicles.
• The facilitator may invite and encourage the participants to take photos and videos. This will make them feel 
 even more motivated and be more proud of their vehicles.  

MANAGING THE END OF THE ACTIVITY

• At the end of the activity every team introduces their own vehicle.
 - Which part are you the most proud of?
 - Which part was the hardest to get to work?
• Most of the models can be dismantled and the parts re-used. However, if possible and if participants wish to, 
 they could take their vehicles home – it can be an invitation to work more on them. If not, participants should be 
 invited taking vehicles apart.
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Hammers

Spanners

Glue guns

Metal rods

Cord

Cigarette lighter

Cable ties 

Screws

Washers

Nuts

Tesa Extra Power Universal 
Cloth Tape

Duct tape

Paper clips

Drawing pins

Pins

5 pieces

10 pieces

2 

10 pieces in pieces  (Ø 1,5, 2 mm)

(Ø 1mm): 2 bands

2 pieces

100pieces

120 pieces(Ø3x16, x20, x30 mm) 

200 pieces

200 pieces

10 bands

10 pieces

1 box

1 box

1 box

ESSENTIAL TOOLS

The list below contains the categories of materials that we think are essential, with a list of specific materials that 
we tested and thought useful. Although listed in categories, a lot of these materials could be used in various ways.

Feel free to adjust these to the specific types of material available at your institution. At the end of this list there are 
some ideas for optional additional materials, and some things to consider when changing or adding materials.

ITEM

TOOLS FOR EACH WORK TABLE

Ruler

Paper

Pencil, pen

Folding knife

Scissors

TOOLS FOR THE WORKSHOP TABLE

Micrograph

Rose drill set

Blades, blades to metal

Sand cloth 

multi-outlet extension cord

coping saw

Screwdrivers (for cross head 
screws)

Hand thermo cut

Pliers and nippers

COMMENTS

10 pieces

32 pieces (size A4)

16 pieces

10 pieces

8 pieces

4m 

3x5 m

2 pieces

10 pieces

1

10 pieces
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multi-outlet extension cord

coping saw

Screwdrivers (for cross head 
screws)

Hand thermo cut

Pliers and nippers

COMMENTS

10 pieces
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16 pieces
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8 pieces

4m 

3x5 m

2 pieces

10 pieces

1

10 pieces
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ESSENTIAL MATERIALS

ITEM

ENERGY STORAGE MATERIALS

Rubber bands (thick, large)

Rubber bands (thin, small)

Bicycle inner tube (cross 
section)

Straws: white, plastic, ductile 

Plastic card

Balloons

Corks

Silicone tube (2 sizes)

Weights

TRANSMISSION MATERIALS

Hinges

Wooden wheels

Polystyrene wheels

Any material wheels

Threaded rod

COMMENTS

80 pieces

50 pieces

1 piece

100-100 pieces

1 piece (size A4)

80 pieces

20 pieces

2m

5 pieces

64 pieces (different sizes)

40 pieces (Ø20-70 mm) 4-4/2- 2 pieces equal

40 pieces (Ø20-70 mm) 4-4/2- 2 pieces equal

different sizes

80 pieces M4, M5 (cut to size)

Wooden rods

CHASSIS MATERIALS

Wooden board for the chassis

Polystyrene board

Cardboard for the chassis

Cardboard to be cut freely

Alternative chassis material like 
egg packaging or Pringles boxes

30/ 100 pieces (cylindrical, smooth surfaced Ø 3mm or 
tapering wood rod)

10 pieces (210*148 mm)

10 pieces (210*148 mm/free size)

18 pieces( 210*148 mm)

32 pieces

4 pieces
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ITEM

ENERGY STORAGE MATERIALS

Rubber bands (thick, large)

Rubber bands (thin, small)

Bicycle inner tube (cross 
section)

Straws: white, plastic, ductile 

Plastic card

Balloons

Corks

Silicone tube (2 sizes)

Weights

TRANSMISSION MATERIALS

Hinges

Wooden wheels

Polystyrene wheels

Any material wheels

Threaded rod

COMMENTS

80 pieces

50 pieces

1 piece

100-100 pieces

1 piece (size A4)

80 pieces

20 pieces

2m

5 pieces

64 pieces (different sizes)

40 pieces (Ø20-70 mm) 4-4/2- 2 pieces equal

40 pieces (Ø20-70 mm) 4-4/2- 2 pieces equal

different sizes

80 pieces M4, M5 (cut to size)

Wooden rods

CHASSIS MATERIALS

Wooden board for the chassis

Polystyrene board

Cardboard for the chassis

Cardboard to be cut freely

Alternative chassis material like 
egg packaging or Pringles boxes

30/ 100 pieces (cylindrical, smooth surfaced Ø 3mm or 
tapering wood rod)

10 pieces (210*148 mm)

10 pieces (210*148 mm/free size)

18 pieces( 210*148 mm)

32 pieces

4 pieces


