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KIT LIST: 
Class Resources (items to be shared by the whole class) 

 
None 
 

Suggested Class Groupings (individual, pairs, groups)  

 
Groups of six, each with their own experiment set.  The science box contains 5 experiment sets.  
 

Equipment for each group 

 
Description Count needed per group of 6 
Battery holder 3 
Leads 9 
AA batteries 9 
LEDs 9 
Play-Doh 3 
Paper fasteners 6 
Energy stick  1 
  

 

Special instructions for materials 

 
The equipment has been tested to give over 12 hours of continual use. However, care needs to 
be taken at the end of a session. When packing away please ensure the following: 

 the batteries are removed from the battery packs. This is to prevent any potential short-
circuits, which could result in over-heated batteries.  

 Play-Doh should be removed from the ends of the crocodile clips. This is because the salt 
in the Play-Doh can causes the metal clips to corrode. 

 

Materials to be supplied by school 

 
 Paper clips.   
 A pencil sharpened at each end. 

 

Potential Hazards 

 
 The voltages used are not dangerous, but risk assessment should be carried out.  
 Students should not build circuits without any playdoh – the batteries provide too high a 

potential difference for the LEDs. There is no danger to the students, but the LEDs can 
break if they are connected directly to the battery pack. 

 WARNING. The battery pack spikes are sharp, and care should be taken with these. 
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SUMMARY:  
This box contains two student-led investigations, and recommendations for supporting computer 
simulations that can be used to help teach electrical circuits. It can be delivered in one lesson, or 
split into two using some of the extension tasks listed. The recommended teaching order is as 
follows. 
 
What is a battery?  The class work in groups to try and answer the question, before they watch a 
short video. This reinforces the idea that a battery, or power from another source, is needed for 
electrical circuits to work. 
 
Energy sticks. Students investigate energy sticks working as groups of 6 students. These are 
simple electronic devices that make a noise when a complete circuit is made – a circuit loop can be 
made by making all the students hold hands – the whole class can be part of the circuit. They can 
also use this circuit to determine whether objects are conductors or insulators. 
 
Squishy circuits. Now working as pairs students are encouraged to build circuits using wires, LEDs, 
batteries and Play-Doh.  Play-Doh is a great tool to use because it can be made into lots of different 
shapes: students can use it to create simple switches, or a tell a story. 
 
(Optional) Online simulation. If students have access to tablets or computers they can build 
circuits. This gives students an opportunity to use their imagination when constructing circuits. It 
also starts to bridge the gap between the physical circuits with diagrams they might build in Year 4 
and the circuit diagrams they need in Year 6.  
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THE SCIENCE:  
Students are very likely to know that an electrical circuit requires plugging in, or to have a charged 
battery, for it to work. They will also know that if you switch it off or if the battery ‘runs out of 
charge*’ then the circuit will stop working, even if they haven’t reflected on what these things 
mean. 
 
They are less likely to know that circuits must be in a complete loop for current to flow.  This can 
even be counter intuitive: anything they plug in (like their bed-side light) is only likely to have one 
visible cable going towards it.  Inside that cable are two leads – so that a complete circuit can be 
formed. We want students to explore a range of circuits to reinforce the need for a complete loop 
when building circuits. 
 
By Year 4 students will be familiar with the difference 
between an object’s dimensions and the material an 
object is made from – a normal spoon is not made 
from ‘spoon’ but it is made from a metal.  
 
The material an object is made from will affect how 
dense/shiny/strong/etc it is. In this topic they will be 
looking at another material property: whether it 
conducts electricity.  
 
Students are likely to quickly figure out that metals 
make good conductors, and in general non-metals 
are insulators.  
 
However, there are some notable other exceptions – the graphite in a pencil lead is a good 
conductor, as is water and many other liquids.  
 
At this age students do not need to know why some materials are better conductors than others, 
but it is due to these materials having some electrons that are free to move through them – 
whereas in insulators the electrons all stay in roughly the same place. 
 
* ‘Runs out of charge’ is one of those examples of where our common language sets up a 
misconception in scientific understanding. It is bad description: a worn-out battery has the same 
amount of charge in it as it had when new – but the chemical reaction has all happened, so the 
battery can now longer provide the push to the circuit. 

 

  

Figure 1 A PhET simulation is used to teach about circuits 
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PREPARATION FOR THE LESSON: 
The science box is designed for groups of 6 pupils working together to perform the first activity 
(energy sticks), who can then work in pairs to build the squishy circuits. 

This can be done in one ‘full’ lesson, or it could be split over two lessons, using some of the 
extension activities suggested. 
 
There are two distinct activities within the box. This is the equipment that each group of six 
students will need for each of the activities: 
 

Activity Description Count needed per group of 6 

Squishy circuits Battery holder 3 

Squishy circuits Leads 9 

Squishy circuits AA batteries 9 

Squishy circuits LEDs 9 

Squishy circuits Play-Doh 3 

Squishy circuits Paper fasteners 6 

Energy stick  Energy stick 1 

 
See page 3 for instructions on packing away the equipment without damage. 
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THE EQUIPMENT: 
 
An energy stick. If you hold 
both ends at the same time it will 
glow and make a noise, but if 
you let go of one end then it will 
stop. It is simply an easy to use 
circuit tester. For more 
information on how an energy 

stick works visit https://www.stevespanglerscience.com/lab/experiments/human-circuit/ 

 
 

A battery box with three 
batteries.  The three 1.5 𝑉 AA 
batteries are in series, so overall 
this has a potential difference of 
4.5 𝑉.  

 

 

 

Leads. These are colour coded for convenience – but it does not 
matter. 

 

 

An LED. These provide a light but don’t need a lot of current to work. They must 
be the ‘right way’ around. The long leg, which is labelled red, goes to the positive 
side of the battery.   

 

 

Play-Doh. Normal Play-Doh you                              
can buy isn’t very conductive, but                                                           

it is conductive enough for                                                              
these experiments. 

 

 

 

Card, paper-fasteners, paperclip.  Used to create-your-own 
switches.  



ELECTRICITY: Circuits, conductors and insulators 
 

 

page 8 of 21 
 

ACTIVITY OUTLINE / SUGGESTIONS: 
Introductory Activities – What is a battery? 

 
1. Allow the pupils to think, pair, share ideas to answer the question, “What is a battery?” 

 
2. The class watches the video clip. 

https://tinyurl.com/WSCElec1   

3. If you have time you may want to ask additional questions to consider now: 
 

a. Where do we get electricity? 
 
The main places we get electricity are batteries and electrical sockets.  
 

b. Do we need to be careful with electricity? 
 
In general, yes, we need to be careful with electricity, but much more careful with 
mains electricity than the batteries we’ll be using today. Teacher explanation – 
normal household batteries have such a low potential difference (voltage) which, 
combined with our body’s high resistance, means that only a very low current can 
pass through us, so cannot cause us any damage. 
 

Pupils’ Investigations – Core Activity: Energy Stick 

 
At first students will not know what to do with the energy stick. It is recommended to let them play 
with it for a few minutes before asking them additional questions and encouraging them to 
investigate specific scientific ideas with it. 
 
1. Students have some free play with the energy stick, working in groups of 6. 

 
2. Ask them to explain verbally to the rest of the group what an energy stick is doing and how it 

works. The following questions/answers are important. The more of these that can be 
asked/answered by the students themselves, the better. 
 

a. Where does the energy stick get its energy from to work? For something to give off 
sound and light it must be getting energy from somewhere. There are (very small) 
batteries in the end of the energy stick. 

b. Is it dangerous? No, the electrical currents passing through us are tiny. It may come 
as a surprise to students but we have electrical currents passing through us all the 
time – in fact that’s how our nerves work. 

c. Why must you touch the silver bits at the end? These are made from a metal, and it is 
these that conduct electricity. The plastic does not conduct electricity, so it is an 
insulator. 

d. Is there a limit on the number of people that it will work with in a loop?  Probably, but 
it should handle a whole class without any problems. 

e. Does it matter where a gap in a loop of people as to whether it will work or not?  No, 
the loop needs to be complete – a break anywhere in the circuit will stop it. 
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f. Is the human body a conductor or an insulator? It’s made up from lots of water, so it is 
actually a conductor, just not a very good one. Our blood inside us is an excellent 
conductor. 

 
3. Ask students to create ‘switches’ using their bodies. From above 

the switch looks like a switch symbol looks like in a circuit diagram. 
It can be done simply by breaking and then re-holding hands, or by 
twisting a whole arm. 
 
 
 

 
4. Students are then asked to work in a loop to go around the room 
and investigate a range of objects (and the materials they are made 
from) to see if they can spot a pattern in which materials are 
conductors and which are insulators.  See Figure 3. 

 
 
 

 
5. Optional extension task. If you have two lessons to teach this topic then in this lesson ask 

students to write up their conclusions to their investigations to the previous questions of 
conductors and insulators. Do not give them guidance as to how they’re going to write this up 
but ask them to include a simple description of how they did it, their results from the 
experiment, and what their general conclusion is.  
 

6. Optional extension task. After they have written up this practical (without your guidance) 
ask them to reflect if they have used a suitable table, if they have made it clear both what the 
object and the material they are testing is, and if they think whether somebody who had not 
done the experiment would be able to understand their method and reach the same 
conclusions as them. This will be something we can improve with our squishy circuits 
investigation. 
 

7. Optional extension task. Although beyond the Lower KS2 curriculum, students could try 
building a parallel circuit and talk about how there can be two loops in a circuit. 

 
Figure 4 Two 'parallel' groups of students. Although one of the loops is broken the other one is complete, so the energy stick continues 
to glow 

 

. 

 

Figure 3 A loop of students 
testing conductors/insulators 

Figure 2 An open switch 
means the energy stick 
does not light 
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Pupils Investigations – Core Activity: Squishy Circuits 

 
1. Ask students to complete the questions on Worksheet 1. Firstly, they will build some complete 

circuits. 
 

2. Students can create their own switch, or they can use the design suggested to build a simple 
switch using a paperclip and paper fasteners. 
 

3. Finally, they will investigate conductors and insulators using their circuits. 
 

4. Ask the students to write a conclusion about what makes a good conductor and what makes 
a good insulator. Encourage students to be talking about the materials, rather than the object 
itself, and to point out any exceptions they found. In general, we would like them to write that 
metals are conductors, but plastic/wood/cloth/etc are insulators. There are some exceptions 
they might encounter like the graphite in a pencil and water. 
 

5. Optional extension task. Ask students to write a story that 
they can demonstrate using a.  This could be simple or 
complicated.   
 
 
 

 
Figure 5 Telling stories with squishy circuits.                                                                                       

When these two magic spiders meet they can create a fireball! 
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Pupils Investigations – Plenary 

 
1. Can pupils build circuits in a simple-to-use computer simulation? 

 
https://tinyurl.com/PhETBuildACircuit  
 

2. Optional extension task. If you have time students could complete Worksheet 2.  
 

Possible Questions / Suggestions for Discussion 

 
If students want to do some more investigations, here are some interesting questions that could be 
pursued. 
 
What is electricity? 
For such a simple question this is actually a really difficult question to answer. The word electricity 
can mean many different things at different times, so rather than try to define it exactly, it is better 
to describe what it does. It is to do with electrically charged particles (+ and -), and in a normal 
circuit these will be electrons (-) flowing around the circuit. Inside the battery is a chemical reaction 
which enables it to push the electrons around complete circuits. As these electrons flow around the 
circuit they can heat up wires, light up a bulb or operate other components such as motors or 
buzzers. As the chemical energy store of the battery gets used up it will be less able to push the 
electrons. 

 
In a normal circuit we might use at home we can think of electricity as a flow of electrons – trillions 
of invisible particles that are moving around inside a wire. These electrons do not have to make 
the complete journey before the circuit works, but can be thought of more like a queue of people 
as someone pushes in – as a new person enters, it pushes back on the rest of the queue – the 
people don’t move quickly or far, but the push can work its way along the whole line really quickly. 

 
What is the difference between a battery and using an electrical socket?  

 

Battery Electrical socket 

Can run out. Is unlikely to run out as there are hundreds of 
power stations in the UK keeping it going. 

Most common sizes have a potential 
difference of 1.5 V, but phone batteries are 
more, and car batteries are 12 V.  This 
means they are generally quite safe. 

Our mains electricity is 230 V, which can provide a 
much bigger push in the circuit… this means it is 
much more dangerous to us. 

Always has the same positive end and a 
negative end. This is called direct current. 

Uses alternating current. 50 times per second it 
swaps from passing current one way back the 
other way. This works fine with lightbulbs and the 
heaters in our ovens, but if it needs to run any 
computers/microchips it will need to be converted 
to direct current first. Our phone chargers have 
transformers built in which do this. 
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Why are most non-metals insulators, but yet a few are conductors? 

 
It is to do with whether they have free electrons in them – which can move around. Perfectly 
distilled, pure water does not conduct. However, in normal water there are a few impurities. These 
form ions in the water (charged particles) that can move around inside it – enabling electricity to 
flow. 

 
Can you design a circuit that is used to solve a real problem? 

 
For example, how could you build a house alarm, or traffic lights? 
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WORKSHEETS: 

 
 
The following pages contain the 
worksheets for this science box, they can 
be photocopied or, for editable versions, 
please contact West Suffolk College. 
  



ELECTRICITY: Circuits, conductors and insulators 
 

 

page 14 of 21 
 

WORKSHEET 1:  
1. Try building the following circuits using the equipment provided.  

 

 
Note, connect the red wire to the red terminals on the battery and the LEDs. Always make 

sure there is some Play-Doh in the circuit. 
 

2. Can you design and build a switch? 
 

 
This switch is built out of cardboard, paper fasteners and a paperclip. 

 

 
This switch is just made out of Play-Doh. 

 
 

3. Build the following circuit and use it to investigate conductors (which allow electricity to pass 
through them) and insulators (which do not).  
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4. Complete the following table. 

Object Material it is made from Is this material a conductor 
or an insulator? 

Paper-clip Metal (usually steel)  

The edges of a pencil Wood  

The inside of a pencil 
(sharpened at each end)  

Graphite   

Play-Doh Various – including salt and 
water 

 

   

   

   

   

 

5. Did you spot any patterns in what types of materials are conductors and what types were 
insulators? Were there any surprising results? 
 
 

 

 

 

6. Extension. Can you think of a story and build a circuit 
that supports this story?  
 

 
What is going on in this story? 
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WORKSHEET 2:  
 
In electronics a circuit is a continuous path that enables electricity to flow the whole way around. It 
will often contain components such as batteries, wires and bulbs. 
 

1. Use the PhET Virtual Circuit Builder to build the simple 
circuit shown.  
 
https://tinyurl.com/PhETBuildACircuit  
 
Check that you know how to do the following: 
 

 Join the wires together.      

 Break them apart again.      

 Add different components like more     
bulbs/batteries and wires.    

 Remove a component you don’t want    
 
 
 

2. In which of the following circuits will the bulb light up? 

 

Prediction: 

 

Prediction: 

On     On     

Off    Off    

Result: Result: 

On     On     

Off    Off    

 
 
 

 

Prediction: 

 

Prediction: 

On     On     

Off    Off    

Result: Result: 

On     On     

Off    Off    
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Prediction: 

 

Prediction: 

On     On     

Off    Off    

Result: Result: 

On     On     

Off    Off    

 

 

 

Prediction: 

 

Prediction: 

On     On     

Off    Off    

Result: Result: 

On     On     

Off    Off    

 

 

3. Try adding a switch to the circuit, see the images below.  Can you explain what happens 
when the switch is closed (in the yellow box) and when you open the switch? 
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4. Compare the brightness of the bulb in each of the following circuits. How can you explain 
the difference?  
 

 

 

     

 
5. Which of the bulbs will be brightest in the following circuit – the one near the switch and 

battery, the one far away, or will they be the same?  Why do you think this is?  
 

 

 

   

 
6. Extension. Can you build a circuit that uses two switches and two bulbs, where each bulb 

switches on only one bulb?  
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HOW THIS ACTIVITY MEETS THE NATIONAL 
CURRICULUM  
(highlighting indicates criteria met by activity) 
 

 

Lower key stage 2 programme of study 
 

 

Electricity 
 
Statutory requirements  
Pupils should be taught to: 

 identify common appliances that run on electricity 
 construct a simple series electrical circuit, identifying and naming its basic parts, including cells, wires, 

bulbs, switches and buzzers 
 identify whether or not a lamp will light in a simple series circuit, based on whether or not the lamp is part of 

a complete loop with a battery 
 recognise that a switch opens and closes a circuit and associate this with whether or not a lamp lights in a 

simple series circuit 
 recognise some common conductors and insulators, and associate metals with being good conductors. 

 
Notes and guidance (non-statutory)  
 
Pupils should construct simple series circuits, trying different components, for example, bulbs, buzzers and motors, 
and including switches, and use their circuits to create simple devices. Pupils should draw the circuit as a pictorial 
representation, not necessarily using conventional circuit symbols at this stage; these will be introduced in year 6.  
 
Note: Pupils might use the terms current and voltage, but these should not be introduced or defined formally at this 
stage. Pupils should be taught about precautions for working safely with electricity.  
 
Pupils might work scientifically by: observing patterns, for example, that bulbs get brighter if more cells are added, 
that metals tend to be conductors of electricity, and that some materials can and some cannot be used to connect 
across a gap in a circuit. 
 

 
 

Working scientifically 
 
Statutory requirements  
During years 3 and 4, pupils should be taught to use the following practical scientific methods, processes and skills 
through the teaching of the programme of study content: 

 asking relevant questions and using different types of scientific enquiries to answer them 
 setting up simple practical enquiries, comparative and fair tests 
 making systematic and careful observations and, where appropriate, taking accurate measurements using 

standard units, using a range of equipment, including thermometers and data loggers 
 gathering, recording, classifying and presenting data in a variety of ways to help in answering questions 
 recording findings using simple scientific language, drawings, labelled diagrams, keys, bar charts, and 

tables 
 reporting on findings from enquiries, including oral and written explanations, displays or presentations of 

results and conclusions 
 using results to draw simple conclusions, make predictions for new values, suggest improvements and 

raise further questions 
 identifying differences, similarities or changes related to simple scientific ideas and processes 
 using straightforward scientific evidence to answer questions or to support their findings. 
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Notes and guidance (non-statutory)  
 
Pupils in years 3 and 4 should be given a range of scientific experiences to enable them to raise their own 
questions about the world around them. They should start to make their own decisions about the most appropriate 
type of scientific enquiry they might use to answer questions; recognise when a simple fair test is necessary and 
help to decide how to set it up; talk about criteria for grouping, sorting and classifying; and use simple keys. They 
should begin to look for naturally occurring patterns and relationships and decide what data to collect to identify 
them. They should help to make decisions about what observations to make, how long to make them for and the 
type of simple equipment that might be used.  
 
They should learn how to use new equipment, such as data loggers, appropriately. They should collect data from 
their own observations and measurements, using notes, simple tables and standard units, and help to make 
decisions about how to record and analyse this data. With help, pupils should look for changes, patterns, similarities 
and differences in their data in order to draw simple conclusions and answer questions. With support, they should 
identify new questions arising from the data, making predictions for new values within or beyond the data they have 
collected and finding ways of improving what they have already done. They should also recognise when and how 
secondary sources might help them to answer questions that cannot be answered through practical investigations. 
Pupils should use relevant scientific language to discuss their ideas and communicate their findings in ways that are 
appropriate for different audiences.  
 
These opportunities for working scientifically should be provided across years 3 and 4 so that the expectations in 
the programme of study can be met by the end of year 4. Pupils are not expected to cover each aspect for every 
area of study. 
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YOUR FEEDBACK  

Please provide details of how you have used this 
science box that you feel other schools may find 
useful, such as details of the class demographic 
(eg. class size, EAL, SEN) as well as a lesson 
plan, anonymised photographs or samples of 
pupil’s work. 
Please also let us know how we can improve this 
science box, or any ideas you may have for 
additional activities. 
 

WHAT TO DO WHEN YOU HAVE FINISHED WITH 
THIS SCIENCE BOX 

 All boxes need to be returned to West Suffolk 
College.  

 Inside the lid you will find details of which items 
need to be returned (opened consumables and 
playdoh do not).  

 Please ensure all items are dry before returning 
to the box. 

 West Suffolk College will let you know the 
collection date. 

 


