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Innovating for the Future  

 
The theme for British Science Week 2021 is Innovating 
for the Future. Lots of scientists and engineers are 
working on creating a better future for us, whether that’s 
designing new inventions, creating new medicines or 
tackling climate change.  
 
 
 

In this Teacher’s version of our activity pack, we’ll show you how to adapt 
some of our activities to be delivered in the classroom. We’ve also 
included articles about some innovative STEM careers and their entry 
routes, which you may wish to share with your students. 
 
 Here are some useful links for more resources and workshops from 
ourselves and our partners that have contributed to this year’s activity packs: 
 
 Newcastle University: 

Ncl.ac.uk/sage/stemoutreach 

Ncl.ac.uk/schools 

Ncl.ac.uk/library/in-the-community/education-outreach 

Groundwork NE 

Groundwork.org.uk/hubs/north-east-and-yorkshire 

Tyne & Wear Archives & Museums 

Segedunumromanfort.org.uk/learning 

Greatnorthmuseum.org.uk/learning 

Washington Wildfowl & Wetlands Trust 

Wwt.org.uk/discover-wetlands/fun-and-learning 

 

 

 

 

 

 

 

International Centre for Life 

Life.org.uk/BSW21 

Northumberland Wildlife Trust 

Nwt.org.uk/actions 

Northumbria University 

Nustem.uk/stem-at-home 
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    Cardboard boxes and tubes 
 
 
 
 
    Plastic bottles     Egg boxes 
  
 
 
 
  Paper Corks Lollipop sticks 

Design a New Invention 
 
This is a chance for your students to become engineers! It is 
important for engineers to design their inventions before 
they start building, so encourage them to sketch out a 
labelled diagram. 
 
 
 
 

You could set a theme for the inventions or let their imaginations run wild and 
ask for anything that helps to make the world a better place. 
 
To make it more challenging you could… 

• Set a time limit for building – they need to design something that is 
achievable in your timeframe 

• Limit their materials, maybe they can only use 5 items or only 3 pieces of 
tape 

• Set a budget and assign each item a price. This is something that real 
engineers would need to do and it brings in some maths skills too! 

 

Building the Prototype 
 
A prototype is a model that engineers make before building their real 
invention to test that their design would work.  
 
Try asking your students to build their prototype out of recyclable 
materials. This means you can ask them to bring materials from home, and it 
can also work as a homework project or virtual task that they can do at home 
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Importance of Recycling  
This also leads onto the topic of recycling. When building, 
ask students where they think the items would end up if 
they weren’t making things out of them? If they put them in 
the bin they would end up at landfills, where things can 
take hundreds of years to break down. 
 

Ask students to guess how long it takes each of these to decompose: 
• Glass – 500 years 

• Plastic – 1000 years 

• Polysterene - never 

• Paper – 6 weeks but if paper breaks down anaerobically (without oxygen), 
which is likely at a landfill with lots of things piled on top, it releases CO2, a 
greenhouse gas. 

 
Recycling these items instead allows us to save trees and use less fossil fuels 
than it would take to make completely new products.  
 
 

Recycling Food!? 
Whilst we can’t exactly recycle food, throwing food scraps in landfills isn’t a 
good option either. Whilst food can take just 5 days or a few weeks to 
decompose, it can take much longer in a landfill when buried by other rubbish. 
With no access to the oxygen in the air, food breaks down anaerobically, 
causing it to release methane, another greenhouse gas.  
 
If your school doesn’t already have a food waste bin or compost bin, setting up 
a compost project with a food waste bin available at lunch time can be a great 
imitative to encourage children to be more environmentally friendly day-to-
day.  



 
 
 
  

Make your own Windsock 
This activity was created by NUSTEM from 
Northumbria University 
 
Wind is an important natural resource that can be used to 
generate electricity through wind turbines. Wind turbines 
need to be built in windy places to generate sufficient energy. 
One way to measure wind is using a windsock. 
 
Follow these instructions to make your very own windsock. 

You will need: 
 
 
 
 

Plastic bottle 
or round 
container 

 
 
 
 

2 Plastic bags 
 
 
 
 
 

Scissors 
 
 
 
 

String 
 
 

 

 2  Open up a plastic bag by cutting along the side seams. 

Flatten it out then cut long strips of plastic from top to 
bottom that are 2cm wide. You’ll need about 10 of these 
altogether. 
 

 3  Fold one of the plastic bag strips in half and slide it 

through your ring.  

 1  Wash your plastic 

bottle or container 
thoroughly. Carefully 
cut off the bottom of 
your container. Then 
cut across your 
container to make a 
ring of plastic 2cm 
wide.  
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 4  Pull the ends of the plastic strip over the ring. Push the 

two ends of the strip through the loop you created in the 
middle of the strip. 
 
 
 
  

 5  Pull the ends to tighten the loop around the ring. Repeat this with the next strip 

of plastic bag – you could use a different coloured bag if you have one. 
 

 6  Continue adding the strips of plastic bag until you have covered the entire ring. 

 

 7  Cut about 40cm of string. Tie both ends securely to your ring at points opposite 

each other. 
 

 8  If you have a garden, hang your wind sock from a pole, tree or washing line 

where it has space to blow. If you don’t have an outside area, hang it from a window.  
  Wind is the movement of air around our atmosphere. 
Air moves from places of high pressure (where there’s 
lots of it) to places of low pressure (where there is 
less of it). 
 
As the sun warms the Earth’s surface, the atmosphere 
warms too.  Warm air, which is less dense less than 
cold air, rises. Then cool air moves in underneath and 
replaces the rising warm air. This movement of air is 
what makes the wind blow. 
 
 Try recording the angle and direction of your windsock 

each day to see the changes in windspeed and direction 
 

Find more activities like 
this from NUSTEM at 

nustem.uk/stem-at-home 

 

6 



 
  

7 

 

Where to Build a Windfarm 
 
When deciding where to build windfarms, we need to think 
about more than just wind speed. Lots of different scientists 
and engineers work together to share their expertise to make 
the decision. Often compromises have to be made! 

On the next page there is a worksheet with six experts sharing information about 
the best places to build – or not to build – an offshore windfarm. The task is to  
use the information shared by the six experts to plot where to build an 
offshore windfarm on the map on the next page. You need to find an area 
covering 10km2  (10 squares), all adjacent to one another.  
 
Here are a few different ways you can use this worksheet in a class: 

• Give the worksheet to individuals or pairs to work through all the 
information. 

• Split the class into groups of six. Give each person in the group one role 
and only give them the information on their card. Allow them time to read 
their information and plan where they would like the windfarm. Then the 
group should come together, share their individual information and debate 
and compromise until they reach an agreement of where to build the 
windfarm. 

• Split the class into groups of six. Give each person in the group one role 
and only give them the information on their card. Then mix up the groups 
so all the Geoscientists are together, and all the Ornithologists are together 
etc. Let them discuss and decide together before going back to their 
original groups to share and discuss.  
 

Ask groups to share their decision at the end of the lesson and explain how they 
reached this decision – who had to compromise? 
 

Homework/extension task 
Ask each student to research the job role they had and find  
about more about what it entails, ask them to create a  
poster about that job or another role that works  
with renewable energy.  



 
  

 

GEOSCIENTIST 
• I study the physical aspects 

of the Earth and its natural 
resources. 

• Building the windfarm in 
shallower water will make it 
cheaper to install.  

• Rocky areas should be 
avoided as hard rocks 
are difficult to drill  
into. 

ORNITHOLOGIST 
• I look at the behaviour 

and habitats of birds. 
• Little terns are seabirds, 

their population is 
declining so the species is 
protected by law.  

• They are very sensitive to 
noise and  
disturbances 

MARINE ZOOLOGIST 
• I study animals that live in 

saltwater environments. 
• It is illegal to kill, injure or 

disturb porpoises. 
• Loud noises from 

construction can  
interfere with  
porpoises’  
echolocation.  

ENGINEER 
• I use maths and science to 

design, build and maintain 
structures and processes. 

• Wind turbines begin to 
generate electricity at 
speeds of 3m/s (metres 
per second). If wind speed 
reaches over 25m/s, wind 
turbines will be shut down 
for safety reasons. 

ESTIMATOR 
• I estimate the costs 

required. 
• The budget for this project 

cannot afford more than 
£2000 additional costs. 

• Turbines placed on 
squares with no pound 
sign (£) do not 
cost extra  

OCEANOGRAPHER 
• I study the processes of 

tidal waters. 
• Pressure caused by tidal 

waters impacts the 
lifespan and performance 
of turbines. 

• The maximum force they 
can withstand is 2000N 

• It is easier and cheaper to 
build in areas where 
the force is below  
400N 
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Careers for Climate Change 
 
Climate change is one of the biggest challenges facing the 
planet. Scientists and engineers across all areas of STEM 
are working on innovations for a more sustainable future. 
Could your students be joining them in the future? 

BIOLOGY   Coral Reef 
Conservationist – 
regenerating coral reefs 
from bleaching caused 
by warmer temperatures 
Entry routes: Biology, 
Zoology, Marine  
Biology Molecular Biologist – 

genetically engineering 
crops to withstand 
changing temperatures 
Entry routes: Biology, 
Agriculture, Applied 
Plant Science 

Psychologist/Nutritionist 
– studying human 
behaviour and incentives 
to change to be eco-
friendly 
Entry routes: Psychology, 
Food & Human Nutrition 

PSYCHOLOGY 

ANIMALS 

P
L

A
N

T
S

 

HUMAN 

COMPUTING 

GEOGRAPHY 

Meteorologist – modelling 
and predicting the weather 
and studying causes of 
weather conditions 
Entry routes: Computer 
science, Geography, Maths 

Geoscientist – studies the 
Earth’s natural resources 
Entry routes: Earth Science, 
Environmental Science, 
Geology 

Environmental 
Consultant – advice 
businesses and clients 
on how to minimise 
environmental damage. 
Entry routes: Earth 
Science, Environmental 
Science, Biology 
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CHEMISTRY 

Carbon Capture Researcher 
– creating innovations to 
absorb carbon dioxide. 
Entry routes: Chemistry, 
Chemical Engineering 

Renewable Energy 
Engineer – creating wind 
turbines, solar panels etc. 
Entry routes: Physics, 
Electrical Engineering, 
Mechanical Engineering 

Mechanical Engineer – 
developing hydrocars 
and electric vehicles 
Entry routes: Mechanical 
Engineering 

Environmental 
Statistician – analysing 
climate change data  
Entry routes: Maths, 
Statistics 

PHYSICS 

MATHS 

STATS 

M
E

C
H

A
N

IC
S

 

MECHANICS 
 
SS ELEC

T
R

IC
IT

Y
 

Hydrologist – studies the 
distribution and circulation of 
water on Earth. They may help 
to prevent flooding and 
droughts brought on by climate 
change. 
Entry routes: Civil Engineering, 
Chemistry, Geology, Earth 
Science 

Environmental Engineer – 
design and build 
sustainable, buildings and 
structures.  
Entry routes: Civil 
Engineering 

E
N

G
IN

E
E

R
IN

G
 

CO2 H
2 O

 

Environmental Scientist – studies 
a variety of aspects of the 
environment, including changes 
caused by climate change and 
microplastics in the ocean. 
Entry routes: Environmental 
Science, Earth Science, Chemistry 



 
  

 

Code Breaking 
 
Cracking codes and creating secret messages is a great 
way to introduce students to cryptography and maybe 
even spark their interest in computer science. 

Cryptography, is the use of codes and ciphers to protect secrets and 
information. The information is encrypted (changed into a code) so those who 
don’t know the code can’t read it.  
 
Cryptography has always had a place in society, with one of the earliest known 
codes being the Caesar cipher, invented by Julius Caesar himself to send top 
secret messages to his generals. Code breaking has inspired many 
advancements in modern technology, for example, the race to crack the 
German Enigma code during World War Two. The Enigma machine would 
randomly scramble the 26 letters of the alphabet, daily, which meant that the 
Allies were always one step behind as they rushed to try and break that day’s 
code before the Enigma machine would generate a new one. In 1940 a solution 
was found by Alan Turing, who designed a complex code breaking machine 
known as the Bombe which successfully cracked the Enigma. Turing’s success 
enabled him to go on to lay the foundation of modern computing, including 
creating designs for the first digital computer and developing the concept of 
artificial intelligence based on the human brain.  
 
Today, cryptography is a silent but prominent part of the online world. 
Electronic banking, text messages, satellite communications and medical 
records are examples of personal data that is encrypted to keep potentially 
sensitive information safe. 
 
On the next page there is a worksheet that you can photocopy and give to 
students to create their own Caesar wheels. The answer to the code is: 

What is now proved was once only imagined. 
 
 

You will need: 
 
 
 

Scissors Paper fastener pen/pencil 
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A Caesar cipher is a shift cipher, which 
replaces each letter of the alphabet 
with another letter according to a 
secret rule. In a Caesar cipher, each 
letter has been “shifted” a number of 
places, so the number of shifts and in 
one direction (left or right) is the 
secret key which can be used to crack 
the code. For example, if the secret 
key is “left shift 4” then A=W, B=X, C=Y, 
D=Z, E=A, F=B and so on. The small 
circle of the wheel is rotated by a 
number of places in the direction 
stated in the key, to match up the 
letter substitutions. 

 1  Carefully cut out the two circle 
templates 

 2  Write the alphabet around the small 
circle 

 3  Write the alphabet around the big 
circle (you can use a different colour pen 
or pencil for the big and small circle) 

 4  Place the small circle onto the big 
circle and fix them both together using a 
paper fastener through the centre 
marked with a black dot 

 5  Use your Caesar wheel with left shift 
7 to crack the code! 

 

Make your own Caesar cipher wheel 
to crack this code! 
PATM BL GHP IKHOXW PTL 
HGVX HGER BFTZBGXW 
 
Answer: 
 



 
 
  

Careers with Care: Beyond Medicine 
 
Many of your students that are interested in science and are looking for a 
career that can make a difference to the lives of others, may be 
considering studying medicine at university to become a doctor, nurse 
or clinician. However, they may not be aware of all the other caring 
careers available within STEM field. Here are some examples: 

Orthopaedic Engineering 
Scoliosis – or sideways curvature of the spine – is a painful and dangerous 
condition that affects people of all ages. If left untreated, the condition can be 
life-limiting and even fatal. Thankfully, over the years orthopaedic engineers have 
created medical devices that can help treat it.  
A common treatment for scoliosis is to attach metal rods to the spine via a 
surgical procedure. However, for children with scoliosis there are additional 
complications. The rods must be able to ‘grow’ with children. In the past, this 
meant that children required additional surgeries every time they grew a few 
centimetres to lengthen the rods. As you can imagine, this can be upsetting, and 
mean they miss time away from school, hobbies and their friends whilst they are 
in hospital. 
In recent years, orthopaedic engineers have created magnetically-controlled 
spinal rods, which prevent the need for repetitive surgery! Instead of a surgeon 
lengthening the rods by hand, a special magnet can be used to lengthen the 
spinal rods accurately and painlessly – as if they are magically growing with the 
child! At the Newcastle University Biomedical Engineering department, there is 
ongoing research into how to make the rods safer and more reliable! 
With thanks to Professor Tom Joyce for sharing his research. 
 
Entry routes: Common routes include Mechanical Engineering, Biomedical 
Engineering or Materials Science.  
Key subjects: Maths, Biology, Chemistry, Physics 
 
Drug Discovery 
The medicines that doctors prescribe to treat patients are developed by huge 
teams of people and are often made in a variety of ways. Medicinal chemists 
synthesise molecules from different chemicals, purify their substance then go 
through rigorous testing. Other medicines by may biologically engineered. The 
process involves lots of steps to ensure medicines are as effective as possible, 
with minimal side effects. 
 
Entry routes: Chemistry, Medicinal Chemistry, Biochemistry, Biomedical 
Sciences, Pharmacology 
Key subjects: Maths, Biology, Chemistry 
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Chemical Engineering 
Testing for heart attacks involves measuring a specific protein in a 
patient’s blood which is only released when the heart is damaged. 
Currently, the type of test used to diagnose heart attacks expensive and 
slow to produce results. Antibodies are used to detect the heart-damage 
proteins. Unfortunately, many animals are needed to produce the 
antibodies used in these tests. To address these problems, researchers in 
the Chemical Engineering department here at Newcastle University are 
developing new types of sensors to test whether someone has suffered 
a heart attack. Their research involves developing ‘plastic antibodies’, 
which are used to create quicker and cheaper tests, which also are 
completely animal free. This way we can help improve the diagnosis and 
treatment of heart attacks, as well as animal welfare!    
With thanks to Dr Marloes Peeters, Dr Jake McClements and Ollie Jamieson for 
sharing their research. 
 
Entry routes: Chemistry & Chemical Engineering* 
Important subjects: Chemistry, Maths, Biology 
*You might be wondering – what *is* the difference between a chemist and a chemical engineer? 
In general, chemists work on creating new materials, whereas chemical engineers look at how to 
produce these materials efficiently on a large scale. Despite this, the two disciplines overlap 
often and can end up working side by side! 
 
 Neuroscience 
Did you know the way you walk may help detect disease in its early stages and tell us about 
our brain health? Research over in our ‘Brain and Movement’ group involves analysing “gait” – 
how people walk, which is affected in people with Parkinson’s disease. Analysis of walking 
patterns may reveal information about changes to the brain and whether someone is at risk of 
future falls. 
Parkinson’s disease is a medical condition where cells in the brain die. This affects the brain’s 
function and leads to problems with walking and other physical activity. Recordings from the 
brain and muscle activity during walking in people with Parkinson’s disease has shown us that 
it is a very complicated condition! Currently, there is ongoing research to try and improve our 
understanding of the disease and develop effective treatment. Tools such as “non-invasive 
brain stimulation” (sending signals to the brain from outside of the body) has potential to be 
used as a treatment to improve walking and is being explored in healthy older adults and 
people with Parkinson’s disease. 
With thanks to Aisha Islam for sharing her research. 
 
 Entry routes: Psychology & Neuroscience 

Important subjects: Biology, Maths, Psychology 
 
 



 
 
  

 

River Snack Pack 
This activity was developed by Groundwork NE 
 
River invertebrates (animals without backbones) can give 
an insight into the health of a stretch of river water quality.  

Certain species of river insect can live in poor quality 
water such as hog lice, leeches and blood worms. 
Other species such as mayfly larvae, stonefly larvae 
and caddis flies need clean, well oxygenated water to 
survive.  
 
Scientists regularly survey waterways to check their 
quality. By minimising pollution and littering we can 
help to ensure we have clean water and thriving 
ecosystems in the future.  

Use the River Snack Pack cards to create a diagram of a food web in the river.  
Photocopy the sheets and give to students to cut out and lay them out on a big 
piece of paper, drawing arrows between them. Remind them that arrows in a 
food web show the direct energy is flowing so in most cases, you can think of an 
arrow as “is eaten by”.  

Encourage them to try to get one of each of the following in your food web: 
• Producer = an organism that makes food, usually a plant which uses the 

sun to make food by photosynthesis 

• Herbivore = an animal that only eats plants 
• Omnivore = an animal that eats plants and animals 

• Carnivore = an animal that only eats animals 
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You could also use these cards to play Snap – except if a 
player turns over a card which shows a predator of the 
organism on their opponent’s card, they shout “snap” and 
“eats” the card by placing it at the bottom of their own pile. 
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Build a Bug Hotel 
This activity was created by the  
Northumberland Wildlife Trust 
 
An average garden accommodates more than 2,000 
different species of insect! Very few of these creatures cause 
significant damage to our prized plants, and there are many 
more insects that actually help us to control the ones that do! 
By providing the right habitats, we can greatly increase the 
number of ‘beneficial’ insects in the garden.   
One way to increase the comfort of your patch for 
insects is to build them a bug hotel. 

You will need: 
 
 
 
 

Wooden pallets 
 
 
 
 

Bricks 
 
 
 
 

Plastic bottles 
 
 
 

Straws or 
bamboo canes 

 
 
 

 

 1  Place a wooden pallet in 

your chosen location. On top of 
the pallet, line bricks around 
the corners and across the 
middle 
 

 4  Fill in the remaining spaces with bricks, leaves, pebbles, stones, tiles, loose 

bark and straw.  

 5  Add in any extra materials that you want to recycle eg. Old pipes, carpeting, 

toilet tubes, old plant pots. Be creative – add a welcome sign or give your hotel 
a name! 

 2  Place your next pallet on top of this and repeat the 

process for all your pallets. 
  3  Cut off the top two-thirds of your 

bottles. Fill up half of them with 
bamboo canes or straws and the 
other half with rolled up cardboard. 
Place these inside the pallets.  
 

You can find more activities 
to help wildlife from the 

Northumberland Wildlife 
Trust at nwt.org.uk/actions 
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Thank you for using our British Science Week activity pack, we would love 
to hear your thoughts on these activities. You can leave your feedback and 

comments at tiny.cc/bsw-feedback 
 
 

For more STEM resources and activities, please visit 

ncl.ac.uk/sage/stemoutreach 

 
@STEMNewcastle 


