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The HS2 Secondary School Programme supports 
secondary students aged 11-14 years in developing  
their knowledge and skills in Science, Technology, 
Engineering and Maths (STEM), with real world examples 
from the railway and transport infrastructure industries. 
This science activity plan provides teachers with a series of science-based teaching and learning 
activities around the theme of careers in transport infrastructure. This suite of resources is based on the 
secondary education STEM workshops delivered by HS2 along the route between London, Birmingham, 
Leeds and Manchester. 

The objectives of the programme are to help students:
• Understand more about the roles and scientific skills associated with a large engineering project.
• Understand how the idea of forces can be applied to structures such as tunnels.
• Construct and test a model to explore ideas about structures.

Curriculum links
KS3
Working scientifically
Students should learn to:
• Evaluate risks. 
• Use appropriate techniques, apparatus, and materials during fieldwork and laboratory work, paying 

attention to health and safety.
• Make and record observations and measurements using a range of methods for different 

investigations; and evaluate the reliability of methods and suggest possible improvements.
• Interpret observations and data, including identifying patterns and using observations,  

measurements and data to draw conclusions. 
• Identify further questions arising from their results. 

Forces 
Students should learn about:
• Forces associated with deforming objects; stretching and squashing – springs; with rubbing and  

friction between surfaces, with pushing things out of the way; resistance to motion of air and water. 
• Forces measured in newtons, measurements of stretch or compression as force is changed. 

KS4
Students should learn to:
• Plan experiments to make observations, test hypotheses or explore phenomena. 
• Apply a knowledge of techniques, apparatus, and materials to select those appropriate to the  

experiment and use them appropriately, having due regard to health and safety considerations. 
• Apply a knowledge of sampling techniques to ensure any samples collected are representative of  

the whole population. 
• Make and record observations and measurements using a range of methods. 
• Apply the cycle of collecting, presenting and analysing data, including interpret observations and  

data, including identifying patterns and trends, make inferences and draw conclusions. 
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1. Introduction – approx. duration 20 mins 
Introducing STEMPowers
Purpose: Students reflect on their skills and consider how these can be used as STEMPowers.

Activity overview: The HS2 introduction film provides an overview of the diversity of job roles on 
the HS2 Project. Students learn about transport infrastructure careers and gain wider context of the 
Project.  

2. Development of ideas and skills – approx. duration 40 mins 
Engineering Challenge - Tunnel Structures
Purpose: Students apply their STEMPowers to solve real-world design and make problems.

Activity overview: This activity is about tunnel building. In their groups, students use a selection of 
scrap materials to build a structure able to withstand ground pressure in a simulation jig. 

3. Plenary – approx. duration 15 mins 
Reflection
Purpose: Students will reflect on how their STEMPowers have grown and decide on the next steps for  
a STEM career. 

Activity overview: Ask students “What have you learned?” and challenge them to reflect and evaluate  
on their progress, identify new skills learned and consider how they could embark on a STEM career. 
This activity will link to the development of students’ STEMPowers, as they connect skills learned to  
career pathways. 

Assets:
• HS2 film
• Science slide deck
• Science worksheet
• Testing jig (i.e. a box with holes at each end), sandbag (or another way of applying weight) and  

scrap materials:
 - 40 x 400mm paper straws
 - Scissors
 -  Masking tape
 -  Scrap paper
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                                         Lesson plan

Objectives Students will learn to:

• Understand more about the roles and scientific skills associated with a large  
engineering project.

• Understand how the idea of forces can be applied to structures such as tunnels.
• Construct and test a model to explore ideas about structures. 

Outcomes Students should be able to:

• State examples of some scientific roles within a large engineering project.
• Apply concepts of forces to various tunnel structures.
• Analyse data from testing to compare and evaluate structures.

Introduction Explain that this session is based on a major new engineering project called HS2.

Ask students:

• What they know about HS2.
• What they think about this being a focus of major investment.
• What opportunities it might open up for people of their generation.

Show the HS2 introduction film, which includes an overview of job roles and shows 
the diversity on the HS2 Project.

Introduce the idea of STEMPowers and explain that a key purpose of this session is to 
develop these. The seven STEMPowers are:

• Creativity
• Teamwork
• Communication
• Problem solving
• Investigation
• Determination
• Respect 

Ask students to discuss and reflect on these as well as identify and explore these 
behaviours and skills. Students should rate and give examples of when they have 
used them, and which ones they would like to develop. 
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Development Ask students to consider the questions on the slide ‘Why dig tunnels – and how?’ to 
draw out their ideas about form and function. Gather responses and use to set the 
scene for this activity.

Using the slides, explain the three main ways of constructing tunnels. 

Explore the idea of a tunnel structure having to withstand forces. Discuss the different 
types of force and ask students to apply these ideas to various diagrams of structures.  
They are to consider the forces a tunnel structure has to withstand and to start to 
develop ideas about the kind of structure that might be best.  

Explain that they will work in groups to try out an idea of their own, testing it on a 
central testing rig and using a sand bag to mimic the ground pressure. Students 
should develop this design, considering weight as well as strength. They should  
use scrap materials to design and prototype tunnel structure and test for strength. 

They should then reflect upon the test results, considering how well their structure 
did, how it could be improved, what the challenges were and how sustainable their 
solution was. Encourage students to use all of the STEMPowers in this challenge, 
especially investigation, teamwork and problem solving. 

Plenary Ask students to assess the advantages and disadvantages of each design  
as a plenary, as well as reflecting upon the success or failure of their own design 
solution and their use of STEMPowers. 

Feedback on their efforts should focus upon the attributes of investigation, teamwork 
and problem solving. You should commend students for different aspects of their 
contribution according to these powers. Individuals should also consider their 
personal development.

The science worksheet asks students to:

• Consider the STEMPowers they have improved.
• Consider which STEMPowers they found most important.
• Think about whether they would consider a future in a STEM career.
• Identify particular progress they have made.

Follow-up/
extension 
work

Students can also find out more by using the interactive games and augmented  
reality app on the HS2 education website at www.hs2.org.uk/education
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