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[bookmark: _Hlk83890124]This sample scheme of work covers both classroom- and workshop-based learning for Essential science for engineering and manufacturing. It is based on 90 hours of learning over 30 sessions. It is an example only of a possible scheme of work and is based on theory and practical within an FE centre but can be amended to suit all learning facilities with the necessary adjustments to meet individual learners’ needs. 
The technical qualification has been developed to include competency frameworks for T Levels, which demonstrate an array of competencies across maths, English and digital skills, as well as the core skills learners will need to use when they progress onwards from completing their T Level.
The Criteria column in the scheme of work identifies opportunities where these core skills can be developed and embedded into teaching and learning for each criterion. It is not expected that all criteria will develop core skills, but where these skills exist in the core content it has been referenced to support FE centres. 
For more information on how the core skills can be evidenced, please refer to the Technical Qualification Specification (example below).
1.1 [image: A close up of a text

Description automatically generated]Key principles and methodologies in engineering and manufacturing design


You can use the sample scheme of work as it is, adjust it or extract content to create a scheme of work to suit your delivery needs. It can also be adjusted by adding theory and practical workshops to support learners who have/need additional learning time. 









5. Essential science for engineering and manufacturing
Sample scheme of work
Course/qualification: T Level Technical Qualification in Engineering and Manufacturing (Level 3)

Tutor’s name:

Number of sessions: 30	Delivery hours: 90	 	Venue:	Group: 
	Criteria
1 
5.1 Units of measurement used in engineering 
5.2 Vector and coordinate measuring systems
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles
5.5 Chemical composition and behaviours
5.6 Forces and motion in engineering 
5.7 Fluid dynamics in engineering 
5.8 Thermodynamics in engineering 



	Session
	Criteria

	Activities and resources
	Skills check

	1

3 hours
	5.1 Units of measurement used in engineering.

(Skills: MC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘What are units of measurement and why are they important?’
Tutor to present PowerPoint 1: SI units.
Tutor to facilitate Q&A about why SI units are used and applied.
Learners could be asked to research the uses of a particular SI unit and feedback to group. 
Learners to complete Worksheet 1: SI units.
Tutor to deliver answers and check understanding.
Learners to complete Worksheet 2: Multiples and submultiples. 
Tutor to deliver answers and check understanding.
Class activity to demonstrate the ability to identify:
· the differences between base and derived units; the units applicable to different properties 
· how to convert between SI units and comparable imperial units 
· how to convert between different multiples and submultiples.
As a class, produce a list of SI units and the typically applied multiples and submultiples. 
Tutor to recap key learning points and conclude.

Resources
PowerPoint 1
Worksheet 1
Worksheet 2
	Oral questioning
Worksheet 1 
Worksheet 2 




	2

3 hours
	5.2 Vector and coordinate measuring systems 

(Skills: MC4, MC7, MC8)

	Activities
Tutor to open the session with a classroom discussion on the topic ‘What is the difference between a vector and a set of coordinates?’
Tutor to present PowerPoint 2: Vectors and coordinates.  
Learners could be asked to research a use of coordinates within engineering such as CMM measurement. 
Learners to complete Worksheet 3: Vectors and coordinates.  
Tutor to deliver answers and check understanding.
Class activity to demonstrate the ability to identify:
· the definitions of, and differences between, scalar and vector coordinates
· how to convert between Cartesian and polar coordinates where angles are in degrees.
As a class, produce a list of the potential reasons why the different methods may be applied. 
Tutor to recap key learning points and conclude.

Resources
PowerPoint 2
Worksheet 3
	Oral questioning 
Worksheet 3 

	3

3 hours
	5.3 Scientific methods and approaches to scientific inquiry and research.


	Activities
Tutor feedback around calculations and solutions from previous worksheets and recap key learning points of previous session.
Tutor to present PowerPoint 3: Scientific methods.
Tutor to ask learners to define the following terms.
· Observation
· Questioning
· Hypothesis
· Prediction 
· Simulation 
· Conclusion
Tutor to run a class discussion on the differences between a hypothesis and a theory.
Working in groups, learners to identify the different applications and approaches used in scientific inquiry. 
Learners to present their findings to the group.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 3
	Oral questioning 






	4
3 Hours
	5.3 Scientific methods and approaches to scientific inquiry and research.

	Activities 
If practical, this session provides an opportunity to invite a guest speaker from industry.
Guest speaker focus – how the scientific method has been used in practice in the engineering industry, focusing on an implementation case study.
Tutor to facilitate Q&A with guest speaker. 
Tutor to recap key learning points and conclude.

	Oral questioning 


	5

3 hours
	5.4 Measurement equipment, techniques, and principles.

(Skills: MC1, MC5, MC6, MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘What do we mean by measurement?’
Tutor to present PowerPoint 4: Measurement. 
Q&A to discuss why measurement is needed in engineering.
Learners to complete Worksheet 4: Measurement.
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 4
Worksheet 4
Sample measuring equipment for reference 
	Oral questioning 
Worksheet 4



	6

3 hours
	5.4 Measurement equipment, techniques, and principles.

(Skills: MC1, MC5, MC6, MC8, DC1, DC4)
	Activities
Tutor to open the session with a recap of PowerPoint 4: Measurement.
Learners to be presented with a variety of measurement equipment and components that require measuring. 
Tutor to run a ‘round robin’ activity, requiring learners to match the relevant and appropriate equipment to the measurement task.
Tutor to provide equipment demonstration and practical support as required.
Learners to carry out the measurement and record the values measured.
Learners to discuss their choices of equipment and the values they recorded.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 4
Measuring equipment and samples for measurement 
	Oral questioning 



	7

3 hours
	5.4 Measurement equipment, techniques, and principles.

(Skills: MC1, MC5, MC6, MC8, DC1, DC4)
	Activities 
If practical, this session provides an opportunity to invite a guest speaker from industry or to visit to a local company.
Guest speaker/visit focus – how measurement tools are used in practice in engineering industry, focusing on applications in quality or manufacturing.
Tutor to facilitate Q&A with guest speaker. 
Tutor to recap key learning points and conclude.

	Oral questioning 


	8

3 hours
	5.5 Chemical composition and behaviours.

(Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘What is an atom?’
Tutor to present PowerPoint 5: Chemical composition – atomic structure.
Q&A to discuss how atoms are the building blocks of the world and how the different atomic structures are related to applications of elements and materials. 
Learners to complete Worksheet 5: Atomic structure.
Tutor to deliver answers and check understanding.
As a class, compile a list of key words including definitions of the following terms.
· Atom
· Element
· Molecule
· Compound
· Mixture
Tutor to recap key learning points and conclude.

Resources
PowerPoint 5
Worksheet 5
	Oral questioning 
Worksheet 5



	9
3 hours
	5.5 Chemical composition and behaviours.

(Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on how atoms are constructed as a recap activity
Tutor to present PowerPoint 6: Chemical composition - Chemical structure.
Q&A to discuss the different states of matter, how chemicals can be manufactured, atomic bonding and its application. 
Learners to complete Worksheet 6: Chemical structure.
Tutor to deliver answers and check understanding.
Tutor to facilitate a class discussion on how chemical interactions are used in engineering and identify applications. 
As a class, come up with a list of key words including definitions of the following terms.
· Covalent 
· Bonding 
· Reactions
· Solutions 
Tutor to recap key learning points and conclude.

Resources
PowerPoint 6
Worksheet 6
	Oral questioning 
Worksheet 6


	10

3 hours
	5.5 Chemical composition and behaviours.

(Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on how atoms bond, recapping ideas introduced in the previous session.
Tutor to present PowerPoint 7: Behaviours of chemicals.
Q&A to discuss the different ways in which chemicals behave with certain parameters and how these are used within engineering applications.
Learners to be allocated one of the applications in the specification (chemical etching, surface finishing, bonding, etc.). Learners to research its application in engineering and prepare a presentation to give to the group in the next session.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 7
	Oral questioning 
Group Discussion 

Worksheet 7



	11

3 hours
	5.5 Chemical composition and behaviours.

(Skills: EC4, MC3,
MC5, MC6, DC1, DC4)

	Activities
Tutor to recap PowerPoint 7: Behaviours of chemicals. 
Learners to complete their research into applications of chemical interactions and reactions used in engineering and then present their findings to the class.
Tutor to run the presentation session, providing feedback to presentations as appropriate.
Learners to complete Worksheet 7: Behaviours.
Tutor to deliver answers and check understanding.
Recap key learning points and conclude.

Resources
PowerPoint 7
Worksheet 7
	Oral questioning 
Group Discussion 

Worksheet 7 and feedback


	12

3 hours
	5.6 Forces and motion in engineering 

(Skills: MC4, MC5, MC6, MC7,
MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘What is a force?’
Tutor to present PowerPoint 8: Types of motion and forces.
Tutor to run a Q&A to discuss how the different forces are measured, the units that are used when calculating forces, and how they apply in engineering contexts.
Tutor to present the methods for calculating the magnitude and direction of a force using the examples given in the presentation.
Learners to complete Worksheet 8: Forces.
Tutor to deliver answers and check understanding.
As a class, discuss the following and give engineering examples.
· Rotary motion
· Linear motion
· Reciprocating motion
· Oscillating motion
Learners to complete Worksheet 9: Pressure, force and area.
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 8
Worksheet 8
Worksheet 9
	Oral questioning 
Worksheet 8
Worksheet 9


	13
3 hours
	5.6 Forces and motion in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a recap of PowerPoint 8: Types of motion and forces.
Tutor to present first half of PowerPoint 9: Vector representation of forces and coplanar forces.
Learners to work through the examples provided as a class, with tutor support as required.
Recap key learning points and conclude.

Resources
PowerPoint 9
	Oral questioning and responses to example questions

	14

3 hours
	5.6 Forces and motion in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a recap of the first section of PowerPoint 9: Vector representation of forces and coplanar forces.
Tutor to recap examples of force vectors and sign conventions.
Tutor to present remainder of PowerPoint 9: Vector representation of forces and coplanar forces.
Learners to work through the examples provided as a class
Learners to create an exemplar problem for their peers to solve, then provide feedback on the responses.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 9
	Oral questioning and responses to example questions

	15
3 hours
	5.1 Units of measurement used in engineering (Skills: MC4)
5.2 Vector and coordinate measuring systems (Skills: MC4, MC7, MC8)
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.5 Chemical composition and behaviours (Skills: EC4, MC3, MC5, MC6, DC1, DC4)
	Activities 
This session at the halfway point of the knowledge outcome allows an opportunity for recap and revision of topics covered to date.
Alternatively, the session could be used for a guest speaker, as appropriate.

	

	16
3 hours
	5.7 Fluid dynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)

	Activities
Tutor to open the session with a classroom discussion on the topic ‘What do we mean when we use the term fluid power? How does this link with engineering?’
Tutor to present PowerPoint 10: Hydrostatic pressure.
Tutor to facilitate Q&A to discuss how the various formulae can be used to determine force, pressure and area from given values within a relevant engineering scenario. 
Tutor to provide demonstration of the methods for carrying out calculations involving hydrostatic pressure.
Learners to complete Worksheet 10: Hydrostatic pressure.
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 10
Worksheet 10
	Oral questioning 
Group Discussion 
Worksheet 10


	17
3 hours 
	5.7 Fluid dynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘How does pressure impact the flow of a substance?’ 
Tutor to present PowerPoint 11: Bernoulli's principle.
Tutor to facilitate Q&A to discuss how compression and pressure can be linked, and how this is used in specific engineering examples. 
Learners to complete Worksheet 11: Bernoulli's principle.
Tutor to deliver answers and check understanding.
Recap key learning points and conclude.

Resources
PowerPoint 11
Worksheet 11
	Oral questioning 
Worksheet 11


	18
3 hours
	5.7 Fluid dynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)

	Activities
Tutor to open the session with a classroom discussion on the topic ‘How can fluid power be used in engineering?’ 
Tutor to present PowerPoint 12: Fluid flow and aerodynamics. 
Q&A to discuss applications where fluid flow is important. 
Learners to use the internet to investigate different wing profiles and how these affect the performance of aircraft.
Learners should present their findings to the class.
Tutor to check understanding of the topic.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 12

	Oral questioning 


	19
3 hours
	5.7 Fluid dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)

	Activities
Tutor to recap PowerPoint 12: Fluid flow and aerodynamics.
Learners to use a flow tank (or small wind tunnel if available) to investigate the effect of different 2D shapes on fluid flows.
Learners to refine a shape to maximise linear flow/reduce turbulent flow.
Learners to share their outcomes with the class.
Tutor to check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 12
	Oral questioning
Outcomes from practical activity 


	20
3 hours
	5.1 Units of measurement used in engineering 
(Skills: MC4)
5.7 Fluid Dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities 
This session affords an opportunity to invite a guest speaker or conduct a company visit with a focus on fluid handling or automotive/aerospace engineering, if available. 
Alternatively, tutor to recap previous sessions to run a revision session on Bernoulli’s principles, fluid flow and aerodynamics to reinforce understanding and improve mastery of relevant calculations.

	

	21
3 hours
	5.8 Thermodynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘Heat – what is it and how does it travel?’ 
Tutor to present PowerPoint 13: Heat transfer.
Q&A to discuss how molecular structures are affected by heat, and how this is used in engineering applications. 
Tutor to facilitate discussion and provide examples of how heat transfer differs depending upon the material state (solid, liquid or gas).
Discuss how colour and surface texture is used in specific applications to determine the level of heat transfer.
Define the following terms.
· Conduction
· Convection
· Radiation
Learners to complete Worksheet 12:  Heat transfer
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 13
Worksheet 12
	Oral questioning 
Worksheet 12


	22
3 hours
	5.8 Thermodynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘What does the term thermodynamic make you think of?’ 
Tutor to present PowerPoint 14: Thermodynamic systems, sensible heat and latent heat.
Q&A to discuss how different systems can be classified as either closed, open or isolated systems. 
Tutor to lead discussion and provide examples of how expansion and the rate of expansion differ for various materials and demonstrate applications of expansion.
Tutor to walk through examples of calculations involving expansion.
Tutor to run a discussion around the differences between sensible and latent heat.
Learners to complete Worksheet 13: Latent heat.
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 14
Worksheet 13
	Oral questioning 
Worksheet 13


	23
3 hours
	5.8 Thermodynamics in engineering
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities 
This session affords an opportunity to invite a guest speaker or visit a local company with a focus on heat management or casting if available.
Alternatively, tutor to recap previous sessions to run a revision session on thermodynamics and heat transfer to reinforce understanding and improve mastery of relevant calculations.

	

	24

3 hours
	5.8 Thermodynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)

	Activities
Tutor to open the session with a classroom discussion on the topic ‘What problems in engineering applications are caused by temperature when using materials?’
Tutor to present PowerPoint 15: Thermal expansivity and heat transfer. 
Tutor to walk through example calculations in the PowerPoint.
Learners to complete Worksheet 14: Thermal expansion.
Tutor to deliver answers and check understanding.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 15
Worksheet 14
	Oral questioning 
Worksheet 14 and feedback


	25

3 hours
	5.4 Measurement equipment, techniques, and principles. (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.8 Thermodynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)

	Activities
Tutor to recap PowerPoint 15: Thermal expansivity and heat transfer from previous session.
Learners to safely heat (or cool) a variety of materials and component profiles, and use a range of different measurement devices to establish their thermal expansivity.
Learners to share the outcomes of their experiments with the class.
Tutor to check understanding of heat expansion principles.
Tutor to recap key learning points and conclude.

Resources
PowerPoint 15
	Oral questioning
Outcomes from practical activity 


	26
3 hours
	5.8 Thermodynamics in engineering 

(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
Tutor to open the session with a classroom discussion on the topic ‘Gases in systems – how are they used and why?’
Tutor to present PowerPoint 16: Gas laws. 
Tutor to run a Q&A session to discuss how pressure within systems can be determined and displayed in a specific system.  
Tutor to ask learners to discuss the relationship between volume and pressure within a contained system.
Tutor to demonstrate calculation methods for problems involving Boyle’s law and Charles’ law, using worked examples.
Learners to be asked to define the following laws.
· Boyle’s law
· Charles’ law
Learners to complete Worksheet 15: Gas laws.
Tutor to deliver answers and check understanding.
Recap key learning points and conclude.

Resources
PowerPoint 16
Worksheet 15
	Oral questioning 
Group Discussion 
Worksheet 15


	27

3 hours
	5.1 Units of measurement used in engineering (Skills: MC4)
5.2 Vector and coordinate measuring systems (Skills: MC4, MC7, MC8)
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.5 Chemical composition and behaviours (Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
5.6 Forces and motion in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.7 Fluid dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.8 Thermodynamics in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities
This session affords an opportunity to invite a motivational guest speaker or visit a local company with a focus on the importance of science in engineering and industry.
Alternatively, tutor to recap previous sessions to run a revision session on thermal expansivity, heat transfer and gas laws, as appropriate.

	

	28

3 hours
	5.1 Units of measurement used in engineering (Skills: MC4)
5.2 Vector and coordinate measuring systems (Skills: MC4, MC7, MC8)
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.5 Chemical composition and behaviours (Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
5.6 Forces and motion in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4) 
5.7 Fluid dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.8 Thermodynamics in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities 
Tutor to distribute Multiple choice questions to test learners’ knowledge on the material covered in this underpinning knowledge outcome. 
Tutor to deliver answers and check understanding.
Learners and tutor to identify areas for revision.
Tutor to give learners instructions on exam skills, such as what the command words in questions mean and how they indicate what is required as a response.
Tutor to run Q&A and wrap up.

Resources
Multiple choice questions	
	Multiple choice questions

	29
3 hours
	5.1 Units of measurement used in engineering (Skills: MC4)
5.2 Vector and coordinate measuring systems (Skills: MC4, MC7, MC8)
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.5 Chemical composition and behaviours (Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
5.6 Forces and motion in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.7 Fluid dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.8 Thermodynamics in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities 
Tutor to recap previous sessions, as appropriate.
Tutor to run a revision session in preparation for end point assessment activities.
Learners to draft example questions, with worked answers for each topic area, to be completed by their peers, with mutual feedback.
Tutor to recap and wrap up.

	Responses to questions

	30
3 hours
	5.1 Units of measurement used in engineering (Skills: MC4)
5.2 Vector and coordinate measuring systems (Skills: MC4, MC7, MC8)
5.3 Scientific methods and approaches to scientific inquiry and research
5.4 Measurement equipment, techniques and principles (Skills: MC1, MC5, MC6, MC8, DC1, DC4)
5.5 Chemical composition and behaviours (Skills: EC4, MC3,
MC5, MC6, DC1, DC4)
5.6 Forces and motion in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.7 Fluid dynamics in engineering 
(Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
5.8 Thermodynamics in engineering (Skills: MC4, MC5, MC6, MC7, MC8, DC1, DC4)
	Activities 
Tutor to recap previous sessions, as appropriate.
Tutor to run a revision session in preparation for end point assessment activities.
Alternatively, learners may use the session for independent study and revision as appropriate.
Tutor to recap and wrap up.
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