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This resource is part of a series of materials to support technical education teaching. The approach to developing the materials draws from research led by Professor Kevin Orr that sets out a model for understanding of technical education pedagogy.
The curriculum development begins with the knowledge that students are working to learn and apply. Teachers draw from their subject and industry expertise, and their knowledge of their students, to make decisions about the core concepts the curriculum will focus on, how they will sequence these concepts, and the activities that are selected to support students’ learning. The decisions behind the resources suggested in this topic are the result of choices made by the curriculum development team, which will be reviewed and improved by teachers’ decision-making and ongoing reflection in their own circumstances.
The materials also seek to support teachers in bringing classroom and industry closer together, by providing assets that draw from authentic industry materials, and using opportunities to capture workplace practice that can be shared with students.
HEALTH AND SAFETY 
It is assumed that activities outlined in this Teaching Guide will be undertaken in suitable facilities or work areas and that good practices, appropriate use policies and procedures will be observed. Teachers should consult their employers’ risk assessments before use and consider whether any modification is necessary for the particular circumstances of their own class/institution. 
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[bookmark: _Toc137031731][bookmark: _Toc138426714][bookmark: _Toc138426738][bookmark: _Toc138426770][bookmark: _Toc138426802][bookmark: _Toc138426834][bookmark: _Toc219282045]Introduction
This document for teachers outlines both the topic area covered and the approach to using the suite of resources and assets for each resource. Unless otherwise stated, definitions of key terms have been developed by the authoring team and reviewed in the context of the activities. Teachers may choose to revise definitions as necessary and should review the content in advance of delivery to check it is appropriate for learners. 
[bookmark: _Toc219282046]Topic purpose
There are four resources of varying estimated lengths. Teachers may want to adapt the suggested sequencing of concepts and activities as appropriate for the students and circumstances. The resources are broken down to provide teacher flexibility on the depth covered in the activities; resources can also be split over multiple shorter resources if required. Formative assessment is built into the resources, allowing teachers to adapt lessons to suit their students in response to their existing knowledge and skills.
These resources cover: Problem Solving, which encompasses Computational Thinking (CT) Skills, Algorithm Design and Problem Solving Strategies. They are designed for the Digital Software Development specification, however, these could be adapted for the other Digital T Levels. While the materials provide the foundational knowledge and skills as described, teachers should note that some requirements, such as methods for representing decomposition via formal diagrams (1.1.9–1.1.10), translating between different notations (1.2.11), and root cause analysis techniques (1.3.3–1.3.6), are not explicitly covered here and should be supplemented to ensure total specification coverage.
The resources are designed to move students beyond theoretical definitions, focusing on applying a systematic, analytical mindset to solve complex, real-world problems. Both process and technique are crucial for developing the foundational abilities that underpin success across the entire T Level qualification. In addition, a key aim of these materials is to bring classroom learning closer to industry practice. This is achieved by incorporating industry practices and capturing workplace examples that can be shared with students, helping them see the relevance of their learning.
The Glossary is a standalone enhancement resource designed to be integrated into any resource to support technical vocabulary. It can be adapted to fit specific student needs and expanded as new terms are encountered. 
There are also opportunities to build several essential skills that are developed during the course, including through the Employer Set Project (core skills), and general competencies for maths, English and digital. 
The content in the lessons can be reinforced throughout the course to support students’ learning. For example, when discussing a forthcoming industry placement, one objective can be for students to look for how computational thinking skills are applied to real-world problems in the workplace, discuss these methods with their supervisor and note this learning in their logbook. For example: support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students 
[bookmark: _Toc219282047]Industry importance
Content Area 1 is the foundational skillset for all roles in the digital sector. The ability to systematically define a problem, select an appropriate strategy and then apply computational thinking skills to break it down, simplify, and design a robust solution is what separates an effective professional from a novice. By mastering these skills and strategies, students are developing the critical, analytical mindset highly valued by employers in every technical field.
"Computational thinking is essential when working in any digital role because it lets you break complex systems down into parts you can understand and work with. Without the skills students develop in this area, delivering solutions to problems – especially in a modern digital project – would be incredibly difficult."
Thomas Bedford, Senior Software Engineer, Hippo
[bookmark: _Toc219282048]Industry links
· Computer Weekly publishes articles on many of the topics discussed: https://www.computerweekly.com/ 
· The Guardian’s Technology page features articles on many of the topics discussed (other news sites also have technology-based articles): https://www.theguardian.com/uk/technology 
· The BBC’s Technology page also features articles on many of the topics discussed: https://www.bbc.co.uk/news/technology 
· BCS The Chartered Institute of IT article on CT: https://www.bcs.org/articles-opinion-and-research/computational-thinking/ 
· Google for Education CT Curricula: https://edu.google.com/intl/ALL_us/future-of-the-classroom/computational-thinking/ 
· Isaac Computer Science platform for online learning, Theory of Computation, Computational Thinking topic: https://isaaccomputerscience.org/topics/a_level#all
· BCS The Chartered Institute of IT article on the benefits of CT: https://www.bcs.org/articles-opinion-and-research/the-benefits-of-computational-thinking/ 
· Github best practices: Modular Code: https://best-practice-and-impact.github.io/qa-of-code-guidance/modular_code.html 
[bookmark: _Toc219282049]Prior learning
Students should have an understanding of basic number and logical concepts from GCSE Mathematics (e.g. sequence, selection, iteration), as these underpin algorithmic design. Students should also have general IT literacy, including the use of common software and file structures, alongside understanding the concept of problem-solving. This provides a base for the structured, technical approach taught in this topic.
[bookmark: _Toc219282050]Accessibility
The teaching materials have been designed to provide teachers with a flexible framework, including different approaches to activities, suggested consolidation activities to further embed knowledge, and adaptable study questions to assess learning. As with all resources, teachers will wish to consider the specific needs of their students when using the materials, including Special Educational Needs and Disabilities (SEND). Although content has been reviewed, accessibility in externally linked resources cannot be guaranteed.
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[bookmark: _Toc219282051]Learning outcomes and specification coverage
	Resource
	Learning outcomes
	Specification coverage
	Skills and General competencies
	Links to other specification content

	1 – Core computational thinking skills
	Students will be able to:
· give the components of computational thinking
· identify essential information by using abstraction
· explain how to break problems down using decomposition
· identify pattern recognition
· design algorithms.
	1.1 Computational Thinking: 1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 1.1.7, 1.1.8, 1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 1.1.17
1.2 Algorithmic Design: 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.2.7, 1.2.8, 1.2.9, 1.2.10, 1.2.12
	Skills
1. Be able to reflectively evaluate
2. Communicate information clearly to a technical and non-technical audience
5. Apply a logical approach to solving problems
General competencies
English: 
E2 Present information and ideas
E4 Summarise information/ideas
E6 Take part in/leading discussions
Digital: 
D1 Use digital technology and media effectively
D3 Communicate and collaborate
	Digital Software Development Core: 
Content area 2: Introduction to programming 
Employer Set Project: 
Task 1 – Planning a Project
Task 3 – Designing a Solution
Task 4a – Developing Solution

	2 – Approaches to problem solving
	Students will be able to:
· explain the top-down approach to problem solving
· explain the bottom-up approach to problem solving
· explain the role and benefit of modularisation.
	1.3 Strategies: 1.3.1, 1.3.2
	Skills
1. Be able to reflectively evaluate
2. Communicate information clearly to a technical and non-technical audience
5. Apply a logical approach to solving problems
General competencies
English: 
E2 Present information and ideas
E4 Summarise information/ideas
E6 Take part in/leading discussions
Digital: 
D1 Use digital technology and media effectively
D3 Communicate and collaborate
	Digital Software Development Core: 
Content area 2: Introduction to programming 
Employer Set Project: 
Task 1 – Planning a Project
Task 3 – Designing a Solution
Task 4a – Developing Solution

	3 – Exam-style question practice
	Students will be able to:
· describe the key characteristics of 3-mark, 6-mark and 9-mark questions
· explain the requirements for successful answers.
	1.1 Computational Thinking: 1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 1.1.7, 1.1.8, 1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 1.1.17
1.2 Algorithmic Design: 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.2.7, 1.2.8, 1.2.9, 1.2.10, 1.2.12
1.3 Strategies: 1.3.1, 1.3.2
	Skills
1. Be able to reflectively evaluate
2. Communicate information clearly to a technical and non-technical audience
3. Work with others in a collaborative manner to allow for/encourage faster, better and more efficient achievement of goals
General competencies
English:
E2 Present information and ideas
E4 Summarise information/ideas
E5 Synthesise information
E6 Take part in/leading discussions
	Digital Software Development Core: 
Content area 2: Introduction to programming 
Employer Set Project: 
Task 1 – Planning a Project
Task 3 – Designing a Solution
Task 4a – Developing Solution

	4 – Glossary
	Students will be able to:
· state the definition of key terms related to Content Area 1
· discuss using appropriate key terms.
	1.1 Computational Thinking: 1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 1.1.7, 1.1.8, 1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 1.1.17
1.2 Algorithmic Design: 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.2.7, 1.2.8, 1.2.9, 1.2.10, 1.2.12
1.3 Strategies: 1.3.1, 1.3.2
	Skills
1. Be able to reflectively evaluate
2. Communicate information clearly to a technical and non-technical audience
3. Work with others in a collaborative manner to allow for/encourage faster, better and more efficient achievement of goals
General competencies
English:
E2 Present information and ideas
	Digital Software Development Core: 
Content area 2: Introduction to programming 
Employer Set Project: 
Task 1 – Planning a Project
Task 3 – Designing a Solution
Task 4a – Developing Solution
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[bookmark: _Toc137031737][bookmark: _Toc138426718][bookmark: _Toc138426742][bookmark: _Toc138426774][bookmark: _Toc138426806][bookmark: _Toc138426838][bookmark: _Toc219282052]Resource guidance
[bookmark: _Toc137031738][bookmark: _Toc138426719][bookmark: _Toc138426743][bookmark: _Toc138426775][bookmark: _Toc138426807][bookmark: _Toc138426839][bookmark: _Toc219282053]Resource 1: Core computational thinking skills
These resources introduce students to the four core skills of computational thinking: abstraction, decomposition, pattern recognition, and algorithm design. The goal is to move beyond basic theory and show students how these techniques are applied to solve complex problems in the real world.
Due to its length (2.5 hours), Resource 1 could be used over two lessons, depending on their duration, or as a modular ‘pick and mix’ selection. The introduction (30 mins) and Activity 1 (30–40 mins) focus on building foundational theory using a video case study, while the extended Activity 2 (45–60 mins) and Plenary (15-20 mins) provide a deep dive into scenario-based application, and review of understanding. This allows teachers to split the content between ‘Theory’ and ‘Practical Application’ sessions.
[bookmark: _Toc137031739][bookmark: _Toc138426720][bookmark: _Toc138426744][bookmark: _Toc138426776][bookmark: _Toc138426808][bookmark: _Toc138426840][bookmark: _Toc219282054]Preparation
	Resources provided
	· Resource 1 Slide deck
· Resource 1 Animation (Computational thinking skills)
· Resource 1 Video (Compuational thinking skills: Case study)
· Resource 1 Activity 1 Worksheet
· Resource 1 Activity 1 Worksheet answers
· Resource 1 Activity 2 Worksheet
· Resource 1 Activity 2 Worksheet sample answers
· Resource 4 Glossary

	Equipment needed
	Projector or interactive whiteboard

	Safety factors
	N/A

	Prior learning
	· No specific prior knowledge of computational thinking is required, as this resource introduces all four core skills.

	Common misconceptions
	· Computational thinking (CT) = programming: A common belief is that CT is exclusively about programming. Teachers should clarify that CT is a general approach to problem-solving that can be applied to many different problems, not just writing code.
· Students may confuse abstraction with making things more complex. Clarify that it is about simplifying by ignoring irrelevant detail to focus on the core idea.
· Students may break tasks down randomly. Clarify that decomposition is about breaking a problem into smaller, manageable parts.

	Accessibility
	· Seek to ensure wide representation for any visiting speakers and case studies used.
· Ensure captions are turned on or provide video transcripts for students with hearing impairments.
· Offer various methods for students to complete activities (e.g. typing on a computer, writing on paper, verbal responses) to accommodate the different needs of students.


[bookmark: _Toc137031740][bookmark: _Toc138426721][bookmark: _Toc138426745][bookmark: _Toc138426777][bookmark: _Toc138426809][bookmark: _Toc138426841][bookmark: _Toc219282055]Activity guide
	Introduction
SUGGESTED TIME: 
30 minutes
RESOURCES: 
· R1 Slide deck - slides 2–11
· R1 Animation
	· Use slide 2 to introduce the aims of the resource. Explain that computational thinking isn’t just about programming but an approach to problem solving that can be applied to many different problems. 
· Introduce each skill using the slides, as specified below. For each skill, there is a definition, a real-world example and a short activity so that students can start practising these skills in relatable contexts.
Decomposition
· Introduce decomposition using the definition on slide 3. Prompt discussion by asking: Why is breaking a big task down helpful?
· Introduce the short practice activity on slide 4. Asks students to list all the tasks they need to do to prepare for the trip. Then break these down further. You may want to model the first steps: listing three sub-tasks on the board: 1. Transport, 2. Tickets, 3. Schedule.
· Prompt discussion by asking:
· Are these sub-tasks manageable?
· Are there any tasks that depend on others?
· If necessary, explain that a sub-task is manageable if it has a clear, single purpose and is small enough to be completed efficiently. Dependencies exist when the result of one task is absolutely required as the starting input for another task in the sequence.
Abstraction
· Introduce abstraction using the definition on slide 5. Explain that the map of the London Underground is an example of this.
· Think-pair-share: Ask students to discuss why this is a good example. Use guiding questions such as:
· What details does a transport network map include? Students may find it helpful to search for a transport map of their local area, or a large city (e.g. London Underground) to see a specific example.
The map includes only the details essential for planning a journey: the names of the stations, the connections between stations and the distinct lines that run between them, represented by different colours. 
· What details have been left out?
Non-essential geographical or physical details are left out, such as actual distances, precise curves of the physical tracks, the street layout.
· Why is removing these details helpful for someone trying to plan a journey?
By focusing only on the essential information, the map is clear, easy to read and allows the user to quickly identify the most efficient route, line changes and destination.
· Introduce the abstraction practice activity on slide 6. You may want to model this by drawing a rough sketch of the room, and adding some of the vital components, such as the door and your desk.
· Follow up with an opportunity to give feedback. Ask questions such as:
· What is the core purpose of a floor plan?
To show the physical layout of a building or a room. This includes the positions of walls, doors, windows and fixed elements.
· What is an example of an unnecessary detail that you can ignore?
The colour of the walls, the style or material of the furniture, decorative items.
Pattern recognition
· Introduce pattern recognition using the definition on slide 7. Ask students to look at the pattern on the slide and describe it to a partner, giving as much detail as possible.
· Show students the practice activity on slide 8. Ask guiding questions, such as:
· What changes between each step?
The shape and colour each time
· What shapes and colours happen again? And when?
The shapes alternate between a circle and a square. Red repeats after each of the three colours have appeared once.
· How might identifying a pattern help a programmer?
Instead of adding code for each item in a list they can simplify the instructions by using the rules for the pattern.
· If time allows, consider stretching students further with a separate activity inviting them to draw their own sequence and swap with a partner to predict the next item in the sequence.
Algorithm design
· Introduce algorithm design using the definition on slide 9. Prompt discussion by asking: Why must the steps in an algorithm be followed exactly?
· Ask students to write an algorithm for making a cake, using slide 10. They can use the internet to help them. Model the process with a simple example (e.g. making a cup of tea or a sandwich). Emphasise starting with START and ending with END. Number each step and give precise instructions.
· Ask students to share their algorithms. Ask questions to prompt feedback such as:
· Is every step precise enough for someone else to follow?
· Are there any steps missing? 
· Guide students to understand that a robust algorithm requires no ambiguity, meaning every step must be a single, clear and executable instruction for someone else to follow. To check for missing steps, they should confirm the algorithm covers every condition or outcome necessary to reliably move from the initial state to the final, successful goal.
· Conclude this introduction by asking students to think about a task or problem they have experienced during industry placements. Ask them to identify which of the four core CT skills they think they used. If students haven’t yet been on industry placement they could share a more general example they have encountered.
· Summarise the learning using the animation on slide 11 (https://vimeo.com/1189307861)

	Activity 1: The four skills of computational thinking
Suggested time: 
30–40 minutes
Resources: 
· R1 Slide deck - slide 12
· R1 Video
· R1 Activity 1 Worksheet
· R1 Activity 1 Worksheet answers
	· Hand out R1, Activity 1 Worksheet. Using slide 12, explain to students that they will answer the questions on the worksheet as they watch the R1 video (https://vimeo.com/1189304588). They should also use the knowledge they learned from the previous slides and the animation when writing their answers. Note that an answer sheet has been provided for reference.
· The video covers all four skills, and the narrator, Tom, discusses each one at a time. Pause the video at the end of each section to give students time to answer the questions on their worksheet. 
· You may want to use each pause point as an opportunity for discussion and consolidation. Below are some suggested discussion prompts:
Decomposition – pause at 01:52 to discuss
· Why would a sub-task called ‘Research Project’ be unhelpful? How can you break it down so it’s manageable and clear?
It is too broad and lacks clarity. It can be broken down into clear, manageable steps like: ‘Identify key sources,’ ‘Gather data from sources,’ and ‘Summarise findings.’
· In a software project, why is it helpful if sub-tasks are independent where possible? 
So that different teams can work on them at the same time, speeding up development of the overall project.
· What is the biggest challenge when combining sub-tasks that were developed separately? 
Ensuring they can be integrated without errors
· Encourage learners to share any real-world examples of when they have seen decomposition in context, such as on industry placements. Ask them to identify a problem from their placement and have a go at breaking it down into more manageable steps.
Abstraction – pause at 02:39 to discuss
· Do you think abstraction removes all detail? Why or why not?
No. It removes only the irrelevant or unnecessary details that do not affect the problem being solved, while retaining the essential information needed to proceed.
· What is the risk of an abstraction being too simple? 
The risk is that it ends up ignoring a detail that turns out to be critical to the solution later. This can lead to an incomplete, inaccurate or faulty solution.
· Encourage learners to share any real-world examples of when they have seen abstraction in context, such as on industry placements. Discuss how using abstraction helped them to define a problem.
Pattern recognition – pause at 03:15 to discuss
· Besides saving time, what is a major benefit of reusing code that has been used before? 
Reused code has already been tested, saving time and resources on testing the new solution.
· If you spot a pattern and reuse code where it doesn't quite fit, what happens to the code over time? 
The code becomes over-complicated and difficult to maintain/fix bugs as developers add 'patches' or fixes to force the ill-fitting pattern to work.
Algorithm design – discuss at end of video
· If an algorithm for making a cake says ‘Add flour,’ what essential detail is missing?
The precise amount! (e.g. ‘Add 200g of flour’)
· How can algorithms be helpful when communicating with various stakeholders? 
Algorithm steps are usually written as flowcharts or pseudocode, which makes them easier to explain to technical and non-technical audiences.

	Activity 2: Computational thinking scenarios
Suggested time: 
45–60 minutes
Resources: 
· R1 Slide deck - slided 13–14
· R1 Activity 2 Worksheet
· R1 Activity 2 Worksheet sample answers
	· Hand out R1 Activity 2 Worksheet and display slide 13. Note that an answer sheet has also been provided for reference.
· In this activity, students will apply what they have learnt about CT to practise each skill in a specific digital context. For each scenario, they will be prompted to justify their response using the PEE (Point, Evidence, Explain) method. 
· This activity moves students beyond theoretical definitions by applying the four core CT skills to real-world digital development problems.
· You may want to share some examples of how the CT skills link directly with industry, using slide 14. 
Scenario-specific guidance:
· Scenario 1: Abstraction:
· In this activity, students will identify six key features using abstraction to identify the most important information in the brief. You may want to work through one example as a class. For example:
Knowing the video ID is essential for the filtering process. Whereas ‘videos should load instantly’ can be ignored at this stage as it is not vital to the system function.
· Note on relevance to industry: Abstraction at this stage is essential for creating the High-Level Design. By ignoring 'videos should load instantly,' you are deliberately focusing only on functional requirements (what the system must do – like filtering/scoring) and temporarily ignoring non-functional requirements (how the system must perform – like speed). This allows the core logic to be built first.
· You may want to model the PEE method for justification for this first example. E.g.
· Point: State the specific feature/abstraction e.g. ‘I will abstract ‘Video ID’
· Evidence: Reference the information in the brief to support this e.g. ‘The brief requires gathering ‘video ID’ data’ for the filtering process’
· Explain: Justify why this choice is important and the problem it solves. E.g. ‘This abstraction is essential because the system cannot filter or score videos without a unique identifier, but it hides the complexity of how the ID is generated’
· While students work on this scenario, circulate around the room and ask questions such as:
· Why have you chosen these key features? Why have you ignored these features?
· Why is video ID more essential than creator ID?
· In a meeting with a senior stakeholder, why would you present the abstractions rather than all the complex technical details? (Answer: To gain quick agreement on the core goal and scope before any code is written, saving costly re-work later.)
· Encourage learners to justify their decisions. Guide discussion to focus on the purpose of the system they are designing: an essential feature is one that is absolutely necessary for the system to function and meet its main goal.
· Scenario 2: Decomposition
· In this activity, students will decompose three high-level functionalities into smaller, more manageable sub-tasks.
· Model this using the example on the worksheet:
· Playlist Interaction → add item, remove item, move item. 
· Ask students whether they think these are manageable or whether they need to be broken down further.
· Note on relevance to industry: This process breaks a feature into tasks small enough to be completed in a two-week sprint. The aim is to create tasks that are as independent as possible so different developers can work on them simultaneously, speeding up the project.
· During this scenario, prompt students with questions such as:
· Which of your sub-tasks must be developed first and why?
· Could these tasks be broken down further?
· If you have ten developers on the team, and five sub-tasks are dependent on one another, what is the bottleneck and how does that affect the project timeline? (Answer: The dependency creates a bottleneck, preventing parallel work. The entire team can only move as fast as the single task they are all waiting on, which is why minimising dependencies is a project manager's priority.)
· Encourage learners to identify dependencies where an output is necessary for other tasks. Guide students to identify whether a sub-task is still too broad by checking if it contains multiple logical steps.
· To move students beyond GCSE-level thinking, encourage them to identify dependencies in their decompositions (Scenario 2). For example, a ‘Voting System’ cannot function until the ‘Song Suggestion’ module is confirmed as working.
· Scenario 3: Pattern recognition
· In this activity, students will look for patterns in some sample data and write a rule that will cover all conditions in the future. 
· Note on relevance to industry: Identifying this precise rule is a core task for data scientists or fraud detection analysts. It’s powerful because it allows a system to correctly flag new subjects that weren't in the original sample data.
· During this activity, ask questions such as:
· What do you notice that is similar across all flagged items? 
All flagged items share two common characteristics: they have a very high percentage of correct answers (97% or higher) and a very low time taken to complete the quiz (0.9 minutes or less). 
· Why is it important to find one rule that applies across all subjects instead of having different rules for each? 
It ensures the system is efficient, as only one logic needs to be maintained and applied, and it makes the detection system reliable across all new or existing subjects without requiring manual rule creation for each one.
· Scenario 4: Algorithm design
· In this task, students will write a step-by-step algorithm. They can either write the steps like a recipe or use a flowchart. 
· Model using a flowchart for part of the algorithm, ensuring that you explain the flowchart shapes. 
· Start with an oval to START the program
· Use a parallelogram for input. Ask students ‘What is the input for this program to work?’ (days overdue)
· Modelling the decision-making process will be particularly useful here. Explain that a diamond is used for a decision and it leads to the algorithm splitting into separate paths. Model the first decision: If days overdue ≤ 7 (true/false)
· Circulate around the room and ask guiding questions such as:
· What is the input and output for this program?
· Test your algorithm with test data e.g. five days overdue. Do you reach the expected result?
· Note on relevance to industry: Testing the algorithm with specific inputs (like five days overdue) is known in industry as Unit Testing. This is done to ensure the algorithm is completely unambiguous and handles all possible conditions correctly.
· Guide students to identify all pieces of data the program needs to start and the result it must produce. For example, if the program calculates a late fee, the input is ‘number of days overdue’ and the output is ‘calculated late fee’.
· Challenge higher-level learners to include an error handling path in their flowchart. What happens if the input is a negative number?

	Plenary
Suggested time: 
15–20 minutes
Resources: 
· R1 Slide deck - slides 15–18
	· Use the matching task on slide 15 (answers on slide 16) to quickly gauge students' understanding of the four key CT skills. 
· Review the learning outcomes for the resource, using slide 17, and ask students to show thumbs up, thumbs down or thumbs in the middle to let you know how they feel about each skill. 
· Introduce the scenario on slide 18.
· Lead a whole-class discussion using these guiding questions:
· Looking at the scenario, what are the absolute essential requirements for success? 
· What details can we safely ignore because they don't affect the final plan?
· What are the three largest separate categories of work we can break this project into?
· Split the class into four groups and ask each group to use one of the four skills on the scenario.
· Students might go about this by applying the four skills as follows. This guidance can be used to help groups that get stuck or as a final solution for the class:
· Abstraction
· Focus: Define the core, essential elements for a successful party. 
· The essential features are the £500 budget, 8 guests, loves blue/space, hates loud music/chocolate cake, and critically, fixing/replacing the broken lights. 
· Irrelevant details like Alex's exact age (17) or the number of long tables are safely ignored to focus on the constraints and goals.
· Decomposition
· Focus: Break the overall party into small, manageable modules/tasks. 
· Key modules are:
1. Safety/logistics (fixing the lights)
2. Procurement (ordering the correct food/drink and decorations)
3. Setup (the minute-by-minute plan for the one-hour window)
4. Budget tracking.
· Pattern recognition
· Focus: Identify reusable solutions or constraints. 
· The ‘hates loud music’ constraint means the solution must consistently reuse quiet entertainment (e.g. quiet background theme music, a space trivia game). 
· The ‘loves blue/space’ is the theme to be applied consistently to all decorations and the cake.
· Algorithm design
· Create a precise, sequenced set of steps for the most critical part: the 1-hour setup.
· The algorithm's sequence must ensure the highest priority is met first: 
1. Step 1 (critical): Check that the new lighting (or fix) is working. 
2. Step 2 (parallel): Helper sets up tables and chairs AND planner unpacks and sets up food. 
3. The final steps include the final check (budget, sound level, no chocolate cake) before the party starts.
· Then ask each group to share their ideas and give each other feedback.
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[bookmark: _Toc219282056]Resource 2: Approaches to problem solving
This resource builds on the foundational computational thinking skills introduced in Resource 1 by exploring structured methods used in the industry to tackle large software development problems. It is designed as a 1.5-hour resource but activities can be delivered independently.
The video case studies and accompanying activities demonstrate the application and trade-offs of the top-down and bottom-up approaches. A core focus is placed on modularisation, explaining how breaking a problem into independent, functional components is essential for readability, testing and team collaboration in software projects. By contrasting these two key strategies, students will learn to make informed judgments about the most suitable approach for a given project context.
[bookmark: _Toc219282057]Preparation
	Resources provided
	· Resource 2 Slide deck
· Resource 2 Video 1 (Top-down problem solving)
· Resource 2 Video 2 (Bottom-up problem solving)
· Resource 2 Activity 1 Worksheet
· Resource 2 Activity 1 Worksheet answers
· Resource 2 Activity 2 Worksheet
· Resource 2 Activity 2 Worksheet sample answers
· Resource 4 Glossary

	Equipment needed
	Projector or interactive whiteboard
Computers or laptops for students
Python 3 and an appropriate IDE

	Safety factors
	N/A

	Prior learning
	· Students should be familiar with the four CT skills from Resource 1.
· Activity 2 is best used after the students have started Content Area 2: Introduction to programming, so that they have basic knowledge of core programming concepts.

	Common misconceptions
	· Students often confuse top-down with bottom-up. Clarify that top-down defines structure first, while bottom-up focuses on reliability and testing of core components.

	Accessibility
	· Seek to ensure wide representation for any visiting speakers and case studies used. 
· Ensure captions are turned on or provide video transcripts for students with hearing impairments.
· Offer various methods for students to complete activities (e.g. typing on a computer, writing on paper, verbal responses) to accommodate the different needs of students.


[bookmark: _Toc219282058]


Activity guide
	Introduction
SUGGESTED TIME: 
10 minutes
RESOURCES: 
· R2 Slide deck - slides 2–7 
	· Use slide 2 to introduce the aims of the resource. Use slides 3–7 to introduce top-down, bottom-up and modularisation.
· Introduce top-down using slide 3 and use the architect analogy on slide 4 to help explain. Prompt discussion with questions such as:
· Why might it be safer to design the main structure first, before the smaller details? 
Designing the main structure first establishes a robust and functional foundation, ensuring that all smaller components will correctly fit into a working whole. This reduces the risk of rework or having to discard a large amount of detailed work if the core design proves to be flawed.
· How does this approach link with the skill of abstraction? 
When designing the main structure, you are deliberately using abstraction to focus only on the essential components and the overall flow of the system, temporarily ignoring the small, unnecessary implementation details.
· Introduce bottom-up using slide 5 and use the car part analogy on 
slide 6 to help explain. Prompt discussion with questions such as:
· Why might you want to build and test an individual part before integrating into a larger system?
For early error detection, making it much easier to isolate and fix bugs within that specific component. This process ensures the component is working reliably on its own, which significantly simplifies the final integration and overall system debugging process.
· Use slide 7 to explain modularisation. Emphasise that this makes code easier to read, test, maintain and update. Prompt discussion with questions such as:
· If a programmer needs to fix a bug in their code that calculates sales tax, why is it better if that code is in its own module? 
If the sales tax code is in its own module, the programmer only has to focus on and make changes to that small, isolated section of the program. This prevents them from accidentally introducing new bugs into other, unrelated parts of the larger system.
· Why would a module for validating a user’s password be useful? 
It allows the system to reuse the exact same, tested, and secure validation logic (e.g. checking for minimum length, special characters) everywhere a password needs to be checked (e.g. during sign-up, login, or password change). This ensures consistency and makes the code easier to update if security requirements change.
· As a warm-up, ask students to consider a major deliverable or project from an industry placement. Lead a quick class discussion:
· Did they approach the task using a top-down or a bottom-up approach?

	Activity 1: Approaches to problem solving
Suggested time: 
30 minutes
Resources: 
· R2 Slide deck - slide 8-9
· R2 Video 1
· R2 Video 2
· R2 Activity 1 Worksheet
	· Hand out the R2 Activity 1 Worksheet and display slide 8. Students will watch two videos and answer the questions on the worksheet after each one.
· Play the case study 1 video (https://vimeo.com/1189305887) which shows a real-world case study that uses a project using a top-down approach.
· Use the following discussion prompts to check understanding and address any misconceptions:
· How might you apply CT skills when using a top-down approach?
Decomposition: The top-down approach is the strategy of breaking the large, complex problem into smaller, independent and manageable sub-tasks or modules.
Abstraction: This is used at the beginning to define the overall goal and the main structure of the system, focusing only on the essential parts of the solution while temporarily ignoring the intricate details of how each sub-task will be implemented.
· Play the case study 2 video (https://vimeo.com/1189302703) on slide 9, which shows a real-world case study that uses a bottom-up approach.
· Use the following discussion prompts to check understanding and address any misconceptions:
· What is the key difference between a top-down and a bottom-up approach?
Top-down starts with the overall problem and breaks it down into smaller, more manageable sub-tasks or modules (decomposition). The focus is on the main structure and flow first. Bottom-up starts by designing and testing the individual, low-level modules (the small details) first. These modules are then combined and integrated until the complete solution is built.
· Can you think of an example from your industry placement where a project or task was broken down into separate, independent modules? What was the benefit to the company in using this modular approach?
· Once students have watched both videos, they should attempt the questions on page 3 of the worksheet.

	Activity 2: Applying problem solving approaches
Suggested time: 
40 minutes
Resources: 
· R2 Slide deck - slide 10
· R2 Activity 2 Worksheet
· R2 Activity 2 Worksheet sample answers
	· Split students into small groups and hand out the Activity 2 worksheet. Display slide 10. 
· Students will apply different problem solving techniques to a digital scenario. 
· Note that while sample answers have been provided, these are only provided for Scenario A. Students’ answers may vary and the sample answers are only to provide some guidance.
· In Part 1, groups will apply a top-down approach to decompose the problem into smaller, more manageable parts. 
· You may want to model the steps, using one of the example scenarios. 
· Modelling IPO (Input-Process-Output): 
· Choose one scenario (e.g. ticket validator).
· Explicitly model defining the essential characteristics.
· Input: Ticket ID, current date/time .
· Process: Validate ticket
· Output: Alert staff (error message) or mark ticket as USED
· Modelling decomposition: 
· Model breaking the high-level process (validate ticket) into 3–4 sub-modules (e.g. scan ID, verify validity, check for reuse, mark as used).
· While groups work on Part 1, circulate around the room and ask questions to check understanding and address misconceptions. For example:
· Are your inputs and outputs precise?
· What is one piece of information you decided to ignore at this stage and why?
· How does breaking the process down into modules make this task more manageable?
· Responses will vary, however:
· Students should confirm their inputs and outputs are the exact pieces of data the program needs and produces.
· They should justify that any detail left out is irrelevant to the system's core goal at the current design stage.
· Breaking the process into modules makes the task manageable by allowing for clearer structure, easier testing and potential parallel development.
· In Part 2, groups will apply a bottom-up approach to develop individual modules. 
· You may want to model the steps, using one of the example scenarios. 
· Modelling module selection: 
· Choose the most critical, smallest module from Step 2 (e.g. Check for reuse). 
· Modelling algorithm design: 
· Model drawing a flowchart or writing pseudocode for that single, small function. 
· Stress the use of a decision point. Example: IF ticket_status == 'USED' THEN reject
· Model testing:
· Provide two example test cases to model how you would check your algorithm.
· While groups work on Part 2, circulate around the room and ask questions to check understanding and address misconceptions. For example:
· Why did you choose this module as the first one to develop?
· Could a computer follow your algorithm exactly?
· If there is an error, what happens in your program?
· Responses will vary, however:
· Guide the students to focus on whether the chosen module was the simplest part of the problem or one that had no dependencies on other modules. In a bottom-up approach, starting with the simplest, most fundamental components is crucial for establishing reliable building blocks.
· The key point is precision; students must verify that every single step is unambiguous and requires no interpretation. If the computer would have to guess, the algorithm is not precise enough.
· This question pushes students to consider robustness and error handling. Guide them to identify which module or step would be affected and whether the algorithm has steps to handle or recover from an unexpected input or outcome, rather than just crashing.
· Note that a booking from 2300 to 0100 (11pm to 1am) would be incorrectly rejected because 2300 is numerically greater than 100. This is a known limitation of the integer comparison approach. For a school room booking system this scenario is unlikely in practice, but teachers should be aware of this constraint if students raise it.
· In Part 3, groups will develop a second module to integrate with the first. They have two options here:
· Develop each module one after the other.
· Split the group into two and develop a module each, then come together to integrate later. This option is similar to what would happen in real development teams BUT risks challenges later at integration. Emphasise the importance of team communication throughout the project, not waiting until the end. They may want to plan both modules together before developing them in smaller teams.

	Plenary
Suggested time: 
10 minutes
Resources: 
· R2 Slide deck - slides 11–18
	· Use the multiple-choice questions on slides 11–16 to quickly gauge students' understanding of the key differences. 
· Review the learning outcomes for the resource using slide 17. Ask students to show thumbs up, thumbs down or thumbs in the middle to gauge their confidence with:
· defining top-down and bottom-up
· explaining the role of modularisation
· knowing which approach to use for a defined versus an undefined problem.
· Present the students with the two scenarios on slide 18. 
· Ask them to write down the recommended approach (top-down or bottom-up) and one quick reason why.
· Review the answers:
· 1. Expected answer: top-down
Reason: It defines the whole system's structure and budget upfront for approval.
· 2. Expected answer: bottom-up
Reason: It ensures the critical module is thoroughly tested and reliable in isolation and promotes reusability.
· Emphasise that top-down for structure and planning; bottom-up for reliability and reusable components.


	Resource 2: Approaches to problem solving



	Resource 2: Approaches to problem solving




[bookmark: _Toc219282059]Resource 3: Exam-style question practice
This resource is designed to support students prepare for external assessments. It is intended to be used after students have a firm grasp of the theoretical content from Resources 1 and 2, and focuses on applying learning on problem-solving and algorithmic design questions. 
The materials guide teachers through modelling the analysis of 3-mark, 6-mark and 9-mark questions. The core strategy is to demonstrate how to decode command words, apply context to abstract concepts and navigate the Level-Based Mark Scheme.
[bookmark: _Toc219282060]Preparation
	Resources provided
	· Resource 3 Slide deck
· Resource 3 Activity 2 Worksheet
· Resource 3 Activity 2 Worksheet answers
· Resource 3 Plenary worksheet
· Resource 4 Glossary

	Equipment needed
	Projector or interactive whiteboard

	Safety factors
	N/A

	Prior learning
	· Students should be familiar with the four CT skills and problem solving approaches.
· It would be helpful for students to have a basic knowledge of programming concepts such as sequence and selection.

	Common misconceptions
	· Students may find it hard to differentiate between simply defining a CT skill or problem-solving approach and applying/explaining it in a specific context.

	Accessibility
	· Seek to ensure wide representation for any visiting speakers and case studies used.
· Offer various methods for students to complete activities (e.g. typing on a computer, writing on paper, verbal responses) to accommodate the different needs of students.


[bookmark: _Toc219282061]Activity guide
	Introduction
SUGGESTED TIME: 
5 minutes
RESOURCES: 
· R3 Slide deck - slides 2–3 
	· Review the learning objectives on slide 2 and explain that in this resource, they will be analysing what’s expected for different exam-style questions.
· Explain that as part of analysing exam questions, they will learn about command words. Students can review a full list of the exam command words and their definitions on page 89 of the specification https://qualifications.pearson.com/en/qualifications/t-levels/digital-software-development.html 
· Show the example 3-mark question on slide 3. Give students two minutes to discuss with their partner what they think the key words in this question are. 

	Activity 1: Exam-question analysis
Suggested time: 
25 minutes
Resources: 
· R3 Slide deck - slides 4–14 
	· Model your own question analysis using slides 4–5. Emphasise the key words and common features of a 3-mark question. Ask students:
· Why is it important to identify the command word in the question? 
It tells you what you need to do.
· Go through the Mark Scheme Guideline on slide 6. Emphasise what each of the three marks is for and explain that you should allow yourself one minute per mark, with an extra minute to read the question.
· You may want to model how you would answer this question using the guidance given on slide 6 about how the marks are allocated.
· Follow the same process for the 6-mark question using slides 7–10. Ask students:
· What do you notice that is different from the 3-mark question? 
Possible answers: the question has more detail, the answer requires a more complex skill etc.
· You may want to model how you would answer this question e.g.
· Draw a flowchart using the mark scheme guidelines as a checklist.
· Model the flow, step-by-step and emphasise the flowchart shape you are using and why. 
· Model testing your algorithm with some test data to check the different outputs. E.g. 
· Order value = £20
· Order value = £60
· Follow the same process for the 9-mark question using slides 11–14. Ask students:
· What do you notice that is different from the 6-mark question? 
Possible answers: the question has more detail, the answer requires evaluation/comparison, it uses a level-based mark scheme.
· Give students five minutes to digest the Level-based Mark Scheme on slide 14 and discuss what they notice that is different about the language used at each level (e.g. basic vs good vs comprehensive).
· Discuss as a class what these words mean and what might be expected to reach each level.
· You may want to model how you would answer this question. For example:
· Explain the answer must be structured as: Introduction, Pros, Cons, Conclusion.
· Recap the PEE (Point, Evidence, Explain) method for ensuring every point is fully justified.
· Use a table to compare pros and cons of flowcharts vs pseudocode for technical and non-technical audiences. Ask students to contribute their ideas.
· Then model how you would structure this in a sentence e.g.
· [Audience A] requires [Need], which is best served by [Method A] because [Reason], rather than [Method B].
· E.g. The Senior Manager requires clarity and minimal effort to interpret the algorithm's decisions, which is best served by the flowchart's universal visual language, rather than pseudocode's reliance on technical programming terms.
· Emphasise that to get full marks you cannot just list pros and cons. In the conclusion, you would need make a judgement based on the evidence. E.g. the flowchart is better for non-technical audiences but pseudocode is better for technical audiences because…

	Activity 2: Exam-style question practice
Suggested time: 
30 minutes
Resources: 
· R3 Slide deck - slide 15
· R3 Activity 2 Worksheet
· R3 Activity 2 Worksheet answers
	· Hand out Activity 2 Worksheet and display slide 15. Explain that students will now have a go at analysing some exam-style questions. Note that an answer sheet has been provided for reference. 
· Note: If you prefer, you could hand this out alongside the slides and ask students to complete each example question after your own analysis and modelling to break the resource up.
· While students work on analysing the questions, circulate around the room. Below are some questions you could ask to prompt discussion and assess understanding:
3 mark:
· What is the one piece of information this system cannot function without, and what complex detail do you think it’s safe to ignore in the planning phase?
Answers will vary. Guide students to identify the essential requirements (core features) as the piece of information the system cannot function without. The complex detail that is safe to ignore in the planning phase is irrelevant information or excessive complexity that does not affect the core function (e.g. the colour scheme of the final product).
6 mark:
· What is the command verb in this question? How does this differ from the 6-mark question we looked at in the first activity?
Students should recognise that this is a “Write” question as opposed to the “Draw” question they analysed. They need to write pseudocode as opposed to showing an algorithm as a flowchart.
· How do you ensure that someone with a book that’s 15 days overdue gets the correct fee? 
Guide the students to identify the need for a selection structure (an IF/ELSE or similar statement). The code must check the first condition (IF days <= 14) and then use an ELSE block to correctly calculate or assign the higher, fixed fee (Fine = 7.00) for all values greater than 14 (such as 15 days).
· What might happen if you forget the ELSE?
Suggested answer: The program would calculate the initial fine (fine = days × 0.50) for any number of overdue days, but it would never change the fine to the fixed maximum (£7.00) for books overdue more than 14 days. It would also mean that for days > 14, the final fine would be incorrectly calculated, as there would be no final instruction after the first condition is found to be false.
9 mark:
· Which CT skills do you think are most important for this project? 
Suggested answer: The most important skills are decomposition and abstraction. Decomposition is essential for breaking the large project into manageable sub-tasks for different teams. Abstraction is key for filtering out unnecessary detail to build a scalable and maintainable system.
Note that pattern recognition and algorithm design are also valid answers here. Students can choose whichever two they wish, provided they are able to justify their answer and evaluate the usefulness of the skills they have chosen.
· What do you think is more important: speed of development or clarity of the requirements? 
Guide students to recognise this is an evaluation question. They must acknowledge that both are important, but for a complex, large-scale system, clarity of requirements is often more important. Rushing development often leads to costly rework and an unmaintainable system in the long run. The conclusion should be a supported judgment, weighing the pros and cons of each.

	Plenary
Suggested time: 
25 minutes
Resources: 
· R3 Plenary worksheet
· R3 Slide deck - slides 16–17
	· Review the learning objectives for the resource on slide 16.
· Ask students to share their key takeaways for a 3-mark, 6-mark and 9-mark exam question.
· Show slide 17. To reinforce the connection between question structure, content and the examiner's marking scheme, students will use the Plenary worksheet to design one or two exam-style questions of any mark value (3, 6 or 9 marks).
· Emphasise that they must include:
· a strong context (e.g. a commercial company or large system)
· a specific command verb (Explain, Draw, Evaluate etc.)
· a clear link to a CT concept or problem solving strategy (e.g. abstraction, decomposition, algorithmic design).
· Invite students to swap their questions with a partner to review against the marking criteria covered today. Ask them whether they can identify the required marking points for the questions?
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[bookmark: _Toc219282062]Resource 4: Glossary
A glossary of key technical terms and definitions is provided to support both teaching and learning. Teachers are encouraged to use the glossary as a reference to ensure all terms are used with consistent, precise definitions across all resources. Students can use the glossary to review the key terms before starting a resource to familiarise themselves with new vocabulary, for cross-referencing terms in their notes or written answers to improve the technical accuracy and precision of their work, and as a foundational study aid to prepare for definition and explanation-based questions in examinations.
[bookmark: _Toc219282064]Activity guide
	Used as an introduction
SUGGESTED TIME: 
5 minutes
RESOURCES: 
· Glossary
	· Remind students of the importance of using correct technical terminology as precise language is vital for clear communication.
· Ask students to share any words or phrases they have encountered during their industry placement that they didn't initially understand. 
· Explain that maintaining a glossary helps them record and master this vocabulary over time.
· Distribute the glossary to each student. Alternatively, ask them to research and add definitions for core concepts encountered, such as abstraction to build their own glossary of terms.

	Used as a plenary
Suggested time: 
5 minutes
Resources: 
· Glossary
	· Use the glossary provided as a summary of the terms that students have encountered.
· Prompt students to think about how they can use the glossary effectively throughout the qualification.
· Discuss appropriate times to update the document, such as at the end of a research task or a resource, and when to review it, such as before an exam or during a project.
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[bookmark: _Toc219282065]Weblinks and resources
All weblinks and resources have been used in accordance with the owner Terms and Conditions and, where specified, permission has been granted by the owner.
Inclusion of web links or mention of external organisations within the teaching materials does not imply any affiliation with, endorsement by or sponsorship of these external organisations.
* ‘T-LEVELS’ and ‘T Level’ are registered trade marks of the Department for Education.
	Location
	Link
(with permission if required)
	Owner
	Date last accessed

	Teaching Guide pages 3 and 25
	https://qualifications.pearson.com/en/qualifications/t-levels/digital-software-development.html 
	Pearson
	May 2026

	Teaching Guide page 3 
	www.technicaleducationnetworks.org.uk/contactus
	Technical Education Networks
	May 2026

	Teaching Guide pages 3 and 31
	www.technicaleducationnetworks.org.uk
	Technical Education Networks
	May 2026

	Teaching Guide page 6
	https://support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students 
	GOV.UK
	May 2026

	Teaching Guide page 6
	https://www.computerweekly.com/ (with permission)
	Computer Weekly
	May 2026

	Teaching Guide page 6
	https://www.theguardian.com/uk/technology 
	The Guardian
	May 2026

	Teaching Guide page 6
	https://www.bbc.co.uk/news/technology 
	BBC
	May 2026

	Teaching Guide page 6
	https://www.bcs.org/articles-opinion-and-research/computational-thinking/ 
	BCS The Chartered Institute of IT 
	May 2026

	Teaching Guide page 6
	https://edu.google.com/intl/ALL_us/future-of-the-classroom/computational-thinking/ 
	Google for Education
	May 2026

	Teaching Guide page 6
	https://isaaccomputerscience.org/topics/a_level#all
	Isaac Computer Science 
	May 2026

	Teaching Guide page 6
	https://www.bcs.org/articles-opinion-and-research/the-benefits-of-computational-thinking/  
	BCS The Chartered Institute of IT
	May 2026

	Teaching Guide page 6
	https://best-practice-and-impact.github.io/qa-of-code-guidance/modular_code.html 
	Github
	May 2026
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* ‘T-LEVELS’ and ‘T Level’ are registered trade marks of the Department for Education. 
[bookmark: _Toc155282510][bookmark: _Toc219282066]Terms of use and disclaimer of liability
These resources are made available subject to the Technical Education Networks programme Terms and Conditions. These can be accessed at www.technicaleducationnetworks.org.uk 
[bookmark: _Hlk153972608]The Terms and Conditions set out the legal terms and associated information relating to the teaching materials and other assets produced as part of the Technical Education Networks programme. The Terms and Conditions may be updated from time to time; please ensure you have read and understood them each time you access the resource.
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