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By the end of this unit children will 
 
 
 
 
 
 

· Understand what machine learning is and how it enables computers to make predictions.
· Know that loops in programming are where you set a certain instruction (or instructions) to be repeated multiple times.
· Know that abstraction is the removing of unnecessary detail to help solve a problem.

Vocabulary
 
Abstraction, algorithm, artificial intelligence, bug, clear, correct,
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Computing – Algorithms and debugging
	Key Objectives- 
· I can use a range of instructions (e.g. direction, angles, turns).
· I can test and amend a set of instructions.
· I can find errors and amend. (debug)
· I can write a simple program and test it.
· I can predict what the outcome of a simple program will be (logical reasoning).
· I understand that algorithms are used on digital devices. 
· I understand that programs require precise instructions. 

	Session 1

LO: To decompose a game to predict the algorithms that are used.
· SC: I can understand what the terms decomposition and algorithm mean.
· I can decompose a game to predict algorithms.
· I can plan algorithms for a more complex game.

Attention Grabber
Display slide 1 of the Presentation: Algorithms and ask the children what the word algorithm means. Click to reveal the definition and ask the children what an algorithm does. Click to reveal examples and explain that an algorithm can include text, pictures, symbols or numbers. Open the link: Scratch: Dinosaur move or load the Download: Scratch dinosaur move game (see Teacher video: Sb3 files and creating Scratch projects). Demonstrate to the children how the game works by pressing the green flag and using the left, right and spacebar buttons (the dinosaur will bounce off the wall to avoid going off the screen). Ask the children to guess how the game works by encouraging them to think about what happens when each button is pressed.
Display slide 2 and hand out the Activity: Decomposition sheet (one each). Explain that the children will write down their predictions about what algorithms the game uses. Explain that this is decomposition, which means breaking something down into smaller parts to understand how it works.
Questions
· How does the game work?
· What keys cause which action to take place? (The arrow keys make the dinosaur move right and left and the spacebar makes the dinosaur jump.)
· Why does the dinosaur bounce? (So the dinosaur does not leave the side of the screen.)
· When does the dinosaur bounce? (The dinosaur bounces off the side and turns around when he reaches the edge of the screen.)

Main Event
Display slide 1 of the Presentation: Dinosaur algorithm and ask the children to spread out around the room (wearing the Resource: Dinosaur masks if desired). Explain to the children that they will play a real-life version of the Scratch dinosaur move game, with the children playing the role of the dinosaur. Display slide 2 to show an image of the green flag when the class is ready to start the game. Using the keyboard image on slide 3, explain to the children that they will follow the instructions as the keys are pressed by moving left, right or jumping and (gently) bouncing off the wall if they bump into it.
Allow the children to experience the game and then show slide 4. Discuss the game with the children and ask if they think it may be simple as the dinosaur does not do much. Tell the children one more algorithm has been added to the game: when the ‘R’ button is pressed, the dinosaur will roar.
Show the green flag on slide 5 and the keyboard image on slide 6 again to test this new algorithm with the real-life dinosaurs in the class.
Display slide 7 and hand out the Activity: Writing new programs sheet (one each). Explain that the children need to think of ideas for other actions for the dinosaur. Encourage them to be as imaginative as the best ideas will be added to a class algorithm.

Wrapping Up
Display slide 1 of the Presentation: Class algorithm and explain they will write a class program using a combination of their best ideas.
Take feedback and create a class algorithm on the board.
Use the green flag image on slide 2 and the keyboard image on slide 3 to act out the game using the new algorithm.
Show slide 4 and ask the children to define the words:
· Algorithm: a clear set of instructions to carry out a task.
· Decomposition: to break something down into smaller chunks.

	Session 2

LO: To understand that computers can use algorithms to make predictions (machine learning).

· Sc: I can explain what an algorithm is.
· I can explain that computers use algorithms to make predictions.
· I can write a clear and precise algorithm.

Recap and Recall
Tell your partner everything you learnt about decomposition last lesson.

Attention Grabber
Display slide 1 of the Presentation: Machine learning and ask the children what they can remember about the word algorithm. Recap that an algorithm is a set of instructions or steps to achieve something. Show slide 2 and ask for a volunteer to come to the front and play the game Google Quick, Draw!, which is a drawing game that uses algorithms to guess the images drawn. Ensure the whole class can see how it is played and allow time for the volunteer to draw the six images. Click on one of the images to display other objects the game thought it looked like.
Using slide 3, show the children the link: Google Quick, Draw! - the data, which shows all the images the game has collected from different users. Explain that the computer uses this large collection of data.
Display slide 4 and explain that the computer uses artificial intelligence called ‘machine learning’ to identify images. It looks at how the user draws and which shapes they start with. It then compares that data with the data collected from all the other people who have played the game. Show the children how it works by watching the video How Google Quick, Draw! works on VideoLink.
Display slide 5 and hand out a whiteboard and pen to each child. Ask the children to draw a crocodile (give them 20 seconds). Using slide 6, explain that the programmers improve their algorithm by asking users to identify images that should not be considered crocodiles. The program updates when an image is identified as a ‘non-crocodile’, meaning the program is taught what the object should and should not look like.
Use slide 7 to show the link: Google Quick, Draw! - crocodile. Explain that this shows the collection of crocodile images. Ask the children if they can see a crocodile that resembles the ones they drew. Discuss as a class if any images do not look like crocodiles.

Main Event
Display slide 1 of the Presentation: Building block algorithm and arrange the children in pairs. Hand out a few building blocks to each pair and explain that they have one minute to build a small model. Optional: hand out devices and ask the children to take a photo of their model to refer back to later in the lesson.
Hand out whiteboards and pens (one between two) and ask the children to write an algorithm (set of instructions) so that someone else could recreate their model if they followed the instructions.

Show slide 2 and allow the children to test out their instructions. Discuss as a class whether the algorithms were effective and clear and whether they had enough detail. Encourage them to adapt them to be even more specific (e.g. to specify brick colour and size).
Using slide 3, ask the children to swap their algorithms and building blocks with another pair to test their instructions. Compare the finished design with the photographs of the original model taken.
Take feedback from the class and discuss how easy it was to follow the algorithms using the questions below.
· Were your instructions (algorithms) effective?
· Did they include enough detail?
· How could your algorithm be more precise?
· How did you know what to build?
· What was good about the way the algorithm was written?
Encourage the children to give feedback to the pair who wrote the instructions about the algorithm’s clarity and success. Allow time for the children to make any necessary changes to make them more precise.
Ask each pair to swap with a new pair and repeat the process.

Wrapping Up
Bring the class back together and ask the children:
· What makes a good algorithm? (Answers may include instructions that tell you what to do step-by-step; easy to follow; clear and concise; detailed and in the correct order.)
Play a drawing game to help the children understand how algorithms work.
1. Choose two volunteers and name them A and B.
2. Hand Child A a whiteboard pen and ask them to stand by the board.
3. Tell Child B an object that Child A has to draw. (Ensure the rest of the class does not hear.)
4. Ask Child B to describe to Child A how to draw the object: they cannot say what it is.
5. Allow Child A to draw what is described to them.
6. Ask the class to guess what object has been drawn and to write it down on their whiteboards. Add a time limit to make it harder if desired.
Instruct the class to hold up their whiteboards and identify the children who guessed correctly. Ask the class how Child B’s description could be improved to be clearer and more precise. Take feedback and play the game again with different volunteers, encouraging them to learn from the first example.

	Session 3

LO: To plan algorithms that will solve problems.

· SC: I can devise and create algorithms to solve problems.
· I can include loops in my algorithms (count controlled).
· I can visualise directions from a 2D environment.

Recap and Recall
Display the Presentation: Range of answers and recap what an algorithm is (a clear set of instructions to carry out a task). Read the slide and allow time for paired discussion.

Attention Grabber
Demonstrate how to build a simple maze using the chosen equipment (e.g. building bricks, wooden blocks, cones, floor markers or card taped to a base). Place a small toy, counter or figure in the maze. Take suggestions from the children and write or draw a class algorithm on the board to navigate it through the maze (see Teacher video: Through the maze).
Explain the measurement of a single move as the children will need to understand this within their maze. In the Teacher video: Through the maze, a single move is related to one building brick but this will depend on the materials the children use to build their maze.
Display slide 1 of the Presentation: Through the maze and arrange the children in pairs.
Hand out the chosen maze materials, a whiteboard and a pen to each pair. Allow the children to build a simple maze and explain that they will write or draw the algorithm on the whiteboard. Hand out a small toy, counter or figure to each pair to help them visualise the space when writing their algorithm, if possible.
Ask the pairs to test their algorithm and discuss whether it could be clearer or more precise.
Show slide 2 and explain that instead of writing ‘move forward’, ‘move forward’, ‘move forward’, they could write ‘repeat three times: move forward’. Explain that this is known as a loop in programming and will make their algorithm more efficient.
Circulate the classroom, sharing good examples of algorithms. Discuss what makes them successful. (It is clear and precise.)
Questions
· Does the algorithm work?
· Could it be clearer and more precise?
· Could you add a loop?

Main Event
Play the game on the link: Google - coding for carrots. Show the children how to use the loop blocks to program the bunny to navigate the map and collect the carrots. Explain that loops allow part of the code to be repeated rather than writing it out again. Point out that there is often more than one solution to solve the challenge but some answers are quicker and more efficient (require fewer steps).
Display slide 1 of the Presentation: Algorithms in action and arrange the children in pairs. Hand out a device with internet access and share the link: Google - coding for carrots. (The game is free to access on laptops, desktops, tablets and Chromebooks using an internet browser.)
Hand out the Resource: Google – coding for carrots blocks (one between two) and scissors to cut the blocks out or instruct the children to write the algorithms on a whiteboard.
Ask the children to work through the activities at their own pace. Encourage them to support their learning by visualising the bunny’s movement using a small toy or mini figure. Allow time for the children to work through the levels.
Display the Presentation: Coding for carrots answers to show the solutions for levels one to six.

Wrapping Up
Display the Presentation: Algorithms and hand out the Resource: Google – coding for carrots map (pre-cut, one image between two). Ask the children to create an algorithm to navigate the map so the bunny collects all of the carrots. Explain that they can use their cut-out blocks (from the Resource: Google – Coding for carrots blocks), draw or write their algorithm on a whiteboard or in a book. Share some of the children’s algorithms with the class. Discuss if there is a faster way to navigate the map (e.g. using a loop).

	Session 4
LO: To understand what abstraction is 
· SC: I can explain what abstraction is.
· I can give an example of when abstraction might be useful.

Recap and Recall
Three things you learnt about algorithms.
Two things you found interesting about writing them
One question you have about algorithms

Attention Grabber
Display slide 1 of the Presentation: Abstraction and ask the children what they think the word abstraction means. Take feedback from the class. Use slide 2 to show the definition and explain that it is part of a set of skills called computational thinking.
Show slide 3 to explain that abstraction is used when looking at maps. Interactive maps are good for demonstrating abstraction because they have different filters (zooming, satellite view, street view, etc.).
Display slide 4 and explain that the image shows a picture of the Earth but the UK cannot be located because the image is zoomed out and there are not enough details. Click on the pink magnifying glass to show a Street View image and explain that it is easy to get lost when zoomed in as there is too much detail. Alternatively, show the link: Google Earth and demonstrate zooming in from the world view to the Street View of the town the children live in.
Show slide 5 or zoom in on Google Earth to a level where the UK can be seen. Ask if the children can recognise or name any key features, cities or rivers. Draw a map of the UK on the whiteboard and explain that we can identify the UK on a map because of its shape.
Explain that shapes can be used to identify other countries on a map. Use slide 6 to show that Italy is recognisable because it resembles a boot. Humans use abstraction when generalising and simplifying to make sense of complex things. Ask the children if they can recognise other countries by their shape. Explain that the process of removing unnecessary details (e.g., the cities, roads and streets) and focusing on the shape uses abstraction.
Display slide 7 and compare the drawing of the shape of the UK to the Google Earth version.
Using slide 8, show the children another example of abstraction using the link: Transport for London - London Tube map. Explain that this map is very different from the actual train lines but when people rush to get a train, they need to know which line to get rather than the shape of the line. Discuss how the London Tube map is simple, colour-coded with straight lines (to represent the train lines) and without unnecessary detail.
Using slide 9, compare the London Tube map to the accurate map on the link: What do they know - Geographically accurate London Tube Map. Explain how one is far easier than the other to navigate. Discuss which map they would rather use to travel around London quickly.
Display slide 10 to explain that we need to get the right level of detail when we use abstraction. When trying to locate our town on a map, we do not want to be too detailed (e.g. street view) so we lose the focus of what we are doing, but we also do not want it to be too zoomed out without enough detail to help us identify where we are (e.g. the image of the Earth).
Main Event
Display slide 1 of the Presentation: Making maps and arrange the children into pairs or small groups. Hand out a printed photograph of a different key place around the school (e.g. hall, playground, field or classroom) to each pair.
Explain that the children will use abstraction to make a plan view of the location to create a collaborative school map.

Model the activity by drawing a classroom plan using simple shapes and limited detail. Discuss what key features should be included so that it is still recognisable. Ask if adding colour or a key would help to make the space more recognisable.
· What large things do we need to include so people know it is a classroom? (Larger items such as desks, bookcases and doors.)
· What small things do we not need to show? (Small items such as pencils, rulers and books.)
Show slide 2 and use the questions to discuss what should be included in their plan.
Allow time for the children to complete their plans.

Wrapping Up
Share some examples with the class and ask them to guess which photographs the plans match up with. Encourage them to share which details helped them determine where in the school the plan shows. Discuss if the level of abstraction is appropriate and if the plans need more or less detail.
Explain that a lot of programming is needed to make a computer game but it is not completed all at once. Instead, decomposition is used to break the game into smaller, manageable sections and abstraction removes any unnecessary details before the game is programmed.

	Session 5
LO: To understand what debugging is.

· SC: I can understand the meaning of the word debugging.
· I can listen to my peer’s verbal instructions.
· I can perform a task by following step-by-step instructions.

Recap and Recall
Display the Presentation: Speak like an expert and recap the meaning of the words:
· Algorithm: a clear set of instructions to carry out a task.
· Decomposition: to break something down into smaller chunks.
· Abstraction: to pick out the important information.
Allow time for paired discussion.

Attention Grabber
Display slide 1 of the Presentation: Unplugged debugging and arrange the children in small groups. Ask them to discuss any everyday problem they have encountered using the questions on the slide.
Take feedback from the class and then either discuss one of the problems shared (for example, a toy that is not working, a puzzle with a piece missing or a book with torn pages) or use the example of a broken mirror.
Show slide 2 and ask the children to review the step-by-step instructions for brushing their teeth. Encourage them to discuss with a partner if the steps listed are correct or incorrect. If the children give feedback that the steps are wrong, ask them to work out how to fix the instructions with their partner.
Display slide 3 to show that steps 3 and 4 are in the wrong order. Explain that this error in the algorithm (instructions) will stop us from completing the task.
Using slide 4, explain that finding and correcting errors in an algorithm (including computing programs) is known as debugging.
Watch the video on the link: BBC Bitesize - What are computer bugs?.

Main Event
Display slide 1 of the Presentation: Building a robot and ask the children:
· What is most important when you play a game? (The children may suggest teamwork, following instructions, thinking about the steps, etc.)
Demonstration
Arrange the children in pairs and hand out six building bricks to each child. (Each set of building bricks must be identical so the children can build the exact figure.) Explain that they will find and correct errors (debug) in instructional steps.
Show slide 2 and explain that they must copy the object made without any instructions. In silence, demonstrate creating an object (using the same six building bricks as the children) and ask them to copy it.
Allow time for the children to build the object and ask them what they found difficult about copying it precisely. They may say that having no instructions made it tricky.
Activity
Arrange the children in pairs and hand out a piece of cardboard or a whiteboard as a partition. Explain that this is so the children cannot see what their partner is doing. Show slide 3 and ask the children to decide who will be the programmer (Child A) and who will be the computer (Child B).
Clarify that Child B’s (computer) job is to build an identical robot without seeing the model and only listening to Child A’s (programmer) instructions.
Using slide 4, ensure the children understand the activity and allow time for them to complete it.
Bring the class back together and take feedback. Explain that if the computer (Child B) could not make the robot, the instructions were unclear or not followed correctly. Instruct them to try the task again to refine the algorithm and explain that this is debugging. Allow time for the children to refine their instructions.

Wrapping Up
Ask the children to share what they found tricky about the task and how they debugged their issues.
	
	

	Learning challenge week Link algorithms with the songs they have created to represent traditional tales. 
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