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Computing- Spring 2

	Lesson 1- Pixels
FOCUS: To recognise how bit patterns represent images as pixels.
· I can recall how computers transfer data in binary 
· I can relate 8-bit binary to 256 possibilities 
· I can identify that a pixel is the smallest possible element of a digital image 
· I can explain how a series of pixels are used to encode an image
Starter: 
Provide each child with a copy of the knowledge organiser. Display slide 1 of the presentation: Mars Rover. 
Ask the children:

· What is the most useful information returned by the Mars rover? (Researchers might suggest the rover’s digital images are the most valuable. Encourage the children to discuss and compare the importance of rover data collected about Mars’ temperature, atmosphere, water history and potential for life.) 

Display slide 2 and discuss the significance of the Mars rover’s digital image. Researchers can learn a lot about the planet from the changes in its appearance over. 

Explore the latest images from the river using the link: https://mars.nasa.gov/msl/mission-updates/
 Remind the children that the Mars rover’s transmissions are binary, like the exchanges between most computers.

· How can binary transfer image data? 
Main event: 

Use the link https://spaceplace.nasa.gov/binary-code/en/ to demonstrate how photographic data is transmitted. Pass the cursor over the images to reveal the binary code (1s and 0s). 
Remind the children that all computer data (including image data) is transmitted as binary: ones and zeros (ons and offs). 

Display slide 1 of the Presentation: Pixels.

Ask the children: 

· Can you work out what this photograph shows? (A beach)

Explain that when the children look at the image, their minds stitch together the tiles of colour to form a picture. Their minds can identify the photograph’s subject as long as they can see the entire picture. Click to reveal the original image. 

Display the mosaic on slide 2 and click reveal the information. Explain to the children that the Greek and Romans made beautiful art using small tiles called tesserae. These tiles, made from glass, stone or ceramic, were placed side by side to create pictures and patterns. Inform them that the technique is called mosaic and that they were used to decorate floors, walls and ceilings in buildings. 

Display slide 3 and explain that digital images and mosaics are constructed similarly. When a camera takes a photo, it breaks it down into blocks of colour called pixels. Each pixel has a single colour, like a tile in a mosaic. 

Use slide 4 to explain how computers encode images to be displayed and transmitted to other devices. Remind the children that 8 bit are also referred to as a byte. 

Explain that the Mars rover uses pixels to transmit image data. Share the image on the link: https://mars.nasa.gov/multimedia/interactives/billionpixel/ Download the image and zoom into the photo, using the cursor to move around. Draw the children’s attention to the image construction: some sections are in black and white , others are in colour and there are stitch lines between the sections. Allow children to notice interesting details, such as the tracks in the dust and the ripple on the sand. 

Pixel art

Explain to the children that they will create a pixel picture inspired by the Mars rover. 

Display the presentation: Pixel art. 

Hand out pieces of squared or graph paper (one each). Ask the children to select up to five coloured pencils or felt tips for their design. Allow time for the children to create a rough design for their pixel image. Encourage the children to start by thinking of a small, simple design. 

Hand out the devices (one each ) and instruct the children to open the spreadsheet software. Demonstrate how to adjust the cells to make them equal in length and width (see teacher video: Pixels for guidance). 
Demonstrate how to use the fill feature to colour each cell and create a picture. Emphasise that each cell acts as a pixel to create an overall image. 
Differentiation: 

Pupils needing extra support: Could use a spreadsheet already set to the correct row height and column width: could be supported to access the spreadsheet file on a device; could use the KO to support them with understanding vocabulary. 
Pupils working at greater depth: Could create more detailed images by adjusting the pixel size in their spreadsheet (smaller column width, row height or zooming out); should be encouraged to use the custom tab to explore colour options.  
Plenary:
Display the colour selector image (see below) 
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Demonstrate how to access the cutom table on the spreadhseet shoftware (see teacher video) 

Microsoft excel uses three number to represent RGB. 

Set the values to R: 255, G: 0, B:0 and discuss what happened to the colour. 

Adjust the values to R: 255, G: 0, B:255 and discuss how the colour changed. 

Ask the children to suggest other colour values and predict what will happen. 

Set all three values to 255. Explain that the colour is white because all three colours are full. 

· Why do you think 255 is the maximum number? (8 bit binary has 256 combination; the numbers 0-255 cover all possibilities). 

	Lesson 2- Compressing images   
FOCUS: To explain how the data for digital images can be compressed. 

Success Criteria:

· I recall that images are made of pixels. 
· I can relate the number of pixels to the size of an image. 

· I can explain one of the methods of JPEG compression. 

· I can explain how to reduce the file size of a digital image. 
Starter: 
Show the image from the Mars rover at the link: https://mars.nasa.gov/multimedia/interactives/billionpixel/ and explain that when the Mars rover takes an image like this, it has to be sent as a file from Mars to Earth; the pixels that make up the image have to be reassembled correctly on Earth from the code in the file. 
Number of pixels

Explain that the number of pixels in a mosaic will affect the time it takes to assemble, just like the number of pixels in an image. Arrange the class into groups of five. Hand out one of the prepared enveloped (each containing the cut up images from the Resource: Images, see Teacher Knowledge) to each group and ask the children to reassemble the images as quickly as possible. Takee note of which groups finished first and discuss the relationship between the number of pieces in the mosaic and the time table to reassemble (the more pieces the longer it takes). 

Ask the groups to discuss the following: 

· Which mosaic was the quickest to make? (the one with the least pieces). 

· What affects how long it takes to reassemble to mosaic? (the number of pieces). 

Distance pixels are travelling

Explain that the number of pixels in an image affects how long it takes to reassemble, as does the distance the pixels have to travel. When an image is sent from the Mars rover to Earth, it has to travel a long way before it is reassembled on Earth.

Repeat the activity using the same envelopes. Explain that the groups still need to reassemble the image quickly but they must pass each mosaic pieces twice around their group or once around the classroom before reassembling it to represent the file being sent from Mars to Earth. Take note of which groups finishes first and discuss the relationship between how far the mosaic piece had to travel and the time taken to reassemble. 

Ask the groups to discuss the following questions: 

· Which mosaic was the quickest to make? The first attempt or second? (first because the pieces did not have to travel as far). 

· Why is it difficulty for the Mars Rover to send images to Earth? (a lot of data has to be sent a very long way). 

Main Event:

Display slide 1 of the presentation: Compressing images and click on each of the problems. Explain that to send an image back to Earth, the Mars rover must send data about the exact colour of each pixel in the image, which takes a long time and uses up a lot of Mars rover’s RAM (its working memory) every time it sends and image. 
Presentation: Compressing images

Continue to slide 2 and explain that there are three wats to speed up the transfer of image data.

The first scaling or cropping. Reveal how to scale and crop an image by clicking on each statement. Reveal the pros and cons of these methods by clicking on the green and red faces although the file size is reduced so is the number of pixels; therefore the image becomes grainy. Click the image of the clouds to enlarge it and see how it become grainy as the pixels become visible. 

Show slide 3 and explain that the second way to reduce the file size if the reduce the quality of the colour. Remind children that in lesson 1, they learnt that an image can be saved with 256 different colours so each pixels requires one byte of data (one lot of 8 bit binary). Explain that, in reality, most images use three bytes of data (24 bits). Hiver over the coloured bytes to reveal that the first byte records exactly how much red, the second records how much green and the final records how much blue. 

Display slide 4 and explain that an image can be changed to have an 8 bit colour or even less by changing the image into black and white or greyscale. Click each of these changes to view the image in reduced colour. Click the red and green faces to reveal the pros and cons of these methods, while file size is reduced so is the variety of colours in the picture. 
Display slide 5 and explain that the final way to reduce file size to make it easier and quicker to send is through compression. Click on the Earth and explain that compression means to squeeze; the file gets squeezed down to a smaller size, usually by saving it as a JPEG. 

Proceed to slide 6 and click on the label ‘bitmap’. Explain that an image starts as a bitmap; this means that all the data for each pixel is stored in full. Click on the label ‘converted to JPEG’ and explain that when an image is changed into a JPEG, each pixel is inspected to see how close in colour it is to the next one next to it. If both pixels have the same colour, then they are grouped. The code used for the second pixel is ‘and again’ which saves file space. Use the example of the picture of the Earth to explain that the blue pixels of the same shade can be grouped and the green as they have the same code as each other. Point out that there will be areas of the picture which require fine detail such as areas where there are different shades and these pixels are left alone, ungrouped. 

Ask the children to discuss the following question: 

· Which method would be best to send images taken on the Mars rover back to Earth? (Compression to JPEG as this method makes the file smaller without losing detail or changing the colours. 

File sizes

Model how to download and save a full size image of the Mars Rover from the internet (see teacher video) Allow time for all the children to download and save a large image.

Model how to save the image in various forms without Excel (see teacher video)

· Thumbnail 

· JPEG version 

· Bitmap version 

Ask the children to discuss the following: 

· Which version of the image will have the smallest file size? (the thumbnail version because the image has been scaled so the code for significantly fewer pixels is being saved. 
· Which version of the image will have the largest file size? (the Bitmap version because the code for every individual pixel has been saved). 

· Which version of will have the middle file size? (The JPEG because the code for identical colour pixels has been grouped). 

Take feedback and take a class vote on which version will have the smallest and the biggest file size. 

Hand out whiteboards and pens.’ Model how to inspect the file size for each version (see teacher video). Ask the pupils to inspect and record the file size of each version and compare them. Discuss as a class whether they matched their prediction for file size. 
Differentiation: 
Pupils needing extra support: could be provided with the mosaic with the fewest pieces for the starter; could use the KO to help them answer questions; could work with  a partner to save three different versions of an image. 
Pupils working at greater depth- Should use excel to help them calculate exactly how many bits there are in each version of the image; could be challenged to find a way to download a bitmap directly from the internet using the advanced search dropdown within google and select File Type=BMP (the children will probably not find a BMP they like but explain that they are rare to download because of their massive file size and JPEG is the standard). 
Plenary:
Show the link: https://mars.nasa.gov/multimedia/interactives/billionpixel/
Ask the children to discuss the following question with a partner. 

· Why is the lower part of the image in black and white? (to save on file size; scientists already know what the Mars Rover looks like; they do not need colour photos of it.)

· Why is the rest of the image in colour? (this is the part of the picture that shows Mars so the more pixels there are, the more detail scientists can see about Mars). 

	Lesson 3: Fetch, Decode and Execute 
FOCUS: To identify and explain the fetch, decode and execute cycle. 
Success Criteria:

· I understand the difference between ROM and RAM. 
· I know what fetch, decode and execute looks like in different contexts and examples. 
· I can explain the fetch, decode and execute cycle. 
Starter: 

Play the video on the link: https://www.jpl.nasa.gov/edu/learn/video/mars-in-a-minute-how-do-rovers-drive-on-mars to recap how the Mars rover handles navigation instructions. 

Ask the children to discuss with a partner the following questions: 

· What are the two types of commands the engineers can send overnight to tell the Mars rover where to go?

· How do the engineers check the commands were successful? 

· Does the distance between Earth and Mars affect how long it takes to send instructions? 

Explain that instructions sent to the Mars rover must travel a long way so it takes a long time to reach, which is why they are sent overnight. 

Play the video on the link: https://www.jpl.nasa.gov/edu/learn/video/mars-in-a-minute-what-happens-when-the-sun-blocks-our-signal/ to explain solar conjunction. 

Ask the children to discuss the following questions: 

· What prevents engineers from communication with the Mars rover during the solar conjunction? (the Sun is positioned directly between the Earth and Mars so communications have to be sent close to the Sun’s charged particles which can interfere with and cause gaps in the data). 

· Why is missing data more problematic when sent from Earth to Mars than from Mars to Earth? (Missing data can cause the rover to receive incorrect navigation instructions, potentially sending it into hazardous terrain.) 

· Would sending single instructions or a package of multiple instructions be better? (It is more efficient to send a package of instructions as it speeds up the process). 

Take feedback and explain that instructions are sent in a package of multiple instructions to save time and make communication more efficient than sending individual instructions one at a time. 

Explain that to communicate with the Mars rover, NASA computers uses the fetch-decode-execute cycle, which will be explored in detail during the lesson. 

Main Event:

Display the presentation: The Fetch-Decode-Execute cycle and ask the class to volunteer ideas for things you might use a computer for: playing a song, printing a document, playing a video, opening an app. 
Explain that computers (including those used to send navigation instructions to the Mars rover and the rover itself) used a cycle called the Fetch-Decode-Execute cycle to move from an input (the thing you do), such as clicking a mouse, to an output (the thing you want the computer to do), such as a video playing. 
Presentation: The fetch decode and execute cycle

Click on the ‘input’ stage of the cycle to navigate to slide 1 and explain that if you want a computer to do something, it must be given an input it can process. Ask the class to volunteer some examples of input: 

· Mouse clicks 

· Keyboard strokes

· Touch screen taps 

· Microphone 

· Camera 

· Scanners

· Sensors 

Click on examples one and two to provide specific examples such as opening an apps and playing a video by clicking the mouse or touch screen app. Explain that a program is a set of instructions written by programmers store in any computer with that program. 

Click on the blue icon with the three lines to navigate back to the cycle. Click on the ‘fetch; stage of the cycle to navigate to slide 2 and explain that the input tells the computer’s CPU to fetch the instructions from the ROM and RAM buttons show the definitions. Use the analogy that the CPU us like the brain of the computer and the ROM and RAM are like the long and short term memory. Click on examples one and two to provide specifics examples. 
Click on the blue icon with the three lines to navigate back to the cycle. Click on the decode stage of the cycle to navigate to slide 3. Explain that the CPU interprets the fetched instructions to determine what it needs to do. Click on examples one and two to provide specific examples. 

Click on the blue icon with the three lines to navigate back to the cycle. Click on the ‘execute’ stage of the cycle to navigate to slide 4 and explain that the CPU performs the decoded instruction by sending electrical signals to the hardware. Read the examples of hardware (speakers and visual displays) and ask the class to volunteer any other examples. 

Printers, headphones, projectors etc. 

Click on examples one and two to provide specific examples. 

Click on the blue icon with the three lines to navigate back to the cycle. Click on the output stage of the cycle to navigate to slide 5. Explain that the hardware actions the instruction, such as a printer printing or a speaker making sound. Click on examples one and two to provide specific examples. 

Jam sandwich

Play the video on the link: https://video.link/w/apae until 1:57. 

Ask the children to explain the fetch decode execute cycle in the context of the video (the children fetch the instruction for the teacher; the teacher decodes what he has to dol the teacher executes the instructions to the best of his ability). 

Group challenge

Arrange the class into groups of three and hand out the A4 paper and colouring pencils to each group. Allocate one of the roles to each pupil: 

Fetc: provide them with a copy of the fetch decode execute pictures and inform them not to show it to the rest of their group. Explain that their role is to describe to pupil 2 (decode) what they should draw using words only and breaking down the task by giving only one instruction at a time. Ensure they understand they are not allowed to say the name of the object. For example, if they were to choose the house to draw, they cannot say ‘  draw a house’. 

Decode: explain that their role is to relay instruction to pupil 3 (execute) to tell them what to draw. They must only use words (no gestures or drawings). 

Execute: provide them with some plain a4 paper and coloured pencils (red, green and blue). Explain that their role is to draw what they are told to draw.

Remind the pupils to follow the instructions exactly. Ask them to bring their completed image to the teacher. The children requiring support to working at greater depth can choose the appropriate skill level image (see adaptive teaching). 
Repeat the process with the other pictures if there is time. 

Differentiation: 

Pupils needing extra support: Should take the fetch role in the drawing activity; should use the skill level one image from the resource fetch, decode, execute pictures; could be provided with a printed version of the NASA video transcripts (which can be found below the videos); could be provided with the resource the fetch, decode, execute cycle.  
Pupils working at greater depth: Could try the skill level three and four images from the fetch, decode and execute pictures; could try to create their own version of the fetch, decode and execute cycle using key terms such as ROM, RAM and CPU. 
Plenary: 
Invite the children to gather around and look at the results of the challenge. Ask the groups to discuss the following questions and take feedback: 

· Which examples show accurate drawings? (children should identify the best examples)

· What did you find difficult about this challenge? ( describing the right level of detail; describing using only words; understanding the instructions; drawing without seeing the image. 
· What would happen in the Mars rover received instructions like this, one by one? (It would take a very long time to get anywhere because it would only make a single move at a time). 

	Lesson 4: Tinkering with CAD. 
FOCUS: To learn the basics of using Tinkercad through tutorials.  
Success Criteria: 

· I can navigate the Tinkercad interface
· I can follow tutorials to create simple 3D objects. 

· I can describe what I have learned from the tutorial

Starter: 
Display slide 1 of the presentation: Tinkering with CAD and inform the children that CAD stands for computer-aided design. Explain that the professionals use it to visualise 3D objects before making them. 

Presentation- Tinkering with CAD

Use slide 2 to explain the definition of tinkering. Play the video on the link: https://video.link/w/QIn9c5TjrKk on VideoLink to show the children how to drag objects onto the work pane and edit them. Explain that the children will learn how to design 3D objects by tinkering and learning new skills through independently completing tutorials. 

Main Event

Hand out the devices (one each) and share the link: https://www.tinkercad.com/ with the children. Allow the children to log in to the Tinkercad Classroom. (see teacher knowledge about how to create a class account). 
Demonstrate how to begin a design by dragging and dropping shapes from the column on the right onto the work pane. Show the children how to access the Tinkercad tutorials by navigating to the tutorials tab and selecting browse all tutorials. Open the creating holes tutorials tab and show the children how to work through it step by step. Explain that there are tutorials for all the skills they need to use Tinkercad effectively. 

Allow the children time to work through tutorials independently to learn new skills. If the children complete the die from scratch tutorial, they will have mastered all the TinkerCAD skills expected of children of this age. 

Allow some children to share their projects in Tinkercad. Ask them: 

· What did you find most interesting about using Tinkercad? 

· Why part of the tutorial did you find challenging? How did you overcome it? 

· Can you explain the steps you followed to create your 3D object?

· What new skills did you learn from the Tinkercad tutorials? 

Pupils needing extra support: Could be given access to the Tinkercad tutorial video web link so they can watch it as they follow the steps; should complete the basic tutorials to place, view, move and resize objects.
Pupils working at greater depth: Should be encouraged to complete more advanced tutorials such as creating holes and simple 3D objects. 
Wrapping Up: 
Display slide 1 of the presentation: 3D designs to explain the role of 3D printers in design modelling. Play the video on the link: https://video.link/w/2pae on VideoLink.
Show slide 2 and ask the class the following questions: 

· What do 3D printers use instead of ink? (Printing materials such as plastic, rubber or metal). 

· How are 3D printers being used in the medical industry? (They are being used to print parts such as heart values, ears, bone and skin using special biological materials). 

· What are they planning to 3D print in space? (A moon base). 

Inform the children that they will use Tinkercad in the next lesson to design new wheels for a Mars rover and that 3D printing would valuable tool for testing their designs to see their effectiveness at going over sand and rocks. 

	Lesson 5: Tinkercad design.  
FOCUS: To design a functional tyre for the Mars rover using Tinkercad.  
Success Criteria: 

· I can apply what I learned from Tinkercad tutorials to design a 3D object.
· I can create a tyre design that addresses the challenges of the Martian terrain. 

· I can explain the features of my tyre design. 
Starter:
Play the video on the link: https://video.link/w/ypae on VideoLink and ask the children to discuss with a partner the following questions: 
· What challenges do Mars rovers face on the surface of Mars? (The wheels do not grip on sand and wear out relatively quickly on a rocky surface because of the hole in the wheels, which allow the sand to build up inside the wheel.) 

· Why have the Mars rovers always had six wheels? (six wheels give greater stability and if one or two of the wheels fail, the Rover can still move). 
Explain that one essential continued development of the Mars rovers is the tyres, which optimise its ability to traverse the difficult terrain of Masrs. Inform the children they will design a new Mars rover tyre using 3D design software, Tinkercad. 

Main Event:

Explain that the children will use Tinkercad to design a tyre for the Mars rover. Discuss important design features such as grip, durability and flexibility. 
Hand out the devices and share the link: https://www.tinkercad.com/ with the children. 
Remind the children of the skills they learn in the last lesson and encourage them to use them when designing their 3D tyre models. Allow the children time to create their 3D designs. 

Differentiation: 

Pupils needing extra support: Could be provided with a simple template to adapt when creating their design; could be provided with sentence starters to explain their design.  
Pupils working at greater depth: Should independently access and learn the design skills available within the software; should be encouraged to think of how to improve their design. 
Plenary: 
Ask the children to stop working on their projects. Invite some volunteers to present their work to the class. Ask them to discuss their project. 
-Can you describe the key features of your tyre design? 

- What aspects of your tyre designs do you think worked particularly well? 

-If you were to redesign your tyre, what would you change and why? 



	Assessing pupils’ progress and understanding

Pupils with a secure understanding: 
· Creating a pixel picture; explaining that a pixel is the smallest element of a digital image and that binary is used to code and transfer this data.
· Saving JPEG as a bitmap; recognising the difference in file size; explaining how pixels are used to transfer image data.  
· Explaining the fetch, decode and execute cycle in relation to real-world situations. 
· Navigate the Tinkercad interface to create simple 3D object; completing a tutorial using basic tools to create, resize and combine shapes; explaining the steps they followed and identifying skills learnt. 
· applying tools and techniques learn in Tinkercad tutorials to create a Mars rover tyre design; including a feature to address the terrain challenges on Mars; explaining the design choices and features of their tyre design. 
Pupils working at greater depth: 

· Explaining in detail the process of capturing digital images, data transfer and digital display; recalling previous lessons and linking input, memory and output to digital image capture, processing and display. 
· Identifying that changing the quality of the file size of the image; recognising how compression works at a basic level (by reducing replication). 
· Providing a more detailed explanation of the fetch, decode and execute cycle using computer architecture terms such as CPU, RAM and ROM. 

· Using more complex 3D design tools; completing multiple or advanced tutorials; explaining how the skills they learnt will help them create a tyre for the Mars rover in the next lesson. 

· Creating a tyre design that demonstrates an understanding of the terrain on Mars; explaining in detail the tyre design; discussing potential improvements. 


3D, algorithm, binary image, CAD, compression, CAD, compression, CPU, data, drag and drop, fetch decode execute, ID card, input, JPEG, memory, online community, operating system, output, pixels, RAM, responsible, RGD, ROM, safe





Vocabulary


 





Programming Intention


 





To explore how pixels and binary code form digital images. Learning how compression works by discovering different image formats and why some are more appropriate for images sent from Mars. Learning from 3D design tutorials and applying knowledge to create a 3D object. 














Y5 Computing: Skill Showcase (Mars Rover)


 








By the end of this unit children will 


 


 


 


 


 


 








Essential Knowledge


 


 


 








Create a pixel picture, explaining that a pixel is the smallest element of a digital image and that binary is used to code and transfer this data. 


Save a JPEG as a bitmap and recognise the difference in file size as well as explaining how pixels are used to transfer image data. 


Explain the ‘fetch, decode, execute’ cycle in relation to real world situations. 


Create a profile with a safe and suitable username and password and begin to use 3D design tools. 


Independently take tutorial lessons, applying what they have learnt to their design and understand the importance of using an online community responsibly. 












