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Computing- Summer

	Lesson 1- Mars Rover 
FOCUS: To identify how and why data is collected from Space
· I can recall the meanings of the words data an transmit 
· I can identify a type of data that the Mars Rover may transmit back to Earth 
· I can identify the challenges of transmitting data over large distances
· I can explain why data is being collected from the Mars Rover 
Starter: 

Presentation- Mars Rover 
Display slide 1 of the presentation and explain to the children that in this unit, they will learn about the Mars Rover, a robot scientists have sent to Mars to explore the planet’s surface. They will discover how the Rover was designed and how we communicate with it from Earth. 

Watch the video using the link NASA Rover Curiosity landing on Mars. Watch the video in the dark with the volume up high for maximum impact. 

Display the image on slide 2 and inform that children it took the Mars Rover eight and a half months to reach Mars from Earth. 
Ask the children to estimate the cost of the mission, considering everything they saw in the video. 

· How much do you think this mission cost? ($2.5bn approx. £2.2bn

Main event: 

Explain to the children that the Mars Rover found some fascinating things, the most interesting being signs of water, suggesting there might be life there. Inform the children that scientists learn new information about the planet through carefully studying it. 
Display slide 1 of the presentation: Mars Rover Data.

Explain to the children that the Mars Rover sends photos and data about Mars’ surface back to Earth. If it fails to transmit this data, the mission will be wasted. 

Inform the children that when the Mars Rover sends information, it must travel far through space. Point out that this data is in the form of binary, which uses just two numbers, 0 and 1, to represent all kinds of information. These binary numbers help us understand what the Rover finds on Mars. Ask them: 

What does transmit mean? (Transmit means to send. Data is transmitted or sent from one place to another- generally from one computer or device to another).

How does the Mars Rover transmit information to Earth? (In the form of photographs and data as binary code.)

Ask the children if they think of ways in which messages may have been sent over long distances in the past. Display the images on slides 2-5 and discuss each method and how they would have worked (see teacher knowledge). 

Display the question on slide 6 and allow the children some time for paired discussion. Invite the children to share their suggestions before displaying the steps on slide 3. 

Display the steps on slide 7 and talk the children through the following:

1. The Moon is approximately 380,000km away. 

2. The length of a double decker bus is 12 metres. 

3. Before calculating the distance of the Moon from Earth in double decker buses, bother lengths must be in the same measurement. To convert the distance to the Moon from km to metres, 380,000 must be multiplied by 1000 (because there are 1000 metres in a km). So, 380,000x 10 = 380,000,000 metres. 

4. Now, use these measurements to divide the distance from Earth to the Moon in metres (380,000,000) by the length in metres of a double decker bus (12). The Moon is 31,666,667 double decker buses away. 
Hand out the Activity: How far away is Mars? (one each). Explain to the children that they will be researching the distance from Earth to Mars based on the length of other objects, such as a Trex, the length of the world’s largest roller coaster, and a football pitch. 

Hand out devices and allow the children time to research and calculate their own distance to Mars facts, ready to share at the end of the lesson. 

· What does data mean? (Data is the information sent from computer to computer or from one part a computer to another part. It is numerical or a message written in a computer code?)

· What is the Mars Rover? (A robotic vehicle that explores, investigates and returns data about the terrain on Mars.) 

· What information (data) can the Rover collect while it is on Mars? (Information is Taken from rock samples and images from the surface of Mars.) 
Differentiation: 

Pupils needing extra support: Could draw a diagram of Earth and Mars, annotating the distance between them.  

Pupils working at greater depth: Should also research how long it takes to send a signal to Mara; could research the cost of the Curiosity mission and relate it to the value of another item to reinforce the financial value of the data sent back from Mars Rover. 
Plenary:
Invite the children to share their facts about the comparative distance between Earth and Mars. 

Watch the video using the link: NASA- Mars in a minute: Phoning home: Communicating from Mars. Ask the children to discuss the following questions:  

· Why might contact with the Curiosity rover be lost during its landing on Mars? (It needs to switch antennas during its descent and may lose signal temporarily while switching antennas). 
· Why can we not always get a direct signal from Curiosity during its landing? (Mars is spinning, and the rover goes out of sight.)
· What role do the Mars Odyssey and Mars Reconnaissance Orbiter spacecraft plat in Curiosity’s landing? (Mars Odyssey tried to pick up Curiosity’s signal in the second half of its descent. If Mars Odyssey cannot, then the Mars Reconnaissance Orbiter will try to capture the landing data and send it back later.)

	Lesson 2- Binary Code  
FOCUS: To read and calculate numbers using binary code. 
Success Criteria:

· I can identify binary as the most basic way that computers communicate. 
· I can read binary numbers up to eight characters. 

· I can recall that each number (one or zero) is referred to as a bit. 

· I can calculate binary numbers, knowing each digit is worth double the one that precedes it. 

Starter: 
Presentation: Binary Code 
Display the image on slide 1 and ask the children if they know what it is. Allow the children some time to discuss. 

Explain to the children that when sending information over a long distance it needs to be kept simple so it doesn’t get mixed up. 

Display slide 2 and inform the children that binary is a special code with two parts: on and off. Explain that zero means off and one means one. 

Compare it to using a flashlight: turn it on for a ‘yes’ and off for a ‘no’. Explain that it can be like tiny electric blinks in wires or even like signals zipping through space. Inform the children that computers use this on-off binary code to talk to each other and share information. 

Main Event:

Display the presentation: 8-bit binary system. 
Display slide 1 and introduce the 8-bit binary system. Explain to the children that this system, with just eight ;on’ or ‘off’ signals, can send up to 225 different messages and it’s a method almost all computers use to communicate. Explain that with binary data, numerical information can be sent to the Mars Rover very simply. 

Display the image on slide 2 and point out that each box is called a ‘bit’. Explain to the children that to represent the number zero, a zero is place in each box. When a zero is placed, it shows that the box is set to ‘off’. It is read as (from right to left: ‘off, off, off, off, off, off, off, off’. 
Using slide 3, ask the children which box should be switched on to make the number one. Inform them that a one written in a box shows that it’s ‘on’ and a zero represents ‘off’. 

If they need a clue, tell them to look at the numbers beneath the boxes. 

Reveal the answer on slide 4, (00000001) and read it aloud (‘off, off, off, off, off, off, off, on). 

Hand out Activity: Binary bits (one each) and continue through slides 5-10, asking the children to make the numbers two (00000010), ten(00001010) and 42(00101010)using the 8-bit binary system. 

Remind the children that only the number one or zero can be placed in a box and that more than one bit can be on at a time. 

Demonstrate how to play the binary games using the link Penjee- Binary Blitz.v

Show the children how to click on the boxes to represent the number at the side of the bar and explain that where there are question marks, you need to work out the number by totalling the ones in the binary bar. Allow the children time to play independently on a device. 

Differentiation: 
Pupils needing extra support: Should use the Activity: Binary Bars as a support while working out the numbers. Could use cubes/ counters to support addition if needed.  
Pupils working at greater depth- Should work out the highest possible number that can be reached with 8-bit binary if all the boxes were on (225). Should be able to complete multiple levels of Penjee Binary Blitz independently. 
Plenary:
Invite the children who completed the challenge to come up to the front and explain how their method of working out the answer. Encourage the children to use the language of ‘bits’ and ‘on and off’. 

Play the video link: NASA- Mars in a minute: Phoning home: Communicating from Mars. From 2:00 minutes to see if the children can spot the binary (it’s the series of ones and zeros seen rushing from the right of the screen into the computer at 2:01 to 2:06.

	Lesson 3: Computer Architecture 
FOCUS: To identify the computer architecture of the Mars Rovers.   

Success Criteria:

· I can identify sensors. 
· I can identify the difference between computer input and output. 
· I can explain how the size of random- access memory (RAM) affects the processing of data (CPU).
Starter: 

Display the presentation: Mars Rovers. 

Display slide 1 and ask the children if they know how many Mars Rovers have explored Mars (see teacher knowledge) 

Click the link: NASA Space Place- Explore Earth and Space and as a class, read the various descriptions of the different Mars Rovers (Sojourner, Spirit and Opportunity, Curiosity and Perseverance). 

-How has each rover improved from the last? (The input processing output systems have improved)

Main Event:

Display the presentation: Computer architecture 
Display slide 1 and explain to the children that for each Mars Rover, computer scientists have been able to improve three areas- input, processing and output. 

Display the image on slide 2 and discuss input/output with the children. 

Ask the children: 

Do you have any devices that are controlled by sensors? (Children may suggest a thermostat or lights that come on if the room is dark or if movement is detected.) 

Using slide 3, explain to the children that data is received via the sensors of a rover and this data is sent through to the CPU (Central processing unit). Inform them that at this stage, the river will do one of two things: 

· Option 1: the rover might send this data directly back to Earth using radio eaves from its own UHF (Ultra high frequency) antenna. This radio antenna is called ‘output’. 

· Option 2: instead of transmitting the data back to Earth, the rover might interpret the data using CPU. 

Explain that the robot may make decisions based on the data it receives, such as where to go next. For example, if you tell the robot to travel 10m forwards but it detects a huge bolder in the way, it will either try to navigate around the boulder or send a message saying that it cannot proceed. 

Display slide 4 and explain the role of the CPU and the RAM to the children (see teacher knowledge). 

Using the table on slide 5, discuss the memory of the rovers. Inform the children that the memory used is shown right down to the smallest bits (the RAM column). 
Display slide 6 and explain to the children that the first Mars Rover (the Sojourner Rover) could handle just over 4,000,000 bits at once (four million ones or zeros). Inform them that it had 512kb of RAM, which is 512,000 butes because 1 kilobyte= 1000 bytes. Eight bits are in a byte so 512,000 x 8 = 4096000 or just over four million. 

What do you know about the words input, output, process? (Information is sent to a computer by an input or output device and then processed). 

What is a CPU? (The CPU is where all the thinking takes place, but it cannot carry out processes without first receiving instructions). 

Can you remember how the rover might send data back to Earth? (Binary Code). 

Display the Presentation: Rocky the Rover

Display slide 1 and point out Rocky the Rover’s location. Explain to the children that Rocky can only perform 5 instructions before the battery runs out and the RAM will then forget the instructions. Allow the children some time to discuss which way Rocky should go. 

Display the example on slide 2 and discuss Rocky’s five movements to collect the soil. 

Display the map on slide 3 and explain to the children that they will navigate their own river around it. Hand out a copy of either: Mars Rover- Fluffy (4 instructions), Thunder (8 instructions)  or Kapowski (12 instructions). Also hand out the Activity: Mars Rover map (one each) and Activity: Mars Rover Instruction icons (cut into three- one strip per pupil). 
Ensure a variety of each rover is used across  the class as this will support the discussion in the Plenary. 

Explain to the children that they need to read how many instructions their rover can hold at once before the battery runs out and needs recharging for the next day. 

Allow the children time to complete the first activity. 

Differentiation: 

Pupils needing extra support: Should complete Activity: Mars Rover support, where part of the sequence of instructions is already complete.    
Pupils working at greater depth: Could complete the sequences without the Instruction icons and draw their own instructions. Could consider why rovers are not sent to Mars with greater RAM (cost implications) and think of other useful sensors and output devices which could be included in the next rover design.  
Plenary: 
Invite the class back together and using the map on slide 3, children can share the navigation of each river and compare their capabilities. 
How did the size of the RAM affect the number of days the rover required to complete the same of different tasks? (The less RAM, the fewer days the rover was able to carry out tasks.)

What was the benefit of having more RAM space to input longer sequences in Kapowski 12? (Kapowski could perform more tasks in a day’s battery charge and could fulfil more instructions across a week compared to Fluffy or Thunder. 

Watch the video using the link: Mars Rover navigation and consider how a river could conduct self- navigation. 

	Lesson 4: Using binary numbers 
FOCUS: To use simple operations to calculate bit patterns. 
Success Criteria: 

· I can recall how binary is used to represent numbers up to 255. 
· I can recall that computers use binary mathematically to calculate data.

· I can carry out binary addition. 

Starter: 
Presentation: Binary 

Display slide 1 of the presentation. Explain that a robot needs to think for itself and it needs to be able to calculate a range of data. Inform the children that all the decisions carried out by a robot or computer are done in binary. 

Reveal to the children that to understand how a Mars Rover is programmed, they need to take their binary skills, to the next level and become binary experts in this lesson. 
Main Event

Display the presentation: Using binary- numbers . 
Inform the children that all robots and computers work by doing calculations. Explain that it is the answers to these calculations that enable the robot to decide what to do next. 

Display slide 1 and explain that binary numbers can be added in the same way as the decimal number system. Inform the children that they need to line up the digits as they would do in column addition or subtraction. Explain that the decimal system uses numbers from zero to ten whereas the binary system uses the numbers zero and one only. 

Ask for a volunteer to solve the calculation (showing all working out) and check their answer on slide 2. 

Display the calculation on slide 3 and demonstrate how to solve it (teacher knowledge). 
Display the calculations on slides 4 and 5, solving them as a class. Explain that when adding two ones they need to carry over to the next column (see teacher knowledge). 

Display the downloaded Activity: Binary Addition on the interactive whiteboard. This spreadsheet can be downloaded to a shared drive/ network before the lesson (see have ready). Please note that there is also a PDF version. 

Open the example tabs and discuss how to solve the example questions using the rules found in the Teacher Video: Using binary- numbers.

Hand out a device (one each) or a paper copy of the questions for the children to complete. 

Once they have completed the activity: display the resources: Binary addition answers on the interactive whiteboard for the children to self-mark. There is a printable answer sheet if any of the children require this. 

How do you add binary numbers (You line up the numbers as you would do in a column addition or subtraction)

What numbers does the binary system use? (The numbers one and zero). 

What is the difference when carrying in binary addition? (Instead of carrying groups of ten, you carry groups of two). 

Pupils needing extra support: Should complete the Activity: Binary addition (support). Should use the printable answer sheet if required.    
Pupils working at greater depth: Should complete questions H-K of the Activity: Binary addition and explain their answers.    

Wrapping Up: 
Follow the link: 4-bit Binary Challenge and play the game as a class. Please note that this is a video so it can be paused at any time. 

Discuss the calculations throughout the video.  


	Lesson 5: Using Binary- text  
FOCUS: To represent binary as text. 
Success Criteria: 

· I can recall that binary is the main means of all data transfer
· I can identify that data transfer needs a common language. 

· I can use binary to create a written message. 
Starter:
Display the presentation: The Boolean system. 
Remind the children that binary is used a the method of transferring data in almost all computer data transfers. 

Display the image on slide 1 and explain to the children that the Boolean system is a way of working with true and false values. Inform them that it was names after a mathematician called George Boole who created the idea of using a series of ‘on/off’ values to encode messages. His work led to the creation of binary. Any system which is built on yes/no or 1/0 or on/off is referred to as a Boolean system. 

Explain to the children that in lesson 4, they learnt how binary can be used mathematically and today they will learn how to use binary to represent text. 

Main Event:

Watch the video using the link: The Martian- Anatomy of a scene where the astronaut, using an abandoned Mars Rover, develops a means of transmitting messages between Earth and Mars (see Cautions).
Note: skips from 1:10 to 2:09 when the director explains the filming location and the way he storyboarded the film. 

Explain to the children that the astronaut can send binary messages back to mission control. Inform them that binary can be used to send messages with other characters. As explained in the Teacher Video; Using Binary- text, this computer language is called ASCII. Inform the children the ASCII is important because computers only understand binary numbers (0 and 1) and the ASCII table helps translate our regular letters and symbols into binary. 

Click on the link: ASCII table to display the ASCII table. Point out that the table shows each number from 0 to 255 in decimal, binary, hexadecimal and its equivalent in ASCII characters, including special characters. 

Display slide 1 of the presentation: Using Binary- text. 

Tell the children to imagine they are astronauts on Mars. Ask them to discuss the following question in pairs: 

· If you were to send a simple signal to Earth using ASCII, what might you say? 

Ask the children to share some of their ideas. Display slide 2 and explain to the children that in the same way we start an HTML document with <!DOCTYPEhtml>, a message in ASCII begins with a special code: No, no, no, no, no, no, yes, no. Inform them that this sequence is the ASCII way od saying ‘start of text’. Explain that in binary this is written as 00000010 and the end of the text is ended with 00000011. 

Demonstrate using the table to write a simple signal such as ‘hello’ (see teacher knowledge) and then display the code on slide 3. 

Hand out whiteboards and pens and display the example on slide 4. Ask the children to work out what the message says in pairs (see teacher knowledge) 

Ask the children to share their suggestions before displaying the answer on slide 5. 
Hand out the devices and instruct the children to open a new document (WORD). Direct the children to the link ASCII table. 

Explain to the children that they will crate their own astronaut messages using a series o 8-bit binary codes. Inform the children that they must locate the letter in the table and copy and paste the resulting binary into a document. 

Differentiation: 

Pupils needing extra support: Should use the resource: binary table (support) and complete the activity: Binary text (support) while creating their own simple message. Could create their name rather than a message. 
Pupils working at greater depth: Could search the web for images to accompany their message; Could also be challenges to write an explanation of how ASCII works. 
Plenary: 
Once the children have completed the activity, arrange them into pairs. Inform them that must exchange their devices with their partners to decode the messages on each other’s devices. Choose a few messages to decode together as a whole class on the IWB. 

	Assessing pupils’ progress and understanding

Pupils with a secure understanding: 
· Identifying some types of data which the Mars Rover could collect (e.g. photos)
· Explaining how the Mars Rover transmits the data back to Earth (radio waves) and the challenges involved in the (the great distance)

· Researching a comparative fact about the distance to Mars. 

· Identifying input, processing and output on the Mars Rovers. 

· Reading binary numbers and grasping the concept of binary addition. 

· Relating binary signals (Boolean) to a simple character based language (ASCII)

Pupils working at greater depth: 

· Identifying types of data that the Mars Rover could collect

· Explaining some of the purposes of data collection going beyond obvious data 

· Researching comparative facts about the distance between Earth and Mars and the time it takes to send a signal to Mars. 
· The ability to generalise input, processing and output to include other types of computing devices. 
· Reding 8-bit binary numbers

· Calculating the addition of mor than three bits and explaining their working out.

· Explaining how ASCII works and how to use it. 


8-bit binary 	addition	ASCII	binary code 	


Boolean	byte 		CPU 		data 


Data transmission		decimal numbers 	discovery


Distance 		Hexadecimal 		input 	





Vocabulary


 





Programming Intention


 





Children will research and calculate the distance from Earth to Mars to help them visualise the journey that information has to travel to be sent and received. Children will learn that information collected by Mars Rover has to travel as ‘data’ and be translated into binary code. Children will learn that the more Random Access Memory (RAM) the robot has, the more instructions it can carry out in a row, pupils will play a game that simulates programming a Mars Rover.  Children will learn that computers use binary to carry out calculations. Children will perform their own addition binary calculations. Children will learn that as well as being used mathematically, binary can use the computer language ‘ASCII’ to represent characters and use this conversion of the alphabet from binary to create their own messages. 








Y5 Computing: Data Handling (Mars Rover)


 








By the end of this unit children will 


 


 


 


 


 


 








Essential Knowledge


 


 


 








Know Mars Rover is a motor vehicle that collects data from space by taking photos and examining rock samples. 


Identify some types of data the Mars Rover could collect. 


Explain how the Mars Rover transmits the data back to Earth and the challenges involved. 


What numbers using binary code look like and be able to identify how messages can be sent in this format. 


Read any number in binary, up to eight bits. 


Identify input, processing and output on Mars Rovers. 


Read binary numbers and grasp the concept of binary addition


Relate binary signals (Boolean) to a simple character-based language, ASCII.                                                                                                                                                            


RAM is Random Access Memory and acts as the computer’s working memory. 


What simple operations can be used to calculate bit patterns.  









