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ENGINmakers started in 2022 as a project to support the Civic Mission of Cardiff University, and initially received funding to engage two students to create two ‘activities’ that support teachers and primary / secondary pupils in their learning of coding concepts, and the relevance of coding to applications such as those found in Engineering.
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This resource pack has been specially designed to support the delivery of the Science and Technology AOLE. This means through the delivery of the materials contained within this pack, learners will:

· Increase their breadth and depth of knowledge and their effectiveness as a learner
· Deepen their understanding of the ideas and disciplines within this area of learning 
· Refine and develop their sophistication in the use and application of skills
· Make connections and transferring their learning into new contexts

To fulfil these principles of progression, this pack will focus upon the following description of learning:

· Computation is the foundation for our digital world

To fulfil this description of learning this pack will focus on the following elements of progression step 3:

· I can use conditional statements to add control and decision making to algorithms
· I can identify repeating patterns and use loops to make my algorithms more concise
· I can use sensors and actuators in systems that gather and process data about the systems’ environment
· I can effectively store and manipulate data to produce and give a visual form to useful information

To cover each of these elements, this resource pack contains a set of 6 lessons each of which have been designed to be delivered within a 50-minute school lesson. Each lesson in this pack comes with a lesson plan, presentation, and worksheets where necessary, all of which can be modified and adapted as necessary to support the needs of learners in your school.
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Cardiff University and ‘ENGINmakers’ are not responsible in any way for examination results or the impact this delivery pack may have on learner performance. This delivery pack has been designed to provide learners with additional and complementary knowledge to support the delivery of the new curriculum in Wales. All materials within this resource pack may be edited and reused by educators for non-commercial purposes in the schools they represent.
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To fulfil each of the lessons which are contained within this resource pack, at least 2 BBC micro:bit V1 boards are required. However, if V2 micro:bit boards are available then they are preferred as the will enable learners to make use of the additional features it contains such as the built-in speaker.
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Synopsis
This lesson provides learners with a brief introduction as to what the BBC micro:bit is and requires them to consider why it is important within the world of computing. This lesson acts as the foundation for the entire set of lessons this pack contains.

Big Question
What is the BBC micro:bit and why is it important in the world of computing?

· Learning Stop 1 – Describe what the BBC micro:bit is
· Learning Stop 2 – Outline each of the different components it contains
· Learning Stop 3 – Summarise some of the different ways in which it can be used in the real world

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	10 mins
	Learning Stop 1 -
Describe what the BBC micro:bit is
	Whilst the register is being taken get learners to distribute the different pieces of hardware they will require for the lesson, make sure learners are aware that at this stage of the lesson they’re not to connect them to the computer systems the room contains. Also distribute worksheet 1 providing you are happy for learners to complete this task by hand.

Once the register has been taken introduce learners to the big question which is on slide 2 and inform learners, we are firstly going to explore the big question by looking at learning stop 1. 

To do this, display slide 3 and ask the class very simply to look at the piece of equipment, which is in front of them, talk to the person next to them for 60 seconds and discuss what they think it is. If learners struggle to discuss the device with each other, display the animated questions which the slide contains, the questions are in the format of observe, wonder, and infer. Once the discussion is complete have a brief class discussion as to what learners believe the device does. 

Next display slide 4 and play the video clip the slide contains. As the video clip plays allow learners to make notes on worksheet 1 underneath learning stop 1. Once the video has finished playing display slide 5 and have a class discussion as to what learners have written and ensure they have the following understanding as to what the micro:bit is –

The BBC micro:bit is a pocket-sized computer that helps you to understand how software and hardware work together. It has an LED light display, buttons, sensors, and input / output features that, when programmed, let you perform a range of tasks.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Worksheet

· Worksheet 1

Slides

· 1-5

 Video

· BBC micro:bit

	20 mins
	Learning Stop 2 – Outline each of the different components it contains

	Explain to learners to achieve learning stop 2 they are now going to explore each of the different components the BBC micro:bit contains by playing a quick quiz. To set up the quiz please follow the quiz guide document which has been provided in this resource pack.

Once, you have set up the quiz display slide 6 to show learners the different controls they will need to use for their quiz. Once all learners are ready take learners through the questions which are on slides 7-10. Please note you are free to change these questions if you wish.

Then display slide 11 and inform learners they have just used a range of components the BBC micro:bit contains to complete the given quiz, have a brief a class discussion as to what these components are. Ask learners to write their answers on worksheet 1 and as a prompt for this task display slide 12 which lists each of the components the micro:bit contains.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Worksheet

· Worksheet 1

Slides

· 6-12

Quiz

· Quiz Guide
· Learner Code
· Educator Code




	15 mins
	Learning Stop 3 – Summarise some of the different ways in which this kind of technology can be used in the real world

	Display slide 13 and inform learners to achieve this learning stop they are now going to have some free time in which they can explore how technology such as that found in the micro:bit is used in the real world. To do this, inform learners they are to firstly visit each of the websites which are listed on slide 14. Explain to learners once they have gone on both websites, they are free to either remain on them or research further.

For more able learners allow them to try and create some code which can be loaded onto the micro:bit they have been given.

Once learners have had enough time to complete this task get them to write a summary of their findings on worksheet 1 underneath the heading for learning stop 3.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Worksheet

· Worksheet 1

Slides

· 13-14

Links

· Global Goals
· STEM Activities


	5 mins
	Big Question –

What is the BBC micro:bit and why is it important in the world of computing?

	Display slide 15 and inform learners they are to now write a response to the big question. Remind learners that to write this response they should make use of the information they have already written.

Halfway through this task stop learners and display some work on the board either using a visualiser or screen monitoring software and get learners to discuss whether the example is a WAGOLL (what a good one looks like) or a WABOLL (what a bad one looks like). 

Conclude the lesson by selecting learners to read out their answers and use further questioning techniques to assess their attainment of the work which has been undertaken within the lesson.
	Worksheet

· Worksheet 1

Slide

· 15

Equipment

· Visualiser or screen monitoring software
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Synopsis
This lesson provides learners with an introduction to the accelerometer function of the BBC micro:bit by getting them to follow a series of given code. Through the implementation of this code learners will consider what they feel the advantages and disadvantages of accelerometer data to be.

Big Question
How can the accelerometer function of a BBC micro:bit be utilised?

· Learning Stop 1 – Define what an accelerometer is
· Learning Stop 2 – Analyse how data is captured using an accelerometer
· Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a step counter

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	10 mins
	Learning Stop 1 – Define what an accelerometer is

	Whilst the class enter the room freeze the board on slide 2 and as a retrieval practice activity get the class to try and label each of the different components the micro:bit contains. Then whilst the register is being taken get a learner to handout mini whiteboards.

If the above tasks are not viable to carry out for this activity, then please use worksheet 1 whereby learners can carry out this task individually whilst the register is being taken. Once the register is completed, reveal each of the answers by playing the presentation in slideshow mode.

Next display slide three and reveal the big question to the class and inform the class that to answer this question we are now going to watch a video to find out a little bit more about learning stop one.

Display slide four and play the video clip. Once the video clip has finished playing display slide 5 and ask learners to draw three images to show how they have achieved learning stop 1. Give learners 60 seconds to complete this task and get them to hold up their mini-white boards and use further questioning techniques to ensure attainment of learning stop 1 is fully complete. Learners should conclude:

An accelerometer is a motion sensor that measures movement. 

	Worksheet

· Worksheet 1

Slides

· 1-5

Equipment

· Board Pens
· Mini-Whiteboards

Links

· Accelerometer Video

 


	10 mins
	Learning Stop 2 – Analyse how data is captured using an accelerometer
	On slide 5 and inform learners to achieve learning stop two they firstly need to explore how an accelerometer gathers data, display slide 6.

Inform learners slide 6 is showing what accelerometer data looks like when walking. Have a class discussion and ask learners to try and identify from the data shown where we can see steps are being taken, play the slide in slideshow mode to reveal each of the steps. Learners will hopefully appreciate that 1000 milli-g is the baseline value from gravity, and that a ‘trigger value’ of ~1500 milli-g might be sufficient to identify when a step has been taken.

Next display slide 7 and ask learners whether they believe the data being shown on the graphs is correct or not. Learners will most probably at first say it is correct but inform them the step-counter is only working ‘OK’, but not perfectly - we can see only a few steps were not recorded on the counter because they were not high enough to activate the ‘trigger’ value. We could therefore adjust the ‘triggerLevel’ to see if we can find a value that is more reliable for our own steps.


To help learners visualise this concept get learners to stand up and walk around the room and count the number of steps they take from one point to another. Then display slide 8 and ask learners to explain in their own words how data is captured using an accelerometer. Encourage learners to appreciate that steps vary in terms of size and the way in which they are taken can be different e.g. some are big and some are small. Also, two identical steps may look different in the data if the sensor is not in exactly the same position.
	Hardware

· BBC Micro:bit
· Battery charger
· USB cable

Slides

· 5-8


	25 mins
	Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a step counter

	Inform learners it is now time to see this theory in practice and as such take them as a class through the instructions which slides 10-12 contain and ensure the Transmitter and Receiver code is used.

Once learners have completed these instructions display slide 13 and inform learners their challenge is to now try and complete each of the listed activities. Inform learners the activities have been colour-coded in terms of difficulty.

As learners complete these tasks perform a quick progress check by displaying slide 14 and ask learners to firstly explain how they are meeting learning stop 3. Then ask learners which values of ‘trigger level’ and ‘dead time’ are working best for them. 

Also, it might be worth using the progress check as an opportunity to remind learners not to forget that our ‘dead time’ is in milliseconds - so we need to put 1000 if we want 1 second when we are editing the given code. Alternatively, this information could be given to learners whilst regulating learning.
	Hardware

· BBC Micro:bit
· Battery charger
· USB cable

Code

· Transmitter
· Receiver

Slides

· 9-14


	5 mins
	Big Question - How can the accelerometer function of a BBC micro:bit be utilised?

	To conclude the lesson display slide 15 and select learners to give one way in which the accelerometer function of a micro:bit can be utilised e.g. create a step counter, detect jumps, recognise rotation etc. Follow up the answers given by asking learners to explain how they think the function they’ve stated could be programmed.
	Slide

· 15
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Synopsis
This lesson builds on the previous lesson within this delivery pack by getting learners to consider how they can refine the code they previously used to record the number of steps a person takes to instead record the number of jumps a person makes.

Big Question
How can we use the BBC micro:bit to create a jump counter?

· Learning Stop 1 – Identify the difference between a step and a jump
· Learning Stop 2 – Analyse how the code for a step counter can be refined to record the number of jumps a person makes
· Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a jump counter

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	10 mins
	Learning Stop 1 – Identify the difference between a step and a jump 
	Whilst the register is being taken issue learners with worksheet 1 and get them to work in silence by annotating the snippet of code the worksheet contains. The code is from the previous lesson in this pack and learners need to try and recall / identify what each section of the code does.

Once the register has been taken get learners to compare with each other what they have written, then display slide 2 and go through as a class the different pieces of code which have been annotated on the slide. Ask the class to identify and explain any parts of the code which slide 2 doesn’t have annotated.

Next display slide three and reveal the big question to the class and inform the class that to answer this question we are firstly going to look at learning stop 1 by standing up and undertaking a quick activity. 

Display slide four on the board and get the class to get up and walk from their seat all the way round the room back to their seat and whilst they are doing this, they should count the number of steps they take. Once the class have completed this activity display the three questions slide 4 contains and have a brief class discussion regarding each of them. 

Then display slide 5 and show the class the graph, inform the class the step-counter seems to be working ‘OK’, but not perfectly - we can see only a few steps were not recorded on the counter because they were not high enough to activate the ‘trigger’
We could therefore adjust the ‘triggerLevel’ to see if we can find a value that is more reliable for our own steps.

Display slide 6 and get learners to stand behind their chairs and jump as many times as they can on the spot for 30 seconds.

At the end of the time limit get learners to sit down and discuss each of the questions which slide 6 contains. Then display slide 7 and show learners what the data looks like from jumps compared to steps. Ask learners to identify on slide 7 how the data is different for steps and jumps and conclude this learning stop by asking learners why they the think accelerometer goes below 1000mg when we jump in the air? Inform learners that 1000mg corresponds to the floor pushing us through gravity and then when we jump in the air, this force is gone and it produces a similar experience to being in outer space.

	Worksheet

· Worksheet 1

Slides

· 1-7
 

 


	5 mins
	Learning Stop 2 – Analyse how the code for a step counter can be refined to record the number of jumps a person makes

	Display slide 8 and inform learners to achieve learning stop 2 we are now going to look at how we can reuse the code we created last lesson, display slides 9-11 to show learners which parts of the code they should look to change.
	

Slides

· 8-11


	30 mins
	Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a jump counter

	Display slide 12 and inform the class to achieve learning stop 3 they are now going to try and complete each of the challenges which slide 13 contains.

As the class work through these challenges regulate learning and provide learners with additional one-to-one support where necessary.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Slides

· 11-13

	5 mins
	Big Question - How can we use the BBC micro:bit to create a jump counter?

	To conclude the lesson display slide 14 and go around the room and get each learner to state something they have achieved in today’s lesson in relation to answering the big question. Try to ensure all answers which learners give are different from each other.

	Slide

· 14
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Synopsis
This lesson helps learners to contextualise how sensors within the real-world work. To do this, learners will create a tilt sensor which will make use of the accelerometer function of the BBC micro:bit.

Big Question
How can we use the BBC micro:bit to create a tilt sensor?

· Learning Stop 1 – Identify what a tilt sensor is
· Learning Stop 2 – Analyse how the code for a tilt sensor works
· Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a tilt sensor

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	10 mins
	Learning Stop 1 – Identify what a tilt sensor is
	Whilst the register is being taken display slide 2 and get learners to try and match each of the given keywords to their correct definition. Pupils can complete this task either by talking to each other or can silently complete the task by being given Worksheet 1 to complete. 

Once the register has been taken go through the answers in slideshow mode and conclude the task by asking learners whether there are any other keywords which we have learnt in the past few lessons which haven’t been included in the table.

Next display slide 3 and inform learners we are continuing our journey of exploring how the accelerometer function of the BBC micro:bit works by looking at how it can be used to detect tilts. Inform learners to start us off on this journey they are going to undertake some research.

Display slide 4 and give learners five minutes to research online what a tilt sensor is. Learners don’t need to write anything down for this task, but they should be ready to report their findings back to the class.

At the end of the five minutes have a class discussion as to what learners found out. Use the questions on slide 4 to help facilitate this discussion. 

Once the class discussion is complete show learners slide 5 to help them visualise how data is inputted, processed and outputted with a tilt counter using a BBC micro:bit. 
	Worksheet

· Worksheet 1

Slides

· 1-5


 

 


	5 mins
	Learning Stop 2 – Analyse how the code for a tilt sensor works

	Display slide 6 and inform learners for them to fully understand the data they have just been shown they now need to look at the code which has been used to gather that data, display slide 7 and have a class discussion regarding how the code works.
	Slides

· 6-7


	25 mins
	Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to create a tilt sensor

	Display slide 8 and inform the class to achieve learning stop 3 they are now going to be given the code they were just shown, however as they are now getting more experienced with how to use the micro:bit the level of challenge is now going to increase. Display slide 9 and discuss each of the listed challenges which learners need to try and complete in the remainder of the lesson. 

For the first challenge, learners need to be given worksheet 2 so they can copy the code needed to create the tilt sensor. As learners progress through this task and each of the other challenges they have been given regulate learning and identify lead learners who can help their peers if they require additional one-to-one support.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Slides

· 8-9

Worksheet

· Worksheet 2

	10 mins
	Big Question - How can we use the BBC micro:bit to create a tilt sensor?

	To conclude the lesson, get learners to firstly undertake a walking carousel, meaning they should go around the room and look at the work which each of their peers has produced. Once learners have been around the room ask learners what they saw in relation to the big question, also ask learners to give examples of any problems they faced and how they overcame them during the lesson.
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Slide

· 10
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Synopsis
This lesson starts to prepare learners for the final lesson of this delivery pack whereby they will be expected to produce some of their own code using the accelerometer function of the BBC micro:bit.

Big Question
How can we store data which is captured using the accelerometer function of the BBC micro:bit?

· Learning Stop 1 – Identify what data logging is
· Learning Stop 2 – Analyse how the code for data logging works
· Learning Stop 3 – Plan a piece of code which stores the data gathered using the accelerometer function of the BBC micro:bit

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	10 mins
	Learning Stop 1 – Identify what data logging is
	Before the register is taken remind learners the BBC micro:bit measures movement along three axes known as X, Y and Z, display slide two and ask learners whilst the register is being taken to try and identify which of the axes the arrows represent. This task can be completed by learners either talking together or by them completing worksheet 1 silently.

Once the register has been taken go through the answers in slideshow mode.

Next display slide 3 and inform learners of the big question and introduce learning stop 1 by asking learners what they think was the main weakness with the step counter, jump counter and tilt sensor they made in the previous lessons this pack contains. Briefly discuss each of the answers given and conclude the discussion by informing them one of the biggest limitations with these projects was data was only available whilst they were using the micro:bit. This can be problematic if we wanted to go back to the data and compare different experiments. We therefore need to consider how we can use data logging as a means of being able to store and access our data in future. Play the first two minutes of the video clip on slide 4 to help explain this point further. 

At the end of the video clip display slide 5 and ask learners to explain how the video has helped them to achieve learning stop 1.
	Worksheet

· Worksheet 1

Slides

· 1-5
 
Video

· Data Logging
 


	25 mins
	Learning Stop 2 – Analyse how the code for data logging works

	Next explain to learners for them to achieve learning stop 2 they need to analyse how the code for data logging works and to do this they firstly need to copy the code which worksheet 2 contains onto their BBC micro:bit. If learners complete this task ahead of their peers get them to annotate Worksheet 2 to explain what each part of the code does.

Next get learners to work through each of the instructions which slide 6 contains. Please note if you don’t wish for learners to put the micro:bit in their shoes, they can just hold it in their hands if you prefer.

When learners reach the last instruction, remind them to look at the data they’ve gathered by selecting the option “visual preview” which will then allow them to view the data as a graph. As an extension activity ask learners to try and identify where they took each of their steps and whether the steps they counted themselves match the number of steps the micro:bit has recorded.

At the end of the task display slide 7 and discuss with learners how they achieved learning stop 2 and whether they thought it was useful or not undertaking the task they were given. 
	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Worksheet

· Worksheet 2

Slides

· 6-7



	10 mins
	Learning Stop 3 – Plan a piece of code which stores the data gathered using the accelerometer function of the BBC micro:bit

	Inform the class to achieve learning stop 3 they now need to consider how they can create their own piece of code which captures data using the accelerometer function of the BBC micro:bit. To help learners do this, display slide 8 and inform them that next lesson they will either need to refine the code they created in the previous lessons or create a piece of completely new code. To give learners some ideas of the new code they could create display slide 9 and discuss each of the ideas which appears, each idea has been colour-coded in terms of difficulty. If time permits allow learners to check out the listed website address to gain some further ideas as to what they could create using the accelerometer function of the micro:bit.

Once learners have decided what they are going to create they need to complete worksheet 3 whereby they will be required to create an algorithm for the piece of code they intend to create. The algorithm can either be produced as a flowchart or as pseudocode.
	Slides

· 8-9

Worksheet

· Worksheet 3

Website

· BBC Make it: code it

	5 mins
	Big Question - How can we store data which is captured using the accelerometer function of the BBC micro:bit?
	To conclude the lesson, go around the room and get learners to explain what they are going to create next lesson. Use the questioning technique of bouncing to get learners to critique and give their opinions of each other’s ideas.
	Slide

· 10
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Synopsis
This is the final lesson of this resource pack and as such it gives learners the opportunity instead of just copying code to actually create their own code / refine previous code they’ve created using the accelerometer function of the BBC micro:bit. 

Big Question
How can I create a piece of code which makes use of the accelerometer function of the BBC micro:bit?

· Learning Stop 1 – Identify how accelerometers are used in the real world
· Learning Stop 2 – Produce a piece of code which make use of a range of programming constructs
· Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to gather, process and store data

Lesson Plan

	Estimated Timings
	Learning Stop
	Suggested Delivery Outline
	Resources

	5 mins
	Learning Stop 1 – Identify how accelerometers are used in the real world
	Whilst the register is being taken display slide two on the board and get learners to discuss in pairs what they think each of the images has in common with each other.

Once the register has been taken ask learners for their thoughts and then inform learners that what all the images have in common with each other is they all use accelerometers to measure acceleration (the change in velocity of an object over time).
	Slides

· 1-2
 



	10 mins
	Learning Stop 2 – Produce a piece of code which make use of a range of programming constructs

	Next display slide 3 and inform learners for learning stop 2 they are now going to create the piece of code they planned last lesson. 

Display slide 4 and remind learners of some of the different programming concepts they should look to include in the code they create.

Learners are to then try and implement the algorithm they designed last lesson. To do this, learners should work independently and during this time learning should be regulated to try and identify learners who can act as lead learners in the next part of the lesson.

After ten minutes has passed display slide 5 and display the work of different learners on the board and ask the class to identify the different programming constructs which the learner has used. Also ask the class to suggest how the piece of code being shown could be improved.
	Hardware

· BBC Micro:bit
· Battery charger
· USB cable

Slides

· 3-5



	25 mins
	Learning Stop 3 – Use the accelerometer function of the BBC micro:bit to gather, process and store data

	Learners are to then continue implementing their code, if learners struggle with the task at hand, allow them to work in pairs or small groups if necessary. 

As learning is regulated display slide 6 on the board and ask learners to explain how they are achieving learning stop 3.

	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Slide

· Slide 6

	10 mins
	How can I create a piece of code which makes use of the accelerometer function of the BBC micro:bit?
	To conclude the lesson, use hot seating to get learners to come up to the front of the room and showcase the work they have produced. Use further questioning techniques to assess their attainment of how they have answered the big question through the work they have created. 

	Hardware

· BBC micro:bit
· Battery charger
· USB cable

Slide

· 6
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