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Digital Coding (Technologies) – Visual Programming with Sphero Levels 5 & 6
Slide 1 & 2: Introduction
This activity builds upon the spinning top activity on the http://edu.sphero.com website in which two gyroscope values are used to create a spinning top. This video demonstrates how to use the problem-solving methodology and visual programming to create a digital solution.
Slide 3: Student Design Brief

The task that we will be looking at today is for students to turn a Sphero robotic ball into a child’s toy that lights up different colours depending on the three values of the gyroscope sensor.
Slide 4: Levels 5 and 6 Content Descriptions 

So where does this fit in the curriculum?
At levels 5 and 6 in the Creating Digital Technologies strand students are expected to define problems, develop algorithms and use visual programming.
Our problem will require students to create different output decisions (often called branching or ‘if … then’ statements) by making use of sensor data, and iterating (or repeating) through a range of outputs (which are lights in this case) based on the sensor values. 
Slide 5: Problem solving methodology 

To develop a solution to this Toy Ball design brief, we will use the problem-solving methodology set out in the Digital Technologies curriculum strand called Creating Digital Solutions, where we analyse a problem, design our interface and our algorithms, develop these algorithms and designs into coded solutions and evaluate the effectiveness of our solution.
Slide 6: Gyroscope Axes 

A part of our learning we will need to explain to students what a gyroscope is and how it works. A typical gyroscope has three axes – called YAW, Pitch and Roll. When explaining this concept to students it’s a good opportunity to get them to make a physical connection.
So if we assume that there is a gyroscope inside your head, the Roll axis is when you tilt your head side to side like trying to put your ear on one of your shoulders. 
The pitch is like nodding your head, placing your chin on your chest and then looking up behind is a good representation of the pitch. You can also liken in it to the nose of a plane, pointing down or pointing upwards. 
Lastly, the YAW is like a pole through the centre of your head going through your body, and all you can do is rotate or pivot your whole body to change direction.
There are many useful Youtube videos that can explain this concept well, but it’s important that we transfer this into some hands-on learning using the live data made available through the Sphero app.
Example

If you start a program and slide up, and then swipe left, you will have access to live data of what’s happening with the gyroscope sensor. You can look at the individual values for the YAW, Pitch and Roll and see these values as you rotate and move your Sphero. Just remember to make sure you have stabilisation off.
Slide 7: Analysing and designing solutions

When we first present our toy ball problem, it’s useful that we access prior knowledge. Ask students to ‘think, pair, share’ or brainstorm what toys they have with lights and how they are activated or triggered.
Next, we might ask students to use the live gyroscope data to record the values that will inform the decisions that will light up Sphero’s main LED in different colours. These ‘if statements’ will form the basis of our algorithm for our designed solution.
Programming example

OK I'm going to take the values that we've got from a gyroscope and the algorithm that we've developed and turn it into a coded digital solution. I'm going to open up the Sphero Edu app. We are on the home screen so along the bottom I'm going to choose programs and I'm going to choose ‘plus’ to create a new one and I'm going to call this toy ball. The program type is ‘block’ because we using visual block based programming. So I’m going to create that and I will be presented with a brand new canvas to start programming on. 

You’ll notice the blocks are down the bottom and the categories if you choose those … light, sounds, control, operators will give you the different code blocks that you will need. So if I go over to movements, there is one thing I need to do before I start making and creating this solution, and that is to turn ‘stabilization off’. If stabilisation is on, Sphero will try and keep itself up right. So for this particular activity we don't want Sphero to do that, so we turn stabilisation off. 

Now we are using some sensors for our solution, we are using the gyroscope, so if I go across to the sensors you'll see accelerometer, orientation, etcetera. What we’re after is the gyroscope and from the drop down, you can see we’ve got our three values of pitch, roll and yaw. I’m going to start off coding the ‘yaw’ for a start and the gyroscope is going to be the input - the sensor, and the output is going to be the lights. So I’m going to go across to lights and I’m going to choose the main LED (light emitting diode) and we're going to make the first one red. So what I have to do now is use some logic based on the values of the gyroscope so we use a control structure. We go across to controls and we are going to use an ‘If ... then’ statement. So if the gyroscope is a certain value then we want it to respond in a certain way and you can't just pop these into our ‘If’ statement at the moment, we've got to do some maths to make a comparison. So if I go down the bottom to ‘comparators’ I’m going to use this one here and it's not totally obvious at the start, but if you use the drop down menu are you can see we've got a ‘greater than’, ‘less than’, ‘greater than equal to’ etcetera.  

So I’m going to use ‘less than’, and I'm going to put the gyroscope on one side, so that if the  ‘yaw’ of the gyroscope is less than negative 10, what we wanted to do is - to turn on the red light! So if we have a look at this, we’re saying, if the yaw of the gyroscope is less than minus 10 then turn on the red light. We could build up a number of these ‘if statements’, but a quicker way to do is to (because we’ve got our logic right) we could hold on the code block, the ‘If statement’, and we can actually duplicate that code block. So this time if the ‘yaw’ of the gyroscope is greater than 10, I want to turn on a green light. I'll take it over there and make that green. And what we can do now is, once again, we can duplicate our code block and this time we can choose a different value, so we might be looking at the roll, so if the roll of our  gyroscope is less then minus 10, we want it to be blue I think, according to our earlier values and algorithm, and once again we can keep duplicating it until we get all of the values. So there’ll be six values, two for the yaw, two for the roll and also two for the pitch.

Now if we were to run this program, you’ll probably get it to flash once and you might turn on one light but the issue with our logic here is that we're only checking for these values once at the start of the program. So we need to explain to students, we want to keep checking those sensors and dynamically adjust the lights according to the sensors. One of the ways we can do this, or the main way we do this, is by using a loop, now we want to keep checking forever and ever these values of the gyroscope. So we grab a loop forever and we put it at the top and I've managed to loop it around all of my if statements. So it’s going to check those six values and it's going to loop back and do that in a continuous fashion and hopefully, our Sphero robotic ball will behave like a toy ball when we roll it different directions or if we spin it. It will light up the different lights of red, green, blue, orange, pink and light blue. Hopefully, this gives you some ideas about how you might create a toy ball. You could perhaps include some other behaviours, you can may be start a motor, get it to spin based on different values of the gyroscope. 
Slide 8: Evaluating the solution

The next step in our problem-solving methodology would be for students to evaluate their solutions and give feedback to each other. From the evaluation students can continue to develop and refine their digital solution even further.
Slide 9 – 12: Creating Digital Solutions Content Descriptors

Looking at the content descriptions set out in the Creating Digital Solutions strand at levels 5 and 6, we can see that by using the problem-solving methodology we have addressed a number of content descriptions. By following this process students have defined the problem, developed an algorithm and used visual a programming to create a digital solution and evaluated their solution.
So if we also look at the achievement standards for levels 5 & 6. This activity has provided the opportunity for students to demonstrate how they can create a digital solution by identifying the relevant parts of a problem, designing their algorithms which include decision making though branching use ‘if ..then’ statements and iteration, using (repetition and looping), and then developing their algorithms into a programmed solution using a visual programming language and evaluating the effectiveness of the final product. 
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