


Drawing a Sky Full of Stars with Pencil Code
UoN Coding & STEM 4 Schools – An Introduction to Coding and Computational Thinking
Introduction
This document has all of the steps for the Drawing a Sky Full of Stars with Pencil Code activity. You can use this document as a guide when following along with the demonstration or you can also work through this document at your own pace during the session.

In this activity, you will draw a night sky with Pencil Code, which will look similar to the image shown below:
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To create this picture, you will combine Mathematics and Coding, as well as apply the following Computational Concepts:

· Sequences: instructions that a computer follows in order
· Loops: making a computer follow commands multiple times
· Operators: operations on numbers (such as addition and subtraction) and variables
Acknowledgements
This activity is an adaptation of an activity from UCL ScratchMaths. ScratchMaths is a resource for teaching Coding in Scratch alongside Mathematics at the Primary School level. This activity is an adaptation of the activity titled: A Sky Full of Stars, which is from the Beetle Geometry module of ScratchMaths. You can find out more about the ScratchMaths resources from their website.
Getting Started
The Pencil Code website is pencilcode.net. There is also a link to the website on the From Blocks to Text session page of the workshop website. You should be able to use any web browser to access and use Pencil Code, but we recommend that you use Mozilla Firefox or Google Chrome for this activity. 

You do not have to register an account to use Pencil Code, but it may be useful to register if you would like to save the projects today and access them from home later.

To register an account from the Pencil Code website, you need to click the Pencil icon on the bottom right corner. This button will make a form appear with a space for your username and password. You can keep the Filename as “first” or change it so something else (for example, “A Sky Full of Stars”) instead.  
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You can choose any username and password for your Pencil Code account, but you will have to take note of your username and password as you do not use an email address to sign up. If you forget your username and/or password, there is not a “forgot your password” option, like similar websites.
Blocks and Text Views
Pencil Code allows you to switch between two views: Blocks and Text. You can switch between these two views by clicking the button that is highlighted by the green rectangle in the image below.
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You can switch between the views as often as you would like. In this activity, the screenshots that we have included show the Blocks view of Pencil Code. However, if you would like to, you can use the Text view or switch between the two views when completing this activity. In a couple of the steps, we recommend that you switch to the Text view, because you can copy and paste commands in the Text view, whereas you cannot copy and paste commands in the Blocks view. Additionally, unlike the Text view, the Blocks view shows you all of the different categories of commands (for example, Move, Art and Text), so you do not have to remember all of the commands.
Drawing a Dot
We will start the activity by learning about one of the commands that our Turtle knows how to follow, which is called: dot.

When we use the dot command, the Turtle will draw a circle. This dot command also includes instructions for the colour and diameter the dot should be.

For example, in the images below you can what happens when using the dot command with different numbers for the diameter.
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Try using the dot command and changing the diameter of the dots that are drawn. 

You can also change the colour by clicking the arrow and choosing another colour from the drop-down list. For example, in the image below the Turtle draws an orange circle, instead of a green one.
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The space that the Turtle is on is referred to as a Canvas. You could think of it like a Canvas that is being drawn on with paint. This means that when the Turtle draws different shapes and lines where there are already shapes and lines on the Canvas, the Turtle will draw over the top of them.
[bookmark: _GoBack]
For example, look at the image below, which shows the result of putting two dots into one sequence. The orange dot is drawn first, so it appears behind the green dot, which is drawn second. 
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Note that the order of this sequence of instructions is important. Consider would happen if you swapped the order of the two dot blocks around. If you try swapping the order of the blocks in the image above, you might notice that the green dot is still drawn on the Canvas, but that it is covered by the larger orange dot.
Change the Background Colour
There are a few different ways to change the colour of the entire Canvas in Pencil Code. In this activity, we will use the box command. 

Unlike the dot command, the box command will draw a square (rather than a circle). To cover the entire Canvas, we will use a large number (1000).

Change your blocks so that they look like those shown in the image below, by adding the box command.
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Note that, like the dot command, we can tell the Turtle to draw a box of a particular colour (black in the image above), and of a particular size.


Additionally, like the previous example with the two dots being drawn, it is important to sequence the instructions correctly. If the box block in the above image followed the two dot commands, we would only be able to see the black box.
Different Background Colours
If you click the arrow next to color on the dot and box commands, you may notice that there is only a list of 7 colours that you can choose from. However, Pencil Code actually supports 140 different colours.

You can see all of the available colours by clicking the colors reference button. This button is at the bottom of the Pencil Code page and is highlighted by the green rectangle in the image below.
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Clicking this button will make a window appear, which will show a table of the names of the different colours. By clicking on one of the colours, the background of the window will also change to that colour, so that you can see it more clearly.

To change the colour of your background (or the dots that the Turtle draws) to one of the colours that is not in the list, you can type the name of that colour into the box. 

For example, in the image below, the sequence of instructions from the last step has been changed to be drawn with different colours.

[image: ]

Before moving on, choose two colours from the color reference window and make the Turtle draw a similar picture to the one shown in the above image.

Moving the Turtle
We have drawn some different shapes with the Turtle, but we have not made it move around the Canvas yet. There are a few different ways to move the Turtle around the Canvas. We will focus on 4 of these commands in this activity:

· fd: the Turtle moves forward a number of steps 
· bk: the Turtle moves backwards a number of steps 
· lt: the Turtle turns by a number of degrees to the left 
· rt: the Turtle turns by number of degrees to the right

We will start by moving the Turtle forwards and backwards.
Drawing a Snow Kid in Sequence
The commands in the image below will change the background colour, move the Turtle backwards and then make it draw a white dot.

[image: ]

What commands could you add to draw more dots in a line?
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Try and add to the sequence of commands above, so that the Turtle draws a “snow kid”, like in the image above.  Note that you will have to move the Turtle forwards and have to draw circles that are different sizes to the one that has been drawn already.
Loops in Pencil Code
In the sessions of the first day of the workshop you learned about Loops, which are a concept that allows you to make a computer repeat something over and over (or even forever).

Pencil Code also has Loops, but the blocks that are used for creating Loops are a bit different to the blocks in Scratch. In this activity, we will use Pencil Code’s for block (from the Control section), which will make the Turtle repeat commands a certain amount of times. An image of a for block is shown below:
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The [1..3] is a range, which means the commands inside the loop will be repeated for the range 1 to 3. This means that the commands will repeat 3 times.
In the next steps, you will use the for block to repeat the commands for moving and drawing dots on the Canvas, which you learned about in the previous steps.
Drawing a Line of Dots
You can combine the for block with the other blocks that you have learned about in this activity to draw a line of dots. For example, you should change the blocks that you currently have so that Turtle draws three green dots in a line, as shown in the image below.

[image: ]

Note that, as the for block has [1..3] as the range. Therefore, the commands inside that for block (dot and fd) will repeat 3 times.
Speeding the Turtle Up
You may find that the Turtle can take a while to draw the dots. If you were to make the Turtle draw more dots, then it could take even longer.
You can change the speed that the Turtle moves at to any number you would you like. If you do not tell the Turtle how fast is should go, then it will follow 10 moves per second. To change the speed of the turtle, you use the speed block (which is in the Move section of Blocks view). 
By changing the number in the speed block, you will change the speed it follows the commands. The larger the number in the speed block, the faster the Turtle will follow the commands. Instead of a number, you can also put Infinity, which will cause the Turtle to draw the dots and lines instantly.
Change your blocks so that they look like the image below, by adding a speed block to the top of the blocks, changing the range of the for block to 10, and the diameter in the dot block to 25.
[image: ]

Note that after running the blocks in the image above, there will now be 10 dots drawn in the line and that they will also be smaller in diameter. Also, the speed block is at the top of the blocks, so that all of the commands that follow it will be done faster than usual.






Operators in Pencil Code
In the next steps, you will learn about a new Computational Concept: Operators. In Pencil Code there is a section of blocks called Operators, which can be used for a variety of different purposes. 

Examples of different Operators blocks include the numerical operations that can be performed on two or more numbers, such as: addition, subtraction, multiplication and division.

In this activity, we will focus on the random block (from the Operators section), which will we use to randomise the colour, size and position of the dots we command the Turtle to draw on the Canvas.
Randomly Sized Dots
Now, you will change the blocks that caused the Turtle to draw the line of dots. Instead of drawing dots of the same size, you will make the Turtle draw dots of different sizes.

You can use the random block to make the dot draw different sizes. To use this in the dot block, drag the random block into the spot where you have the diameter, as illustrated in the image below.
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The random block will choose a number that is less than the number in the box.  For example, in the image above the number given to the random block is 6. Consequently, the random number be either 1, 2, 3, 4 or 5.

After dragging the random block into the dot block, run the program and you will notice that the Turtle draws different sized dots. However, the dots that are drawn are quite small.


Notice that if you change the number in the random block, the range of sizes will be different. Try changing the number from 6 to larger and smaller numbers and see what happens. You may notice that, as you increase the number given to the random block, the sizes of the dots become more varied (as there is a wider range of numbers to be randomly chosen from).

In the image below, you can see blocks that will tell the Turtle to draw a line of dots, which will each have a diameter that is between 1 and 25 in length.

[image: ]

Randomly Coloured Dots
You can also make the random block choose a random colour as well. To do this, drag a random block into the first spot of the dot block, as pictured below. Click the down arrow, as circled in orange in the image below and select color.

[image: ]

This means that, each time the Turtle follows the dot command, the dot will be coloured a random colour (from the 140 colours that you learned about earlier in the activity). Now, when you run the program, the resulting image will look something like the image below.

[image: ]
Moving the Turtle Around the Canvas
Earlier in the activity, you learned about the fd and bk blocks, which you can use to move the Turtle forwards and backwards.  You can use another block, the moveto block, to make the Turtle move to specific spot on the Canvas. When you use the moveto block, you choose the x and y co-ordinates that the Turtle should move to.

For example, in the image below, a moveto block (from the Move section) has been added to the blocks, which makes the Turtle move to a spot that is to the left and downwards, before drawing the line of multi-coloured dots.

[image: ]
Drawing Three Lines
In the image below, there is a drawing with three lines of different coloured dots.

[image: ]

How could you add to the blocks you had in the last step, in order to draw three lines in a similar way to the image above?

Note that you cannot copy and paste the commands when in the Blocks view. You may have to switch to the Text view, if you would like copy and paste some of the commands (for example, the commands that draw the line of dots or to the moveto blocks).
Drawing a Starry Night
Now, you will use the concepts and blocks that you have learned about in this activity to command the Turtle to draw a sky full of stars.

In the image below, there are some blocks that will cause the Turtle to draw the background and move the Turtle around the Canvas. However, there is a command missing (where the ???? block is), which would cause the Turtle to draw the stars (white dots). What instruction could you add to make the Turtle to draw the differently sized stars?

[image: ]

Once you have added the block and run the program again, you should see your Turtle draw a scene like the one on the previous page (the sky full of stars).

Good work! You have completed the Drawing a Sky Full of Stars with Pencil Code activity. If you have completed this activity before the end of the session, you may want to start on the Creating Dot Paintings with Pencil Code activity, which is also available on the From Blocks to Text session page of the workshop website.
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