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Lesson 1 - Computers and programming
What is a computer?

Computers are part of almost everything we do in daily life, and you may not even
recognise it. Computers are hidden everywhere, including in our phones, microwave
ovens, TVs and even in our electric toothbrushes.

Computers are helpful because they receive information (an input), quickly process
that information, and then produce a desirable output. This is the simplest
explanation of what a computer does.

The information coming in, the computer doing something with the information and
then creating some result is called the input-process-output model.

Input |:> Process |:> Output

Invention Engine is an example of a computer. It interacts with the world using the
information it receives from its sensors (input bits). The code you write tells the
Invention Engine hub what to do with that information (process). The way Invention
Engine responds via its output bits is the output.

6 Fuel your vocabulary

An input is the information that is received by a computer.

A process is what the computer does with the information it
receives. A computer reads a program to get the instructions and
know what to do. When a computer is doing the processing, this
sometimes is called “running a program”.

An output is the result you get from the computer. What the
computer displays, or how the robot behaves.
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What is a computer program?

Computer programs are the instructions we give computers to complete tasks or
steps in a particular order. Computer programs are written in ‘computer code’ or
‘code’ for short.

To make it easier for humans to talk to computers, programmers have developed
hundreds of programming languages. This is possible because all the basic concepts
of programming or coding are similar.

Like human languages, each computer language has its own structure and style.
Examples of programming languages are Python, C+, Java, Swift and Scratch.

To make a computer program for Invention Engine, or any computer, we need to
write each program in a way that the computer can understand. To do this, we need
to think as if we were a computer. This kind of thinking is called computational
thinking.

Fuel your vocabulary

Code (computer code) are instructions that a computer understands.

A program (computer program) is a list of instructions that tell a
computer what to do.

Programming is the act of writing a computer program.

A programming language is a set of instructions or rules for
programming a computer. There are many different programming
languages.

Sequence is a program that goes in order, step-by-step.

Pseudocode is code written in plain language that describes the steps
and structure of a program. Pseudocode is for other humans to read,
not computers. Writing pseudocode helps you plan your program.

A microcontroller is a small (micro) computer inside a single chip.
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Programming with Invention Engine
To tell Invention Engine, the hub, and the bits, what to do and how to talk to each
other, you will write a computer program.

The programming language we will use to ‘program’ or ‘code’ Invention Engine is a
Scratch based language called Invention Engine Blocks. Scratch based languages use
coloured blocks of code to form programs.

Click Invention Engine Blocks to open the app and follow along in your browser.

Block categories Program blocks

Sav
®oata @ Comment

@ Motion @ Control @ Advanced
o o ® Senig ® Sripes Setup blocks
@® Sound @ Operators
connectport0*to LED v as RedLED
tumLED RedLED = on v
|
Programming area -
connectport6lo LEDw as b6 ‘Um LED Rad LED N7 Off b
i (O]
T
Q
Block pallet
Trash can '/
A Blocks not connected to the start or setup blocks will not be programmed into Invention Engine
\ Bug box

Your computer program, will tell
Invention Engine what to do and in what
order to do it.

Each block is one action you are telling
Invention Engine to take. Invention
Engine will do the actions in order.
Always starting with the top block and
moving down one by one.

Computers, including Invention Engine, off v
follow the instructions in a program
exactly as they are written, and in the
order, they are written.

A simple sequence program
follows the steps 1, 2, 3

This is the simplest form of
programming and is known as sequence.
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Input parameters
Input parameters are the numbers you can enter and the choices you can make using
the drop-down lists inside a block.

Each input parameter in a block gives Invention Engine a different piece of
information to be able to run that block. You can think of input parameters as the
answers to questions that the blocks have about what you are asking them to do.

For example:

Question: Do you want to turn the Red
LED on or off?

turn LED Red LED w»

Answer: on, please

There are three types of input parameters in the Invention Engine Blocks App:

Drop-down lists where Diamond shapes where you can place
you choose an option special blocks called operators

setLED -w% to Ievel@for (0[0[e milliseconds

Round shapes where you
can type in numbers

Pseudocode

Pseudocode describes a program in plain human

language. My pseudocode

Planning is a critical part of writing good 1 (Star't

computer programs. Programmers first write the Turn the Red LED on
pseudocode and then the computer code to help 2 C

them plan their programs. Wait for 1 second

For pseudocode to be helpful, it needs to follow 3( Turn the Red LED off
the same structure as code. That is, it needs to

be sequential and it needs to follow the top to

) Simple pseudocode follows the
bottom coding format.

steps 1, 2, 3
Pseudocode can be written with a pen and paper.
i
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The hub
The hub stores your programs and tells the bits what to do and when to do it. You

can see the circuit board and the microcontroller (tiny computer) through the
transparent underside. The top side of the Hub has eight ports to plug in the bits.

USB connector

Ports 0 to 7

Rivet holes for
attaching to
cardboard

The hub is a USB device that plugs directly into the USB port of your computer. Once
your hub is plugged in and connected you will be able to download Invention Engine
programs on the hub to control the bits.

The hub requires a power source to operate. It can be powered via the USB port on
your computer or by connecting it to the Battery bit.

The bits

Invention Engine has a wide range of bits that you can use to create your inventions.
Each bit has a specific job as an input or an output.

Bits used for sending information in to the hub are called an input bit.
Bits used for sending information out of the hub are called an output bit.
You can find information about any of the bits, in the datasheet for that bit.

All bits have the following parts:

Rivet holes

Connector
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Let's Code Activity: Light on, light off!
Lights can flash in different patterns to communicate different things. Think of the

flashing lights of an ambulance, they flash in a different pattern than a neon sign in a
store display.

When lights blink, they often follow a certain time pattern. i.e.: On for 1 second, off
for 2 seconds and repeat. With Invention Engine we can control that time pattern to
make cool blinking lights.

For this Let's code activity you will need your hub and of course the LED bit.

LED bit

The LED bit is an output bit that lights up. LED stands for
‘light emitting diode’.

There are three LED bits; red, orange, and green. Every
LED bit can be turned on or off. You can also set the
brightness level of an LED for a set amount of time.

The LED bit coding blocks is in the Lights category of the
blocks pallet. For more information and ideas on how to
code using the LED bit see the LED bit datasheet.

Plug in your bits

Plug your LED bit into port 0, you will notice that you can only insert the bit cable
connector into the hub one way. Look at the connector and the shape of the port and
then plug it in.

Before we get started coding, use the box below to write what you think the
pseudocode should be for a light that turns on for a 1 second and then turns off.

Now, on your computer open the Invention Engine Blocks app in the Chrome browser
at www.inventionengine.app.

@

v/ Invention Engine
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Setup blocks

Setup blocks are used to tell the hub which bits are plugged into which ports. This
allows the computer chip inside the hub to set up the ports to either be an input or
an output. The Setup blocks also tell the ports what kind of signal to expect to receive
if they are an input, and what kind of signal should be sent if they are an output.

How to program the setup blocks:

1. Click on the green Setup category

2. Dragthe top block that says ‘connect port 0 to LED as Bit 0’ and attach it
under the green Setup block

3. Click on the block’s drop-down arrow and select LED

4. The word ‘bit 0’ can be edited. Type the name for the bit as ‘Blinky’

Your Setup blocks should look like this:

Now our program and hub know exactly
what is plugged into which port. connectport 0to LED v as Blinky

Programming blocks
The programming blocks are what makes up our program. Each block tells the
computer inside the hub what to do and when to do it.

Programming blocks are placed under the ‘Start’
block in the programming area. This area is where
we write our program.

Click on the Light category turn LED Blinky » || on w

1. Drag the ‘turn LED on’ block and attach it
under the yellow Start block

2. Click on the block’s drop-down arrow and
select ‘Blinky’

As an experiment, see what happens when you don't select Blinky.

Do you notice the red error message in the bug box at the bottom of the screen?

A A code block does not have an assigned bit

The bug box is letting you know there is a problem with your program. Be sure to
check the bug box regularly for potential bugs in your program!

l106~
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Write your program
Translate the pseudocode you wrote (a light that turns on for a 1 second and then
turns off) into programming blocks (our hint is blurred out).

turn LED Blinky »

Download your program
To download your program from the Invention Engine Blocks app to the hub:

1. Plug the Invention Engine hub to the USB port on your computer
2. Click ‘Program’ in the top right corner of the Invention Engine Blocks app
3. Select ‘Invention Engine - Paired’ from the pop-up box and Click 'Connect’

Your program is now stored in the hub.

Test your program
What happened when you downloaded the program? What did the LED do?

To run your code again, either download it to the hub again or disconnect and
reconnect the hub from the computer.

If it didn't work as you expected, no worries! Change your code and try downloading it
again. This is called debugging.

l106~
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Tinker with your program

Your program only blinks the LED one time. Do you see any blocks in the control
category that would allow you to make the LED blink on and off? (Hint: The LED needs
to be on for a period of time, but also off for a period of time)

Go ahead experiment and add blocks to your program.

What blocks did you add? And what happened?

How can you make the LED blink slower or faster?

Saving and uploading your program
It is important to save your programs often, as the Invention Engine Blocks app DOES
NOT automatically save your program for you.

To save your program:

1. Click ‘Save’ at the top right of the app
2. Type the name you want to give your program
3. Click ‘'Save to computer’

To open a saved program:

1. Go to ‘Menu’, then click ‘Load from computer’
2. Click ‘Select file to upload’
3. Click on your program and click ‘Open’

It's always a good idea to save your program regularly, that way you won't lose all
your great work.

Note that the hub can only store one program at a time. Each time you download a
program, it writes over the previous program.

@

v/ Invention Engine

011

Invention Engine Lessons - Unit1 | Page 11


https://inventionengine.net/

Let's Code Activity: Add more lights

The code you've written earlier turns just one LED on then off. Let's add two more
LED lights and make them flash in a pattern.

In this activity you will use red, orange and green LED bits and have them flash in a
pattern you design.

Plan yvour code
What kind of pattern do you want your lights to flash in? Think about what order the
lights will flash in and for how long.

Write your pseudocode.

Bit map
Plug in the red, orange and green LED bits as shown in the bit map table below.
Port | Bits Descriptive name
0 LED bit (red) Red LED
1 LED bit (orange) Orange LED
2 LED bit (greer-1) Greer-1 LED
~ S
4
5
6
7

The table above is called a ‘bit map'. It maps which bits are connected to which ports
and reminds us of the name we have given them. When planning a program, use the
bit map to help you keep track of the bits you are using.

9.
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Setup Blocks

Set up your Setup blocks to match the bit map above and give each bit its name. It

should look like the green blocks below.

connectport0*to LED v as RedLED

connectport 1*to LED w as Orange LED

connectport2*to LED v as GreenLED

Programming blocks
Translate the pseudocode you wrote before into
programming blocks (our hint is blurred out).

Test your program
What happened when you downloaded the program?
Did the lights flash as you intended?

Is there anything you want to change in your code?

Play and tinker! Have fun with your code.

(_, Invention Engine

01

turn LED Red LED w» on v

turn LED Orange LED » off »

turn LED Green LED off »

wait a seconds
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Lesson 2 - Loops

Computers are great at repeating things! You can ask your computer to repeat
something over and over again and it never gets bored and it never complains.

When we want to program a computer to repeat a task, we can use a loop.

We are going to look at two types of loops, infinite loops, and definite loops.

Infinite loops (forever)
Infinite loops will repeat the code inside the loop block forever. The only way to get

the loop to stop is to turn off the power.
This is the infinite loop block, it is called ‘forever’.

Do you notice the white half circle arrow at the bottom of
the loop block? It's a reminder that the blocks inside will
repeat.

You cannot connect a block to the bottom of the forever
block. Can you think why?

What do you think Invention Engine will do if you run this program?

Start

forever

connectport 0*to LED w Blinky

turn LED Blinky =

wait n seconds

turn LED Blinky » off »

wait o seconds

Invention Englne Invention Engine Lessons - Unit1 | Page 14
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Definite loops (repeat)
Definite loops will repeat the code inside the loop for only a set number of times.
Once the definite loop has finished looping, the code below the definite loop will be

run.

This is the definite loop block, it is called ‘repeat’.

repeat @

The repeat block has an input parameter to set how many
times the loop should repeat. The default number of 10
can be edited.

What do you think Invention Engine will do if you run this program?

connectport0*to LED w» as

turn LED Blinky w on v

wait ° seconds

turn LED Blinky w» off w

wait a seconds

"%
oues™
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Let's Code Activity: A simple infinite loop

An infinite loop will loop forever. Let's see how this works.

Create the following program using the forever block.

Start
connect port 0*to LED w Blinky forever

turn LED Blinky =

wait ° seconds

turn LED Blinky

wait a seconds

Assemble an LED bit to port 0 and download the program and watch what happens.

Does the LED ever stop flashing on and off? Of course not! It's trapped in an infinite
loop of doom! (Or until power is removed)

If you added more blocks under the infinite loop, the program would still be trapped
in the infinite loop of doom and it would never get to the blocks below.

Forever loop pseudocode
Here is how we can write a loop in pseudocode.

Start

FOREVER
turn LED called Blinky on
wait 1 second
turn LED called Blinky of f
wait 1 second

Note that the word ‘FOREVER’ is in all upper case and the instructions that are being
looped are shifted to the right (indented). The uppercasing makes the pseudocode
easier to read, but the indenting represents how the code will flow. The indentation
of the pseudocode means that this code is ‘inside’ the forever loop.

¢
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Let's Code Activity: A simple definite loop

As we have learned, a definite loop will only loop for a set number of times. Let's see
how this works.

Create the following program using the repeat block.

connectport 0*to LED w as Blinky

turn LED Blinky on v

wait a seconds

turn LED Blinky = off »

wait ° seconds

Assemble an LED bit to port 0 and download the program and watch what happens.

How many times does the LED flash on then off?

Repeat loop pseudocode
Here is how we can write a definite loop (repeat block) in pseudocode.

Start

REPEAT 10 TIMES
turn LED called Blinky on
wait 1 second
turn LED called Blinky of f
wait 1 second

END REPEAT

Note that the lines ‘'REPEAT 10 TIMES’ and ‘END REPEAT’ are in all upper case and the
instructions that are being looped are shifted to the right (indented). The indentation
indicates that this code is inside the repeat loop.

{ﬂi
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Let's Invent Activity: Traffic lights
We used all three LED bits and made them flash in a sequence in a
previous activity. We can use the same concept to simulate a traffic light

by using a forever loop.

Task

In this activity you will code your three LEDs to simulate a traffic light.

Plan your program

When planning your program and writing the pseudocode, consider:

e The pattern or sequence the lights are going to operate in.
e Which light goes on first? Which other lights will be off?
e Which light goes on second? Which other lights will be off?
e Which light goes on third? Which other lights will be off?

How much time should each light wait while being on?

Pseudocode: >
Port | Bits Descriptive name

0

1

2

3

4

5

6

7

What happened? Did it work? If not, tinker with your code. Trial and error are the best

ways to learn how to code.

@

T
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Let's Invent Activity: School crossing lights

Sometimes we don’t want lights that control traffic to
continue forever. How about school crossing lights? They
only need to flash to warn drivers when there are children
crossing, not all day and all night.

O

/ay

We can use a definite loop to control how long or how
many times the lights flash before turning off.

Task

In this activity, code your red and orange LEDs to simulate

flashing school crossing lights. The lights should flash for 20 seconds and stop.

Plan your program

When planning your program and writing the pseudocode, consider:

e The pattern or sequence the lights are going to operate in.
e How much time should each light wait while being on?
e How many times should the loop repeat to be on for 20 seconds?

Pseudocode: L
Port | Bits Descriptive name
0
1
2
3
4
5
6
7

Tinker with your code! Challenge yourself.

9.
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Let's Code Activity: Nested Loops

A nested loop is when a loop is inside another loop. Like this:

This program has two definite
loops (repeat 3 times) inside
an infinite loop (forever).

Start

forever

repeat e

turn LED Red » on v

wait a seconds

turn LED Red =

wait a seconds

connectport0*to LED v as Red

connectport 1*to LED » as Green

repeat o

turn LED Green »

wait ” seconds

turn LED Green »

wait a seconds

The pseudocode

Start
FOREVER
REPEAT 3 TIMES
turn Red LED on
wait 1 second
turn Red LED off
wait 1 second
REPEAT 3 TIMES
turn Green LED on
wait 1 second
turn Red LED off
wait 1 second

Note the two levels of indented pseudocode. Each time we nest a loop we also indent
the pseudocode.

Copy the above program to the block app and download it to your hub. Tinker and
make changes and see what happens!

Invention Englne Invention Engine Lessons - Unit1 | Page 20
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Lesson 3 - Making sound

Computers are very good at making sound. Whether it's your TV playing a movie or
your smart phone playing songs, the sound and music you hear is being reproduced
by a computer.

Let’'s make some sound!

The Speaker bit

The Speaker bit is an output bit that can play a range of
sounds.

The Speaker bit can play:

e Musical notes - such as C# for a quarter beat
e Tones - such as 1000 Hz for 500mS
e Sound effects - such as awooga, beep or an alarm

You can find the programming blocks to control the
Speaker bit in the Sound category.

Notes, tempo and volume

Music is made when specific notes are played in time to a beat or tempo. Originally,
all music came from either a musical instrument or a singer’s voice.

We can now make music with computers, but the same basic rules of notes, tempo
and volume still apply.

Notes

Notes are bursts of sound at a particular pitch. In the Invention Engine Blocks app
there are notes from 4th Octave C to 6th Octave B.

Tempo

Tempo is the speed that music plays. The tempo of music can be set in the Invention
Engine Blocks app from 60 to 250 beats per minute (BMP). Also, the length that any
note plays for is set in reference to the tempo. With a sixteenth note lasting a quarter
of a beat, a quarter note lasting a whole beat and a whole note lasting four beats.

Volume
Volume or loudness of music can have an important effect on how the music sounds.
The volume of music in the Invention Engine Blocks app can be set from 1 to 10.

@

v/ Invention Engine

o1

Invention Engine Lessons - Unit1 | Page 21


https://inventionengine.net/

Let's Code Activity: The Speaker bit

Connect a Speaker bit to port 0 of your hub, then copy this program to the Invention
Engine Blocks app and download it to your hub.

forever

connect port 0* to speaker v as Alarm

playa 5thoctave A w eighth » note on speaker Alarm w

playa b5thoctave D w eighth » note on speaker Alarm w

The pseudocode

Start

FOREVER
play an A note on the speaker alarm
play a D note on the speaker alarm

What does it sound like? Tinker with the program by changing the notes and note
durations, also add more notes. Can you make a tune?

@ Be creative, experiment and fail

Part of being a great coder or programmer is being creative.

When coding, we are problem solving, and your code may be
different to someone else’'s code to solve exactly the same
problem.

Or even better your code doesn’t work at alll Don’t worry you
have 6,379 more opportunities to make it work. And what you
learn along the way will be awesome!

g
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Code comments

Programmers write notes in their code to describe what that part of the program is
designed to do. Comments are very helpful when debugging, especially if you ask
someone else to help. Here are a few more reasons why programmers comment their
code:

1. When a programmer goes home and comes back the next day, without
commented notes, they might look at their code and not remember what the
code was supposed to do

2. Like pseudocode, the act of writing out the intention of the code becomes part
of the planning process and can improve the quality of the program

3. If the programmer is working in a team and someone else needs to edit the
code, then that person can read the comments and have confidence that they
understand the program and can edit it

Comment blocks

The Invention Engine Blocks app has two types of comment blocks. One is for the
setup blocks and the other is for the programming blocks. Find these blocks in the
‘Comment’ category.

setup comment: Your Comment code comment: Your Comment

Setup comment blocks are Code comment blocks are used
used to describe the to describe a part of a program,
function of a bit. that isn't obvious from reading

the program bocks alone.

Well commented code looks like this.

setup comment: Blinky is a red LED for experimenting

code comment: Flash LED called Blinky 50 times

repeat @

turn LED Blinky » on ¥

connectport 0*to LED w as Blinky

wait a seconds

turn LED  Blinky » off »

wait a seconds

D
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The Battery bit

The Battery bit is used whenever an invention needs to
operate away from the power of a computer.

You can unplug your hub from the computer and plug it
in to the Battery bit instead. Your program will still run
because the hub stores the last program you
downloaded.

The Battery bit uses 4 x AA batteries, has an on/off switch
and a USB socket on a lead.

The Battery bit is mounted to cardboard using the holster. Before mounting the
battery bit to cardboard, consider how it can be positioned so that the power switch
is still accessible.

Other power options
The hub is a USB device, it can be powered from any USB power outlet. This includes
mains power USB adaptors and USB power banks.

USB extension cable
Invention Engine has a USB extension cable. This allows the hub to be mounted in
your invention while connected to your computer.
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Let's Invent Activity: Emergency alert system
Task

Your city requires an emergency alert system and they
have asked you to demonstrate a working prototype.

A prototype is an early working model of an invention
used to demonstrate that an idea actually works.

The city has determined that the emergency alert system
must have two lights and an alarm sound, flash the lights
three times, then sound an alarm. This must continue until
emergency services remove the power.

Plan your program
When you are planning your program for the emergency alert system, consider:

e The lights need to be on for a period of time and off for a period of time to
have a flashing effect

e The lights need to flash on then off three times

e The alarm sounds after the lights have flashed three times

e The alert system stays on repeating forever, until the power is removed

Pseudocode: >
Port | Bits Descriptive name

0

1

2

3

4

5

6

7

9.
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Debugging

Are your bits behaving the way you wanted them to? They probably don’t the first
time you download a new program and that's great! It means you get to have a go at
fixing your code. Making mistakes and fixing them is the best way to learn how to be
a great coder.

Mistakes in your program are called ‘bugs’. Finding and fixing the bugs in your
program is called ‘debugging’. Here are some debugging techniques to try.

()

N Debugging techniques

Review the sequence of instructions. Pretend you are the
computer, does the sequence make sense?

Decompose (break) your program down into sections and get
each section to run correctly before adding the next.

Find a friend and collaborate, describe what you want the code
to do and then review the program with your friend.

You can test your program at a smaller increment, even before
you completed the whole program.

Tinker by trying something out to discover how it works to make
improvements.

If your program isn’'t working as expected, then the first stop should always be to
check the Bug Box for messages. The Bug Box is located at the bottom of the
Invention Engine Blocks app.

G,

\) The Bug Box

The Bug Box lets you know if there are any potential problems with
your code. There are two types of errors:

Yellow warning messages are caution messages. These are a “Heads
up! This might not work the way you want it to”

Red warning messages are stop messages. These are a “Sorry! This
program won’t make sense to your hub”

Remember that the Bug Box only detects potential bugs in your code.
It will not know for example, if a bit is plugged into the wrong port.

g
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Lesson 4 - User inputs

As computer programmers, we can write a computer program that tells a computer
what to do. But what about the users of your invention? They need a simple way to
control your invention. The most common way of doing this is through buttons.

Think about all the buttons you use when controlling the computers in your life.
How do you control your...

TV?... buttons!
microwave oven?... buttons!
air-conditioner?... buttons!

In this lesson we are going to use the Button bit to give your programs a user input.

The Button bit

The Button bit is an input bit that allows users to control
your invention.

There are red, green and white button caps that can be
removed and replaced. The colour of the button can
communicate to the user what the button does. Such as:

green button = go or start

red button = stop

Conditional statements

When we have inputs into a computer, our program needs to determine what state
the input is in (e.g., button pressed or not pressed) and then take the appropriate
action. We program computers to do this using conditional statements.

Based on a conditional statement a computer can make a decision. Yes, that’s right!
The computer can make a decision!!

This is a big deal, because they allow computers to do much more than any other
invention in human history. Computers can respond to their surroundings, like no
other machine ever has. While this makes computers very helpful, some people are
concerned that one day computers will be smarter than humans and they will get rid
of us. So, please program with caution!

Programs that use conditional statements are call algorithms, as these programs no
longer follow a set sequence.

@
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The ‘wait-until’ conditional statement
The wait-until conditional statement is the simplest of the conditional statements. It
simply says wait here until a particular condition has been met.

In plain language a wait-until conditional statement can look like this:

Wait until the condition of the button is pressed, then continue the program

Here are some wait-until statements you may have heard:

Wait until (it stops raining), then (go outside)
Wait until (you have put sunscreen on), then (go in the pool)
Wait until (everyone has finished eating dinner), then (clear the table)

Wait-until flowchart Wait-until pseudocode

Start
wait until the button is pushed
Play a tune

Button
pushed?

Play a tune

Flowcharts

Hey, did you notice the picture above? It's a flowchart. Flowcharts are like
pseudocode, but more visual. In a flowchart you can actually see the flow of the
program from the direction the arrows are pointing.

Flowcharts are a useful tool when designing programs with conditional statements. A
conditional statement (or decision) is illustrated by a diamond shape.

Be sure to look closely at the flowcharts in upcoming lessons and activities.

The wait-until block

The wait-until block has a diamond shaped input parameter.
When a program runs the wait-until block it checks the

condition of the input. If the input is false, then the wait- .
until block checks the condition of the input again, this
continues until the result is true and the program moves to
the next block.

'@
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Let's Code Activity: Wait until a button press
Connect a Button bit to port 0 and an LED bit to port 1, then copy this program to the
Invention Engine Blocks app and download it to your hub.

The <button [-] pushed> diamond shaped block is in the Sensors block category.

Start

forever

connect port 0* to button v as The turn on button

connectport 1*to LED w as The light wait until . button The turn on button » pushed

turn LED The light = on w»

wait 0 seconds

turn LED The light = off »

The pseudocode

Start
FOREVER
wait until the turn on button is pushed
turn the light on
wait 1 second
turn the light of f

In the above program the wait-until block forms the conditional statement with the
button being pushed or not pushed as the condition being tested.

The wait-until block controls the flow of the program, so the program will not
continue to run past the wait-until block until the button is pushed.

Tinker with the program and try the <button [-] pressed and released> diamond
shaped block.

¢
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The ‘repeat-until’ conditional statement

The repeat-until conditional statement operates like a loop, but with a conditional
test that allows the program to break out of the loop. This type of conditional
statement is also known as an indefinite loop.

In plain language a repeat-until conditional statement can look like this:

Repeat this action until the condition of the button is pushed

Here are some repeat-until statements you may have heard:

Repeat (brushing your hair), until (there are no knots)
Repeat (cleaning your room), until (I can see the floor again)
Repeat (eating ice cream fast), until (brain freeze headache)

Repeat-until flowchart  Repeat-until pseudocode

Start
repeat until the button is pushed
turn the light on
wait 1 second
turn the light of f
wait 1 second

Flash LED

End

The repeat-until block
The repeat-until block has a diamond shaped input 4 .

parameter. When a program runs the repeat-until
block it checks the condition of the input. If the input is

false, then the blocks inside the repeat-until block are Q:
run. This repeats until the condition of the input is true

and then the block beneath is run. J J
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Let's Code Activity: Repeat until a button press
Connect a Button bit to port 0, an LED bit to port 1 and a Speaker bit to port 2 then
copy this program to the Invention Engine Blocks app and download it to your hub.

Start

forever

connect port 0* to  button » as Change

connect port 1*to LED w» as Blinky repeat until . button Change » pressed and released

turn LED Blinky w on v

wait @ milliseconds

connect port 2* to speaker v as Beeper

turn LED Blinky w» off »

wait @ milliseconds

repeat until button Change ¥ pressed and released

play beep w short effect on speaker Beeper »

The pseudocode

Start

FOREVER
repeat until the ‘change’ button is pressed and released

quickly flash the LED on and of f
repeat until the ‘change’ button is pressed and released
play beep sound

In the above program the repeat-until blocks form two separate conditional
statements with the button being pressed and released as the condition being tested.

The repeat-until block controls the flow of the program, alternating between flashing
the LED and beeping.

Tinker with the program and try the <button [-] pushed> diamond shaped blocks. Do
you notice any change in the way the program works? Can you think why?
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Let's Invent Activity: An interactive character

Characters bring us joy, they tell stories, inspire us,
entertain us and more. There are many ways in our world
that we bring characters to life with computer science.

Can you think of any doll that talks, lights up or moves?
For example, characters at amusement parks that do a
repetitive motion like sing, light up, blink, wave, spin, or
something else.

All these characters use computers to bring them to /ife.

Task

Design, build and program an interactive character out of cardboard and give it
features that bring it to life. Get creative and put on a show!

Here are some hints to get you thinking about your character:

e A Halloween monster with flashing eyes
e A flashing firefly or glow worm
e A teddy bear with a light up beating heart

You will be using carboard as the construction material for your project. See the
Guide to building with Invention Engine for how to use the stencil, punch tools and
rivets to attach your bits to your cardboard character.

The bits

For this invention you can use the:

e LED bits
e Speaker bit
e Button bit

e Battery bit

Design considerations
Think about the following design considerations:

e What features is it going to have?

e Where will the bits be located?

e Do you have the materials you need for the build?

e How will you beautify your build so that it looks awesome?

Planning
Use the Invention planning template to plan and modify your design.
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Invention planning template

Invention name:

Revision#:

Sketch:

Pseudocode:

Port | Bits

Descriptive name

NjojuilhiwiNng -
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Guide to building with Invention Engine

Follow these steps to mount the hub and bits to cardboard.

—— o

Select your cardboard
The stencil has a cardboard thickness gauge.
Suitable cardboard must fit inside this gauge.

Make a grid

The stencil has ‘feet’ that act as tiny hole
punches and are used to create a grid for
accurately placing your bits. Lay the stencil
on the cardboard and press down to form
your grid.

Punch the rivet holes

Use the outer punch tool to punch out the grid holes
from the step above to create holes for the rivets.

Make perforated cut outs

The stencil has different patterns of tiny holes.
Each pattern of holes has a number that aligns
with an associated bit (see the stencil bit guide
below).

Use the inner punch tool to poke holes through
the cardboard. Once all holes have been
punched, then the perforated shape can be
pushed out by hand.

Stencil bit guide

Bit # | Bit # | Bit #
Hub Digital display bit ® | Noise sensor bit ®
Battery bit © | Tilt sensor bit Magnet sensor bit ®
LED bit ® | Light sensor bit @ | Magnet bit ®
Speaker bit @ | Dial bit ® | Temp. sensor bit ®
Button bit @ | Servo bit IR transmitter bit ®
Proximity sensor @ | Motor bit IR receiver bit ®

P
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Attaching the bits

The rivets are made up of two separate parts. The base and the hat. The base must
be inserted first, and then the hat.

®

Hat '

— & =Y

Base

@ Don't forget

Remember to reuse Invention Engine. Take the rivets off the bits
and save them. Recycle any unused cardboard.

W
Safety when using Invention Engine
Use caution as the Inner punch tool has a point.

Protect the work surface when using the punch tools by putting a
piece of cardboard on the table or surface.

The cardboard should always be flat when using the punch tool.

Do not put your hand under the cardboard when using the punch
tool.
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Lesson 5 - Sensing the world

Sometimes it seems like magic, you walk up to a door, and it opens. You put your
hand under the faucet and the water comes out. You walk into a room and the lights
turn on. It's not magic... it’s computer science!

Just like our five senses (taste, touch, smell, sight, hearing) help us interact with the
world outside of our bodies, computer sensors help computers interact with the
world around them.

In this lesson we are going to use the Proximity sensor bit to give your inventions the
ability to sense the presence of nearby objects.

The Proximity sensor bit
The proximity sensor bit is an input bit that allows your
inventions to sense the world.

The Proximity sensor bit can detect objects at short range
(10 to 20 cm/4 to 8 inches). It uses infrared (IR) light that
is transmitted from the IR LED, then the IR detector looks
to see if that IR light is reflected back. If it is, then an
object has been detected.

O

IR light goung towards bana__> {

\R \\ght k;-o-\-u:\-cmg of\c panana

/
y
Object (banana) detected
"
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The ‘if-then’ conditional statement

The if-then conditional statement is the conditional statement to rule them all!!
In plain language an if-then conditional statement can look like this:

If (an object is detected) then (turn on the light)

Here are some if-then statements you may have heard:

If (it is raining), then (put on your rain coat)
If (it is sunny), then (put on your hat)
If (you eat your greens), then (you can have dessert)

If-then flowchart If-then pseudocode
Start
FOREVER
if object is detected then
turn the light on
wait 1 second
turn LED of f
Turn LED on
|

Turn LED off

The if-then block

The if-then block has a diamond shaped input
parameter. The if-then block checks the condition of
the input parameter.

If the resultis true then the blocks inside the if-then
block run.

If the result is false the blocks below the if-then
block run.
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Let’'s Code Activity: The Proximity sensor bit
Connect the Proximity sensor bit to port 0 and an LED bit to port 1, then copy this
program to the Invention Engine Blocks app and download it to your hub.

The <object detected within [short] range by proximity sensor [-]> diamond
shaped block is in the Sensors block category.

Start
connect port 0* to  proximity sensor v as Object forever
connectport 1*to LED » as Alert Light if object detected within  short » range by proximity sensor Object »

turn LED  Alert Light »

wait o seconds

turn LED  Alert Light » off »

The program in pseudocode

Start
FOREVER
If anobject is detected then
turn the light on <«— Program jumps to here if true
wait 1 second
turn the ligh'l' off <— Program jumps to here if false

Wave your hand in front of the Proximity sensor bit and observe the LED bit’s
response.

In this program the if-then block forms the conditional statement. Whether an object
has or has not been detected is the condition being tested.

The if-then block controls the flow of the program by running either the code inside
the if-then block or running the code below the if-then block.

Tinker with the program, try swapping the LED bit for the speaker bit and program
the speaker to beep when an object is detected.

¢
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The ‘If-then-else’ conditional statement

The If-then-else conditional statement has a useful improvement over the if-then
conditional statement. The if-then-else statement tests whether something is true,
but has both an action for if it is true and an action for if it is false. For example:

In plain language an if-then-else conditional statement can look like this:

If (an object is detected) then (turn on the light) else (turn off the light)

Here are some if-then-else statements you may have heard:

If (it is raining) then (put on your rainboots) else (put on your sneakers)
If (you're happy) then (clap your hands) else (stomp your feet)
If (you eat your greens) then (you can have dessert) else (go to bed)

If-then-else flowchart If-then-else pseudocode
Start
FOREVER
if object is detected then
FALSE Object TRUE turn the light on
detected?
else
turn the light of f
Turn LED off Turn LED on
The if-then-else block (N )
The if-then-else block has a diamond shaped input .
parameter. The if-then-else block checks the condition )

of the input parameter.

If the result is true then the blocks inside the top (then)

section run. Q://
If the result is false the blocks inside the bottom (else) )
4

section run.

T
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Let’'s Code Activity: ‘If-then’ verses ‘If-then-else’

The if-then and if-then-else conditional statements are very similar, so you might be
asking yourself, what’s the big deal!? In this Let's Code Activity you will (literally) see
the difference!

To understand the difference between these two seemingly similar conditional
statements you are going to compare the different outcomes between the following
two programs.

Look at the two programs below. Can you predict what the differences might be?

If-then

Copy and download this program and observe the results. Look closely at the LED.

Start
connect port 0* to  proximity sensor v as Object forever

connect port 1*to LED w Alert light

if object detected within  short » range by proximity sensor Object » then

turn LED  Alert light = on v

turn LED  Alert light » off »

If-then-else
Copy and download this program and observe the results. Look closely at the LED.

Start

connect port 0*to  proximity sensor v as Object forever

connectport 1*to LED » as Alert Light

if object detected within  short »  range by proximity sensor Object » then

turn LED  Alert Light » on v

else

turn LED Alert Light » off »

What did you observe?

Was there a difference in how the LED behaved in the two programs?
There should have been! And you might be scratching your head as to why.

The differences between the if-then and if-then-else blocks seem minor, but they
can have a major impact on how your code works.
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So why the difference?
The difference between the two programs is illustrated below.

This is the if-then-else program flow when an obstacle is detected:

Start

forever

object detected within short ¥ range by proximity sensor Object =

turn LED Alert Light = on v
else

turn LED Alert Light = off »

This is the if-then program flow when an obstacle is detected:

Start
forever
object detected within  short » range by proximity sensor Object » then

turn LED Alert light » on v

turn LED Alert light = off »

When you observed the LED for the if-then-else program, the LED came on and
worked well. However, when you observed the LED for the if-then program the LED
glowed very dimly and was barely on. Why you ask?

It's because the if-then program turns the LED on, but immediately turns it off again,
so you barely see it. Whereas the if-then-else program jumps over the ‘turn LED Alert
light off’ block, so the LED stays on.

What this means for you as a programmer is that you need to choose your
conditional statements carefully!

If a program isn't working the way you planned, ask yourself ‘am | using the right
conditional statement for the right job’.

As always, tinker, it takes only seconds to edit your program and test it. Let failure be
your path to success!
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Let's Invent Activity: Cookie jar alarm
When you have a stash of cookies, you want to keep them

safe. One way to do it is with an alarm system. &
Computers are good at watching out for anyone trying to

get their hands on your loot (or cookies). If they detect Y/
some suspicious activity, they can raise the alarm and you

can be there in a flash to ward off any potential (cookie)
thieves.

Task

Design, build and program an alarm system to protect your cookie jar. Be creative

and make it awesome.
Here are some hints to help make your design great:

e Have ared LED flash on and off to warn would be cookie thieves
e Have a siren sound and LEDs flash in time
e Have a secret button that turns the siren off

You will be using carboard as the construction material for your project. See the
Guide to building with Invention Engine for how to use the stencil, punch tools and

rivets to attach your bits to your cardboard cookie jar alarm.

The bits

For this invention you can use the:

e LED bits
e Speaker bit
e Button bit

¢ Proximity sensor bit
e Battery bit

Design considerations
Think about the following design considerations:

e What features is it going to have?

e Where will the bits be located?

e Do you have the materials you need for the build?

e How will you beautify your build so that it looks awesome?

Planning
Use the Invention planning template to plan and modify your design.
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Invention planning template

Invention name:

Revision#:

Sketch:

Pseudocode:

Port | Bits

Descriptive name

NjojuilhiwiNng -
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Lesson 6 - Using data

Computers love data! They can obtain it, they can store it, they can manipulate it and
they can display it.

In computer science data is any information that a computer can receive store and
output.

In this lesson we will be learning how your inventions can obtain, store, manipulate
and display data.

First, let's get to know the Digital display bit.

The Digital display bit

The Digital display is an output bit that uses LED light
segments to form a row of five numbers. The LED
segments are turned on or off to form the shape of a
number.

The illustration of the display below shows the number
12345’ If you look closely at the number ‘1", you can see
most of the seven LED segments are off and the ones that
are on (two) form the shape of the number “1".

This method allows all numbers from 0 to 9 to be displayed.
What about letters? Great question!

Letters can also be displayed, but not all the letters and not always in upper and
lower case. The shape of letters like W, Z and V cannot be formed.

Here are some examples of words that the Digital display bit can display.
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Let's Code Activity: Display words and effects
Connect the Button bit to port 0 and the Digital display bit to port 1, then copy this
program to the Invention Engine Blocks app and download it to your hub.

The Digital display bit programming blocks can be found in the ‘Light’ block category.

Start

forever

connect port 0*to button v as Button

connect port 1*to  digital display ¥ as Display wait until button Button v pushed

display spin » effect on digital display Display

display the word hello » on digital display Display =

wait a seconds

clear digital display Display

The pseudocode

Start
FOREVER
Wait until the button is pressed
display the spin effect
display the word ‘hello’
wait 1 second
clear the display

Press the button and watch the display.

Tinker with the program, try selecting the different effects and words that can be
displayed.

Remember that displaying words on an invention’s display will help people
understand and use your inventions.

¢
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Variables
Computers are great at collecting and storing data. But where do they store it?

In their variables!

As the name suggests, the data in a variable can vary. This means that data can be
put in, taken out and adjusted.

The variables used in the Invention Engine hub hold a single number value that can
range from -30,000 up to +30,000. This means that your program can store and
manipulate a piece of useful data.

What kind of useful data you ask? Great question!

One type of useful data is how many times something has happened. This is called a
counter and variables rock at counting!

Setting up a variable
Variables are managed in the data block category of the Invention Engine Blocks app.

To create a variable for your program:

1. Open the data block category
2. Click ‘make a variable’
3. In the pop-up box type: number_of_students then click ‘Exit’

Congratulations, you have created your first variable! And it looks like this.

number_of students

You will notice that there is also a range of new blocks that have appeared in the
block pallet along with your shiny new variable.

Variable names cannot include spaces, so we use underscores to separate words.

Notice how the shape of your variable is rounded at the ends, well that’'s no mistake.
Anywhere that you see a rounded input parameter, a variable can be dropped into it.
The increment block is no exception.

increment number_of students

Increment means to increase by 1, so the increment block will increase the value in
the variable by 1. For example, a variable containing the value 100 will become 101.

(_, Invention Engine
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Let's Code Activity: Student counter
Connect the Button bit to port 0 and the Digital display bit to port 1, then copy this
program to the Invention Engine Blocks app and download it to your hub.

code comment: Clear any data in 'number_of_students' variable

connect port 0*to  button v as Count up

set number_of students to o

connect port 1* to  digital display » as Display

forever

display | number_of students on digital display Display =

wait until . button Countup » pressed and released

increment number_of students

The pseudocode

Start

set variable ‘number_of_students' to O

FOREVER
display the variable 'number_of_students’ on the display
wait until the button is pressed and released
increment variable 'number_of_students’

Press the ‘Count up’ button and watch the display. With each press the counter
increases by one and the result is displayed on the Digital display bit.

Notice how we used the comment block in this program. That's because we are doing
something that isn’t explained well from the blocks alone. For instance, the digital
display block clearly states what is intended:

display ‘number_of _students’ on digital display ‘Display’
Whereas...
set ‘number_of _students’ to 0’

...Is less clear about what the intent is or why it is being done, so the comment is
helpful to anyone else reading the program.

Tinker with the program, try the <button [-] pushed> block inside the wait-until block
and observe what effect this has on the way the program runs.
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Let's Invent Activity - An arcade game

Everyone loves a trip to the arcade. There are lights, noise,
action, and lots of fun!

We think the best arcade games are the ones that involve
some form of skill, where you can test your abilities
against your friends. Especially, the ones that are real
world challenges, like getting a ball in a hoop or hole.

In this activity you will invent your own arcade game for
you and your friends to play.

Task

Design, build and program an arcade game. The game must be challenging, it must be
colourful and it must be fun!

The game should use the coding structures you have learned including, loops,
conditionals, and variables.

Think of the games you know and enjoy, use inspiration from games you have played
including, board games, computer games and apps. Think how you can bring those to
life using the bits you have.

The bits

Some hints for what the bits can do:

e The Button bit can activate the game

e The Digital display bit can display the score

e The Proximity sensor bit can detect an action

e The LED bits can flash to create excitement

e The Speaker bit can play a sound when a point is scored

Design considerations

This is a complex project. Break it down into smaller parts and think about how each
bit will work and how it will interact with the other bits and the program. Think about
the following design considerations:

e What features is it going to have?

e Where will the bits be located?

e Do you have the materials you need for the build?

e How will you beautify your build so that it looks awesome?

Planning
Use the Invention planning template to plan and modify your design.

T
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Invention planning template

Invention name:

Revision#:

Sketch:

Pseudocode:

Port | Bits

Descriptive name
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