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Note the music 
Year levels: 3–4, 5–6
Please refer to the online lesson plan on the DT Hub to access all website links and additional resources.

We can program a computer to play music. Conventionally this is done by hard coding, which is the process of coding all possible expected behaviours. Alternatively, we can train an artificial intelligence (AI) computer about what notes go well with others, so it can play a duet with a human musician. Students can make their own instrument that plays a particular note for a set beat, for example when a piano key is pressed or a guitar string is strummed or a drum skin is hit. Alternatively, students can incorporate the random function to mimic AI. 

This set of lesson ideas was developed in collaboration with the Digital Technologies Institute in Melbourne, Victoria. 

Preliminary notes
The image below shows a view of the AI based tool (application) used in the ‘Plugged’ section below: AI Duet. View the short video that explains this system (accessed by clicking on “how it works”) – it explains the AU used by the system in a simple and fun way. 
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Select the Play button to launch the AI app. At the bottom of the screen a row of virtual piano keys enables the user to play notes of the piano by using the mouse to select a key.  Alternatively the user can select a letter on the keyboard to play notes.  If using a tablet device the user can touch the virtual piano keys directly on screen.

The keys move from lower notes on the left to higher notes on the right.

When you play a note (touch a key), blue rectangles appear above the keyboard that represent the keys (notes) played by the user of the application. 

The yellow rectangles (notes) are those played in response by the artificial intelligence. 
Suggested steps
Unplugged activity
Music is linked to the Digital Technologies curriculum in many ways. You can teach the DT curriculum using music both unplugged and using computers such as this Google AI Duet.  For example, music notation is all about codes—codes which tell the musician (or software program) what to do.  Sound is a form of data that can be represented in different ways.   Also, a song is a program, a list of instructions—for example, play a song and ask your students to identify iteration (loops) in it.

1. Explore beat and representation of musical notation using Lego building bricks for example as described in this blog article. If you search on ‘Lego + musical notation’, you will find are several other articles. You may also want to show videos explaining beats. Here are some related questions for your students.
· Why is beat important in music? 
· Can you represent quarter notes, half notes and a rest?
· How are musical notes used to represent sound? 

2. Provide students with a range of simple sequences of notes from familiar tunes, songs or rhythms. These may include celebration songs, nursery rhymes, culturally relevant examples and examples from pop culture. If possible, have students use a musical instrument with notes highlighted. Some questions for your students:
a. How is the music represented? How does that help you play the music? 
b. How did you use listening to help you play the tunes and make sure it sounded correct? 
c. Do you think a musical score is like computer code? Why / why not?
d. Can you order the notes in a scale C, D, E, F, G, A, B, C?

[image: Limited, low, or no vision icon]Students with a vision impairment would benefit from adjustments to make the tasks accessible, for example students with:
· low vision would benefit from larger font for musical representations
· low contrast vision may benefit from acetate or color filters placed over a printed page of the musical representations
· no vison may benefit from braille-embossed print or tactile graphics (notes represented with different textures). 
Depending on the vision impairment, students may need to work with a sighted partner to play the musical instrument. 

[image: Deaf or hard of hearing icon]Students with a hearing impairment would benefit from adjustments to make the tasks accessible. Here are some examples.
· Teachers use hearing assistive technology systems (HATS) such as an FM System or similar sound-field system, so that their voice is distributed around the classroom when they talk into a microphone. 
· Teachers use/select closed captioning (CC) on any programming instructional videos, provide transcripts and repeat instructions, and have the student sit in close proximity to them.

Plugged activities
In this activity we develop students’ programming skills using a musical context. Students will explore ways to program musical notes to create their own musical instrument to play, or play a duet between two instruments. To mimic AI, the program will apply a random change to the key and duration the musical notes are played. Finally, students compare their program to an AI tool that responds to a human, playing notes on a keyboard. 

These activities use Scratch 3.0 and the additional ‘Music’ blocks. 

This sequence of plugged activities has been ordered by least to most difficult and labeled in terms of ‘Levels’ (e.g. “Level One”, “Level Two”, etc.) as you may wish to use this terminology to students as they progress through each activity.  Depending on the abilities of students, you may wish to start at a higher level.

The activity has been levelled to enable differentiation.

Level One: Explore an AI powered computer tool
Explore an AI powered computer tool AI Duet to see how a computer responds to a sequence of notes you play on a keyboard. 
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Image:  AI Duet 
Discuss the ways in which the AI responded to your playing in AI Duet.
1. Did you notice any patterns in the way it played? 
2. Based on what you played, how do think the AI might react? 
3. Could you learn from the AI? 


Level Two: Practice playing a sequence of notes
Students can learn basic piano songs such as Chopsticks by watching a video (see online lesson) and following along by:
1. Using a musical instrument with notes highlighted. 
2. Using a keyboard/piano app such as Garageband on a tablet.
3. Using a computer and website with a virtual piano (such as piano by number)
4. Using a A4 or A3 printed piano handout 

[image: ]Students with limited fine motor skills would benefit from additional time to practice playing notes to compose a melody. It is recommended that they practice on musical instruments or touch-based devices so that they can get instant feedback (verses using a paper piano handout or a silent musical device).

Level Three: Practice programming notes using Pencil Code
Pencil code is an interactive website to create simple text-based code. Pencil code: Let’s jam is specifically designed to help to make music using code and includes sample melodies and songs which can be heard and modified.
1. You may want to give students some time to explore the site and its different examples (remind students they need to click the Play symbol to run the code).
2. Have students follow the provided challenges of ‘First Notes’, ‘A Simple Tune’, ‘Count Beats’, ‘Make Chords’ (top left corner) to change the example codes.
3. Students can also use Pencil Code to play a virtual piano using the computer keyboard by selecting ‘Virtual Keyboard’.  This will be good practice for the next level, which uses

Level Four: Program a keyboard interface (skill level: easy)
Ask students how they could use a visual programming language such as Scratch to create music. Discuss and list the ideas. (It may help to display the Scratch programming environment for the class as you do this.) Some ideas may include:

a. Use a keyboard command of if/then blocks to play a sound. For example, if ‘C’ on a keyboard is pressed, play a ‘C’ note for a set beat. Note the “forever’ block is used to check this throughout the program. 
 [image: ]


b. Create a sprite as a piano key. Use the when this sprite clicked block to play a note for a set beat. Each key is a different sprite. In this example the key is set to ‘C’. 

[image: ]

The code for this project has been provided for students to explore and remix. 

Ideas for remix
Students could:
· change the notes by an octave either higher or lower
· double the number of keys on screen and program each key as a sprite to the correct note
· create their own interface for a different instrument and use a similar approach to programming their instrument
· use the basic idea to create a new use; for example, a quiz to match the sound with the correct note. 

Sample code: Scratch Basic piano 


Level Five: Program a duet between two instruments (skill level: medium)
This option requires some more programming skills. Create two sprites that play a sequence of notes, responding to each other’s playing. In this case, broadcast message is used to trigger a response for the sprite to play. Each sprite can be a different instrument. 


Step 1. 
Create just one sprite that plays a sequence of notes as shown in sprite playing Melody 1. Note the broadcast block will be used to start the Sprite created in Step 2. Remember to add a ‘Hide’ block otherwise sprite 1 will continue to show while Sprite 2 is playing. 
[image: ]
Image: Screen capture of Scratch programming blocks, Melody 1. 


Step 2. 
Make a second sprite that plays the same melody as Sprite 1. This program will include the NoteChange and random block. The note change is applied to each note in the melody.  The second sprite will start by including the ‘When I receive message’ block. The show button is used to show the sprite on screen. 

To mimic AI, use a random number generator to generate a number between [–16, 16] so that each tone gets played lower or higher (–16 represents two octaves lower, 16 represents two octaves higher). You could use other values [–8, 8] or, even simpler, [–2, 2]. 

[image: ]

Create a variable called NoteChange. The variable NoteChange stores the random number. NoteChange is added to each note in the melody. Use the operator block to add the original note and the NoteChange variable; for example, the C note (60) played for 0.5 beats.
.        
[image: ]


[image: ]
Image: Screen capture of Scratch programming blocks, response to Melody 1. 

Students can view the code in the sample program and remix the project. In this code sample, the guitar player responds only once. 

Ideas for a remix
Students:
· change the value of the random numbers generated (instead of –16, 16)
· change the value of the notes or beat
· change the instrument type
· add further programming blocks so that the guitar broadcasts a message for keyboard to play in response. 
· remove the original notes sequence and replace with their own notes to create their own melody
· create the program, based on their own design of the algorithm and user interface. 

Sample code: Duet

Level Six: Program a duet between two instruments, adding beat changes 
(skill level: medium to high)
This will provide a further challenge. Some students may want to explore how to make the musicians respond to each other with changing tone and beat. To do this as shown here in Scratch Duet note and beat changes, they will need to create a variable for changing notes and changing beat. Add backdrops for each musician. The beat can be multiplied or divided by the random number. For example: 
· a beat of 0.5 divided by random number [2] will change the beat to 0.25 and result in the melody being played twice as fast as the melody when using a 0.5 beat. 
[image: ]
Image: Screen capture of Scratch programming blocks changing tone and beat. 

Ideas for a remix
Students:
· change the value of the random numbers generated (instead of –16, 16)
· change the value of the notes or beat
· change the instrument type 
· remove the original notes sequence and replace with their own notes to create their own melody
· create the program, based on their own design of the algorithm and user interface. 

Sample code: Scratch Duet note and beat changes 

Discussion
Share what you have learned about AI and how ‘smart’ a computer can be. Compare the use of the random function used in the Visual Programming to mimic AI. 
· Could the program be improved to better mimic AI?
Why is this relevant?
Algorithms and programming are essential to developing machines powered by artificial intelligence (AI). AI is the ability of machines to mimic human capabilities in a way that we would consider 'smart'.
In conventional programming the computer is provided with a set of instructions for a defined set of scenarios. In the music-making programs we have used above, the students hard coded the program with specific inputs to create an output. To mimic the AI we used the random function to come up with a random response to the first played instrument. 

Machine learning (ML) is an application of AI. With machine learning, we give the machine lots of examples of data, demonstrating what we would like it to do so that it can figure out how to achieve a goal on its own. The machine learns and adapts its strategy to achieve this goal.

In the AI Duet example, the machine would have been fed enormous amounts of data on musical notes and rhythms. The AI has learned to respond to a sequence of notes that work in harmony with the input. 

[bookmark: _heading=h.gjdgxs]This lesson focuses on:
· [bookmark: _heading=h.qzkqjjldvdws]representation of music
· [bookmark: _heading=h.4votcfk7ymwm]the difference between explicit programming and learning by example as in AI. 
[bookmark: _heading=h.rahhz7olqkq5]Resources
· Fostering Computational Thinking in Primary School through a LEGO-based Music Notation 
· AI powered computer tool AI Duet 
· Scratch 3.0 

Assessment
Teacher assessment
[bookmark: _heading=h.30j0zll]Choose from these suggested assessment approaches and tasks those that will best suit your students. 
	Possible tasks
	Relevant content descriptor(s)

	Represent notes of a sequence that you used in your programming. 
	AC9TDI4K03  / AC9TDI6K03

	Describe the hardware and software used in making your musical instrument or duet. Explain how it works. What data is used and stored? 

How did you design and create your user interface? 
	AC9TDI4K01  / AC9TDI4K02  / AC9TDI6K01  / AC9TDI6K02 
AC9TDI4P01  / AC9TDI4P02  / AC9TDI6P03 
AC9TDI6P02  / AC9TDI6P05

	Draw a labelled diagram of the AI Duet in action. Identify (label) your inputs and the AI outputs. 
· [bookmark: _heading=h.9akh1f308243]Describe how the AI responds to different keys and rhythms. 
· [bookmark: _heading=h.79bp6v1qn5sz]Compare the AI to your programmed musical instrument or Duet. 
· [bookmark: _heading=h.jkl456dcrpst]Explain how your solution meets the needs of the user. 
	AC9TDI6K01  / AC9TDI6K02  / AC9TDI8K02 
AC9TDI4P05  / AC9TDI6P06

	[bookmark: _heading=h.uw8z7n28cfuh]How might this type of AI be used in our daily lives? 
[bookmark: _heading=h.m6uebb6njejc]This AI is a ‘recommender’ type of AI. It plays the notes and melody in response to what the human played. It basically plays notes it thinks you will like to hear. 
[bookmark: _heading=h.2oz98jy42v2p]Netflix uses a recommender-type system. What similar uses can you think of for this kind of technology?
	AC9TDI6P06  / AC9TDI8P10


[bookmark: _heading=h.78xh8lrj5kak]



Australian Curriculum Alignment
Technologies – Digital Technologies
Years 3–4
· Recognise different types of data and explore how the same data can be represented differently depending on the purpose (AC9TDI4K03) 
· Explain how digital systems represent all data using numbers (AC9TDI6K03) 
· Explore and describe a range of digital systems and their peripherals for a variety of purposes (AC9TDI4K01) 
· Explore transmitting different types of data between digital systems (AC9TDI4K02) 

Years 5–6
· Investigate the main internal components of common digital systems and their function (AC9TDI6K01) 
· Examine how digital systems form networks to transmit data (AC9TDI6K02) 
· Define problems with given design criteria and by co-creating user stories (AC9TDI4P01) 
· Follow and describe algorithms involving sequencing, comparison operators (branching) and Iteration (AC9TDI4P02) 
· Design a user interface for a digital system (AC9TDI6P03) 
· Design algorithms involving multiple alternatives (branching) and iteration (AC9TDI6P02) 
· Implement algorithms as visual programs involving control structures, variables and input (AC9TDI6P05) 
· Discuss how existing and student solutions satisfy the design criteria and user stories (AC9TDI4P05) 
· Evaluate existing and student solutions against the design criteria and user stories and their broader Community impact (AC9TDI6P06) 

The Arts: Music
[bookmark: _heading=h.k4tzkmyy2gat]Years 3–4
· Develop listening skills and skills for manipulating elements of music when singing and playing instruments (AC9AMU4D01 ) 
· Manipulate elements of music to communicate ideas, perspectives and/or meaning when composing and practising for performance (AC9AMU4C01 )

Years 5–6
· Explore ways that the elements of music are combined in music across cultures, times, places and/or other contexts (AC9AMU6E01 ) 
· Manipulate elements of music and use compositional devices to communicate ideas, perspectives and/or meaning when composing and practising music for performance, and notate, document and/or record the music they compose (AC9AMU6C01 )
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