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Workshop Description 

This is a hands-on workshop geared specifically to middle school teachers on ways 
to infuse computing into the music curriculum.  We are targeting middle schools 
because while the arts seem to be victims of budget cuts at the high school level, 
most states still require all middle school students to take courses in the arts, which 
of course include music.  As a result, middle school music teachers come into 
contact with a large percentage of the students in their schools.  An interdisci-
plinary approach in which the arts are integrated with STEM — into what has been 
called STEAM — could therefore include virtually every student in a middle school, 
having a huge impact on the program’s reach and effectiveness within an entire 
school. 

This work has grown out of our NSF-funded Performamatics project, through which 
we have developed numerous resources, models, and tools that integrate 
computing and music.  Workshop participants will do one, two, or three of the 
activities of the type that we have used successfully with middle school students.   

If time permits, we will conclude with a discussion of the barriers to implementation 
of interdisciplinary teaching in middle schools and possible ways to address those. 

 

This work is supported by Award No. 1118435 from the National Science 
Foundation (NSF) Division of Undergraduate Education (DUE).  It falls under the 
TUES program: Transforming Undergraduate Education in STEM (Science, 
Technology, Engineering, and Mathematics).  Any opinions, findings, conclusions, 
or recommendations expressed in our materials are solely those of the authors and 
do not necessarily reflect the views of the National Science Foundation. 
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Workshop Materials 

Sequencing MP3 Clips: 
“Happy Sequencing Exercise” 
  http://scratch.mit.edu/projects/25255474 

Purpose 
This program is designed to give students experience in critical listening and sequencing.  
Their task is to add a series of “play sound until done” blocks to a given program to 
sequence a series of MP3 clips.  When properly sequenced, those blocks will play part of 
the “Happy” song by Pharrell Williams. 

Note:  Be sure to set “Turbo mode” under the Edit menu to improve playback. 

Project Page 
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Sprites 
The screen capture below shows the four sprites that comprise the program.  The only 
one that students need to change is the “Sequencer” sprite.  This sprite contains all the 
sound clips under the Sounds tab and has the first five sequenced via “play sound until 
done” blocks to help students get started.  

Additional details on and explanations of these sprites are provided on the following 
pages.  

 

Scripts in the “Control” Sprite 
These scripts stop and play the student’s sequence when the space bar and P keys are 
pressed, respectively.  Broadcasts are used to avoid duplicating code in the “Go Button” 
and “Stop Button” sprites.  There is no need for students to change anything in this sprite. 
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Scripts in the “Sequencer” Sprite 
This is where students will add “play sound until done” blocks to sequence the MP3 clips 
under the Sound tab.  The first five “play sound until done” blocks are provided to help 
students get started. 

 

Scripts in the “Go Button” Sprite 
These scripts provide functionality to the Go button.  There is no need for students to 
change anything in this sprite. 

 

Scripts in the “Stop Button” Sprite 
These scripts provide functionality to the Stop button.  There is no need for students to 
change anything in this sprite. 
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Sequencing Solution 
Here is the full solution to this exercise.  Each listed sound clip is present under the 
Sounds tab in the “Sequencer” sprite. 

For each clip you see an animal name, a number, and a previous name.  The animal 
names are the ones that must be used in the “play sound” blocks.  The two additional 
pieces of information are provided to show how the exercise was developed.  The number 
is the number of the sound clip under the Sounds tab, and the previous name is the name 
that was used during development to keep all the clips straight.   

The previous names were converted to the animal names by manually renaming each clip 
under the Sounds tab individually.  Fortunately, Scratch knows that when a clip is 
renamed there, it likewise has to rename the clip in all blocks that refer to it.  It does this 
automatically, so you don’t have to manually change your code. 

Intro / Verse1 
1. geese #4 was HappyIntro1 
2. giraffe #6 was Line1 
3. puppy #8 was 1stInstBreak 
4. lizard #22 was Line2 
5. donkey #21 was 2ndInstBreak 
6. horse #10 was Line3 
7. snail #5 was 3rdInstBreak 
8. rabbit #24 was Liine4 
9. lobster #1 was 4thInstBreak 

Chorus 
10. turtle #28 was Happy1 
11. starfish #26 was Happy2 
12. dog #27 was Happy3 
13. clam #29 was Happy4 

Verse 2 
14. kitten #20 was 5_BadNews 
15. pony #12 was 5thInstBreak 
16. pig #16 was 6_GimmeAll 
17. cat #17 was 7_BadNews 
18. snake #19 was 8_WarnYa 
19. parrot #18 was 8thInstBreak 
20. trout #13 was 9_NoOffense 
21. shark #3 was 10_Here’sWhy 

Chorus 
22. turtle #28 was Happy1 
23. starfish #26 was Happy2 
24. dog #27 was Happy3 
25. clam #29 was Happy4 

Break 
26. lion #25 was 1_BringMeDown 
27. deer #15 was 2_BringMeDown 
28. zebra #7 was 3_BringMeDown 
29. bear #23 was 4_BringMeDown 
30. cow #11 was 5_BringMeDown 
31. tiger #9 was 6_BringMeDown 
32. monkey #14 was 7_BringMeDown 
33. leopard #2 was 8_BringMeDown 

Chorus 
34. turtle #28 was Happy1 
35. starfish #26 was Happy2 
36. dog #27 was Happy3 
37. clam #29 was Happy4 
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Finding Wrong Notes: 
“Harry Potter Theme Excerpt With Wrong Notes” 
  http://scratch.mit.edu/projects/25256909 

Purpose 

This program also gives students experience in critical listening, but this time the task is 
to find the wrong notes in an excerpt from the Harry Potter theme.  There are three 
versions of the theme excerpt provided: 

• the orchestral version in the “Play Theme” sprite accessed by clicking the “Play 
Theme” button 

• a version encoded as sequences of “play note” blocks in the “Version1” sprite 
accessed by clicking the “Play Version 1” button 

• a version encoded in two synchronized “Notes” and “Rhythms” lists that are read 
in the “Version2” sprite and accessed by clicking the “Play Version 2” button 

Once students hear the wrong notes and figure out where they are, the only items they 
need to change to correct the program are two “play note” blocks in sprite “Version 1” 
(for the “play note” version) or two values in the “Notes” list (for the list version).   

Note #1:  The lists are not displayed by default.  They are displayed when the “Play 
Version 2” button is clicked.  To display them manually so that they can be changed, 
students must check the checkboxes next to their names in the Data code section. 

Note #2:  Be sure to set “Turbo mode” under the Edit menu to improve playback. 

Project Page 
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Sprites 
The program has nine sprites.  As mentioned above, to correct the “play note” version, 
the only sprite that students need to change is the “Version1” sprite.  To correct the 
“lists” version, students need to change values in the global “Notes” list, which can be 
displayed by checking its corresponding checkbox in the Data code section. 

The “Offset Up” and “Offset Down” sprites enable the key of the “lists” version to be 
shifted up and down, respectively, but clicking these buttons when they appear while 
Version 2 is being played. 

Note:  Version 1 and Version 2 sound exactly the same.  The music is merely encoded 
differently. 
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Scripts in the “Version1” Sprite 
This is the version encoded as a series of “play note” blocks.  The excerpt is broken up 
into four separate scripts for ease of programming the component musical phrases. 

There are two wrong notes in this sprite that students are to find and correct. 
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Scripts in the “Version2” Sprite 
This is the version that plays the excerpt from two synchronized lists.  This version 
sounds exactly the same as the previous version.  It merely shows a different way to 
encode the music.   

However, this version also allows the key to be changed by adding an “offset” to the 
MIDI value of the note to be played.  The offset is initially set to +2 when the green flag 
is clicked in the “Initialize” sprite (provided below).  This raises the key by 2 semi-tones.  
The offset can be increased by 1 semi-tone by pressing the up arrow key or by clicking 
the up arrow button (the “Offset Up” sprite) that appears when Version 2 is playing.  
Likewise, it can be decreased by 1 semi-tone by pressing the down arrow key or by 
clicking the down arrow button (the “Offset Down” sprite) that appears when Version 2 
is playing.   

There is no need for students to change anything in this sprite. 

 

The values in the Notes and Rhythms lists are provided on the next page. 

There are two wrong note values in the Notes list that students are to find and correct. 
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Notes List 
1. 47 
2. 52 
3. 55 
4. 54 
5. 52 
6. 59 
7. 58 
8. 54 
9. 52 

10. 55 
11. 54 
12. 50 
13. 53 
14. 47 
15. 47 
16. 52 
17. 55 
18. 54 
19. 52 
20. 59 
21. 64 
22. 61 
23. 60 
24. 56 
25. 60 
26. 59 
27. 58 
28. 47 
29. 55 
30. 52 

Rhythms List 
1. 0.66 
2. 1.0 
3. 0.33 
4. 0.66 
5. 1.3 
6. 0.66 
7. 1.6 
8. 1.6 
9. 1.0 

10. 0.33 
11. 0.66 
12. 1.0 
13. 0.66 
14. 3.3 
15. 0.66 
16. 1.0 
17. 0.33 
18. 0.66 
19. 1.3 
20. 0.66 
21. 1.3 
22. 0.66 
23. 1.33 
24. 0.66 
25. 1.0 
26. 0.33 
27. 0.66 
28. 1.3 
29. 0.66 
30. 3 
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Scripts in the “Play Theme” Sprite 
This sprite provides the button and code to play the recorded excerpt for reference so that 
students can hear how it is supposed to sound.  There is no need for students to change 
anything in this sprite. 

 

Scripts in the “Play Ver 1” Sprite 
This sprite provides the button and code to play the “play note” version of the excerpt.  
There is no need for students to change anything in this sprite. 

 

16



Scratch and Middle School Music Workshop Gena Greher and Jesse Heines  

Scratch@MIT 2014 August 7, 2014 Cambridge, MA 

Scripts in the “Play Ver 2” Sprite  
This sprite provides the button and code to play the “lists” version of the excerpt.  There 
is no need for students to change anything in this sprite. 

 

Scripts in the “Initialize” Sprite 
This sprite performs initialization tasks to ensure that the program always looks the same 
when it starts up and contains code to show and hide the program’s lists and variables as 
well as to stop the program cleanly.  There is no need for students to change anything in 
this sprite. 
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Scripts in the “Offset Up” Sprite 
This sprite controls display of the up arrow that, when clicked, changes the key of the 
“lists” version up by one semi-tone.  There is no need for students to change anything in 
this sprite. 

 

Scripts in the “Offset Down” Sprite 
This sprite controls display of the up arrow that, when clicked, changes the key of the 
“lists” version down by one semi-tone.  There is no need for students to change anything 
in this sprite. 

 

18



Scratch and Middle School Music Workshop Gena Greher and Jesse Heines  

Scratch@MIT 2014 August 7, 2014 Cambridge, MA 

Scripts in the “Instructions” Sprite  
This sprite controls display of the main instructions that appear at the top of the window.  
There is no need for students to change anything in this sprite. 
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Coding Missing Phrases: 
“What a Wonderful World in Pieces With Missing 
Phrases” 
  http://scratch.mit.edu/projects/25257125 

Purpose 

This program is designed to give students experience in critical listening and coding 
series of “play note” blocks in MIDI scripts.  Their task is to identify the two missing 
phrases in “What a Wonderful World” as sung by Louis Armstrong and code those in the 
same manner as provided MIDI scripts that play other phrases in the song. 

Note:  Be sure to set “Turbo mode” under the Edit menu to improve playback. 

Project Page 
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Sprites 
This program has five sprites.  The only one that students need to change is the “Phrases” 
sprite.  This is the one that contains the song’s phrases coded as series of “play note” 
blocks.   

 

Scripts in the “Louis Sings” Sprite 
The first script is executed at program startup to reset the position of the “Hear Louis” 
button just in case it inadvertently got dragged to a different location the last time the 
program was run.   

The second script is executed when the “Hear Louis” button is clicked.  It first stops any 
sound that is currently playing, which terminates all “play sound,” “play drum,” and 
“play note” blocks.  It then broadcasts a “stop sequence” message that is “received” in the 
“Play Yours” sprite to stop execution of the scripts in that sprite.  If those scripts 
continued, the next “broadcast” block would be executed and the music would continue 
causing both MP3- and MIDI-generated music to be played at the same time. 

The third block in the “when this sprite clicked” script plays the MP3 version of Louis 
Armstrong singing the song excerpt we’re working with. 

There is no need for students to change anything in this sprite. 
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Scripts in the “Sound Off” Sprite 
The first script in this sprite performs the same function as the first script in the “Hear 
Louis” sprite.  That is, it resets the “Stop Music” button to ensure that it is positioned 
properly just in case it got dragged inadvertently.  The second script stops the program 
completely.  There is no need for students to change anything in this sprite. 

 

Scripts in the “Play Yours” Sprite 
The main purpose of this sprite is to trigger playing of the MIDI sequences in the 
“Sequencer” sprite.  This is done by the second script in the sprite. 

The first script is analogous to those in the two sprites discussed previously, and the last 
script merely stops the execution of the other scripts in this sprite when a “stop sequence” 
message is received. 

There is no need for students to change anything in this sprite. 
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Scripts in the “Sequencer” Sprite 
This sprite contains the script that plays the phrases in the “Phrases” sprite. There is no 
need for students to change anything in this sprite. 
Note:  Coding this sequence is the point of the next exercise, “What a Wonderful World 
in Pieces for Sequencing.”  Therefore, it doesn’t make much sense to give students both 
“What a Wonderful World” exercises, because the first contains the solution to the 
second.  We suggest that you choose one or the other depending upon the abilities of your 
students and your teaching goals. 
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Scripts in the “Phrases” Sprite 
This sprite contains all the scripts that play the various phrases in the excerpt we’re 
working with.  The students’ assignment is  

1. to listen to the music by clicking the “Play Your Music” button and identify 
which phrases of the music are missing,  

2. and then to code those phrases by adding “play note” blocks under the appropriate 
“when I receive” blocks in the same manner as the other scripts in this sprite. 
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Sequencing MIDI Clips: 
“What a Wonderful World in Pieces for Sequencing” 
  http://scratch.mit.edu/projects/25257878 

Purpose 

This program is a variation on the previous one.  Rather than coding missing phrases, this 
variation provides all of the phrases in the excerpt we’re working with and asks students 
to arrange them in the proper sequence to play the song. 

As mentioned previously, it doesn’t make sense to give students both variations of the 
“What a Wonderful World” exercise, because the previous one contains the solution to 
this one.  We suggest that you choose one or the other depending upon the abilities of 
your students and your teaching goals. 

Note:  Be sure to set “Turbo mode” under the Edit menu to improve playback. 

Project Page 
The project page for this exercise is identical to that for the previous exercise. 

Sprites 
Like the program for the previous exercise, this one also has five sprites.  But this time, 
the only one that students need to change is the “Sequencer” sprite.  The “Phrases” sprite 
in this program contains all the phrases in the excerpt we’re working with, including the 
two that were missing in previous exercise.  Therefore, there is no need to change 
anything in the “Phrases” sprite for this exercise.  

 

Scripts in the First Three Sprites 
The “Louis Sings,” “Sound Off,” and “Play Yours” sprites are identical to those in the 
previous exercise, so they are not repeated here.  There is no need for students to change 
anything in these first three sprites. 
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Scripts in the “Sequencer” Sprite 
This is where students will add “broadcast and wait” blocks to play the phrases in the 
“Phrases” sprite.   

Note:  The solution to this exercise, that is, the proper sequence of “broadcast and wait” 
blocks under the “when I receive [play music]” block, is in the “Sequencer” sprite in the 
previous exercise. 
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Scripts in the “Phrases” Sprite 
This sprite contains all the phrases in the excerpt we’re working with.  Students are to 
reference each of these phrases — and some more than once — in the “broadcast and 
wait” blocks they add to the “Sequencer” sprite. 

There is no need for students to change anything in this sprite. 
Note:  This sprite contains the solution to the two scripts that are missing from the 
previous exercise. 
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Additional Web Resources 

Performamatics Project Website 
 ...........................................................   http://www.performamatics.org 

Computational Thinking in Sound Website 
 .......................................................   http://www.compthinkinsound.org 

Sound Thinking Course Website (for the most recent semester) 
 ...............................................................   http://soundthinking.uml.edu 

Related Scratch User Accounts 
Performamatics   .......................   http://scratch.mit.edu/users/performamatics 
Jesse Heines   .........................................    http://scratch.mit.edu/users/drjay 
S. Alex Ruthmann   .....................   http://scratch.mit.edu/users/alexruthmann 
NYU Performamatics   .....................   http://scratch.mit.edu/studios/222541 

S. Alex Ruthmann Blog Post re Being More Musical In and With Scratch 
 .....................................   http://www.alexruthmann.com/blog1/?p=641 

MaKey MaKey Website 
 .....................................................................   http://makeymakey.com 

S. Alex Ruthmann Experiencing Audio  
page on MaKey MaKey Music 

 .......................................   http://www.experiencingaudio.org/2012/11/ 
makey-makey-music-workshop-materials.html 

MaKey MaKey Musical Construction Kit and links to 
Ruthmann students’ MaKey MaKey music projects 

 ..........................   http://makeymakeymusicalconstructionkit.blogspot.com 

Eric Rosenbaum (MaKey MaKey inventor) Home Page 
 .........................................................   http://web.media.mit.edu/~ericr 

Jesse Heines Home Page 
 ..................................................................   https://teaching.cs.uml.edu 
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veteran educators Gena R. Greher and 

Jesse M. Heines provide the first book ever 
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devoted specifically to music, sound, and technology. 

Using a student-centered approach that emphasizes 

project-based experiences, the book provides music 

educators with multiple strategies to explore, create, 

and solve problems with music and technology in 

equal parts. It also provides examples of hands-on 

activities that encourage students, alone and in 

groups, to explore the basic principles that underlie 

today's music technology and freely available 

multimedia creation tools. Computational Thinking in 

Sound is an effective tool for educators to introduce 

students to the complex process of computational 

thinking in the context of the creative arts through 

the more accessible medium of music. 

Gena R. Greher is a Professor of Music Education at UMass Lowell. Her research focuses on creativity and 
listening skill development in children and examining the influence of integrating multimedia technology in 
urban music classrooms and music teacher education through School-University partnerships.  
 
Jesse M. Heines is a Professor of Computer Science at UMass Lowell. His primary teaching responsibilities 
include object-oriented programming and graphical user interfaces. His research focuses on computer science education, particularly 
interdisciplinary approaches that blend computer science with music and other fields to enhance instructional effectiveness in both.  

Order online at www.oup.com/us. Enter promotion code 28862 to save 20% 

March 2014 
Hardcover | 272 pp. | $35.00 $28.00 

978-0-199-826190-3 
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