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[bookmark: High_School_Music_&_Computer_Science_Int]High School
Music & Computer Science Integrated Learning Sequences
(Jump to Music Learning Sequence Teaching and Learning Plan) (Jump to the Computer Science Learning Sequence Teaching and Learning Plan)

[bookmark: INTRODUCTION]INTRODUCTION
[bookmark: Arts_Integration_Model]Arts Integration Model
This learning sequence is interdisciplinary; focusing on music, computer science, and oral and written language.

Music
“While connecting with their musical interests and ideas, students experience music making, arrangement, composition, and performance, while also personally responding and connecting to various current and past genres and styles. Students engage in informal music learning as they explore their instrument to make sounds, sing as they play, improvise, compose, listen to, and learn or perform a piece they have heard. Students engage in formal music learning with guided steps that support music exploration as well as the personal
interests of the individual student creating music to ensure ownership and a lifelong desire to make, create, and listen to music.” CA Arts Education Framework, Chapter 5

Computer Science
Computer science as a foundational discipline that should be accessible to all students is a relatively new concept in K–12 education. Computer science is the study of how technology and computing systems are created and their impact on society. The standards cover six core computer science concepts (such as algorithms and programming) and seven core practices (such as creating computational artifacts and recognizing computational problems). CA Computer Science Standards.

English Language Arts
“As students enter grade nine, they embark on the last phase of their journey through elementary and secondary education. Students' progress through the high school years sees many cognitive, physical, emotional, and social changes as these emerging adults contemplate their future and their place in the world around them. Adolescent brain development continues apace, and teen brains change and become more powerful every day (Galvan 2013).” CA ELA/ELD Framework, Chapter 5



[bookmark: Learning_Goals]Learning Goals
· Students explore how artistic intent and personal context impact how we experience music.
· Students respond to non traditional text orally and in writing.
· Students share their thinking orally and in writing.
· Students create a playlist of music explaining the artistic intent and personal connections to each piece.
· Students discover how music has been accessed over time.
· Students learn how changes in technology have impacted the music recording industry.
· Students reflect on their learning through discussion and written prompts.
· Students use newly acquired domain-specific vocabulary in speaking and writing


[bookmark: Grade_Level_Standards_Addressed]Grade Level Standards Addressed
The arts standards are designed to cultivate artistically literate, creative, and capable students. The standards listed below are addressed when BOTH Computer Science and the Music learning sequences are taught.

	
	High School Standards Addressed AND Assessed

	California Arts Standards
	Music
Prof.MU:T.Re7.2 Explain how knowledge of the structure (repetition, similarities, contrasts), technological aspects, and purpose of the music informs the response.

Prof.MU:H.Re8 Explain and support possible interpretations of the expressive intent and meaning of musical selections, citing as evidence the treatment of the elements of music, context (personal, social, and cultural), and (when applicable) the setting of the text, and outside sources.

Prof.MU:T.Re8 Explain and support an interpretation of the expressive intent of musical selections based on treatment of the elements of music, digital and electronic features, and purpose.

Prof.MU:T.Re9 Evaluate music using teacher-provided criteria based on analysis, interpretation, digital and electronic features, and personal interests.
Prof.MU:H.Cn10; Prof.MU:E.Cn10; Prof.MU:C.Cn10; Prof.MU:T.Cn10
Connect and demonstrate how personal interests, knowledge, and skills relate to choices and intent when creating, performing, and responding to music.

	Computer Science
	9-12.IC.26 Study, discuss, and think critically about the potential impacts and implications of emerging technologies on larger social, economic, and political structures, with evidence from credible sources.
9-12.IC.28 Explain the beneficial and harmful effects that intellectual property laws can have on innovation.
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	High School Standards Addressed AND Assessed

	English Language Arts
	Writing: Text Types and Purposes
W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.
a. Introduce precise claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that establishes clear relationships among claim(s), counterclaims, reasons, and evidence.
b. Develop claim(s) and counterclaims fairly, supplying evidence for each while pointing out the strengths and limitations of both in a manner that anticipates the audience's knowledge level and concerns.
c. Use words, phrases, and clauses to link the major sections of the text, create cohesion, and clarify the relationships between claim(s) and reasons, between reasons and evidence, and between claim(s) and counterclaims.
d. Establish and maintain a formal style and objective tone while attending to the norms and conventions of the disciplines in which they are writing.
e. Provide a concluding statement or section that follows from and supports the argument presented.
W.9-10.3 Write narratives to develop real or imagined experiences or events using effective technique, well-chosen details, and well-structured event sequences.
a. Engage and orient the reader by setting out a problem, situation, or observation, establishing one or multiple point(s) of view, and introducing a narrator and/or characters; create a smooth progression of experiences or events.
b. Use narrative techniques, such as dialogue, pacing, description, reflection, and multiple plot lines, to develop experiences, events, and/or characters.
c. Use a variety of techniques to sequence events so that they build on one another to create a coherent whole.
d. Use precise words and phrases, telling details, and sensory language to convey a vivid picture of the experiences, events, setting, and/or characters.
e. Provide a conclusion that follows from and reflects on what is experienced, observed, or resolved over the course of the narrative. Writing: Production and Distribution of Writing
W.9-10.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (Grade-specific expectations for writing types are defined in standards 1–3 above.)
W.9-10.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience. (Editing for conventions should demonstrate command of Language standards 1–3 up to and including grades 9–10.)
Language: Vocabulary Acquisition and Use
L.9-10.6 Acquire and use accurately general academic and domain- specific words and phrases, sufficient for reading, writing, speaking, and listening at the college and career readiness level; demonstrate
independence in gathering vocabulary knowledge when considering a word or phrase important to comprehension or expression.




	
	High School Standards Addressed but NOT Assessed

	California Arts Standards
	Prof.MU:E.Re8 Explain and support interpretations of the expressive intent and meaning of musical works, citing as evidence the treatment of the elements of music, contexts, and (when appropriate) the setting of the text, and personal research.
Prof.MU:H.Cn11; Prof.MU:E.Cn11; Prof.MU:C.Cn11; Prof.MU:T.Cn11
Connect and demonstrate the relationships between music and societal, cultural, and historical contexts when creating, performing, and responding.

	Computer Science
	Computer Science
9-12.CS.1 Describe ways in which abstractions hide the underlying implementation
details of computing systems to simplify user experiences.

9-12.CS.2 Compare levels of abstraction and interactions between application software, system software, and hardware.

9-12.DA.8 Translate between different representations of data abstractions of real-world phenomena, such as characters, numbers, and images.

9-12.DA.9 Describe tradeoffs associated with how data elements are organized and stored.

	English Language Arts Standards
	Range of Writing
W.9-10.10 Write routinely over extended time frames (time for research, reflection, and revision) and shorter time frames (a single sitting or a day or two) for a range of tasks, purpose, and audiences.
Speaking and Listening: Comprehension and Collaboration
S.9-10.1 Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
a. Come to discussions prepared, having read and researched material under study; explicitly draw on that preparation by referring to evidence from texts and other research on the topic or issue to stimulate a thoughtful, well-reasoned exchange of ideas.
b. Work with peers to set rules for collegial discussions and decision- making (e.g., informal consensus, taking votes on key issues, presentation of alternate views), clear goals and deadlines, and individual roles as needed.
c. Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the discussion; and clarify, verify, or challenge ideas and conclusions.
d. Respond thoughtfully to diverse perspectives, summarize points of agreement and disagreement, and, when warranted, qualify or justify their own views and understanding and make new connections in light of the evidence and reasoning presented.



[bookmark: Domain_Specific_Vocabulary]Domain Specific Vocabulary
In this learning sequence, domain specific vocabulary is introduced after students have an opportunity to explore and the need to name objects and concepts arises naturally in the classroom. As the vocabulary is explicitly introduced, it is recommended that the words are added to a Word Wall. For more information on the benefit of using Word Walls, consider these resources: Tools for Teachers | Accessibility Strategy Word Wall and Word Wall | Learning for Justice. Domain specific vocabulary will be notated in bold.
[bookmark: Assessment_Opportunities_included_in_thi]Assessment Opportunities included in this Learning Sequence
Teachers should use a range of assessments to support learning. Assessments should affirm students’ ways of knowing and provide students with multiple opportunities to demonstrate growth and mastery of learning in the arts discipline.
Formative Assessment opportunities included in this Learning Sequence
· Discussion prompts
· Creation of playlist and draft presentation
· Revision of work based on feedback
· Self-reflection prompts
Summative Assessment opportunities included in this Learning Sequence:
· Presentation of playlist to demonstrate how personal interests, knowledge, and skills relate to choices of music.



[bookmark: ATTENDING_TO_EQUITY]ATTENDING TO EQUITY

CA Arts Education Framework
“Effective arts education is equitable and inclusive; it thoughtfully implements the California Arts Standards in grade levels TK–12 and supports all students in developing their artistic voice while becoming prepared for college and their career. Authentic and meaningful arts learning requires that all students have access to arts education programs that are supported by districts’ families and communities, have been carefully planned and implemented, and are continuously evaluated for improvement.”
CA ELA/ELD Framework
“Among the core principles guiding the development of this ELA/ELD Framework is that schooling should help all students achieve their highest potential. To accomplish this, students need to be provided equitable access to all areas of the curricula; appropriate high-quality instruction that addresses their needs and maximally advances their skills and knowledge; up-to-date and relevant resources;

and settings that are physically and psychologically safe, respectful, and intellectually stimulating.” CA ELA/ELD Framework page 880
“Culturally and linguistically responsive teaching and equity- focused approaches emphasize validating and valuing students’ cultural and linguistic heritage— and all other aspects of students’ identities— while also ensuring their full development of academic English and their ability to engage meaningfully in a range of academic contexts across the disciplines.” CA ELA/ELD Framework page 917

[bookmark: RESOURCES_FOR_INSTRUCTION]RESOURCES FOR INSTRUCTION
Slide Deck for Music Learning Sequence
Slide Deck for Computer Science Learning Sequence

[bookmark: MUSIC_LEARNING_SEQUENCE][bookmark: _bookmark0]MUSIC LEARNING SEQUENCE
[bookmark: Part_1]Part 1

	Instructions
	Teacher Notes

	How has Technology Impacted the Music Industry?
(SLIDE 2)
Share with students:
Have you ever stopped to consider how evolving technologies impact the music you listen to each day? Create a list of all of the types of music you prefer to experience, compose, or perform and the settings where you hear music.

Music can play many roles in our lives. According to the California Arts Education Framework, “Musically literate citizens appreciate the value of supporting music as a profession by engaging with music and by supporting the funding of music.
Many individuals who have discovered the joy, depth of knowledge, and creative connections will pursue a career in music, thereby enriching local, state, national, and global communities and economies.”

(SLIDE 3)
Consider the following questions and note your responses:
· What are some of the ways you listen to music?
· How do you learn about new music you might like to hear? (Or perform?)
· Do you create playlists? Do you use playlists created by others?
· Have you ever recorded your own music? What technology did you use? Did you share it? If so, how?
· When you start listening to music you have not heard before, how quickly do you decide whether to continue listening or not?
· What are the differences between listening to live music and listening to recorded music?
(SLIDE 4)
As we delve into music in the digital evolution our goals for this lesson are to:
· Explore how artistic intent and personal context impact how we experience music.
· Discover how music has been accessed over time.
· Learn how changes in technology have impacted the music recording industry.




(SLIDE 5)
How do Artistic Intent and Personal Context Impact how we Experience Music?
	
Access the slide deck for the Music Learning Sequence to support instruction.




	Instructions
	Teacher Notes

	Share with students:
Composers and performers plan and convey meaning or feeling through their music. The way individuals interpret music is based on the intent of the composer and performers, but is also shaped by our own experiences, interests, and preferences.

Ask students to watch this video of a guitar trio from the West African country of Niger and listen to the first piece of music starting at 4:46 and ending at 11:16.
(SLIDE 6)
Ask students to respond to the following prompts:
· How are the elements of music used in this piece? Focus on rhythm, tempo, pitch, dynamics, and timbre first and then reflect on the melody, harmony, form, style and articulation.
· What meaning or feelings are being conveyed in this performance?
· Do you think everyone who hears this piece has the same experience? Why or why not?
· How is the way you are interpreting this music connected to your personal experiences, interests, or preferences?
· Would you choose to listen to this piece of music on your own in the future? Why or why not?
Once students have recorded their responses, ask them to share with a partner or small group.

(SLIDE 7)
Ask students:
How do you select music to experience or perform? What tools do you use to browse and then obtain the music? Have you always used the same tools or have you tried different tools over time? Ask a trusted adult how they select the music they experience and how this has changed over time.

Chart student responses to create a class list of tools people have used and are currently using to browse and obtain music to experience.

Based on student thinking at this moment, and without utilizing any research tools, put the list in a draft chronological order as a whole group.

(SLIDE 8)
Share with students:
Select five or six contrasting pieces of music that are important to you. Find a recording of each of the pieces of music to share.
	




	Instructions
	Teacher Notes

	Listen to the pieces of music as many times as you need to in order to describe how each of these elements of music are used:
· Pitch
· Melody
· Harmony
· Tempo
· Rhythm
· Dynamics
· Timbre
· Form

(SLIDE 9)
Compare how the elements of music are used in each of the pieces and respond to the following questions:
· What is the same about how the elements of music are used and what is different? If you notice too many similarities, you may need to change one of the pieces you chose so you have enough contrast between the two for this project.
· What emotional response or feeling do you have when listening to each of the songs you selected?
· What would happen if one of the elements of music was changed in each of the songs? Would that change how you feel about the music?
Ask students to save their notes and list of songs for use later in the learning sequence.

(SLIDE 10)
Share this article with students and have them respond to the following prompts:
· Describe the difference between analog and digital recordings.
· Early digital recordings were sold on CD’s starting in the 1980’s. Why weren’t those recordings sold on the internet?
· Computer programs, or applications (Apps), used to be sold to people on CD’s just like music. Can you imagine what the experience would be like if you couldn’t “download” an App? Ask a trusted adult about this experience.
· What do you think the experience looked like if you couldn’t “download” a song? Ask a trusted adult about this experience.
· How are those experiences different from what you are able to do today?
· How has the experience of recording music changed for musicians over time?
· How did musicians continue recording music during the global COVID-19 pandemic?
	




























If you are asked for a code to access the Britannica resources, use the Access ID/Passcode that was sent to your school district. If you need further help, contact edsupport@eb.com.




	Instructions
	Teacher Notes

	
Ask students to have conversations about their responses with a partner or a small group.

(SLIDE 11)
Share the Timeline of Recorded Music with students and ask them what they notice and what questions they have. Ask them to share their responses with a partner.
Share with students:
Let’s explore this timeline more closely. Prior to 1875 and the invention of the Player Piano, the only way to experience music was through live performances.
Ask students:
What do you think your daily life would be like if you could only experience music by creating or performing it yourself or listening to someone else performing live? Do you think you would create or perform music more frequently? Why or why not?


(SLIDE 12)
Ask students to select one of the following articles to read and write down 5-6 important facts to share with the class.
· Player Piano article
· Before Spotify: The Player Piano article and two videos
· Stanford’s New Player Piano Collection Brings Sounds of History to Life article and video

Once students have completed reading and noting the facts to share, have them get into groups of 4, representing each of the 3 articles. Ask students to share their facts with the group and write down any additional facts they want to remember about the player piano.
	




Students may have never seen a curved timeline before. It may be important to discuss the lengths of the curved segments (not precisely, but in general). This type of timeline allows us to demonstrate where “clusters” of events occur close together in time with large time gaps in between “clusters”.









If you are asked for a code to access the Britannica resources, use the Access ID/Passcode that was sent to your school district. If you need further help, contact edsupport@eb.com.



[bookmark: Part_2]Part 2

	Instructions for Part 2
	Teacher Notes

	
(SLIDE 13)
How has Music been Accessed Over Time?

Share with students:
Let’s go back to the timeline to 1877 and the invention of the phonograph.

Ask students:
Watch this video and read this article before responding to the following prompts:
· What does the word “phonograph” mean in Ancient Greek?
· What do you think it would have been like to be present when Edison’s first successful recording of a nursery rhyme was recorded and played back again?
· How does a phonograph reproduce sound?
Have you seen records of any size before? What do you think the benefits could be of the 78-RPM, the 33 ⅓ RPM, and the 45-RPM?
(SLIDES 14-15)
Share with students:
Let’s take a closer look at the 78-RPM records, created in 1887 by Emile Berliner..
Provide students one of these sources (this site(from Google), this article, (from Britannica) or this article (from Library of Congress) and ask them to take notes on the characteristics of a 78-RPM record, including benefits and challenges.

As you view the materials, note the impacts these changes in technology have on listeners, performers, and the music industry. Be sure to include any details you have from personal experience with records. Ask a trusted adult to share their experience listening to records. What do they see as benefits and challenges to owning and listening to records?
Share your responses with a partner or small group. (SLIDE 16)
Share with students:
Let’s explore what happened with the invention of the magnetic tape recorder.

Ask students:
Read this article and take notes on the recording industry before and after the invention of magnetic tape, including the benefits and challenges of each format.

As a musician, do you think you would prefer to have a
	



This video can be shared with the whole class or individual students who wish to learn more about how technology is being used to preserve old phonographs for posterity











If you are asked for a code to access the Britannica resources use the Access ID/Passcode that was sent to your school district. For assistance, email edsupport@eb.com.




	Instructions for Part 2
	Teacher Notes

	recording session with records or magnetic tape? Explain your selection.
Share your responses with a partner or small group. (SLIDE 17)
Ask students:
Read this article to learn more about the invention of the cassette tape and take notes. What were the benefits and challenges of cassette tapes?
Share your responses with a partner or small group. (SLIDE 18)
Share with students:
In 1982 the digital recorder was invented. This moved recorded sound from the “analog” realm to the “digital” realm. Sound recorded as binary values instead of magnetic impulses.

Read this article and this article about computers and CD’s. Make notes of information you think is important

What benefits and challenges of compact discs did you identify? Share your responses with a partner or small group.
(SLIDE 19)
Share with students:
You’ve recently thought about how technologies changed the way people listen to music over time. You’re likely interested in how the digital recordings are captured. Further, how is that data actually stored within a system! The screenshot below is of an audio file and what it can look like when represented visually in a software tool. The waveform shown is a mono digital recording of a drum kit and lasts about 15 seconds.
(SLIDE 20)
Ask students:
Read this article and take notes on information you think is important to remember.

Share with students:
Some extra information which may not be clear from the article is how this data is transferred back into sound we can hear?
Well, the encoding process is reversed! The digital data is converted back into electrical impulses which are then amplified (given extra power) to move the cone on a loudspeaker, often just called a speaker.
(SLIDE 21)
The screenshot below is the same waveform shown earlier. However, we’re only looking at about ¾ of one second of
	

If you are asked for a code to access the Britannica resources use the Access ID/Passcode that was sent to your school district. For assistance, email edsupport@eb.com.


As an extension activity, you could ask students to create a mixtape using the parameters of a 60 or 90 minute tape. You are welcome to use or modify the final culminating activity found in this 8th grade unit.




	Instructions for Part 2
	Teacher Notes

	information. We’ve “zoomed in” on the waveform. The center red line (a.k.a. The Zero Line) is when the speaker cone is at rest, or in the neutral position. This is the same position the cone would be at when there is no sound being played at all. The cone driver (a magnet) pushes out and pulls in from neutral with the same action you “see” in the waveform above. This is why a speaker seems to be “bouncing” when music is played through it, especially when loud.
(SLIDE 22)
Ask students:
What did you learn about how analog and digital recording work?
Share your responses with a partner or small group.
	



[bookmark: Part_3]Part 3

	Instructions for Part 3
	Teacher Notes

	
(SLIDE 23)
Ask students:
Now return to your list of 5 or 6 songs you made previously. What is each song about? Why is each piece of music important to you? Do you remember the first time you heard each piece? Describe the setting, who else was present, and how you were listening to the song. What other details would you like to share about the songs?
What do you know about each of the songs? Do some research on your pieces of music and find answers to as many of the following questions as possible:
· Who composed the music and when?
· What was the reason or occasion for the creation of each piece?
· What was going on in the world or the place where the composers lived at the time the pieces were written?
· What are the pieces of music about?

(SLIDE 24)
You are going to use the information you have collected to create a new presentation to persuade others to appreciate two of the pieces of music you have selected. Check the one-point rubric again to make sure you are covering each of the criteria.

Share your list and your responses to the questions with a partner or small group. Get their feedback on this draft of your presentation.

Consider the feedback you received on the presentation you shared. What changes could you make to your presentation based on this feedback? Try making the changes to your presentation. What do you think about the changes? Look at the criteria on the one-point rubric as needed.

(SLIDE 25)
Share with students:
Let’s take one more step on this journey to the year 1996 and the invention of the MP3.
Ask students:
Read or listen to these articles about the creation of the MP3 format and take notes on important details you want to remember.
· MP3 (from Britannica School)
· For Better or Worse, MP3s are the Format of Choice (NPR Article)
What do you see as benefits and challenges of the MP3 format? Share your responses with a partner or small group.
(SLIDE 26)
	




































If you are asked for a code to access the Britannica resources use the Access ID/Passcode that was sent to your school district. For assistance, email edsupport@eb.com.




	Instructions for Part 3
	Teacher Notes

	Share with students:
As digital recording progressed, many people noticed a difference in sound quality between analog and digital sounds. If you’ve ever listened to the same song on a vinyl record and on a CD you may have noticed differences yourself. These differences continue to spark passionate debate in the music and recording industries and amongst avid music fans. Some people notice differences, while others don’t.
(SLIDE 27)
Ask students:
Listen to the first 14:27 minutes of this broadcast to hear audio professionals discussing this debate. The transcript of the conversation is below the audio player found at the top of the page.
Take notes about both the challenges and benefits of analog and digital recordings as you listen to the broadcast or read the transcript. Respond to the following prompts:
· What is dynamic range in audio recording? What is dynamic compression? What is an advantage of reducing the dynamic range of a recording?
· What do you notice about the two audio examples around the eight minute mark? Can you tell the difference between the analog and digital recordings? What do you notice?
(SLIDE 28)
Ask students:
Listen to the remainder of Why Vinyl Sounds Better Than CD, Or Not . Continue taking notes about both the challenges and benefits of analog and digital recordings responding to the following prompts:
· How would you describe the differences between LP Records, CDs, MP3s and AACs in your own words?
· Are you able to notice any differences in the recordings played starting around the eighteenth minute of the broadcast?
· How would you explain bit rate and sample rate in your own words?
· Were you surprised to hear the recording of what was missing from the compressed MP3 recording?
· How do you listen to music? Are you using a device connected to the internet to listen? Do you tend to use headphones or earbuds to listen to music or do you use another type of speaker system? Does the music sound different depending on what type of device you use for listening?
Share your responses with a partner or small group.
	



[bookmark: Part_4]Part 4

	Instructions for Part 4
	Teacher Notes

	How has technology impacted the music recording industry? (SLIDE 29)
Share with students:
For many years, artists and the recording industry earned their living from producing music recordings, creating copies of them, and selling them to people. This was the structure of the entire industry. Whether those sales were through analog LP recordings or digital CD recordings, artists and record companies are the only individuals who legally have the right to copy their work for sale. This is known as a copyright and the entire recording industry grew and thrived with this arrangement.

As a musician, it is important to be aware of copyright law. Read this article and this article and take notes on important points to remember.

(SLIDE 30).
Read this article to learn more about the complexities of creating music, Artificial Intelligence (AI), and copyright law. Take notes about the experiences of each of the parties involved in the dispute. What ideas do you have to keep the use of AI from turning into a legal battle?

(SLIDE 31)
Ask students:
Consider the following questions and record your responses:
· Why do you think the music industry believes copyright is an important legal idea? What are the benefits and challenges involved?
· Name the different ways you listen to music. Is there a price you pay for those listening experiences?
· Do you think it’s fair for creators to charge some kind of fee for the music they create? Why or why not?
· What do you think about the idea of feeding music to an AI for the purpose of creating a new piece of music?
Share your responses with a partner or small group.
(SLIDE 33)
Share with students:
Let’s return to our timeline and take a closer look at the 1990s.

Ask students:
Watch the video (5:39) to learn about the creation of file sharing and respond to the following prompts:
· Who created the file sharing service called Napster? What was remarkable about this?
· What was important about the service?
· How did this change how people were able to access music?
	



If you would like to look further into a specific case of music copyright challenges, visit the Library of Congress site here




If you are asked for a code to access the Britannica resources use the Access ID/Passcode that was sent to your school district. For assistance, email edsupport@eb.com.







Teachers can preview and then share either this version of the video (12:28) or  this version of the video (3:36) with students depending on time and the details you believe to be most important for students at this time.
Here is an additional resource about copyright for students at the Library of Congress.




	Instructions for Part 4
	Teacher Notes

	· How did this change how musicians could distribute their music?
· What were the benefits and challenges of Napster? Note the perspective of the music recording industry and the creators of Napster.
· Do you use any streaming services to access music? Which one(s)? What are the benefits and challenges of these services today?
· What parallels do you see with TV and Film streaming services today?
Share your responses with a partner or small group.

(SLIDE 33)
Share with students:
The final point on our timeline begins in 2011 with the creation of another streaming service called Spotify.
Ask students:
Watch this video and note the benefits and challenges of streaming music through services like Spotify. Include the perspective of listeners and musicians.
Share your responses with a partner or small group. (SLIDE 34)
Share with students:
Across this module we have learned how advances in technology have impacted musicians and the music industry, both positively and negatively. One additional impact of the technology involved in streaming services is the way artists are paid for their work. When physical copies of recordings were sold, the money trail was easier to track. Distributing music recordings digitally has made the tracking much more complex.

(SLIDE 35)
Ask students:
Read this article to learn how issues with metadata are causing challenges in properly paying the musicians and artists involved in putting together a recording. Take notes on the challenges involved with metadata and other information you think is important and respond to the following prompts:
· What are the two different metadata problems you read about in the article?
· Who is at fault for the problems? Do you think the problems were created intentionally or due to inaction?
· What solutions would you suggest to solve the problems?
Share your responses with a partner or small group and have a conversation around ways to solve this challenge to ensure recording artists are properly compensated for their work.
	























As an extension activity, students can create a playlist on paper or using a streaming service such as Spotify or iTunes. The final culminating activity found in this 7th grade unit may be modified for this purpose




	Instructions for Part 4
	Teacher Notes

	(SLIDE 36)
Share with students:
The creation of streaming services such as Spotify has had other impacts on musicians and the recording industry.
Ask students:
Watch this video to learn how Spotify is changing music. Take notes on information you think is important and respond to the following prompts:
· What is different about the business model Spotify is using?
· How do bands reach millions of listeners on Spotify?
· Why would musicians change the structure of their songs for Spotify?
· What other examples did you hear of musicians changing their music to fit the technology that we studied earlier in this module?
· How long does a listener have to listen to a song on Spotify for the artists to get paid?
· What changes are being seen in the number of songs on each album?
· What changes are being seen in the length of each song?
· Describe the Spotify “sound” in your own words. Share your responses with a partner or small group.
(SLIDE 37)
Share with students:
It is now time to share your revised presentation with the class.

Take notes while you are listening to the presentations of your classmates. Refer to your notes about empathy as needed.
Respond to the following prompts:
· Write down three details the person shared about each of their songs.
· Have you heard any of these songs before?
· Would you want to listen to the entire recording of any of these pieces of music? Why or why not?
· What emotional response or feeling do you have when listening to each of the songs?
· Did you enjoy listening to the pieces of music? Why or why not?
· If you were to produce a new recording of any of the pieces you heard, would you make any changes? If so, what changes would you suggest?
· Do you appreciate the pieces of music regardless of whether you like them or not? Why or why not?
(SLIDE 38)
How did you feel about the process of trying to persuade others to appreciate the pieces of music you selected? Was anything different about the research and presentation process
	




	Instructions for Part 4
	Teacher Notes

	this time? Complete the one-point rubric based on your presentation.

(SLIDE 39)
Share with students:
Consider all you have learned about the evolution of technology and the intersection with the history of music. Respond to the following questions:
· Do you see any patterns across all the points in the timeline and the impact of technology on listeners, musicians, and the music industry?
· What impact has the global COVID-19 pandemic had on the music we experience, create, and perform?
· What do you think will happen next?
· What impact does this new information have on how you experience, create, and perform music?

Share your responses with a partner or small group and then in a whole class discussion.
	



[bookmark: _bookmark1][bookmark: Reflection_on_Learning]Reflection on Learning

	Instructions for Reflection
	Teacher Notes

	(SLIDE 40)
Share with students:
Reflect on your thinking, learning, and work throughout this learning sequence.
· What were you most proud of?
· Where did you encounter struggles, and what did you do to deal with it?
· What about your thinking, learning, or work brought you the most satisfaction? Why?
· How were you curious throughout the learning sequence?
What new skills and/or information did you learn?
	It is important for students to self reflect on their learning. Consider letting students choose which questions they respond to. Provide multiple means of expression for student self reflection:
· written responses
· draw pictures
· create a slide deck
· record verbal responses
· discuss with partner student choice



[bookmark: COMPUTER_SCIENCE_LEARNING_SEQUENCE]COMPUTER SCIENCE LEARNING SEQUENCE
[bookmark: Part_1:_Unintended_Impacts:_Did_the_Tech]Part 1: Unintended Impacts: Did the Technology Industry Wreck the Music Industry or Save it?

	Instructions for Part I
	Teacher Notes

	(SLIDE 2)
Unintended Impacts: Did the technology industry wreck the music industry or save it?
Share with students:
As you learn more about writing computer code in this unit, we’ll also be looking at how the consumption of cultural and entertainment media has changed; specifically in the music field.







(SLIDE 3)
You may or may not be surprised at the intersection of computing technologies and an art form that has existed since the dawn of humankind. We’ll examine and discuss this intersection in technical, sociological, and personal ways. In this learning sequence we’ll look at the structure of how we listen to music and the way that has changed over time. We’ll look at the technical innovations which brought music listening to computer platforms and we’ll also explore the structure of the computer technology industry [namely internet related companies] and the unplanned consequences of when those industries collided.
We’ll explore these ideas as we learn more deeply about writing computer code and programming through the following questions:
· How do you connect to music?
· How has music been heard in the past?
· What did technology bring to music?
· Did the technology industry wreck the music industry or save it?

(SLIDE 4)
Share with students:
Many people connect with music in a very personal way. Artists tell stories and evoke emotions in us that feel unique and fit into the story of our lives. There are many different ways to experience music and each one has its own subtle differences to the others.
	
The activities included here have been developed with the UC Berkeley and Education Development Center’s developed course “The Beauty and Joy of Computing” (BJC) which is available and under Creative Commons License. Though no direct reference will be made to BJC in the student materials, teachers will be directed to it for understanding the correct location and timing within their own curriculum. However, particular CS concepts will be called out.

Access the slide deck for Computer Science to support instruction.




	Instructions for Part I
	Teacher Notes

	(SLIDES 5–6)
Ask students:
Take some time to write thoughtful answers to the following questions:
· What is your favorite song lately? Who is the artist(s) that performs that song? What do you know about them?
· How is it that you’ve heard that song? Did you hear it on the radio? Did you discover it on Spotify? Did an adult play it for you?
· What about the song do you like? Is it the lyrics? The way the melody moves? The rhythm? What about that element speaks to you?
· How does the song make you feel?
· Do you know of other artists that are similar to this one? What about their music reminds you of the first artist you wrote about?
· Ask a trusted adult in your life (someone like your teacher, your parents, even better yet, your grandparents) how they discovered music when they were young. Ask them the following questions and note their responses:
· How did they discover music when they were young?
· Do they recall a favorite song? Who was the artist? Were they popular? Why?
· What about that song was special? Was it the lyrics? The melody? The rhythm? What made that element so special?
· How much did music cost when they were young?
· How is the adults’ story of their youth similar to yours?
· How is it different?

Share with the class (or post online in the manner your teacher tells you) your current favorite song and why. Then, tell some of the stories you learned about one the adults in your life.
(SLIDE 7)
How has music been heard in the past?
Ask students:
Read this article about audio recordings. Also, read this short piece about computers and CD’s. Make notes of information you think is important. You may also find this timeline helpful after you read.
	





































This exercise is intended to follow Lab 1 of BJC.

If you are asked for a code to access the Britannica resources please use the Access ID/Passcode that was sent to your school district. If you need further help please email edsupport@eb.com.
Note: Students may have never seen a curved timeline before. It may be important to discuss the




	Instructions for Part I
	Teacher Notes

	


(SLIDE 8)

After you’ve read the article, record your answers to the following questions. Feel free to return to the articles to review information if you need to.
· In a general way, describe the difference between analog and digital recordings.
· Early digital recordings were sold on CD’s starting in the 1980’s. Why weren’t those recordings sold on the internet?
· Computer programs, or applications (Apps), used to be sold to people on CD’s just like music! What do you think the experience looked like if you couldn’t “download” an App? Is there a trusted adult you could ask about this? Ask them!
· For that matter, what do you think the experience looked like if you couldn’t “download” a song? Is there a trusted adult you could ask about this? Ask them!
· How are those experiences different from what you experience today?
· It seems that digital recordings and the invention of the personal computer happened at similar times. With your understanding of how computers work, do you think there is much difference in how a CD holds audio information and how it holds text, pictures, or programs? Why or why not?
Share your responses with the class or in a small group.
	lengths of the curved segments (not precisely, but in general). This type of timeline allows us to demonstrate where “clusters” of events occur close together in time with large time gaps in between “clusters”.
Spotify and streaming services were not included on this timeline as they prompt questions beyond digitization of audio. This was done in the interest of timing and if you’d like to add in extra material to cover this feel free!



[bookmark: Part_2:_What_did_Technology_bring_to_Mus]Part 2: What did Technology bring to Music?

	Instructions for Part 2
	Teacher Notes

	
(SLIDE 9)
What did technology bring to music?
Share with students:
You’ve recently thought about how technologies changed the way people listen to music over time. As computer scientists, you’re likely interested in how the digital recordings are captured. Further, how is that data actually stored within a system! The screenshot is of an audio file and what it can look like when represented visually in a software tool. The waveform shown above is a mono digital recording of a drum kit and lasts about 15 seconds.
You’ve been learning about data abstraction lately in your class. Most notably about data representation (how we use numerical values to represent particular meaning) and abstract data types. Examples of these types may be like a list containing many values or if you’ve worked in Scratch, it’s the idea of a Sprite which can hold many different values within itself.

(SLIDE 10)
How Sound is Converted
Ask students:
Read this article and make notes about information you think is important. The beginning may seem like a review, but it contains important understandings so read it carefully! As you read, remember to think like a computer scientist and consider:
· What data do we have here?
· How could that be stored in a computer system using variables?
· If this digital data is stored in a file (like a .wav or .aiff) how might we organize the variables holding the data?
Make notes of information you think is important.

(SLIDE 11)
Share with students:
Some extra information which may not be clear from the article is how this data is transferred back into sound we can hear?
Well, the encoding process is reversed! The digital data is converted back into electrical impulses which are then amplified (given extra power) to move the cone on a loudspeaker, often just called a speaker.
(SLIDE 12)
Share with students:
The screenshot below is the same waveform shown earlier. However we’re only looking at about ¾ of one second of information. We’ve “zoomed in” on the timeline. The center red line (a.k.a. The Zero Line) is when the speaker cone is at rest,
or in the neutral position. This is the same position the cone would be at when there is no sound being played at all. The
	
This exercise is intended to follow Lab 2 of BJC.




















The article has embedded resources. If students experience issues, recommend the Chrome or Firefox browsers.




	Instructions for Part 2
	Teacher Notes

	cone driver (a magnet) pushes out and pulls in from neutral with the same action you “see” in the waveform above. This is why a speaker seems to be “bouncing” when music is played through it, especially when loud!
(SLIDE 13)
Ask students:
After you’ve read the article, record your answers to the following questions below the notes you’ve made in your “How Sound Is Converted” journal entry. Feel free to return to the article to review information if you need to.
· In your own words, describe sampling rate and sampling precision. How do changes in these qualities affect the result of audio capture?
· For a computer to keep this sampled audio data in RAM, how would you organize it? What names (or identifiers) would you use for the variables and what would be stored there?
· We’re told that CD’s can hold 74 minutes of stereo audio content. How many megabytes (MB) of information is that? What are some of the differences in audio files which could alter the number of minutes a CD could hold?
· How many MB of storage would a 4 ½ minute song require?
· By way of comparison, a small, typical, .jpeg graphic you see on an internet page is between 5 and 10 KB. How many times bigger do you think our 4 ½ minute audio sample would be?
· Ask a trusted adult if they can recall when they first started listening to music on a computer (if they have)?

Share your responses with the class or in a small group
	






Worthy of reminder here:
1 MB == 1024 KB == 1048576
bytes
This is a technicality and as memory and storage becomes cheaper and cheaper, more people are reverting to the standard metric inference of these prefixes, i.e. 1 MB == 1000 KB == 1000000 bytes
This “magnitude thinking” is fine for day by day use, but as students are learning and discovering, it’s good to focus a bit on these numerical details as an exercise. This awareness helps students to understand the RAM and storage needs of a system with something that is more tangible to them.
74 min of stereo audio is 746.9 MB (less than 1 GB)
Typical 4 ½ min song is 46,511 KB or 45.4 MB



[bookmark: Part_3:_How’s_That_Sound_to_You?]Part 3: How’s That Sound to You?

	Instructions for Part 3
	Teacher Notes

	(SLIDE 14)
Share with students:
As digital recording progressed, many people noticed a difference in sound quality between analog and digital sounds. If you’ve ever listened to the same song on a vinyl record and on a CD you may have noticed differences yourself! These differences sparked passionate debate in the music and recording industries and amongst avid music fans. Some people noticed differences, others didn’t.
(SLIDE 15)
Ask students:
Listen to this broadcast to hear audio professionals discussing this debate. The transcript of the conversation is below the audio player found at the top of the page. Listen up to the 14:30 minute mark only. Make notes of information you think is important.

After you’ve heard the broadcast, add your answers to the questions on the next slide below the notes you’ve made in your “How Sound Is Converted” journal entry. Feel free to return to the broadcast to review information if you need to.

(SLIDE 16)
· Have you ever heard the same song on a vinyl record and then in digital format? Did you hear any difference? What was that difference and describe the experience.
· Ask a trusted adult if they’ve had any experience with this comparison. Write about that.
· Tell something that was said in the broadcast which caught your attention or was a new idea to you. Tell about the person who said it, what they said, and why that statement resonated with you.
· How do you view yourself? Do you “consume” music while engaged in a variety of activities? In what circumstances do you do this? Or is listening to music a “ritual” for you? Meaning you find a time and space to listen as well as look over associated artwork or lyrics while you’re listening. Are you a “ritual” listener or a “consumer”? Are you both at different times?
· With what you’ve heard, how do you think audio professionals made the decision of what sampling rate and sampling precision was “good enough” to maintain audio quality (a.k.a. fidelity)?
Share your responses with the class or in a small group.

(SLIDE 17)
A Little Smaller Would Be Better. . .
Share with students:
	
This exercise is intended to follow Lab 3 of BJC.











































This exercise is intended to follow Lab 4 of BJC.




	Instructions for Part 3
	Teacher Notes

	Could you hold the above record (or CD’s for that matter) in your jacket pocket? With what you’ve learned about raw audio files (.wav and .aiff) and their size you can likely guess that audio files needed to evolve. As the internet started to grow in the mid to late 90’s, music creators found a problem with the fast-changing system. Their files were too big to transport easily and move across the internet! A way to compress or reduce the size of the file and still maintain CD quality was needed and the
.mp3 file format was born.
Read this article to get some history of the .mp3 file format. Make notes of information you think is important.

(SLIDE 18)
Ask students:
Listen to the remainder of the earlier broadcast to hear audio professionals discussing this debate. The transcript of the conversation is below the audio player found at the top of the page. Listen after the 14:30 minute mark to the end. Make notes of information you think is important.

(SLIDE 19)
Ask students:
After you’ve read the article and heard the final part of the broadcast, record your answers to the following questions. Feel free to return to the article and broadcast to review information if you need to.
· Describe some of the ways which audio files are “compressed” using the mp3 codec. You don’t have to give exact math formulas, but write generally about why these files came to be known as “lossy”.
· Patent laws help developers of a process or methodology get compensation for what they developed. This file format was developed (and licensed) by many people. Reread the “Microsoft’s Big Payout” text box. This is clearly a complex situation! Describe in your own words the nature of this legal conflict.
· The mp3 file format was well designed for use across the internet. What made it wildly popular with music consumers and why?
· Reread the “Author’s Note” at the end of the article. Consider a “ritual” type of listener of music (introduced in the previous section) and how they value the experience of listening. Do you know what a b-side is? If so, tell about that and why it could be important to a “ritual” listener. If not, what do you think it might be?
· According to this author, why might you be confused by the previous question?
Share your responses with the class or in a small group.
	





[bookmark: Part_4:_Did_the_Technology_Industry_Wrec]Part 4: Did the Technology Industry Wreck the Music Industry or Save it?

	Instructions for Part 4
	Teacher Notes

	
(SLIDE 20)
Did the technology industry wreck the music industry or save it?

Share with students:
For many years, artists and the recording industry earned their living from producing music recordings, creating copies of them, and selling them to people. This was the structure of the entire industry. Whether those sales were through analog LP recordings or digital CD recordings, artists and record companies are the only individuals who legally have the right to copy their work for sale. This is known as a copyright and the entire recording industry grew and thrived with this arrangement.

(SLIDE 21)
The Structure of a whole industry
Share with students:
In the technology industry, programmers and software companies also are copyright holders. The structure of this industry, like the music industry, exclusively sold software products which they developed.

Sales from the products of these two industries are what support the growth, expansion, an improvement of future products as well as development of the talented people who create them.
(SLIDE 22)
Ask students:
Think about the following questions and share your thoughts with a partner or the class.
· Why do you think that music and software creators feel that copyright is an important legal idea? What is their benefit?
· Name the different ways you listen to music. Is there a price you pay for those listening experiences? It may not be just money!
· Name the different ways you use devices and the Apps on them. Is there a price you pay for those computing experiences?
· Do you think it’s fair for creators to charge some kind of fee for the products they create? Why or why not?
	


This exercise is intended to precede Lab 5 of BJC and is intended as a class discussion, either synchronous or through asynchronous postings.




	Instructions for Part 4
	Teacher Notes

	(SLIDE 23)
Data is data
Share with students:
One way that musicians survive and thrive is through the sale of their art. When physical copies of their work were sold, the money trail was easy to track, although some would say intentionally made complicated by the recording industry.
Digital distribution has made that accounting more complex.
(SLIDE 24)
One of the issues here is metadata. As we’ve learned, songs and sounds are captured as digital data in computer systems. The sound files are 1’s and 0’s, just like text or any other information in a digital system. With file formats like .mp3 and
.mp4, it's simple to add more information to the file such as who the artist is, what the title of the work is, and who produced it. This metadata is how you see the name of the artist and the title of the song on your music player or your computer. However, this data hasn’t been standardized yet!
(SLIDE 25)
Ask students:
Read this article to get further insights into the problem this can pose for the music industry. Make notes of information you think is important.
After you’ve read the article, record your answers to the following questions in the journal space you’ve already reserved. Feel free to return to the article and broadcast to review information if you need to.
· Discuss the context and nature of 2 different metadata problems raised in this article.
· Who is to blame for these two problems?
· Do you think the issues are the result of intentional actions or inactions?
· What solutions would you pose to solve these problems?
Share your responses with the class or in a small group.
	

This exercise is intended to precede Lab 5 of BJC.



[bookmark: Part_5:_And_Then,_Everything_Changed…]Part 5: And Then, Everything Changed…

	Instructions for Part 5
	Teacher Notes

	(SLIDE 26)
And Then, Everything Changed. . .
Share with students:
In the 90’s many people started asking questions about the products they purchased. They felt music was expensive to buy on CD. They felt that software was VERY expensive to purchase.

In the late 90’s a new idea, the internet, was becoming more available to a larger group of people. A young, 18 year old college student had an idea which impacted both the music and technology industries.

(SLIDE 27)
Ask students:
Be prepared to make notes as you watch the video shared with you. The video is about how the music industry changed in recent history. The video will be paused at certain times (refer to this handout for details) for you to answer some questions and/or record your thoughts.
· Pause at 1:00
· What are your first impressions of what you are about to see?
· What do you wonder?
· Have you heard of Napster before?
· Pause at 3:15
· Who was Shawn Fanning and what was his big idea?
· Could he accomplish his idea without a computer system?
· The three men interviewed in this segment, can you guess what industry they work(ed) in?
· Pause at 4:35
· Why do you believe Vivian thought Napster would destroy the music industry?
· Did Ali (who worked at Napster) believe that? Describe Ali’s thoughts.
· Pause at 6:32
· The recording industry fought the Napster model, and won! According to Ahlby, why did the idea continue?
· Pause at 6:46
· The young man talks about “sharing” music files and states that the practice is “wrong”. Do you think it would be wrong to do this? Why or why not?
· Pause at 7:49
· What business model, or structure, was the recording industry trying to protect?
· How did they try to legally protect that model?
· Pause at 9:12
	
This exercise is intended to follow Lab 5 of BJC.










The video link is https://www.youtube.com/watch?v=C KrdsGdLVQ8 which you can share behind your district firewall under fair use. It is from the New York Times and is a recap of Napster, file sharing, and the disruption to the structure of the music industry.

If students are curious and looking for a deeper perspective, this blog can offer a more personal feel to the story. Tell students that the embedded audio is a podcast which basically reads through the blog.
They can play the podcast as they read through the blog sections.




	Instructions for Part 5
	Teacher Notes

	· For you, is the “streaming” model of listening to music (Spotify, YouTube, etc) something you do? What do you like about that structure? What could be improved in your opinion?
· Pause at 11:15
· Why would some artists embrace streaming outlets like YouTube? What’s the advantage?
· What challenges are some artists facing with this new structure?
· At the conclusion of the video
· Napster and the digital music revolution is called by some a “disruptor” to an industry. Meaning that the ideas presented gave serious challenges to the structures which already exist in that industry. Name the industries given at the ending of the video and list how they’ve been “disrupted” by a new idea. You may need to talk to an adult about this to understand more clearly (your teacher, an older sibling, your parents).
· Can you think of any other industries which are being disrupted recently? Again, speak with an adult and ask about any businesses which don’t operate today the same way they used to in the past. Or maybe ones which have disappeared completely!
	



Students may need some extra time with the last two questions to speak with an older person about changes they’ve seen in recent history.





[bookmark: Part_6:_Understanding_Unplanned_Conseque]Part 6: Understanding Unplanned Consequences

	Instructions for Part 6
	Teacher Notes

	(SLIDE 28)
Understanding Unplanned Consequences
Share with students:
We’ve been looking at the story of how structures that exist in the world around us can be truly challenged by a new idea.

Take a few minutes to review your thoughts and answers to the previous activities about structures in the music recording industry and what you’ve learned about data and how it’s represented in the digital realm. Focus on what you’ve learned which was new.

(SLIDE 29)
Ask students:
Think about the following questions and share your thoughts with a partner or the class.
· Do you think Shawn Fanning intended to change an entire industry when he thought of his big idea?
· Clearly the structure of the music industry changed. What do you think was good about that?
· What do you think was bad about that?
· In your opinion, should people consider what bad things might happen before they pursue their own “big idea”? Why is that important?
· Discuss how data representation and Abstract Data Types play a role in music technology.
· What was a new thing you learned in this Unit which surprised you? Why?
· What is something you still wonder about our learnings in this Unit?
Take some time to write down new things you’ve learned and your thoughts about them.
	
This exercise is intended to follow Lab 5 of BJC.



[bookmark: Learning_Sequence_Computer_Science_Self_]Learning Sequence Computer Science Self Reflection

	Instructions for Reflection
	Teacher Notes

	(SLIDE 30)
Share with students:
Reflect on your thinking, learning, and work throughout this learning sequence.
· What were you most proud of?
· Where did you encounter struggles, and what did you do to deal with it?
· What about your thinking, learning, or work brought you the most satisfaction? Why?
· How were you curious throughout the learning sequence?
· What new skills and/or information did you learn?
	
It is important for students to self reflect on their learning. Consider letting students choose which questions they respond to. Provide multiple means of expression for student self reflection:
· written responses
· draw pictures
· create a slide deck
· record verbal responses
· discuss with partner
· student choice
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