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Introduction

One of the largest problems in the realm of music is finding the most effective way to
practice. Preparing for a rehearsal can be a stressful and frustrating time if one does not have the
proper materials or infrastructure to play. Of course, one’s practice style also depends on the type
of music they are playing. This paper will focus on musicians that wish to play together, whether
it be in a band or for recreation. Some popular methods of practice are to play alongside digital
audio or playing with other musicians, though both methods come with their own issues. Playing
along with digital audio does not provide the same necessary feedback as playing along with
other physical instruments. Furthermore, while playing in the presence of other musicians is one
of the best methods of practicing music (Nielsen, 1999), not everyone has the time or capability
to meet in person to practice. Playing music live with others involves subtleties and cues that are
difficult to replicate in any other format. A method must exist, then, where players can practice
with a physical instrument while working on their individual parts.

Practicing an instrument can be a challenging task if one does not know where to begin.
Searching for educational musical equipment is even more difficult, as each developer has their
own idea for the quickest improvement in musical skills. There is currently a disconnect between
music technology and music education. There are musical apps and websites that beginners can
use to learn the basics of an instrument (Crazy Ootka Software AB, 2022). There are also
machines that are more capable of playing instruments than any human who has ever lived
(Polyend, 2015). The problem arises when we try to find a product in the center of both extremes
— something physical and capable of assisting players using methods that are known to increase

productivity.



Devices advanced enough to replicate the subtleties and nuances of human creativity pose
an obvious problem to human musicians. With the introduction of neural networks, research has
already produced several Al capable of generating digital artwork indistinguishable from human
creation (DreamStudio, 2022). People have even won awards for Al-generated pieces, passing
them as their own creations (Metz, 2022). Below in Figure 1 is an award-winning Al-generated
piece. Although Al currently performs best in the world of digital art, the technology will

eventually spread to other regions of creativity.

Figure 1: Award Winning Al Generated Piece Titled ""Théatre D'opéra
Spatial™ (Metz, 2022)

Our technical project, titled Whiplash, after the movie of the same name (Chazelle,
2014), aims to assist musicians with practicing music when other human musicians cannot be
present. While our project intends to achieve a net-positive outcome for education, it has many
implications on the effects of technology on the arts. | intend to explore how technology is

changing the way we perceive creativity.



Technical Topic: Whiplash Drum Device

There currently exist several working models of robotic drum-playing machines. One of
the most prominent robotic-humanoid drummers is “Stickboy” (Barnes, 2007). Stickboy is a six-
armed robot that has been on tour since 2007. Stickboy must be programmed to play, as it has no
internal algorithm to play autonomously to a specific song. This means that while Stickboy may
be much more capable of playing than any drummer, it is also incapable of creating its own
music. On the other end of the spectrum, the Polyend Perc (Polyend, 2015) is an entirely
functional device capable of playing an entire drum set. The device involves aluminum
enclosures that contain small cylinders to “beat” the drum, rather than strike it. The Perc also has
no algorithm to automatically track music and play along, as it must be entirely programmed to

the user’s specifications. Below in Figure 2 are the two devices.

Figure 2: [From Left to Right] Stickboy (Barnes, 2007) and Polyend Perc (Polyend, 2015)



While both Stickboy and Polyend Perc fill their niche of being able to display drumming
capability, neither can play without being programmed to a song’s specifications. Our device,
Whiplash, utilizes a digital signal processing (DSP) element to autonomously track the beat of a
song and play a physical drum to that beat. Rather than hard code each drum hit as the current
technology does, we can focus on making our project generalizable to any musical audio using a
temporal algorithm. Temporal algorithms, or software that focuses on time precision, have been
used previously to train robotic musicians to play music (Fryen et al., 2020), though Whiplash
does not utilize any reinforcement training.

The chipset we have chosen is a Texas Instruments (T1) mixed signal processing 432
(MSP432) chip. We are also using a TI CC3220SF launchpad (Texas Instruments, 2018) that
enables us to access each input/output of the chip easily. The user plays audio from their
preferred device (phone, computer, etc.) and the signal is passed to the microcontroller. The
microcontroller then performs the DSP to parse out the song’s beat. The beat signals are then
transformed internally into pulse-width modulated (PWM) signals that can be read by servos,

specifically HS-805BB servos (HITEC, 2007). The generated PWM signals are sent to a servo
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Figure 3: Whiplash Block Diagram (Anselmo, 2022)




driver printed circuit board (PCB) created to protect the MSP432 and servos from overcurrent.
The servo driver amplifies the signals and sends them off to the servos, enabling them to spin the
drumsticks and hit the drum. Figure 3 above shows the process in a block diagram.

The device will have several other features. The strength of the drumstick hit will depend
on how loud the song is playing at the moment of that hit. The device will also have an output to
a speaker, so the user is able to hear the music live. The output speaker will have a delay when
playing audio so the device can hit the drum exactly when it is expected to. The physical body of
the device was designed using FreeCAD (Riegel, 2002) and printed using a 3D printer. The body
has mounts for the servos, while the drumsticks will be screwed into a mounting plate on the

servos themselves. A model of the 3D design is provided in Figure 4 below.

Figure 4: Whiplash 3D Model (Anselmo, 2022)



Whiplash helps in solving the previously stated problem by providing a musical
companion to practice with. The user will receive the benefits of physical feedback while being
able to practice with a partner that cannot tire. The user’s only responsibility is to choose their
desired song and Whiplash will do the rest. One may argue that Whiplash is no different than a
metronome. While Whiplash only plays to the beat of a song, it also adapts to any shift in tempo
and beat that may occur during the song. A metronome is only capable of playing a constant
beat, so Whiplash enables a musician to seamlessly practice an entire piece with no pauses to
adapt the device to each part of a song.

While the device provides an extra musician where there may not be one, it also provides
context to the human and social dimensions of technology in general. A common side-effect of
research is that it typically leads to revelations that are later applied to wildly separate fields
(Cetinic & She, 2022). For example, our beat detection algorithm enables humans to explore the
digital bits of a song and further our understanding of music. Whiplash is a bridge technology
that may eventually expand to devices with onboard Al, capable of generating their own
algorithmic compositions. The device currently is nowhere near capable of fully replacing a
human musician; however, if the project were to be expanded and researched further, it may very
well be. The device can be reformatted to parse out individual drums in a song or “taught” by
machine learning algorithms to generate its own drum track. This would allow the device to
interface with a full-scale drum set and create its own music as a human would. This issue then

expands into technology’s effect on musical creativity and general creativity.



STS Topic: The Creation of Artistic Media by Artificial Intelligence and its Effects on How
Humans Perceive Creativity

Al is a double-edged sword because it both makes our lives easier while replacing the
jobs of others. Technology can be described as a human means of interfacing with nature, while
Al is described as interfacing human learning with machine learning technology (Grba, 2022).
Technology is created to assist humans with everyday living, whether it makes life more
convenient, more luxurious, or simply allows us to survive. The problem arises when we view
technology in terms of who or what it can (and may) replace.

Technology, so far, has been advantageous in the development of creativity. Artists and
consumers can much more easily access, use, and create media. Currently, the analog world is
digitizing, allowing computers and devices to perform the tasks that humans once did. Software
engineers can exhibit their creativity by writing algorithms to generate artistic media. Humans
have become more connected through the metamorphosis from analog to digital media.

The primary concern of Al is the replacement of human beings by technology. Such an
occurrence has already taken place in industries such as manufacturing, automotive, and sales
(Flynn, 2022), while the creative industry is a new focus. Traditional artists cannot compete with
the vast processing speed of current technology and are therefore losing the spotlight. Software
engineers interested in machine learning and neural networks can thrive in the current
environment of automated creativity.

The STS framework | will be using is technological momentum. The primary social
groups affected in my research are musicians, artists, software engineers, and consumers of both
art and music. In the book “The Evolution of Large Technological Systems” Hughes reinforces

the previously stated idea that technology is a means of interfacing with nature. He states,



“Technological systems solve problems or fulfill goals using whatever means are available...the
problems have to do mostly with reordering the physical world in ways considered useful...”
(Hughes, 1987). Technology in the creative industry has evolved and gained momentum to
perform this task.

In 1957, the first machine learning algorithm was invented to play checkers. Over years
of research and development of more robust hardware, innovators designed generative
adversarial networks (GANSs) in 2014 (Poltronieri, 2019). GANSs are the Als responsible for
creating art, built from the infrastructure of algorithms that once served an entirely different
purpose. Such is an example of Hughes’ innovation in technological momentum. Further
investigation into the expansion of GANs also reveals the development and invention stages of
such an Al. Fixing this framework to my research will allow me to pinpoint the niches in which
Al fits itself in to the point where the social construction of the technology becomes clear. The
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diversity and competition in a field. Such an idea is reinforced by a framework on technological
entrepreneurship, stating, “Technological entrepreneurship...can be defined as the setting up of
new enterprises by individuals...to exploit technological innovation” (Siyanbola, 2011). Spotify,
YouTube, Amazon, and many others compete today to dominate the media streaming market by
exploiting algorithms to provide humans with recommended content. Similarly, the Al-generated
art market is expanding as well. DreamStudio Al, Dall-E Mini (Dayma, 2021), MidJourney
(Holz, 2022), and several other GANs compete in a new market of Al media. While GANSs like
DreamStudio have utilized a paid system, others stay entirely free due to advertisements. Diving
deeper into Al art through the lens of technological entrepreneurship will provide further insight
into the incentives and payoffs of producing such technology.

To display the differences in several GANSs, | input the prompt “A Vision of a Parallel

Dimension” into DreamStudio, Dall-E Mini, and MidJourney, as shown in Figure 6 below.

Figure 6: [From Left to Right] ""A Vision of a Parallel Dimension® Prompt using
MidJourney (Holz, 2022), DreamStudio (DreamStudio, 2022), and Dall-E Mini (Dayma,
2021)
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Research Question

My research question is as follows: How has technology affected the way we perceive
creativity? For most of human history, art was created solely by humans; however, through Al-
generation, new methods of artistic expression have been introduced, challenging the current
definition of what “art” is. As the inventors of technology that threatens to replace human
creativity, we must assess the level of this threat. By gathering human perspectives about Al-
generated media, we can learn more about the position in which humans are situating themselves
in preparation for the future of Al.

To analyze the question, I will conduct a survey that asks questions regarding Al-
generated and human-generated art. In addition, I will interview students in art majors, software
majors, and majors unrelated to the two. The idea of the survey is to gather numerical data that
can be statistically analyzed. The primary idea of the interviews is to gather the perspectives of
the primarily affected social groups while having unrelated social groups as a control. The
interview portion will also provide a qualitative rather than a quantitative view, as in the survey.

The survey will involve several sections: art, music, and research questions. The art
section will present a piece from a random pool of Al-generated and human-generated art. The
user will rate a piece from 1 to 10 based on specific aspects of each composition. The music
section will be the same, on a 1 to 10 scale. The survey idea was pulled from a paper about
who/what should receive credit for Al-generated art (Epstein et al., 2020), therefore the last
section will involve related research questions. The questions will ask what people think of Al in
the art world, who should obtain the credit for Al generated media, and whether there should be

certain restrictions. The survey will also gather metrics such as age, major/occupation, etc.
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Once the data is collected, I will run a statistical analysis on each individual part to find if
there is a statistically significant view for or against Al art. | can discover if people prefer pieces
generated by Al or humans and whether age or occupation influences that preference. | can also
gather a consensus on whether people think Al-generated media is a net benefit or detriment to
how we perceive creativity. Of course, the larger the sample size, the better the data; however,

some biases may occur due to the population I will survey.

Conclusion

The expansion of technology has changed how we produce and consume creative media.
While specific problems have been solved within the expansion of such technology, newer
problems arise. Our drum device, Whiplash, solves the problem of practicing music when other
musicians are not around to play along with. Our solution is a bridge technology that contributes
to the expansion of automated creative technological systems. Creative media has begun to be
produced from start to finish by Al, thereby removing the human element. I hope to learn from
my research how people perceive such a shift in our culture, and whether people believe it leads

to a net positive or negative for human creativity.
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