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ABSTRACT 

In the paper, we present the design and evaluation of an 

interactive tangible musical experience that allowed 

participants to explore instruments within a well-known 

piece of music. We created a step pad that kept track of 

participant motion and matched it to musical channels and 

visual displays to let participants explore the instruments 

within a piece. As opposed to other projects that are 

intended to have participants create new music or modify 

existing music, our project lets users uncover the interior 

workings and relationships between instruments. 

Participants enjoyed interacting with the music and learned 

more about the variety of sections within musical pieces 

they believed they had already understood. 

INTRODUCTION 
Music performance has a long history, and has changed 

significantly over time. Before musical recordings were 

created, music was made in person only, so listeners could 

see the actions of the players, visually experience who was 

playing the instruments, and better understand the 

composition of the music. Today, most music is presented 

entirely in digital formats that distance the listener from the 

performance. Even when it is performed live, listeners are 

often seated too far away to understand how the various 

parts of a band or orchestra fit together unless they also 

practice performing the music. This lack of connection 

makes it challenging for untrained listeners to explore a 

piece of music. 

Modern pop and rock music is recorded as individual 

digital channels for each instrument. Sound engineers mix 

them together to create a balance that sounds good overall. 

For performers, the sound they hear while recording may be 

very different from the resulting sound when all channels 

are mixed. For later listeners, this creates a disconnect from 

the original performance where each part of the music was 

once on its own. They enjoy the final creation, but do not 

have an easy way to explore the process that went into 

creating those sounds. 

When classical music is performed, music is not recorded in 

separate channels as the performance is intended to be 

heard as a full performance. Within an orchestra, there are 

many different instruments being played that even a trained 

listener may not be able to understand the importance of 

each section on their first listening. For regular classical 

listeners, listening to a piece repeatedly to understand its 

nuances is not an unusual habit. 

Harry Potter and the Chamber of Music will present a 

model for letting untrained listeners go deeper into music 

which they recognize as a whole, but not as individual 

channels. Its playful exploration attracts users who would 

not be interested in pulling apart tracks on a computer 

screen. It also gives people a way to understand how a piece 

of music is never just the melody, but various parts that 

require work from many people collaborating together. 

RELATED WORK 

Many tangible interfaces have been explored for creating 

and controlling music. Classic instruments are inherently 

tangible, but digital instruments are often a computer with a 

few sliders and knobs attached. A full digital musical 

instrument, the reacTable has been created by Jorda et al. 

[1]. This table allows full control of digital music creation, 

and is very useful for generative applications. It also is 

intended to attract multiple users who can play together. 

Other musical creative tools include the Block Jam [2] 

which lets users connect blocks together to control a 

sequencer. These generative tools explore new ways for 

users to create music. 

Single-person tangible interaction with music was explored 

in the MusicCube [3] which mapped motions of playing, 

pausing, and shuffling music onto a cube. This was a more 

fun experience than using an iPod, but was not designed for 

better understanding of the music. 

Performances that use audience participation to affect the 

music include Flock, [4] a performance where the music 

shown to saxophone players is affected by the movement of 

audience members. When a large audience is involved, 

some audience members feel that they become part of the 

music, while others are confused by the chaotic motion of 

other audience members. 

There is a disconnect between tangible applications that 

focus on creating and controlling the music and 

performance pieces that try to involve the audience in the 

performance. The best existing connection exists in the 

Music Room, [5] where the motion of participants affected 

the tempo and other qualities of the music. 

The Chamber is not a generative application, but exists for 

exploring existing music. Rather than attempting to 

generate new music using the motion of the audience, it lets 

people explore and better understand music. Unlike the 

MusicCube, it takes apart the music and lets users create a 

new sound. It is intended to have multiple users, but not so 

many at once that the sound becomes chaotic. Users come 



and go, letting it sometimes be explored by many teams 

working together, while at other times it is an individual 

experience. 

DESIGN 

We wanted to create an environment that would play music, 

triggered by a human interaction. To take advantage of 

metaphor known by our users, we built a mat in the shape 

of an orchestra pit, divided into five separate sections. 

When you stand or step on a certain area on the mat, it 

plays a music from a specific section of an orchestra. For 

example, if you step on the woodwind section, it plays only 

the woodwind part of the song. However, when enough 

people gather on the mat and stand on each of the five 

different sections, the orchestra plays in full, revealing the 

full piece. 

The design of our project had four main components: the 

physical mat, five different switches housed within the mat, 

the music, and the visual display of instruments and their 

names. 

Physical Mat 

The part of the physical mat visible to users is made of felt, 

which gives it a soft feel, making it seem more playful than 

the industrial feel that would come with harder materials. 

The felt color choice was also critical in this instance as we 

would eventually project images on top of the mat and did 

not want the images to be obscured by the color of the felt. 
We decided on a light tan color so that our images and text 

would be clearly displayed and not blurred in any way. We 

avoided white as it would become visibly dirty too easily as 

people walked on it. 

The mat was divided into five sections. Having too few 

sections would allow a single user to touch all the sensors at 

once, while having too many would result in splitting a 

piece of music into so many parts that untrained users 

would be unable to distinguish them. Similarly, to prevent a 

single user from touching all the buttons, we made the 

prototype eight feet wide so it would take a few steps to 

travel from one side to the other. 

We also decided to create lines on the mat to indicate where 

each area began and ended to encourage users to explore all 

sections. Early testing revealed that without any guide lines, 

users did not understand that they needed to walk around on 

the mat to experience changes in the music. We 

hypothesized that by differentiating sections with the lines, 

users would understand the layout more clearly and would 

therefore, be more inclined to explore different areas of the 

mat. 

Switches 

The switches inside the pad were designed to cover almost 

the entire area that had been marked out for each section. 

This improvement was made in order to remove the empty 

spaces that would have occurred had we built smaller 

contact areas. If there were areas where people could stand 

without triggering the pad, the lack of music would be 

confusing for users. 

The sensitivity of the switches was tuned so that a light 

touch would trigger them, resulting in a feel of 

responsiveness. The only lower limitation on sensitivity 

was technical: we had to ensure that the switch would not 

be activated when no one was on top of it. 

As much as possible, internal circuitry was hidden so that 

users would think about the music and not about how the 

reactions were activated. 

Music 

The music was selected based on the criteria of being well 

known and having a wide variety of instruments playing at 

the same time. If the piece was not recognized by users, 

they would be very confused by only hearing a part of a 

piece. If large sections of the orchestra were silent for long 

periods of time, users would walk around and be confused 

about why nothing was happening. The music we found 

that best met these criteria was “Harry’s Wondrous World” 

from Harry Potter and the Chamber of Secrets [6]. It 

includes the Harry Potter opening theme that is recognized 

by the college students who were our early testers, and has 

more instruments playing consistently than other similarly 

recognizable music. For a different audience, other music 

would be selected. As orchestras do not record each 

instrument as a separate track, we used a Musical 

Instrument Digital Interface (MIDI) file. Sections were 

grouped as follows: 

Strings: violin, viola, and piano 

Percussion: timpani, percussion, and harp 

Bass: cello, contrabass 

Woodwinds: flute, piccolo, oboe, English horn, clarinet, 

bassoon, contra bassoon 

Brass: French horn, trumpet, trombone, tuba 

We instructed users to begin on the strings sections, which 

opens the piece, to allow them to hear something they 

would recognize before exploring. 

Visual Display 

While music alone lets users explore a piece, there is extra 

information about each section available. We chose to add 

visual cues to remove any confusion about which section is 

which. In addition to the music played in each section, a 

representative image of an instrument is displayed on the 

felt. Black and white images maximize the contrast, 

allowing our design to be used in a variety of lighting 

conditions. If a user remains on a section, the name of an 

instrument currently playing is revealed every two seconds. 

Two seconds was long enough that users could read the 

name of an instrument before the next was revealed, but not 

so long that they would stop paying attention. 



A guiding token moves around on the mat to encourage 

users to explore sections they have not touched before. To 

match the theme of the music, we added the Golden Snitch 

that Harry Potter must capture in his games of Quidditch. 

Users who understood the reference knew to follow the 

Snitch. 

The projector was angled downward at the mat due to 

technical constraints on where we could secure the 

projector. The direction was chosen to limit how often 

shadows of users would obscure the display as they started 

to explore. Projecting from above would be the preferred 

direction if the projector could be secured properly. 

IMPLEMENTATION 

The “Chamber” is a constructed as a floor mat shaped like 

an orchestra pit. It is divided into five sections, each of 

which is a pressure-sensitive switch. The total size of the 

mat is 8’ x 6’. 

The switches are pads that are constructed as a sandwich of 

two layers of heavy duty aluminum foil around a piece of 

cushioned non-slip shelf liner. The liner has half-inch strips 

cut out, exposing aluminum foil. The liner is larger than the 

aluminum foil so there will be on contact on the outside. As 

a result, when weight is placed on the aluminum foil, the 

two pieces touch. Each pad is approximately 2’x3’. Each 

pair of aluminum foil sheets is connected to a 9-volt 

connector, which is then connected to a set of wires. Wires 

are threaded through the foil and taped on to maximize 

contact area without tearing the foil. When weight is placed 

on a section, the cushioned liner is compressed, and the 

aluminum foil touches, completing a circuit. All wires from 

the five pads exit from a single corner as a bundle to 

prevent tangling. The five pads are covered by felt on each 

side. This prevents any stray contacts on the aluminum foil. 

All pads are taped in place for stability during transport. 

The outside of the felt is held together with binder clips, 

which allows easy access for any debugging of connections. 

The top layer has extra lengths of felt glued to the top to 

mark out the five sections.  

 
Figure 1: 8’ x 6’ felt pad (orchestra pit) divided into five 

distinct musical sections. 

 
Figure 2: Cut-away view of pads with aluminum foil, 

non-slip shelf liner, and 9-volt connector switches.  

The cables are all connected to an Arduino that tests if the 

circuit is connected, using a 10K pull-down resistor to 

ground analog input pins when the circuit is not connected. 

The Arduino sends numbers 1-5 through a serial connection 

to the computer to report which pads are currently 

activated. 

The computer processes the serial input to map each of the 

pads to a set of images and sounds. The music played is 
based on MIDI files. The music is paused until at least one 

pad is activated. At that point, the instruments not 

associated with a section are muted until their section is 

activated. For example, in the strings section, when 

someone steps on the pad, a violin image is shown. If the 

person remains on the section, extra words are shown 

describing the instruments in that section. For the strings, 

this shows “violin”, “viola”, and “piano”, with each being 

revealed two seconds after the last word. Also, the Snitch 

shows up once a user steps onto the mat. It moves with a 

random motion that gives users a sense that it is excited. It 

moves toward a mat that is currently not stepped on. It will 

pick a new destination when that mat is stepped on. A 

projector at a 45-degree angle shows all images. 

PILOT EVALUATION METHOD 
During the showcase, we experimented with how we 

presented our prototype to our guests. Some users were 

only instructed to explore, while others were told that the 

mat would play different parts of Harry Potter music. All 

were greeted by signs calling the prototype “Harry Potter 

and the Chamber of Music.” If they expressed confusion, 

we gave more information and suggested new ways to use 

the mat. After a time of single-user exploration, we would 

recommend that a second person join so they could also 

experience a multi-user interaction. 

Due to significant background noise, we gave guests a 

portable speaker which they held to their ear as they walked 

around the mat to allow them to fully hear the orchestra 

music.  

We talked with some users during their experience, and 

interviewed others after they finished exploring the mat. 



When given permission, we documented some experiences 

with photos and video. 

PILOT EVALUATION FINDINGS 

Guests at the showcase truly enjoyed interacting with our 

prototype. The combination of their movement triggering 

sounds and projecting images and words at their feet 

elicited feelings of curiosity, excitement, and joy. If we did 

not provide our guests with an explanation, they would take 

their time, carefully stepping on different areas of the mat 

to understand the differences and nuances of each area. 

Additionally, once the users discovered that the song was 

“Harry’s Wondrous World” from Harry Potter, they were 

delighted and spent more time exploring the mat’s 

affordances. 

Most users understood that stepping on different areas of 

the orchestra pit would trigger different images and words. 

Some expressed confusion about whether each mat was 

playing the same music played by different instruments, or 

different parts of the same piece. Many users did not 

understand that multiple pads could be activated at the same 

time, and had to be encouraged to activate more than one 

concurrently. 

Some of the more entertaining moments were when guests 

found and followed the Golden Snitch around the mat. The 

goal of the Golden Snitch was to encourage guests to 

explore all sections of the orchestra pit. Given the interest it 

created, we changed the starting location of the Snitch to be 

the percussion mat, which had the most important melody 

after the string section where users began. Some users took 

the metaphor too literally, and asked whether they were 

supposed to “catch” the Snitch by moving to it. 

Despite our efforts to choose a song where all sections were 

playing most of the time, there were still long sections 

where the percussion does not play at all. This led to some 

confusion when users stepped onto the percussion section 

and heard no music playing. 

 “Harry’s Wondrous World” was very successful in keeping 

users engaged. The combination of the familiar movie and 

song with the unfamiliarity of our orchestra pit created a 

perfect balance between feeling comfortable and excited to 

explore. Finally, one of the most interesting parts of the 

interaction was witnessing the very moment when a guest 

connected the dots and fully understand the scope of our 

project. There was a brief moment when they would stop in 

a particular area, wait for the changes in music to occur, 

smile, and then continue exploring. 

DISCUSSION 

Based on our findings, we learned that our mat design 

provided enough visual information for the guest to 

understand that we created an orchestra pit. We also learned 

that the lines placed on the mat were helpful in guiding 

their experience and encouraging them to explore areas that 

were clearly marked as new territory. Our hypothesis about 

marking off different areas on the orchestra pit was correct 

as they visually communicated differences and changes on 

the mat. 

We learned that projecting images of musical instruments 

and the associated orchestra vocabulary were helpful in 

educating the user to learn more about the instruments they 

were listening to. 

We also discovered that managing the audio levels was an 

important design component to control. Due to the fact that 

we were in an open environment with other groups and 

projects, we faced the challenge of ensuring our guests 

could clearly hear how their interactions with the mat 

influenced the sounds they heard. The portable speaker was 

a great interim solution but in future iterations, it would be 

beneficial to have a larger speaker set in an area that is 

removed from other influencing sounds. 

If we had an unlimited amount of time and resources, the 

next steps for “Harry Potter and the Chamber of Music” 

would be to create a larger orchestra pit that would span the 

length and width of an intermission hall. This scaled-up 

version of our prototype would let an entire crowd of 

people explore the music at once. The different areas of the 

mat would play music that the guest had just heard, thereby 

creating a sense of familiarity and curiosity. We would also 

continue to create more sections on the mat, divided into 

areas dedicated to each individual instrument. For example, 

flutes would have their own section instead of being 

grouped in with the woodwinds and trumpets would have 

their own area instead of being combined with the brass 

section. As a result, more detailed information about the 

music played by the flutes could be displayed rather than 

the list of instruments currently included. This additional 

information could allow for a deeper understanding of an 

orchestra’s composition. 

With a securely installed projector above the mat, we could 

give more clear images that would be less distorted by 

angles and focus. If we could keep the room dark enough 

that colors could be displayed on the mat, we could display 

colors on each section as users explored them. While the 

current design required lines between each section, future 

iterations would reveal the different section shapes as users 

explored the intermission hall. This would likely increase 

the sense of exploring the music and create a stronger 

connection to the music. 

CONCLUSION 

The tangible musical experience allows participants to 

explore music creation while learning about the various 

components that work together to make a song or score. We 

found that building a product inclusive of a tangible 

component and visual and auditory parts yielded the most 

effective music education for participants. Many of our 

users enjoyed the process of exploring different areas of the 

orchestra pit, encouraged by the visual display of 

instruments, the changes in sound, and chasing the elusive 

Golden Snitch.  



In future iterations of this product, we would reconsider the 

scope to include areas designated for each individual 

instrument rather than just orchestra sections. Furthermore, 

we would also evaluate the angle from which the images 

are projected to ensure that the ground is fully covered with 

instrument images and text. Finally, we would also re-

evaluate the sound quality and space to make sure that the 

audio emitted from the mat was strong enough for patrons 

to hear.  
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