
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
< Kate Watkins >>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>> 
< May 9, 2011 <>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
< Mini Thesis <> MIDI Typewriter Instrument <>>>>><<<<<>>>><<<<<>>>>><<<<<>>>
< Major Studio 2 >> Interactivity <> Melanie Crean <<<<>>>><<<<<>>>>><<<<<>>>
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>

<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
I. INTRODUCTION
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When Musical Instrument Digital Interface (MIDI) protocol was introduced in 
1982, it significantly transformed electronic music by enabling communication 
between different instruments, computers and other electronic devices and 
equipment. The protocol, or this new common digital language, created a 
powerful and efficient way to control synthesizers. MIDI has enhanced 
experimentation with music because it has made the process of creating and 
playing music easier and more rewarding. There are many different types of 
devices that use MIDI, from music keyboards to smart phones to personal 
computers. The one thing all MIDI devices have in common is that they speak 
the ‘language’ of MIDI. Because MIDI data is only performance instructions 
and not a digital version of sound recording, it is possible to alter the 
performance, whether that means changing just one note played incorrectly, or 
changing all of them to perform a song in an entirely new key, or at a 
different tempo, or on different instruments. 
 
The music instrument that I am proposing offers a new form of a hybrid 
performative experience. The project revolves around patterns: patterns of 
language, music and visual representation of the two. By analyzing the 
frequency of each letter key on the typewriter, then grouping them in 
appropriate sectors that are then converted to a range of MIDI notes, my goal 
is to create a performative experience where individuals discover the 
connection between language and music as they play and interact with the MIDI 
typewriter interface. The visual output will be mapped in a grid similar to a 
digital MIDI sequencer piano roll notation, where the frequency level appears 
along the x-axis and the duration moves across the y-axis. My goal is to make 
the graphical score connect the meaning between the language that’s being 
typed and the MIDI notes that are being outputted.
 
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
RESEARCH
<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
 
MIDI is an industry-standard protocol that enables electronic musical 
instruments (e.g. synthesizers), and computers and other electronic equipment
(MIDI controllers, sounds cards, samplers) to communicate and synchronize 
with each other. Unlike analog devices, MIDI does not transmit audio signal - 
it sends event messages about pitch and intensity, control signals for 
parameters of volume, vibrato and panning, cues, and clock signals to set the 
tempo. As an electronic protocol, it is notable for its widespread adoption 
throughout the music industry(1). MIDI is extremely compatible because music 
is stored as instructions rather than recorded audio waveforms and the data 
size of the files is quite small. Individual MIDI files can be traced through 
their own individual key code. 



MIDI protocol was created by Dave Smith,commonly known as the “Father of the 
MIDI” and founder of California-based company, Sequential Circuits. “Smith 
presented a 1981 AES paper for a Universal Synthesizer Interface (USI) based 
on his meetings with Tom Oberheim and Roland’s Ikutaro Kakehashi. USI 
proposed a common note -- on/off communications protocol between electronic 
instruments and different manufacturers. In a rare example of insight and 
cooperation, U.S. and overseas companies began working together to refine USI 
into the more powerful MIDI standard. MIDI was first publicly demonstrated at 
Winter NAMM 1983, when Prophet-600 as connected to a Roland JP-6.(2)” The 
article about Smith continues to explain that as computers became affordable 
and more powerful, MIDI became a staple in studios, along with growing stacks 
of synths, drum machines, sequencers and samplers, with control rooms 
expanded to house all of this gear. From this point on, the original MIDI 
specs were enhanced with more features, making the language even more 
powerful and adaptive to digital interfaces. 
 
A synthesizer is an electrical instrument capable of producing sound by 
generating electrical signals of different frequencies. Synthesizers use a 
number of different technologies or programmed algorithms, each with their 
own strengths and weaknesses. Synthesizers are often controlled with a piano-
style keyboard, leading such instruments to be referred to simply as 
keyboards(3). When an acoustic instrument makes sound, the loudness and 
spectral content of the sound alters over time in ways that vary from 
instrument to instrument. Sound synthesis techniques commonly utilize an 
envelope generator, or ADSR envelope, that controls a sound’s parameters at 
any point in its duration. ADSR, Attack-Decay-Sustain-Realease, is a term 
that describes the amplitude envelop used in most synthesizers(4). Attack time 
is the amount of time taken for initial run-up of level from nil to peak, 
beginning when the key is first pressed; Decay time is the time taken for the 
subsequent run down from the attack level to the designated sustained level; 
Sustain level is the level during the main sequence of the sound’s duration, 
until the key is released; Release time is the time taken for the level to 
decay from the sustain level to zero after the key is pressed. 
 
It is unmistakable that electronic music has evoked a new way of instrument 
design. Input devices transduce human motion into electrical form, whether it 
through an analog or digital signal. Because electronic input devices detach 
the control of sound from the need to power the sound, musical flexibility is 
created and any number of different input devices can control the same sound 
generator. But, as Curtis Roads points out in his book, The Computer Music 
Tutorial, “the detachment of sound control from sound production has a 
negative side - a reduction of the ‘feel’ associated with producing a certain 
kind of sound, pg 620(5).” But there is something truly unique about combining 
elements of sound from different instruments, by giving a familiar timbre a 
new expressiveness. The musical possibilities that can sound like a flute one 
minute and a piano the next - or that can play both at the same time - are 
inviting from a compositional standpoint. A simple model of an input device 
is a sensor connected to an electronic interface circuit. The physical 
stimulus that the sensor responds to is translated into either a continuous 
or discrete control signal. As Roads explains, “Continuous control refers to 
smoothly varying actions made by wheels, faders and pedals.” Where as, 
“Discrete control refers to switching, on-off actions like pressing a key on 
a keyboard or pushing a button to select a new timbre, pg 621(5).” The 
instrument that I am creating consists of a mechanical device sensor that 
carries out a discrete control signal, mimicking the mechanics of a 
typewriter. The sound of the keys being typed, overlaid with musical notes, 
allows for new musical expression and performance. 



The first American typewriter patent was granted to William A. Burt, an 
inventor from Detroit in 1829 who introduced the typographer. Burt’s method 
was designed for transcribing letters singularly and progressively, one after 
another on paper (6).” As the typewriter evolved, some adjustments were made 
to fit the needs of professionals. The problem arose when increased speed 
caused a problem with the keys sticking. This influenced the QWERTY 
typewriter by Christopher Latham Sholes(6). The letters, “Q, W, E, R, T, and 
Y” beginning with the first row of letters from the left on the keyboard, 
gave the layout its name, also referred to as the “Universal” keyboard. 
 
This “Universal” keyboard now exists on computers, laptops and many other 
electronic objects. When users approach the MIDI typewriter, I expect that 
there will be a certain degree of recognition over recall, where the user 
will begin the performance by typing words and through this formation will 
discover how they relate in frequency. Recognition over recall, as Jakob 
Nielson states: “Is especially important in things like the creation of 
unique iconography. Minimize the user’s memory load by making objects, 
actions, and options visible and immediately recognizable. The onus should 
not be on the user to remember information from one part of a dialogue to 
another. Instructions for use of the system should be easily retrievable 
whenever appropriate(7).” Recognition over recall has evolved into a common 
design for usability term regarding the fact that it’s easier to recognize 
things we have previously experienced than it is to recall them from memory. 
It’s relevant to my research and proposal mainly because the user should not 
have to remember information from on part of the dialogue to another. In 
other words, the person performing will already know how the typewriter 
functions, and where each letter key is positioned, along with the other 
surrounding keys: SHIFT, ENTER, SPACE, DELETE, to name a few. The immediacy 
of writing words will initiate the process of discovering the system and how 
language and music relate.  
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There are a number of recent performative and installation pieces that 
incorporate sound and tangibility. Reactable is a circular multi-touch 
interface that allows the instrument to be played by several people 
simultaneously, inviting the users to share the experience and naturally 
engage in collaborative compositions. Since 2003, a group of designers from 
the Pompeu Fabra University in Barcelona - Sergi Jorda, Martin Kaltenbrunner, 
Gunter Geiger and Marcos Alonsa - have been developing this project. “The 
Reactable was conceived as an instrument to bring back the expressive 
possibilities of traditional instruments to musicians who are working with 
new technologies. It uses concepts of modular synthesis, sampling, advanced 
digital effects processing, and Djing and combines them with modern human 
computer interaction, multi-touch technology and tangible interface(8).” Like 
Reactable, my project proposes a system where music is created through a 
performative experience. This particular project is relevant to my work 
because it heavily relies on visual feedback -- without this, the system 
would be much more difficult to understand and ineffective. The graphical 
feedback in both the Reactable project as well as the MIDI typewriter, 
provides vital connections to the sound and how it is being affected. 
 
New Interfaces for Musical Expression (NIME) is an international conference 
where researchers and musicians from all over the world meet once a year and 
show their knowledge and recent work involving new musical interface design. 



According to nime.org (9), the conference started out as a workshop at the 
Conference on Human Factors in Computing Systems (CHI) in 2001. Since then, 
international conferences have been held around the world, hosted by groups 
dedicated to reach on NIME. The projects at NIME are relative to my work in 
the sense that they explore various materials and technologies that enable 
new and experimental compositions for music. Alternative methods of 
composition offer many possibilities for musical exploration because the 
technology is present and a variety of different groups of participants, with 
ranging skill sets, share a mutual interest in groundbreaking technology and 
music. Contributions to the conference present a wide array of work: real-
time gestural control in musical performance, sensor technologies for musical 
applications, musical mapping algorithms, to name a few. I am the most 
responsive and curious about multimedia performances, specifically ones that 
incorporate perceptual and cognitive issues in the design of musical 
instruments. 

Kathrin Strumreich’s Fabric Machine is an installation and performative 
instrument with two fabric loops, driven by a motor to create a division in 
space. Light sensors measure the opacity of the textile. According to 
Strumreich, “The way all pieces are sewed together for a fabric sound track 
is responsible for beats, breaks and rhythms -- it makes your own individual 
clothing hearable without any special effects (10).” I am particularly 
fascinated with this project because it not only offers an experimental 
composition for music, but because it incorporates a common object that 
ultimately creates music through its tangibility and haptic qualities. In 
this case, Strumreich is experimenting with various textiles, which all 
create a variety of sound through the use of sensors. It’s innovative because 
each piece of fabric reacts differently, creating a new pattern of sound. 
Although the letter keys of my MIDI typewriter trigger a predetermined note, 
the sound will differ based on the performer and the words or letters that 
are being typed.

Another project from NIME last year that caught my attention was by Carolina 
Vallejo. Penelope’s Blanket is an instrument made of regular and conductive 
yarn, with hacked knitting needles attached to it. It was created for 
Waiting, a performance based on the story of Penelope waiting for Ulysses 
that appears in The Odyssey. The instrument can communicate serially using 
Arduino so that the signals can be interpreted by MAX/MSP to create a MIDI 
sound or trigger samples (11). Also, the pattern in the blanket is based on 
sound waves of the artist’s voice. This last part I mentioned is appealing to 
my research and proposal because she is combining language, in this case her 
voice, to create new MIDI sounds. The MIDI notes I am producing are based on 
patterns and groupings of linguistic phonemes, or the smallest segmental unit 
of sound employed to form meaningful contrasts between utterances, a minimal 
unit that serves to distinguish between meanings of words (12). Like Vallejo’s 
work, the MIDI typewriter explores linguistics, specifically converting 
different groupings of letters that each contains similar frequencies, into 
MIDI protocol. The frequency range of the MIDI notes, which I will explain in 
more detail later, are also broken into groups, corresponding to the groups 
of letters, ranging from one group with the lowest frequencies to another 
group containing the highest frequencies.  
 
The last project I want to mention was introduced to me by a fellow MFA 
Design and Technology student, Ryan Raffa. Raffa’s thesis project, 
RhythmSynthesis, is a new musical interface exploring the complexities of 
rhythm, through composition and performance. As Raffa states: “Originating as 
an investigation into the relationships between rhythm and technology, 
RhythmSynthesis applies color, computation, and audio-visual interactions can 



be applies as considerations in musical expression (12).” One of his main 
goals is to illustrate how physical and representative objects can translate, 
transmit and be encoded with sound. Like I mentioned earlier, one of the keys 
aspects of the MIDI typewriter is to demonstrate the relationship between 
letters and notes through a visual notation. This goal relates to Raffa’s 
RhythmSynthesis because he is also exploring how physical objects can 
interpret, communicate and be encoded with sound.

<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
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The music instrument that I am proposing offers a new form of a hybrid 
performative experience. The project revolves around patterns: patterns of 
language, music and visual representation of the two. By investigating new 
forms of interface design, my goal is to create a valid and meaningful 
connection between language and music and also determine a beneficial way to 
represent the two as they intersect. By creating a graphical score, the 
visual output will help connect the meaning between the language that’s being 
typed and the MIDI notes that are being outputted.

 DESIGN QUESTIONS: 

How do I provide a useful tool that will not only offer exploration for the 
user to make music, but also discover how music and language is intersected 
through this new hybrid experience?  The question revolves around how music 
is broken up and how language is broken up - How can I make them intersect in 
an effective and interesting way, providing a useful tool that will not only 
offer exploration for the user to make music, but also providing another 
layer where he/she can discover how music and language intersect through this 
new hybrid interface. How can I use the different letters on the typewriter 
to represent different notes? 

 ELEMENTS + PROCESS:
 
Before I describe the performance, I want to fully explain the different 
elements that this project consists of and the various ideations that have 
arisen through my process thus far. The typewriter obviously represents 
language, specifically spelling out a word, where each letter represents a 
particular sound and cultural meaning, but it also produces a unique sound as 
individual keys are pressed. By utilizing the musicality and tangibility of 
the typewriter buttons, one of my intentions is to create a nice 
juxtaposition of the mechanical sound with the digital output. 

The next element is the digital sound that will be outputted through MIDI 
protocol language. The remapping of the letter keys into MIDI notes is a 
vital element involved in the MIDI typewriter system. I recorded the phonemes 
of each letter, A through Z, and analyzed the frequency by using a method 
called Autocorrelation. The method compares a signal with versions of itself 
delayed by successive intervals (5). The point of comparing delayed versions 
of a signal is to find repeating patterns, or indicators of periodicities in 
the signal. Basically, by doing this, I was able to investigate and discover 
remarkable patterns, through the smallest segmental unit of sound, or letter 
phonemes, in order to map frequency ranges that can be used for the MIDI 
notes. It is important to note that each letter is converted to a single 
frequency or MIDI note, but it’s value or pitch is determined by it’s 
grouping, in correlation to the other letters. Also, the entire spectrum, 



from high to low frequency, is contained with one octave and sectioned off 
between seven groups of letters. 

 
For example, the group with the highest range of frequencies contains the 
letters: “F, J, S, T, X, and Z.” The second to highest grouping consists of 
“C, H, K, and Q.” The third group only contains the letter “V” because the 
autocorrelation spectrum showed drastic results/contrasts from the rest of 
the letters. The vowels, “A, E, I, O, U,” represent the mid-range frequency 
group being converted into MIDI notes. The next group that contains a lower 
range of frequencies, consists of “D, G and Y,” followed by group 7: “B, P, R 
and W.” The sector of letters containing the lowest range of frequencies is 
“L, M,and N.” 

There are many ways I can manipulate the range of MIDI notes by incorporating 
other keys on the typewriter. But for initial investigation, I decided to 
focus on the 3 SHIFT keys, DELETE and SPACE. For this iteration of the MIDI 
typewriter, I am using the three shift keys to sustain the note pressed. By 
increasing the delay time and suspending the note until the button is 
released. SPACE pauses the sound, creating brief moments of silence, which 
relates to language and how sentences and phrases are broken up through 
dialog.

The visual output is another element that is extremely important. Although 
sound is crucial, the visual representation should accurately guide and help 
the user understand the mapping of the instrument. By creating a graphical 
score, the visual output will help connect the meaning between the language 
that’s being typed with the MIDI notes that will be outputted. So, one of my 
main investigations for this project is to create a valid and meaningful 
connection between language and music, and also determining a beneficial way 
to represent the two as they intersect, both sonically and visually. The 
third functional key (not including the letters) is the DELETE key, which 
pushes the visual notation back, along the Z-Axis. The aspect of space comes 
in with the z depth of the score, makes it a record, but an ephemeral one 
that will recede over time.  

The visuals I decided upon were inspired by a computational MIDI sequencer 
piano roll notation. My idea was to manipulate this grid structure to display 
an abstract, but also relatable representation for the user - by mapping 
frequency - of the letter sounds translated into MIDI notes - with duration. 
 
 TECHNOLOGY:

For the implementation of this project, I used a sensor board (14), shift 
registers, and metal contact pins to send a signal to an ATMega 
Microcontroller that communicates with openFrameworks when a key is pressed. 
The reference on Etsy was extremely useful because it simplified the process 
of creating switches for each key on the typewriter. Rather than using 3 
wires to make a switch, the sensor board reduces clutter and makes the 
contacts more efficient and stable for each of the letters. The remaining 
keys work as switches, which communicate to Firmata and on to openFrameworks. 
But the general mechanism is that when a key is pressed and hits the metal 
contact pin, the shift register sends that corresponding BYTE number to the 
ATMega, which in turn transmits this data to openFrameworks, where the 
visuals are triggered. Once openFrameworks recognizes that a key is pressed, 
it sends an OSC (Open Sound Communication) message to the program, MAX/MSP 
which regulates which MIDI note will be played. The technology is difficult 
because it involves multiple programs and coding language, but luckily 



working with switches is not too complicated to figure out across all 
platforms. 

 
 USER TESTING + PROCESS

One of the main concerns that came up during user testing regarded the amount 
of control the user had over the notes being played. Some people wanted to 
plan more than one key at a time, others wanted to sustain the MIDI notes, 
which a few wanted an option to record the sound or have a playback 
sequencer. Generally, I received a lot of great feedback, mainly due to the 
fact that there are so many different ways I could have approached this 
project. Because of time constraints and the amount of conceptual layers I 
was incorporating, I decided to start simple with a comprehensive system and 
progress from there. Starting with the conversion of letter frequencies to 
MIDI note frequencies, I then approached the other three functions (SHIFT, 
DELETE + SPACE) that hold the most relevance between music and language. As I 
mentioned earlier, SHIFT sustains the note until it is released, giving the 
user more control over the duration of each separate frequency. For example, 
when “S” is pressed, the rectangular shape for “S” is dragged out, across the 
Y-axis which shows the duration, until the key is released. When “S” is 
pressed multiple times, the shape grows as a single entity or line. When 
SPACE is pressed after “S,” the sound stops while expanding the shape 
slightly across the Y-axis. When DELETE is pressed, the entire visual 
notation is pushed back along the Z-axis, which creates multiple layers of 
visual notation which also represents time and the different letters pressed 
and notes played. 

After a few rounds of user testing, it became apparent that each person 
approached the interface differently than the next. Everyone was familiar 
with the affordances of the typewriter, buts as users investigated the 
interface, they all had a different approach to learning and exploring the 
system. A person with musical knowledge paid more attention to the sound and 
wanted to discover how the different frequencies related to the letters. 
While another person who was more interested in linguistics, spelled out 
different words and phrases, singing to the melody it created. So, I started 
to think about several types of people performing this that have different 
types of relationships to sound as language or sound as music, to compare the 
performances or scores. 

<<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>>><<<<<>>>><<<<<>>>>><<<<<<>>
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After receiving feedback from multiple peers and faculty, I have acknowledged 
that I need to explore and think about how different users will approach the 
interface. Moving forward, I would like to explore different user scenarios 
and investigate the different types of relationships to sound as language or 
sound as music. As I mentioned earlier, each user had a different approach 
and strategy for performing the MIDI typewriter interface. Obviously, a 
writer will approach the instrument very differently than a musician. But 
what about a secretary versus an online chatter versus a programmer? As I 
continue to test the project with different users, I would like to start 
keeping a record of the graphical scores -- in order to compare the 
performances. One valid question arises: Who should perform it? Right now, I 
think any one can participate but I am very interested in taking this a step 
further and ‘tuning’ typewriters to different subjects/phrases/themes. I have 



considered asking performers to select a word or phrase to ‘tune’ the 
typewriter beforehand. This has great potential because it not only 
personalizes the experience even more, but I think it can produce remarkable 
results. I plan on developing the visuals while still keeping the 
representation simple and effective. Also, I want to learn more about MAX/MSP 
so I can work on the the sound and start ‘tuning’ the interface. 
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