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Abstract
We present PianoText, a text entry method based on a
piano keyboard with an optimized mapping between notes
and chords of music to letters of the English language.
PianoText exemplifies the idea of transferring musical
expertise to a text entry task by computationally
searching for mappings between frequent motor patterns
while considering their n-gram frequency distributions and
respecting constraints affecting the playability of music. In
the Interactivity session, audience members with piano
skills can transcribe text with PianoText, and a trained
pianist will show that it allows him to generate text at
speeds close to that of professional QWERTY-typists.
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Figure 1: PianoText is a proof-of-concept that exemplifies
how musical expertise can be transferred to an HCI task.
PianoText is a text entry method using the piano keyboard,
developed with an algorithm that optimizes the mapping of
letters to notes. The algorithm exploits well-practiced motor
patterns in piano playing.
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Introduction
In the Interactivity session we present PianoText, a text
entry method based on a piano keyboard. PianoText is a
proof-of-concept showing how to transfer musical
knowledge to HCI. The goal is not to beat existing text

entry methods but to investigate how we can exploit the
piano capabilities and the expertise of piano players in a
text entry task.
As the piano keyboard has a different layout than
traditional QWERTY keyboards (88 keys instead of 26,
etc.), we propose a novel key-letter mapping adapted to
this device. We want to exploit the skill of experienced
pianists in a text entry task, allowing the piano users to
achieve a high level performance. For this reason, we
developed an algorithm based on computational keyboard
optimization [4, 5], but extend it to a case wherein two
distributions are considered: source (music) and target
(language). The algorithm seeks a mapping of the most
frequent notes in music to letters in the English language
as well as other considerations such as hand-travel
distances, musical patterns, etc. It also allows assigning
one letter to several notes, forming clusters of notes
corresponding to sequences of letters that are likely to
occur together.
Initial results with a professional pianist were promising,
showing a transcription rate of 71 words per minute
(wpm) for English sentences without prior training.

From Music to the PianoText

Figure 2: The distributions of
English and music. Top: letters
vs. notesBottom: letter pairs vs.
note pairs

Musical instruments are a part of the human culture from
its beginning and can be used to achieve high-level
performance. For instance, a trained pianist playing a
classical piece of music can produce 12 notes/sec easily. 1
This would correspond to a typing rate of 144 wpm.
Compare this to the approx. 66–113 wpm achieved only
by professional QWERTY typists [3].
Piano keyboards were already used in the early 19th
1 First

part of Frederic Chopin’s Mazurka (Op 17 / Bl 77)

century before typewriters with button designs took over
the market [1]. We argue that the piano keyboard and
especially the skilled pianist has a lot of potential as a
text entry method: chords, a greater number of keys,
well-practiced motor patterns based on the musical scales,
etc. However, it never properly matured as a text entry
device. The most popular designs, such as the Hughes
telegraph, used a trivial alphabetical ordering of letters
that is now known to be suboptimal in view of finger
travel times. Even experienced telegraphers’ performance
was 40 wpm or below [2]. In order to use the PianoText as
an efficient text entry device we now define a mapping
from letters to notes that exploits these advantages. This
mapping is optimized for professional pianists. Thus
potential users of PianoText are trained piano players.

Mapping and Sheet Translation
Similar to keyboard optimization [4], the space of possible
mappings is too large to be addressed manually, even if
we limit the analysis to mappings of single notes to single
letters. The piano has 88 keys and the English alphabet
has 26 letters (we omit the space character and do not
consider capital letters), for about 1048 possible mappings.
We use the frequency of n-grams (sequence of letters or
notes) as our primary criterion when evaluating the
candidates (Step 1). This is based on the hypothesis that
the most frequently encountered notes and
note-transitions will also be the fastest to respond to. Our
approach is based on greedy search with additional
constraints (Step 2). It maps letters to notes depending
on their frequency, avoiding dissonant intervals and
shortening hand-travel times. After an optimal mapping is
identified, a few specific rules guide the translation of
sentences to a sheet of music a pianist can play in a
transcription task (Step 3).

Figure 3: The optimized 0-level mapping from single letters of the English language to the keys on the piano keyboard computed by
the presented algorithm.

Step 1: Acquiring n-gram distributions
For optimizing the mapping in Step 2, we need frequency
distributions for music and text. We acquired the
distributions of 1-grams (single notes), 2-grams
(note-transitions – i.e., melodic intervals), and 2-note
chords (harmonic intervals) from ten sight-reading
practice books. The distribution of letters and bigrams in
the English language was acquired from a corpus of
classical literature2 . In the top column in Figure 2 we can
see the distributions of single notes and single letters
(1-grams). The notes roughly form a Gaussian
distribution, but the distribution of letters does not
conform to this. The same dissimilarity can be seen in the
bottom column, which shows the 2-gram distributions in
English (letter pairs) and music (note-transitions). In
addition to these distributions, we consider all major and
minor chords, their inversions, and the corresponding
harmonic intervals, as well as the 100 most common
words in the English language 3 .

Figure 4: An extract of the
n-grams – mapping. Letter pairs,
n-grams and words in English are
mapped to the chords shown on
the piano.

Step 2: Mapping
We address the mapping problem with a greedy algorithm
that favors frequently played notes while avoiding
dissonant intervals and minimizing hand-travel distances.
This is formulated via the following principles:
2 http://www.data-compression.com/english.html
3 http://oxforddictionaries.com/

– Frequency: Map letters to notes in the order of
their probability, e.g. map “e”, the most frequent
letter in the English language to the most frequent
note in the corpus of music data.
– Interval: Map common letter pairs to frequent
note transitions – i.e., non-dissonant and well
practiced intervals.
– Distance: Minimize the distance between two
notes corresponding to frequent letter pairs
Algorithm 1 implements these principles and creates a
0-level mapping from single notes to single letters like
shown in Figure 3. When all letters are assigned to a
Algorithm 1 Find Mapping
1: procedure FindMapping(ordrdLetters, ordrdN otes)
2:
for all l in ordrdLetters do
3:
mapping(l) := pop(ordrdNotes);
4:
while !(checkInterval) do
5:
replace assignment with next most frequent note
6:
end while
7:
end for
8:
for all frequent letter pairs do
9:
if !(checkDistance) then
10:
assign additional note
11:
end if
12:
end for
13: end procedure

The translation rules
Grouping: Create groups of
4–8 notes playable by one
hand.
Starting Point: Translate the
first letter in a text with the
note that has the highest
frequency in the music corpus.

unique note, respecting the Interval-principle, the
mapping is expanded by assignment of additional notes to
more frequent letters. This ensures the Distance-principle
and forms clusters of notes corresponding to sequences of
letters that are likely to occur together. These two
principles are based on the distribution of the intervals,
displayed in the bottom pane of Figure 2. It shows that
intervals in music are composed only up to a limited size.

Distance: Translate a letter
with the note that minimizes
the distance to the preceding.

The 0-level mapping is extended by a chord-mapping, see
Figure 4. This maps additionally the 30 most frequent
2-note chords in music to the respective letter pairs in
English which covers 27% of the language. Furthermore,
it maps the 100 most common words to 2-, 3- and 4-note
chords on the basis of the major and minor scales.

Hand-switch: When an
interval or the group size
becomes too large start a new
group by choosing a note that
is played with the other hand.

Step 3: Translation
Given a fixed mapping, translating English sentences into
music requires certain rules, since one letter is mostly
mapped to several notes and for a sequence of letters we
might have the possibility to translate it to a chord or to
a sequence of single notes. The rules described on the left
help us to to decide for one translation.

Interactivity
Chords: Certain words and
n-grams can be translated into
chords. They are not restricted
to one octave, thus their
distance to the previous note
can be easily minimized.

At CHI’13 Interactivity, PianoText will be presented via
the following means:
– Explore PianoText: visitors can try the keyboard,
and our software gives them feedback on a display.
The notes on the piano are labeled for easier
identification.
– Transcribe text: visitors skilled in piano playing can
transcribe English sentences which will be presented
as sheets of music. We will announce a special
invitation to those CHI visitors with piano skills to
visit our booth for a fun transcription competition.

– Live demo: we are in the process of training a
professional pianist to memorize the mapping. Our
preliminary results showed 71 wpm in transcription,
without prior training, and we expect much higher
rates to be reachable. Audience members can
propose English sentences and the pianist will type
them. Feedback for WPM will be shown on a
display.

Figure 5: An English sentence translated with the computed
mapping and the given translation rules.
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