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Abstract 
Before instrumental music can be perceived, it must be 

performed. Such performance often requires musical 

information to be decoded from notation and then recoded 

into musical instrument control gestures. Notation and 

instrument control gestures can be thought of as the user 

interface of instrumental music-making. This paper 

hypothesizes that the perception of musicôs invariant 

properties by novice music-makers could be facilitated by 

the use of invariant isomorphisms in music-makingôs user 

interface. 

Keywords: User interface, invariance, isomorphism, music 

education. 

1. Thought Experiments and Parsimony 

Thought experiments [2] are an important tool in the 

advancement of science. Thought experiments are not 

intended to prove anything; rather, they provide an 

alternative hypothesis for exploring a problemôs context, 

which may lead to new experimental designs and, 

eventually, to hard data from lab experiments. 

Those hypotheses are best which exhibit the most 

parsimony: the ability to explain much with little [3]. 

Parsimonious systems tend to provide both simplicity and 

power. Einstein (a noted thought experimenter) said [4] 

ñThe supreme goal of all theory is to make the irreducible 

basic elements as simple and as few as possible without 

having to surrender the adequate representation of a single 

datum of experienceò (usually paraphrased as ñthings 

should be made as simple as possible, but no simplerò). 

This thought experimentôs hypothesis is that the 

perception of musicôs1 invariant properties by novice 

music-makers could be facilitated by the use of invariant 

isomorphisms in music-makingôs user interface. 

2. Musical Invariances and Isomorphisms 

It is well-known that the familiar interval patterns of music 

theoryðsuch as the diatonic scale, the major triad, and the 

VïI cadenceðretain their essential nature even when 

transposed to different octaves or keys. These patterns are 

                                                           
1 ñMusicò is limited herein to the tonal music in the Common 

Practice era, and subsequent music that follows the same rules. 

invariant under transposition, and can be said to have the 

property of transpositional invariance. 

An isomorphism, in the context of this paper, is an 

invariant mapping from property to symbol. 

In the design of JIMS, four musical isomorphisms were 

particularly useful: the isomorphic note-layout, tonic solfa, 

the chromatic staff, and the tonnetz. 

2.1 Isomorphic Pitch-Layout 

A button-field is a two-dimensional arrangement of pitch-

controlling buttons. A pitch-layout is a mapping of pitches 

to a button-field.  

On a button-field with an isomorphic pitch-layoutði.e., 

an isomorphic button-fieldðpressing any two buttons that 

have the same geometric relationship to each other sounds 

the same musical interval. The shape of the imaginary line 

connecting the centers of those two buttons is the button-

field shape of that interval. 

Any given intervalôs button-field shape is the same 

everywhere within an isomorphic button-field (edges 

aside). Therefore, on an isomorphic button-field, any given 

sequence or combination of musical intervalsða scale, a 

melody, a chord, a chord progression, etc.ðhas the same 

shape within a key and across all keys [5]. That is, 

isomorphic button-fields are transpositionally invariant. 

 

 

Figure 1: A button-field optimized for use with Wickiôs 

isomorphic pitch-layout (see section 2.1.1). 

2.1.1 Wickiôs Pitch-Layout 

For mathematical and practical reasons that are beyond the 

scope of this paper [6], JIMS uses the isomorphic note-

layout first described by Kaspar Wicki in 1896 [7] (see 

Figure 1 above). 

Wickiôs pitch-layout has been used in squeeze-box 

instruments such as concertinas, bandoneons, and bayans. 



The use of such instruments to competently perform a 

wide variety of complex and challenging chromatic music 

shows that the Wicki pitch-layout is a practical control 

interface for chromatic music. 

An example of the button-fieldôs transpositional 

invariance is shown in Figure 2 below. 

 

Figure 2: Isomorphism of the diatonic scale in C Major (grey 

lines) and F Major (black lines). Different key, same pattern. 

Figure 2 shows the isomorphism of the diatonic scale in 

C Major (grey lines) and F Major (black lines). The scaleôs 

button-field shape is the same in both keys, and indeed in 

every key. The invariance of the isomorphic button-field 

across all keysðfor all tonal structures, not just scalesð

offers a significant increase in parsimony vs. traditional 

music-control interfaces. 

2.2 Tonic Solfa 

The ability to express patterns of intervals with 

transpositional invariance is central to tonal music theory. 

Many systems have been invented to meet that need, 

including North Indian sargam, the Nashville Numbering 

System, the association of the numbers 0 to 11 with the 

notes of the chromatic scale, the association of mode 

degrees with Roman numerals, and solmization. 

Of the many variants of solmization, JIMS uses 

movable Do with a La-based minor [8, 9]. The absolute 

pitch associated with a given tonic solfa note, named with 

a unique syllable, changes with every key, but the tonal 

relationships among the notes are the same in every key 

(i.e., are invariant).  

Table 1: Tonic solfa interval names. 

Flat Natural Sharp 

(De) Do Di 

Ra Re Ri 

Me Mi (My) 

(Fe) Fa Fi 

Se So Si 

Le La Li 

Te Ti (Di) 
Tonic solfa gives a unique name to seven diatonic notes 

and ten chromatic notes (five flats & five sharps), as 

shown in Table 1 above. The names in parentheses are 

novel to JIMS. They name flat (De, Fe) and sharp (My, Di) 

notes that are enharmonic with diatonic notes in 12-tone 

equal temperament (12-TET), but not in many other 

tunings. 

2.2.1 JIMS Note-Layout 

Figure 1 and Figure 2 above label buttons with traditional 

pitch names. However, JIMSô parsimony can be 

significantly increased by associating its buttons with tonic 

solfa notes instead of pitches, as shown in Figure 3 below.  

 

Figure 3: JIMS note-layout mapped to a standard computer 

keyboardôs arrangement of physical buttons. 

The physical arrangement of rectangular buttons shown 

in Figure 3 is that of a standard computer keyboard, 

suggesting that JIMSô could be suitable for computer-

based instruction. 

To play in C Major, one must indicate (by performing a 

user-interface control gesture that is beyond the scope of 

this paper) that Do should sound the pitch C. To indicate C 

minor, one must indicate that La should sound a C (hence 

La-based minor). To indicate B-flat Lydian, one must 

indicate that Fa should sound a B-flat, and so on, for other 

keys and modes. The same control gesture can be applied 

during performance to effect a key change. This real-time 

electronic transposition is easily accomplished by the 

computers to which computer keyboards are usually 

attached. 

2.2.2 Fingering Invariance 

The combination of tonic solfa, electronic transposition, 

and an isomorphic note-layout exposes another invariant 

property of music, fingering invariance [10], in which one 

presses precisely the same buttonsðnot just the same 

pattern of buttonsðto play a given pattern of intervals in 

any key. For example, to play the diatonic tertian triad 

rooted on the tonic of the diatonic scaleôs Ionian mode 

(i.e., DoMiSo), one always presses the Do, Mi, and So 

buttons, irrespective of the current key or mode. 

Fingering invariance increases parsimony, but it creates 

a problem: it is not compatible with traditional staff 

notation. A new staff is needed, on which note-heads 

represent ñmovableò tonic solfa notes rather than absolute 

pitches. 

2.3 JIMS Staff 

Combining the chromatic staff (first described by Roualle 

de Boisgelou in 1764 [11]) with tonic solfa gives JIMS 



staff [12] (see Figure 4, below), which is compatible with 

JIMS button-field. 

JIMS staff maps a tonic solfa note to each line and 

space of the chromatic staff. 

On the chromatic staff, pairs of notes that are 

enharmonically equivalent in 12-TET can be distinguished 

by using pointed note-heads that indicate the direction of 

deviation from the diatonic scale in Do-mode 

(Ionian/major). 

 

Figure 4: JIMS staff. 

For example, 

¶ Ri (an augmented second above Do), being 

sharpened relative to Do-modeôs diatonic major 

second Re, would have an upward-pointing note-

head, while 

¶ Me (a minor third above Do), being flattened relative 

to Do-modeôs diatonic major third Mi, would have a 

downward-pointing note-head. 

Such pairs of notes are mapped to the same JIMS staff 

location. For example, Ri and Me are both mapped to the 

space between the Re-line and the Mi-line.  

At the far left of JIMS staff, a stack of scale dots 

indicates the set of notes that are in the current scale. The 

diamond-shaped scale dot indicates the current tonic (and 

thereby the current mode of the current scale). In Figure 4, 

the scale dots indicate Do-mode of the diatonic scale. The 

horns of the crescent-shaped clef sign always point to Do, 

whatever the key, register, scale, or mode. JIMS staff is the 

same for every key and octave. A pitch class name (A, Bb, 

C#, etc.), pitch (A4), or frequency (440Hz), can be placed 

to the left of the tonic indicator to tie the notation to a 

specific key, or (preferably) left unspecified. 

All other symbols from traditional music notation (e.g., 

meter, rhythm, dynamics, etc.) are retained in JIMS 

notation with their traditional meanings. A detailed 

description of JIMS staff notation (including indicators of 

key changes, mode changes, and scale changes) is beyond 

the scope of this paper (see [12]). 

JIMS approach to scales and modes works with non-

diatonic scales, too. Their notes are mapped to the tonic 

solfa syllables such that the mapping is as symmetrical as 

possible around Re. For example, the double harmonic 

scale is mapped to ReïMeïSeïSoïLaïTeïRa, of which 

the Re-mode is the double harmonic major, and the So-

mode is the double harmonic minor (also known as Gypsy 

Minor). 

JIMSô combination of solfeggio and a corresponding 

key-independent staff, per se, is not novel; it is exactly 

what Guido dôArezzo (the inventor of the musical staff) 

intended, used, and described a thousand years ago. To 

quote Pesce ([1], p. 23): ñFor Guido, D as a sounding pitch 

is not fixed, but D as a notational symbol has a very fixed 

meaningðits intervallic context.ò That is, broadly 

speaking, Guidoôs system notated relative pitch (ñmovable 

Ut,ò so to speak), not absolute pitch.2 

JIMS staff and JIMS button-field are both isomorphic 

with the underlying structure of music, so they are also 

isomorphic with each other, as shown in Figure 5 below.  

 

Figure 5: Isomorphism of JIMS button-field and staff. (The 

scale dots should all be white, not black as shown.) 

JIMS staff and button-field are also isomorphic with 

another geometric depiction of musicôs underlying 

structure: the tonnetz. 

2.4 Tonnetz 

The tonnetz (also known as the ñharmonic latticeò and 

ñEuler-latticeò) is a map of tonal space that links pitches or 

chords by perfect fifths and major thirds. First described by 

Euler in 1739, it has been used as a tool for describing 

tonal pitch space by music theorists ever since [13]. The 

tonnetz is usually depicted as a rectangular lattice, as in 

Figure 6 below. 

  

Figure 6: Traditional tonnetz, with perfect fifths along the 

horizontal axis and major thirds along the vertical axis. 

However, the axes of the tonnetz can be aligned with 

the hexagonal axes of JIMS button-field, as shown in 

Figure 7 below. 

                                                           
2 As Guido might have said, plus ­a change, plus côest la m°me 

chose (except, of course, that he would have said it in Latin). 



 

Figure 7: Tonnetz aligned with JIMS button-field. 

The red lines denote axes of perfect fifths; blue lines 

denote axes of major thirds; green lines denote axes of 

minor thirds.  

The triangles formed by the intersecting red, blue, and 

green lines above enclose the major and minor triads of 

tonal space. These triads are shown in Figure 8 below 

(major triads are capitalized; minor triads are not). 

 

Figure 8: JIMS button-fieldôs map of tonal space. 

In his writings [1], Guido dôArezzo continually stressed 

the importance of helping students understand a pieceôs 

intervallic context. This intervallic context is, of course, 

the very heart of tonal music theory. JIMSô isomorphic 

keyboard, tonnetz, chromatic staff, scale dots, and tonic 

indicator expose this intervallic context to studentsô visual 

and kinesthetic perception in a geometrically-consistent 

manner, which is right in line with Guidoôs innovations 

and stated intent.  

3. The Thought Experiment 

Given the above description of JIMS, this paperôs thought 

experiment is simple: imagine learning to make music 

using JIMS, and compare that thought to learning to make 

music using music-makingôs traditional user interface. For 

example, imagine learning about: 

- Perfect fifth: The perfect fifth has a single, 

invariant shape on the JIMS keyboard, staff, and 

tonnetz, whether itôs from Do to So, So to Re, or 

from any other note to its perfect fifth (edge 

conditions aside). 

- Diatonic scale: The diatonic scale has a single, 

invariant shape on the JIMS keyboard, staff, and 

tonnetz, no matter what the key or octave. 

- Major triad: The major triad has a single, invariant 

shape on the JIMS keyboard, staff, and tonnetz, 

whether within a key or across different keys. This 

shape can be constructed by stacking a minor third 

on top of a major third, each with its own unique 

and invariant shape.  

- Chord progression: Any chord progression can be 

depicted as movement along the lines of the JIMS 

tonnetz, and hence around the tonnetz-aligned 

JIMS keyboard. 

- Cadence: The So7ïDo cadenceôs chords, taken 

together, have a single, invariant shape on the JIMS 

keyboard, staff, and tonnetz, independent of key. It 

can be seen by inspection of the keyboard that no 

other diatonic modeôs 5-1 chord progression has 

this same shape. 

- Secondary dominant: Stacking diatonic thirds on 

So produces a dominant 7 chord, but stacking 

diatonic thirds on Re does not. Therefore, playing a 

dominant 7 chord on Re indicates that ñsomething 

interesting is happening.ò Inspection of the JIMS 

tonnetz ï aligned with the JIMS keyboard ï shows 

that Re7 is to So as So7 is to Do. 

- Relative minor: The relative minor of any given 

major triad is the triad that shares its major third 

interval (immediately below it on JIMSô keyboard-

aligned tonnetz). 

- Neo-Riemannian theory: Each triad in JIMSô 

keyboard-aligned tonnetz is bounded by the three 

triadsðand only the three triadsðto which it can 

be transformed by the P, L, and R operations of 

neo-Riemannian theory [13]. 

These invariant properties are exposed invariantly in 

JIMS, thereby facilitating the music-makerôs perception of 

their invariance by hearing, sight, and proprioception 

simultaneously. The alignment of staff, tonnetz, and 

keyboard make the abstract concepts of music theory 

concrete and tangible. 

Using music-makingôs traditional interface, on the other 

hand, only pitches are displayed and controlled invariantly; 

musically-invariant structures, such as the diatonic scale, 

are notated and controlled differently in every key (and 

often in every octave). Alternatively put, the traditional 

interfaceôs display and control of pitches is direct, but that 

of intervals is indirect. A student learning to make music 

with such a pitch-focused interface must induce tonal 

musicôs invariant patterns from examples that vary from 

key to key. With JIMS, no such induction is necessary; 

musicôs invariant patterns are exposed directly, not 

indirectly. 

Is it easier to learn to make music using a JIMS-like 

interface than music-makingôs traditional interface? Only 

controlled human trials can provide firm evidence. The 



authors hope that this thought experiment will prompt such 

trials. 

4. Previous Work 

Holland [14] found that speed-of-learning was 

significantly improved by the use of an isomorphic note-

layout for display, but his experiment used too small a 

sample size (five people) for the results to be conclusive. 

Bergstrom [15], also using an isomorphic note-layout for 

display, stated that in a trial of roughly 30 people, ñmost 

viewers absorb[ed] the basics quickly.ò 

To the authorsô knowledge, no rigorous trial of any 

JIMS-like system has yet been performed. 

5. Future Research 

Future research could address the implementation of JIMS-

like keyboards based on the computer keyboard, Apple 

iPhone, or other existing hardware; the development of 

JIMS-based music pedagogy and course materials; human 

trials that measure any difference in musical novicesô 

learning speed and/or outcomes when using the traditional 

or JIMS technologies for music education; and the role of 

neural grid cells [16] in the navigation of tonal space, 

which may provide a neural correlate for JIMSô interval-

based hexagonal tonnetz. 

6. Contributions 

This paper contributes a discussion of JIMS Isomorphic 

Music System (JIMS) and a ñthought experimentò on how 

maximizing the parsimonious and isomorphic exposure of 

invariance in the display and control of musical 

information might facilitate the perception of musical 

structure among novice musicians, thereby increasing the 

efficiency of music education. 
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