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Abstract
Before instrumentalmusic can be perceived, it must be
performed Such performance often requiresiusical
informationto be decoded from notatiand then recoded
into musical instrument control gesturddotation and
instrument control gaures can be thought of as the user
interface of instrumental musimaking. This paper
hypothesizesthat t h e per cept iiovarianto f
propertiesby novice rasicmakerscould be facilitated by
the use ofnvariant isomorphismi musiemakings user
interface

Keywords: User interfaceinvariance, isomorphispmusic
education

1. Thought Experiments and Parsimony

Thought experim@s [2] are an important tool in the
advancement of scienc& hought experiments areot
intended to prove anything; rather, they provide an
alternativehypothesis for exploring @ r ob |l e mg, s
which may lead to new experimental desigmand,
eventuallyto hard data from lab experiments.

Those hypothesesare best which exhibithe most
parsimony the ability to explain much with little 3.
Parsimonious systems tend to provide both simpliaitg
power. Einstein (a noted thought experimeer) said ]

fiThe supreme goal of all theory is to make the irreducible
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invariant undertransposition and @an be said tdave the
property oftranspositional invariance

An isomorphism in the context of this paper, isna
invariantmapping from property teymbol

In the design o8IMS, four musicalisomorphisms were
particularly usefultheisomorphicnotelayout, tonic solfa
thechromatic staffand theonnetz

2.1 YsBrhofpRicPitch-Layout

A buttortfield is a two-dimensional arrangement pftch-
controlling buttons. Apitch-layout is a mapping gitches
to a buttorfield.

On a buttorfield with anisomorphicpitch-layou® i.e.,
anisomorphic buttorfieldd pressing any two buttons that
have the same geometrielationship to each other sounds
the same musical interval. The shape of the imaginary line
connecting the centers of those two buttons isbilgon
field shapeof that interval.

Any gi ven

aside).Therefore, on an isomorphic buttfield, any given
sequence or combination of musical interdals scale, a
melody, a chord, a chord progression, @&tas the same
shape within a key and across all keyH. [That is,
isomorphic buttotfields are transpositionally invariant.
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basic elements as simple and as few as possible Withoutb @ @ ‘

having to surrender the adequate representatiorsifgée
datum of experienece (usually
should be made as simple as possible, but no siinpler
This thought experimedd hypothesis is thatthe
percegion of musié' invariant properties by novice
musiemakerscould be facilitatedby the use ofnvariant
isomorphismsn musiemakings user interface

2. Musical Invariances and Isomorphisms

It is well-known that the familiar intervalgtterns of music
theond such as the diatonic scale, the major treaujthe
Vil cadencé retain their essential nature even when
transposed to different octaves or kejkese patterns are

YA Mu & i limited herein tothe tonal music in the Common
Practice eraand subsequent music that follows the same rules.

par aph

ee.---ee

) 1
OOC KRR

Figure 1: A button-f i el d optimized for
isomorphic pitch-layout (see section 2.1.1).

2.1.1 Wicki6 Bitch-Layout

For mathematical angractical reasons that are beyond the
scope of this paper6], JIMS uses the isomorphic nete
layout first described by Kaspar Wicki in 1896] (see
Figurel abovg.

Wi c k pitéhdayout has been used in squebnx
instruments such asoncertinaspandoneons, and bayans
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The use of such instruments to competently perform a shownin Table 1 above The names in parentheses are

wide variety of complex and challengigromatic music
shows that the Wickpitch-layout is a practicatontrol

interfacefor chromatic music

An example of the buttehi el dos
invariance is shown iRigure2 below.

Figure 2: Isomorphism of the diatonic scale in C Major (grey
lines) and F Major (black lines). Different key, same pattern.
Figure2 shows the isomorphism of the diatonic scale i
Maj or
buttonfield shape is the same in both keys, and indeed in
every key. The invariance of the isomorphic buifiefd
acrossall keys for all tonal structures, not just scades
offers a significantincrease in parsimony vs. traditional

C Major (grey line3

and

musiccontrol interfaces.

2.2 Tonic Solfa

The ability to express patterns of
transpositional invariance is central to tonal music theory.

intervals with

novel toJIMS. They name flatlfe, Fe) and sharp (My, Di
notesthat are enharmonic with diatoniotes in 12one
equal temperament (4PET), but not in many other

trangnmgssi ti onal

2.2.1 JIMSNotelLayout

Figure 1 andFigure 2 abovelabel buttons with traditional
pitch names. However,JIMSH parsi mony
significantly increased by associating its buttons with tonic
solfanotesinstead of pitcheggs shown irFigure3 below

Figure 3: JIMS note-layout mapped to a standard computer
keyboardé& arrangement of_rprplysical buttons.

ack_ |1

The ph?/sﬁ:eﬁ grr’angemenef of ?e&a%gul%rqbattons shown
in Figure 3 is that of astandard computer keyboard,
suggesting thatlIMS6 could be suitablefor computer
based instruction.

To play in C Major, one must indicate (by performing a
userinterface control gesturthat is beyond the scope of
this papey that Do should sound thgtch C. To indicate C
minor, one must indicate thaa should sound a C (hence
La-based minor To indicate Bflat Lydian, one must

Many systems have been invented to meet that need,indicate that Fa should sound &i8t, and so on, for other
keys and modes. The same control gesture can be applied
System, the association of the numbers 0 to 11 with the during performancéo effect a key changd:his realtime

notes of the chromatic scale, the association of mode €lectronic transposition is easily accomplished by the

including North hdian sargam the Nashville Numbering

degrees with Roman numerals, and solmization.

Of the many variants of solmization]IMS uses
mowable Do witha Labased minoq8, 9]. The absolute
pitch associated with a giveonic solfanote named with
a unique syllablechanges with every key, but the tonal
relationships among theotesare the samén 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 (D)

Tonic solfa gives a unique name to seven diatonies
and ten chromatimotes (five flats & five sharps), as

computersto which computer keyboards arasually
attached.

2.2.2 Fingering Invariance

The combination of tonic solfa, electronic transposition,
and an isomorphic nofayout exposes another invariant
property of musicfingering invariancg10], in which one
presses precisely the same butfom®t just the same
pattern of button® to play a given pattern of intervals in
any key. For exampleptplay the diatonic tertian triad
rooted ont he tonic of tldnian nbdea t
(i.e.,, DoMiSo), one always presses the Do, Mi, and So
buttons, irespective of the current key mode

Fingering invariancéncreass parsimony, but icreates
a problem: itis not compatible with traditional staff
notation. A new staff is neededpn which noteheads
represenfi mov abl e 0 t orathecthaslsoldtea
pitches

2.3 JIMS Staff

Combining thechromatic staff first described byRoualle
de Boisgelou in 176411]) with tonic solfa givesJIMS
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staff [12] (seeFigure4, below), which is compatible with
JIMS buttontfield.

JIMS staff maps a tonic solfaote to each line and
space of the chromatic staff.

On the chromatic staff, pairs of notes that are
enharmonically equivalent in IPET can be distinguished
by using pointed notbeads that indicate the direction of
deviation from the diatonic scale in Boode
(lonian/major).

Figure 4: JIMS staff.

For example,

i Ri (an augmented secondabove D9, being
sharpened relative to Bmo d e 6 s di
second Rewould have an upwardointing note
head while

1 Me (aminor thirdabove D9, beng flattened relative
to Domo d e 6 s majoathirdMi,iwould have a
downwardpointing notehead.

Such pairs of noteare mapped to the saniéVS staff
location For example, Ri and Me are both mappedht
space between the Hiae and the Miline.

At the far left of JIMS staff, a stack ofscale dots
indicates the set ofotesthat are in theurrent scale The
diamondshapedscaledot indicates theurrent tonic(and
thereby the current mode of the current scalekidure4,
the scale dots indicate Braode of the diatonic scale. The
horns of the cresceishaped clef sign always point to Do,
whatever the&ey, registerscale or mode JIMS staff is the
same for every key and octave. A pitch claame (A, B,
C#, etc.),pitch (A4), or frequency (440Hz)an 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 notatioe.d,
meter, rhythm, dynamics, efcare retained inJIMS
notation with their traditional meaningsA detailed
description ofJIMS staff notation (including indicators of

key changes, mode changes, and scale changes) is beyong|

the scope of this papésee[12)]).

JIMS approach to scales and modes works with-non
diatonic scales, tooTheir notes are mapped to the tonic
solfa syllables such thaéihe mapping ias symmetrical as
possible around Refor example, the double harmonic
scaleis mapped toRe Mei Sd Sd Lai Tei Ra, of which
the Remode is the double harmonic major, and the So
mode is the double harmonic minor (also known as Gypsy
Minor).

aton

JMS6 combination of sol feggi «
key-independent staffper se is not novel; it is exactly
what Guidod®rezzo the inventor of the msical staff)
interded, used, and describedthousand years agdo
quote Pescdl],p. 23) : B &sarsourtling pitch ,
is not fixed, butD as a notational symbol has a very fixed
meaningd i t s i ntervarThhati is, brecadiynt e x t .
speakn g , Gui dods rey aattd m en qti & tcehd |
Ut, 0 so to spea’k), not absol ut
JIMS staff andJIMS buttonfield are both isomorphic
with the underlying structure of music, so they are also
isomorphic with each other, as showrFigure5 below

Figure 5: Isomorphism of JIMS button-field and staff. (The
scale dots should all be white, not black as shown.)

JIMS staff and buttoffield are also isomorphic with
anot her geometric depiction
structure: the tonnetz.

2.4 Tonnetz
The tonnetz (also known as t
AEu-l atticedo) i s a mapichesbr t onal

chords by perfect fifths and majthirds. First described by
Euler in 1739, it has been used as a tool for describing
tonal pitch space by music theorists ever sirk®. [The
tonnetz is usually depicted as a rectangular lattice, as in
Figure6 below.

F#3 — C# — G#M — D#S — A#S — E#6
| | | | \ |
D3 — A3 — EA — B4 — F#5 — C#6
| | | | \ |
Bb2 — F3 — C4 — G4 — D5 — AS
| | | | \ |
Gb2 — Db3 — Ab3 — Eb4 — Bb4 — F5

Figure 6: Traditional tonnetz, with perfect fifths along the
orizontal axis and major thirds along the vertical axis.

However, the axes of the torinecan be aligned with
the hexagonal axes afIMS buttonfield, as shown in
Figure7 below.

2 As Guido might have saih | us -a change,
chose(except, of course, that he would have said it in Latin).

pl us



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. Thestriads are shown ifrigure 8 below
(major triads are capitalized; minor triads are not)
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Figure 8: JIMS button-f i el dds map of
In his writings[1], Guidod®Arezzocontinuallystressed

the importance of helping students understand pi ec e

intervallic context.This intervallic context is, of course,
the very heart of tonal music theorJIMS6 i
keyboard tonnetz chromatic staff, scale dots, and tonic
indicatorexpose this intervallic context to studeéntssual
and kinesthetic perceptiom a geometricallyconsistent
manner , whi ch i s r iighbvations n
and stated intent

3. The Thought Experiment

Given the above description of JIMSjstpaped thought

experiment is simple: imaginkarning to male music

using JIMS,and compare thahoughtto learning to make

music using musicmakings traditional user interfac&or

example imaginelearning about

- Perfect fifth: The perfect fifth has asingle,

invariant shape on theIMS keyboard, staff, and
tonnetz, whether & from Do to So, So to Re, or
from any other note to its perfect fifth (edge
conditions aside).

tonal

somor

- Diatonic scale The diatonic scale has a single,
invariant shape on the JIMS keyboard, staff, and
tonnetz, no matter whétekey or octave

- Major triad: The major triad haa single,invariant
shape on the JIMS keyboardtaff, and tonni,
whether within a key or across different keys. This
shapecan be constructed Istackinga minor third
on top of a major thirdeach withits own unique
and invarianshape

- Chord progressionAny chord progression can be
depictedas movemenalong the lines of thdIMS
tonnetz and hence aroundhe tonnetzaligned
JIMS keyboard.

- Cadence: The So/7i Do cadcencés chords, taken
together have a singlejnvariant shape on theNIB
keyboard, staff, and tonngtndependenbf key. It
can be seen by inspectiaf the keyboardhat no
other diatonic modeés 51 chord progressiorhas
this same shape.

- Secondary dominantStacking diatonic thids on
So produces a dominant 7 chord, but stacking
diatonic thirds on Re does not. Therefore, playing a

dominant 7 chord on Re indicates tlias 0 me t h i

interestingis happenind@ | nspecti on
tonnetzi alignedwith the JIMS keyboardi shows
thatRe7 is to So as So7 is to Do.

- Relative minor:The relative minor of any given
major triad is the triadhat sharests major third
interval (immediately below ibn JIMS keyboard
aligned tonnetz).

- NeoRiemamian theory: Each triad in JIM$
keyboardaligned tonnetzs bounded by the three

s p §iad® and only the three triad® to which it can
be transformed by th®, L, and Roperatons of
necRiemannian theorj13].

T%eseinvariant properties are exposed invarianity

#}I\qq tgereby facilitating thenusic-makeis perceptionof

elr invarianceby hearing sight, and proprioception

simultaneously The alignment of staff, tonnetz, and

keyboard make the abstract concepts of music theory

qoqcrﬁtg anq,ﬁmgltﬂe Gu i

Using musiemakingd s
hand,only pitchesare dlsﬂayed and controlled invariart|
musicallyinvariant structures, such as the diatonic scale,
are notatedand controlleddifferently in every key (and
often in every octave)Alternatively put, he traditional
interfacds display and control of pitches is direbtit that
of intervals is idlirect. A studentlearningto make music
with such apitch-focused intedice mustinduce tonal
musids invariant patterns from examples that vary from
key © key. With JIMS, no such indation is necessary;
musids invariant patterns are exposediirectly, rot
indirectly.

Is it easierto learnto make musiausing a JIMSlike
interfacethan musiemakinggs tradi ti onal
controlled human trials carprovide firm evidenceThe

ng
of

dods
ragi t ioptheaotheri nt er
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authors hop¢hat this thought>g@eriment will prompt such sophisticatedly simpléChapter 3). Cambridge:

trials. Cambridge University PreskSBN: 9780521803618
4. Previous Work 4. Einstein, A.,On the Method of Thepretical Physics

) The Herbert Spencer Lecture, delivered atadBxf(10
Holland [14] found that speecof-learning was June 1933); also published hilosophy of Science
significantly improved by the use of aisomorphic note Vol. 1, No. 2 (April 1934), pp. 16369.

layout for display but his experimentused too small a
sample size (five people) for the results to be conclusive.
Bergstrom [15], alsousing an isomorphic nofayout for
display, stated that in a trial of roughl 30 peopl e,
viewers absoffed]t he basics quickly.o
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