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The ThumMusic System : 

An Efficient  Paradigm for  Music  Education  
 

ABSTRACT  
The ongoing doubly-exponential rate of advance 

in technological efficiency has led to increased 

labor productivity in many fields of human 

endeavor, but not in music education. The 

resulting relative decline in music educationôs 

return on investment has put music education in 

crisis. The ThumMusic System is an alternative 

paradigm for the display and control of musical 

information that has the potential to increase 

music educationôs labor productivity while 

increasing expressive potential, embracing 

cultural diversity, and offering new creative 

opportunities. 
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CRISIS IN MUSIC EDUCATION 
Many leading music educators believe that their 

field is in crisis. For example, in their Call for 

Papers for the 2008 annual conference, the 

College Music Society stated [10] that 

ñSomeésuggest that what is happening 

in music today is not at all dissimilar to a 

global warming crisis for our field. If a 

certain desperation is detected in this 

call, it is meant only to break through the 

encrusted proprieties of academic 

pretension. Ideas that may have served us 

well in the past [may] now hold us back. 

The Program Committee invites new, 

thought-provoking, even revolutionary 

ideas.ò 

Likewise, Joan Brandvold Schmidt, former 

President of the USAôs National School Boards 

Association, wrote [35] that 

This is a dark and dangerous time for 

music education programs. The parallel 

forces of political pressure and economic 

reality have reached a critical juncture, 

and the result is a toxic environment that 

jeopardizes the very existence of an 

education system that serves the needs of 

the whole child. 

Nor is this strictly an American phenomenon. 

The final report of Australiaôs National Review 

of School Music Education [30] concluded that  

There has been considerable debate 

about the seriousness of the current 

situation. Some on the Steering 

Committee argued for using the term 

crisis. The Review team has avoided the 

connotations of such language, but notes 

that the evidence points to this being a 

time when action must be taken, a critical 

turning point. [emphasis in the original] 

Cause of the Crisis  
The ongoing doubly-exponential rate of advance 

in technological efficiency [23] increases the 

labor productivity of many human activities. 

However, the impact of technology on the labor 

productivity of musical performance and 

education has been small [4]. As a result, the 

return on investment (ROI) in music education 

is constantly falling in relative terms [4, 5]. 

Given that people generally seek to maximize 

ROI, an eventual crisis in music education was 

inevitable. 

To cure the ñcost diseaseò of ñstagnant service 

industriesò [4] such as music education, one 
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must first understand its causes. Baumol [5] 

writes: 

ñThere are at least two reasons why 

rapid and persistent productivity growth 

has eluded the stagnant services. 

First, some of them are inherently 

resistant to standardization. Before one 

can undertake to cure a patient or to 

repair a broken piece of machinery it is 

necessary to determine, case by case, just 

what is wrong and the treatment must 

then be tailored to the individual case. 

The manufacture of thousands of 

identical automobiles can be carried out 

on an assembly line and much of the work 

done by industrial robots, but the repair 

of a car just hauled to a garage from the 

site of an accident can not be entrusted 

completely to automated processes. 

A second reason why it has been difficult 

to reduce the labor content of these 

services is the fact that in many of them 

quality is, or is at least believed to be, 

inescapably correlated with the amount 

of labor expended on their production. 

Teachers who cut down the time they 

spend on their classes or who increase 

class size, doctors who speed up the 

examination of their patients, or a police 

force that spends less time on the beat are 

all held to be shortchanging those whom 

they serve. 

This, then, is why the stagnant services 

have consistently proved unamenable to 

steady and substantial productivity 

growth, that is, to reduced labor content. 

To paraphrase the above, the cause of todayôs 

crisis in music education is that its current 

paradigm is not amenable to 

¶ reductions in labor input (either by teacher 

or student), nor to 

¶ increases in standardization. 

Therefore, to succeed in alleviate todayôs crisis 

in music education, any proposed solution must 

demonstrate an ability to increase music 

educationôs ROI by increasing its labor 

efficiency, perhaps in part by increasing its 

potential for standardization (although any 

alternative paradigm would, inevitably, be non-

standard at the time of its proposal, initially 

reducing standardization). 

Furthermore, simple respect for the limited 

means of taxpayers requires that before asking 

them to maintain or increase funding for music 

education in the public schools, everything 

possible must be done to maximize its 

efficiency. 

Paradigm Defined  
A paradigm is ña philosophical and theoretical 

framework of a scientific school or discipline 

within which theories, laws, and generalizations 

and the experiments performed in support of 

them, are formulatedò [24]. Paradigms involve 

consensus within a scientific community on (a) 

what is currently held to be true; (b) acceptable 

methodologies; and (c) acceptable instruments 

and tools [22]. 

Regarding the latter point, Kuhn writes [22, p. 

40] ñAt a level lower or more concrete than that 

of laws and theories, there is, for example, a 

multitude of commitments to preferred types of 

instrumentation and to the ways in which 

accepted instruments may legitimately be 

employed.ò 

Music Education : Shiftless?  
It has been argued [29] that music education 

cannot undergo a paradigm shift because (a) 

only hard sciences have paradigms, (b) the hard 

science of acoustics is the same for all 

paradigms of music education, and therefore (c) 

all philosophies of music education are based on 

the same acoustical paradigm. However, an 

alternative paradigm for the acoustics of musical 

sound has recently been proposedðthe Matrix 
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[31]ðthat facilitates a paradigm shift in music 

education. 

Paradigms: Music Theory  
In brief, music theoryôs traditional harmonic 

paradigm, which is referred to herein as the 

Pythagorean paradigm, asserts that consonance 

arises from ñratios of small whole numbers.ò 

This assertion is true for timbres whose partials 

fall in the pattern known as the Harmonic Series 

(i.e., ñharmonic timbresò). Subsequent 

researchersðe.g., Mersenne and Helmholtzð

may have grounded this numerological 

observation in physics, but the theoretical 

primacy of such ratios remains [17]. 

When using harmonic timbres, such alignment 

is obtained only through use of the Just 

Intonation tuning system [19]. 

However, many non-Western cultures use 

inharmonic timbres [36], and even Western 

music has generally tempered its tunings away 

from Just Intonation for the last several 

centuries [2]ðanomalies that challenge the 

Pythagorean harmonic paradigm. 

The Matrix harmonic paradigm, on the other 

hand, asserts that consonance arises from the 

alignment of pitch and partial, even when those 

partials are considerably removed from their 

harmonic positions. The Matrix paradigm 

embraces the Harmonic Series as a special case, 

but also generalizes harmonic music theory to 

embrace both Western temperaments and the 

music of non-Western cultures in a general way 

by tempering tuning and timbre together [31]. 

Paradigms: Music Education  
The traditional Western paradigm of music 

education rests on the Pythagorean paradigm, 

using traditional orchestral instruments and staff 

notation as its primary tools. These tools are 

pitch invariant. That is, notes are named, 

notated, and controlled according to their pitch. 

There is a fundamental mis-match between the 

pitch invariant tools of music education and 

musicôs interval invariant structure (discussed 

below). This mis-match is partially addressed by 

those methods of vocal music instruction which 

name notes using ñmoveable Do with a La-

based minor,ò but these methods do not extend 

to instrumentation or notation. 

The ThumMusic System is designed to remove 

this mis-match by providing tools which 

describe and control musical information with 

interval invariance. The result is a system which 

challenges what music education has held to be 

true (about the deep structure of music), its 

methodologies (in terms of the sequence and 

emphasis of skills and concepts), and its tools 

(including instruments and notation). 

The ThumMusic System is, in short, a new 

paradigm for music education. 

THE THUMMUSIC SYSTEM 

Goal and Method  
The design goal of the ThumMusic System is 

parsimony: the ability to explain much with 

little [37]. 

This goal was approached by identifying 

musical properties that were invariant (i.e., 

consistent under transformation) and to 

exposure their invariance through isomorphism 

(i.e., consistency of mapping). 

Importantly, this approach places a low value on 

backward compatibility with music-makingôs 

traditional UI. It sacrifices compatibility with 

the traditional UI for even moderate gains in 

isomorphism and/or invariance as a means of 

achieving parsimony. 

Likewise, the maximization of simplicity, per 

se, was not a design goal in itself. In our 

opinion, designing for simplicity can sometimes 

compromise generality (i.e., ñdumb downò), 

whereas designing for parsimony tends to 

increase both simplicity and generality. 

Transpositional Inva riance  
It is well-known that the familiar interval 

patterns of music theoryðsuch as the diatonic 

scale, the major triad, the VïI cadence, the iiï
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VïI chord progression, etc.ðall have the 

property of transpositional invariance: they do 

not change when transposed to a different key.
i
 

This same property of transpositional invariance 

is shared by isomorphic button-fields [25]. 

The Isomorphic Button -field  
A button-field is a geometric arrangement of 

note-controlling buttons. A note-layout is a 

mapping of notes to a button-field. The word 

isomorphic comes from the Greek roots ñisoò 

(equal) and ñmorphò (shape), and is used herein 

to mean ñsame shape.ò  

On a button-field with an isomorphic note-

layoutði.e., an isomorphic button-fieldð

pressing 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 on an isomorphic button-field 

(excluding edge conditions). 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 

[21]. 

The isomorphic note-layout used in the 

ThumMusic System, shown in Figure 1 below, 

was described by Kaspar Wicki in 1896 [12]. 

                                                 
i
 It is perhaps more accurate to say that the patterns are 

perceived to be invariant, but this paper will take that 

perception as reality. 

 

Figure 1: A button-field optimized for use with 

Wickiôs isomorphic note-layout. 

Wickiôs note layout has been used in squeeze-

box instruments such as bandoneons, 

concertinas, and bayans [12]. The historical use 

of such instruments to competently perform a 

wide variety of complex and challenging 

chromatic music shows that the Wicki note-

layout is a practical music-control interface. 

Examples of the button-fieldôs transpositional 

invariance are shown in Figures 2 and 3, below. 

 

Figure 2: Isomorphism of C Major scale (grey lines) 

and F Major scale (black lines). 

Figure 2 above shows the major scale in C (grey 

arrows) and F (black arrows). The scaleôs 

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

indeed in every key. 
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Figure 3: Diatonic tertian triads of C Major.  

Figure 3 above below shows the diatonic tertian 

triads of C Majorðthat is, the triads built by 

stacking diatonic thirds on top of the root of 

each degree of the C Major scale. 

The button-field shape of each kind of triad in 

root positionðmajor (IV, I, & V), minor (ii, vi, 

& iii), and diminished (vii)ðdirectly reflects 

the shape of the ñstack of intervalsò from which 

it is constructed. The button-field shapes of 

these triads, and the geometric relationships 

among the triads, are invariant within a key and 

across keys. 

The transpositional invariance of the isomorphic 

button-field offers a significant increase in 

parsimony vs. traditional music-control 

interfaces. 

The above depictions of isomorphic button-

fields use traditional pitch names. However, it is 

possible to increase the ThumMusic Systemôs 

parsimony by breaking compatibility with pitch 

names and embracing another old idea instead: 

tonic solfa. 

Tonic Solfa  
The ability to express patterns of intervals in a 

pitch-independent manner is central to tonal 

music theory. Many systems have been invented 

to meet that need, including the association of 

Roman numerals with mode degrees, the 

Nashville Numbering System, North Indian 

sargam, the numbers 0 to 11 (numbering the 

notes of the chromatic scale), and tonic solfa. 

The ThumMusic System uses the variant of 

tonic solfa which can be described as moveable 

Do with a La-based minor for reasons that will 

become apparent later in this paper. 

Tonic solfa gives a unique name to seven 

diatonic intervals and ten chromatic intervals 

(five flats & five sharps), as shown in Table 1 

below.  

Flat Natural Sharp 

(Ti) Do Di 

Ra Re Ri 

Me Mi (Fa) 

(Mi) Fa Fi 

Se So Si 

Le La Li 

Te Ti (Do) 

Table 1: Tonic solfa interval names. 

There are many irritating inconsistencies in 

tonic solfaôs note names. Each such 

inconsistency is a missed opportunity to 

enhance parsimony by replacing a large set of 

special cases with a much smaller set of rules.  

For example, Mi and Ti both end in óiô, which is 

the vowel otherwise used to indicate sharpness, 

and Re ends in óeô, which is the vowel otherwise 

used to indicate flatness. We considered 

correcting such inconsistencies to increase 

parsimony,
ii
 but decided that the benefits were 

insufficient to outweigh the cost of alienating 

those whose familiarity with tonic solfa might 

predispose them to support the ThumMusic 

System. The only change we made to the 

traditional tonic solfa names was renaming Sol 

                                                 
ii
 We like Do Ra Ma Fo So La Ty for the natural notes. 

Each vowel indicates its noteôs diatonic tertian triad (óoô = 

major, óaô = minor, óyô = diminished), with óiô for single 

sharps, óeô for single flats, óuô for double flats (e.g., Du) 

andéaheméówô for double-sharps (e.g., Mw, 

pronounced ñmooò). 
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to So, which provides an invariant two-letter 

naming pattern.
iii

 

ThumMusic Button -field  
The ThumMusic System associates each tonic 

solfa note name with an invariant location on 

the isomorphic button-field, resulting in the 

ThumMusic button-field, as shown in Figure 4 

below.
iv
 

ri my

si li

du ra me Fa So La Ti di

di ri my

se le te Do Re Mi fi

fi si li

du ra me Fa So La Ti

se le te Do Re Mi

 

Figure 4: The ThumMusic button-field. 

If the intervals have invariant button-field 

locations, then the button-field locations of the 

pitches must vary from key to key (through 

electronic transposition). To play in C Major, 

one performs a user-interface control gesture to 

indicate that Do should sound the note C. To 

indicate C minor, a similar gesture indicates that 

La should sound a C (hence La-based minor). 

To indicate B-flat Lydian, a similar gesture 

indicates that Fa should sound a B-flat, and so 

on, for other keys and modes. These control 

gestures can be made during performance to 

effect a key change. 

Reducing Musicôs Symbol-Set 
The goal of parsimony dictates that the number 

of symbols used to describe musical information 

should be as small as possible (but no smaller). 

With this in mind, we replaced the use of two of 

music educationôs traditional symbol sets with 

tonic solfa names. 

                                                 
iii
 Technically, this renaming of Sol means that the 

ThumMusic System uses tonic so-fa, not sol-fa, but we 

are not going to insist on this point. 

iv
 Do-flat is labeled ñDuò instead of ñTi,ò and Mi-sharp is 

labeled ñMyò instead of ñFa,ò for reasons that will be 

explained below. 

Eliminating Greek Mode Names 
On the ThumMusic button-field, the notes of the 

current keyôs diatonic scale always fall on the 

white buttons, while the chromatic notes always 

fall on the black buttons. All of the modes of the 

diatonic scale are played using the same 

diatonic cycle of notes (Do, Re, Mi, Fa, So, La, 

Ti). In the ThumMusic System, the mode is 

named using its tonicôs name. For example, 

Ionian (major) is named Do-mode, whereas 

Aeolian (minor) is named La-mode. 

 

This use of tonic solfa for mode names reduces 

musicôs symbol set without loss of generality, 

compared to having to learn Greek mode-

names. 

Eliminating Roman Numerals 
Traditional notation names pitches, and 

therefore needs a separate notation to name 

transpositionally-invariant features such as 

mode degrees, for which it uses Roman 

numerals. 

For example, consider the diatonic cycle 

represented by the pitches A B C D E F G. 

Starting the cycle on A would give the A 

Aeolian (minor) mode of the diatonic scale, 

whereas starting the cycle on C would give the 

C Ionian (major) mode of the diatonic scale. 

Traditional Roman numeral notation would 

describe this cycle, from its starting note, as: 

¶ A: i ii° III iv v VI VII  

¶ B: i° II iii iv V VI  vii  

¶ C: I ii iii IV V  vi vii°  

The traditional naming of mode degrees has the 

advantage of conveying information about tonal 

function ï tonic (I), dominant (V), mediant (III), 

etc. ï in an easily-grasped form. 

However, the ThumMusic System does not need 

to describe tonal functions in its naming system 

because they are easy grasped by inspection of 

the ThumMusic button-field. 

This frees the ThumMusic System to use tonic 

solfa names instead of Roman numerals to 

describe chords and chord progressions. For 
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example, the IVïVïI chord progression is 

described as the FaïSoïDo progression, the iiï

VïI as reïSoïDo, and the IVïviïiiïV-I as Faï

laïreïSoïDo. 

Benefits of Symbol-Set Reduction 
Reducing musicôs symbol-set by eliminating the 

use of Roman numerals for mode degrees and 

Greek localities for mode names makes learning 

easier by 

¶ presenting students with fewer symbols to 

learn, and by 

¶ exposing the relationships among the set of 

concepts for which the same symbol-set is 

used. 

Using tonic solfa to name the notes on a button-

field may increase parsimony, but it also creates 

a problem: it is not compatible with traditional 

staff notation.  

Staff Notation  
The ThumMusic button-field is interval 

invariant, due to its use of tonic solfa, but 

traditional notation is pitch invariant. To 

provide a 1:1 mapping between note-controlling 

buttons and staff locations (and vice versa), the 

ThumMusic System requires an interval 

invariant staff notation. 

One could simply associate the lines and spaces 

of the traditional five-line staff with intervals. 

However, the traditional staff is not invariant in 

an important way: the gap between some 

adjacent lines corresponds to a major third and 

others to a minor third. To maximize invariance, 

the staffôs vertical axis should correspond to a 

monotonically-increasing scale measured in 

cents, so that the vertical gap between any two 

notes would invariantly indicate the interval 

between them. 

Fortunately, these needs were met perfectly by 

another old idea: the chromatic staff, first 

described by Roualle de Boisgelou in 1764 [32]. 

Combining the chromatic staff with tonic solfa 

gives the ThumLine staff. 

ThumLine Staff  
The ThumLine staff, shown in Figure 5 below, 

maps a tonic solfa interval to each line and 

space of the staff. 

 

Figure 5: The ThumLine staff. 

Pairs of intervals that are enharmonically-

equivalent in 12-tone equal temperament tuning 

share the same staff location. For example, the 

augmented second (Ri) and the minor third (Me) 

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

line. These intervals can be distinguished by 

using pointed note-heads, with the sharp 

intervalsô note-heads pointing up and the flat 

intervalsô note-heads pointing down. 

At the far left of the staff in Figure 5 above, a 

stack of scale dots indicates the set of intervals 

that are in the current scale. The diatonic scale 

is indicated. The (somewhat larger) diamond-

shaped scale indicator indicates the current 

tonic (and thereby the current mode of the 

current scale). The horns of the crescent-shaped 

clef sign always point to Do. Changes of scale, 

key, and mode can be indicated. 

The ThumMusic Systemôs approach to scales 

and modes does not apply only to the diatonic 

scale. For example, the double harmonic scale 

can be described as the cyclical sequence Reï

MeïSeïSoïLaïTeïRa, of which the Re-mode is 

the double harmonic major, and the So-mode is 

the Gypsy Minor. 

All other symbols from traditional music 

notation (e.g., meter, rhythm, dynamics, etc.) 

are retained in ThumLine staff notation with 

their traditional meanings. 

To indicate a particular key, the composer 

would place a reference pitch (e.g., C4) to the 

left of ThumLineôs diamond-shaped tonic 
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indicator.  To transpose the piece to another key, 

one would just erase the reference pitch and 

write in a new one. No other changes would be 

necessary. (That is, after all, what 

ñtranspositional invarianceò means.) 

However, there is little reason for a composer to 

specify a particular key, since to do so is to 

make assumptions about the tessitura of the 

performing ensemble that may not be true at the 

time of performance. The ensemble may need to 

transpose the piece down to accommodate its 

lead singerôs scratchy throat, for example. We 

expect that the reference tone will not usually be 

determined until just before performance. 

(Computer scientists will recognize this as late 

binding.) 

ThumLine meets the needs of atonal music 

simply by not specifying a scale or tonic. A 

stack of numerals (instead of scale dots) may be 

used to indicate the order of notes in a tone row. 

The ThumLine staff and ThumMusic button-

field are both isomorphic with the underlying 

structure of music, so they are also isomorphic 

with each other, as shown in Figure 6 below. 

 

Figure 6: Isomorphism of button-field and staff. 

The Tonnetz  
The tonnetz (also known as the ñharmonic 

latticeò) is a map of tonal space that links notes 

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 [9].  

 

Figure 7: Traditional tonnetz, with perfect fifths along 

the horizontal axis and major thirds along the vertical 

axis. 

The tonnetz is usually depicted as a two-

dimensional plane, as in Figure 7 above. 

The axes of the tonnetz can be adjusted to align 

with the axes of the ThumMusic button-field, as 

shown in Figure 8 below. 

 

Figure 8: Tonnetz aligned with the ThumMusic 

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 (diminished 

triads run along the green lines). These triads 

are shown in Figure 9 below. 
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Figure 9: ThumMusic button-field's map of tonal 

space. 

The tonnetz is particularly well-suited for 

illustrating the relationships among chords and 

chord progressions. For example, consider the 

chord progressions shown in Figure 10 and 

Figure 11, which can be seen to have the ñsame 

shape.ò Ra 

Se 

Du 
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Te 
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Do 
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Figure 10: The FaïSoïDo (IVïVïI) chord progression. 
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Figure 11: The reïSoïDo (iiïVïI) chord progression. 

On the one hand, the fact that the ThumMusic 

button-field is an embodiment of the tonnetz can 

be a surprise; who would expect a button-field 

to map directly onto tonal pitch space? On the 

other hand, it is a direct result of the isomorphic 

mapping of the button-field to the invariant 

structure of music. 

At first glance, the ThumMusic System could be 

criticized for emphasizing a view of music that 

is not just outdated (with its vocabulary based 

on modes) but somewhat ethnocentric, too. 

After all, the tunings of many non-Western 

culturesô music appear to be incompatible with 

the ThumMusic System. However, the 

ThumMusic System exposes, in a simple way, a 

relationship among the tunings used in many 

world musics. 

Tuning invariance  
It turns out that the ThumMusic System is 

compatible with the music of many cultures, 

including many that were previously divorced 

from Western music theory. It does this by 

exposing, through isomorphism, a level of 

musical invariance that was not previously 

recognized: tuning invariance [25]. 

In brief, the music of many cultures shares a 

deep, invariant pattern of relationships among 

intervals, described by the syntonic 
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temperament [25]. Along the syntonic tuning 

continuum are found many tunings used by 

Western culture (both today and in the past) and 

by the indigenous music of many non-Western 

cultures.  

The syntonic tuning continuum is generated by 

two intervals: the octave and the tempered 

perfect fifth (P5). All of the other intervalsðthe 

minor second, the major third, the augmented 

sixth, etc.ðare derived from a long stack of 

tempered perfect fifths, plus or minus octaves. 

Holding the octave constant at 1200 cents and 

varying the width of the P5 in a smooth 

continuum from a low of 686 cents to a high of 

720 cents produces the syntonic tuning 

continuum shown in Figure 12 below [25]. 

In Figure 12, ñN-TETò stands for ñN-tone equal 

temperament.ò For example, when P5 = 700 

cents, the syntonic tuning is equivalent to 

standard 12-tone equal temperament tuning (12-

TET).
v
 

The syntonic tuning continuum includes many 

other tuning possibilities. Pythagorean tuning 

(P5 º 702) and ¼-comma meantone tuning (P5 

º 696.6) have a long history in European music 

[2]. Ancient Chinese bronze bells may also have 

been tuned in ¼-comma meantone [6]. Some 

Arabic music has been described as using 

extended Pythagorean tuning, although notated 

in 24-edo [18]. The tunings 17-edo, 19-edo, and 

especially 31-edo have received attention from 

Western music theorists [3]. 

Things get even more interesting at the ends of 

the tuning continuum. As the width of P5 rises 

towards 720 cents, the width of the minor 

second shrinks to zero, leaving a 5-edo scale 

that is closely related to the Indonesian slendro 

scale [36].  As the width of P5 falls towards 686 

cents, the minor second increases in width to 

                                                 
v
 The phrase ñequal temperamentò describes a tuning, not 

a temperament, and is therefore not used in the 

ThumMusic System. Instead, a division of the octave into 

N equally-sized intervals is called an N-equal division of 

the octave, abbreviated N-edo.  

match the major second, producing a 7-edo 

scale similar to that used in the indigenous 

music of Thailand [36] and Mandinka Africa 

[20]. 

 

Figure 12: The syntonic tuning continuum. 

All across the syntonic tuning continuum, 

pitches change, interval widths change, and 

even enharmonic equivalencies change, but the 

fingering pattern needed to play a given musical 

structure remains invariant [25]. This fingering 

invariance makes it possible to play the 

pentatonic major scale (for example) as ñDo Re 

Mi So Laò all along the tuning continuum. 

Whether the current tuning has 5 notes per 

octave, or 7, or 12, or 17, or 19, or even 31, the 

fingering of the pentatonic major scaleðor any 

other any given musical structureðis invariant 


