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Prevalence of congenital amusia

Isabelle Peretz* and Dominique T Vuvan

Congenital amusia (commonly known as tone deafness) is a lifelong musical disorder that affects 4% of the population according
to a single estimate based on a single test from 1980. Here we present the first large-based measure of prevalence with a
sample of 20 000 participants, which does not rely on sglisseferral. On the basis of three objective tests and a questionnaire, we
show that (a) the prevalence of congenital amusia is § ith slightly more females than males, unlike other
developmental disorders where males often predominate; (b) selfdisclosure is a reliable index of congenital amusia, which
suggests that congenital amusia is hereditary, with 46% _first-degree relatives similarly affected; (c) the deficit is not attenuated
by musical training and (d) it emerges in relativegd from other cognitive disorder, except for spatial orientation problems.
Hence, we suggest that congenital amusia is likely t It from genetic variations that affect musical abilities specifically.
European Journal of Human Genetics (2017) 25, 640-680; doi:10.1038/ejhg.2017.15; published online 22 February 2017
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Why does the scale have seven (or five) notes? Why not six?

Asked 10 years, 3 months ago Moadified 6 years, 5 months ago Viewed 30k times
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I'm a programmer by trade, and | have always felt that music was arbitrarily difficult. Please forgive
my inexperience with musical notation. | had a little thought experiment with my wife today, and |
wanted to ask why we don't do it the way | thought up.

My wife explained to me that a scale(octave?) is made up of seven notes, which we typically call
ABCDEFG or Do-Re-Mi-Fa-So-La-Ti(-Do). From this answer: https://music.stackexchange.com/
a/3004 we know that those 7(8) notes are this progression:

Every major scale has seven notes. They all start on a root note and proceed to go up in
the following pattern: Whole Step, Whole Step, Half Step, Whole Step, Whole Step,
Whole Step, and then a final Half Step returns to the root note (an octave above where we

started).

Why go up by a half step twice? Why not go up a whole step every time? It seems like having
B# be C and Cb be B (and same with E/F) is arbitrarily complicated. Was this done just to make
pilanos easier to play by feel? Is there a mathematical root?

If you will suspend your disbelief with me for a minute, what if we had a scale made up of 7 lines?
The spaces in between each line represent the notes (I'll call them 1-6, to avoid confusion with A-
G). The lines themselves represent sharps and flats. So a 1# is a 2b, etc.

The piano would have to change to having black keys in between every white key. To offset this,
the 1 keys would be wider on the left, and the 6 keys would be wider on the right so that one could

still determine octaves (septaves?) by feel.

What problems does this present? Is there a good reason not to go to an easier to remember
system? If not, why has no one done it?



| think your question is largely about the chosen notation for the Western system, which most
answers haven't really addressed.

The notation we have is actually pretty natural and logical, for a simple reason: there are twelve
different notes in the Western system, but only a subset of these -- seven, in fact -- are used in a
given scale such as the major scale.

Let's use individual semitones as the basis for a notation as you suggest; so, let's say the note A is
still denoted by A, but now A# (or Bb) is denoted by B, and then the remaining notes are C, D, E,
F, G, H, |, J, K, and L (twelve in total).

| understand why you'd want to do this; it removes synonyms. But at what cost? What does an
actual key look like now? Take C major as an example. In the new notation, the notes are D, F, H,
I, K, A, C. This is confusing and hard to remember. Compare with C major in normal notation: C,
D, E, F, G, A, B. Itjust cycles through the seven letters.

What about other keys? Let's take F major as another example. | won't write it all out in the new
notation again because you just get another confusing list of letters, but in normal notation, it's F,
G, A Bb, C,D,E.

Hopefully now you see the benefit of this notation: it's easy to think about every key, because,
ignoring accidentals (i.e. the flat on the B) they just cycle through our seven letters.

You lose unigueness of note names -- though in fact, not really in practice, for example you'd
never call Bb "A#" when talking about the F major key -- and the usefulness of this feature of the
notation far outweighs this minor problem.



You can divide up the octave however you want, but it turns out that doing what you suggest
doesn't really make good sounding music, at least to our western ears.

It all has to do with overtones and pleasant ratios of pitches. An interval sounds consonant to us

when the ratio of the frequencies is mathematically simple. It causes the waveforms line up and
produce constructive interference.

If | take C as a base from which to construct the overtone series, | quickly find G and E to have
simple ratios (3:1 and 5:1, and by shifting octaves to get them closer together, 3:2 and 5:4). Stack
two fifths and drop the octave to create D = 9:8, and go a fifth down and an octave up to create F =
4:3. Now we have the beginning of a scale: C D E F G, and the notes aren't evenly spaced (E-F is
roughly half the distance of the others). This is the beginning of Pythagorean tuning, and various

ways to construct the remaining notes of the major scale and fill in the gaps result in a huge
number of ratio-based tunings.

In short: it's the way it is because it sounds good. Sure, it's a bit screwy in some ways, but we don't
want to force an art form to conform to some notion of mathematical simplicity.
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The reason is that dividing an octave into 12 notes sounds the best for a very mathematical
reason! The frequency of each semi-tone is 2112 away from its neighbours.

Note C x ? Fraction Note C X 2 Fraction
Cc 1 1/1 C 2 2/1
C#/Db 1.059 18/17 B 1.888 17/9
D 1.122 9/8 Af/Bb 1.782 16/9
D#/Eb 1.189 6/5 A 1.682 5/3

= 1.260 5/4 G#/Ab 1.587 8/5

F 1. 308 4/3 G 1.498 3/2
F#/Gb 1.414 7/5 F#/Gh 1.414 10/7
G 1.498 3/2 F 1:335 4/3
Gg/Ab 1.587 8/5 E 1.260 5/4
A 1.682 5/3 D#/Eb 1.189 6/5
Ag/Bb 1.782 16/9 D 1.122 9/8

B 1.888 17/9 C#/Db 1.059 18/17
c 2 2/1 C 1 1/1

Notice how each fraction on the right hand side (descending) is almost the inverse of the left hand
side (ascending)? The difference is one of the numbers is doubled or halved each time. The
smaller the two numbers are and the smaller the difference between them the better they sound to
us. This is because the parts of the waveforms they produce agree very often.

Square wave Fundamental

/ N sine wave component

3rd harmonic
\ Sth harmonic




Most of the answers here appear to be focusing on why we ended up with a seven note scale in
western music.

This I1s a great area of inquiry; however, it is worth noting that whatever the answer to this
question, the seven note scale is a fundamentally arbitrary product of Western culture.

M

Dissonance and harmony are culturally relative. The idea of the octave appears in almost every
society; however, the way in which the octave is split and which combinations of frequencies are
pleasing vary entirely by culture.

"Strictly speaking, there are no structural characteristics that have been identified in all known
musical systems." - http.//www.academia.edu/10684651/Cross-

Cultural Perspectives on Music and Musicality

So | would argue that although the other answers are mostly correct in identifying reasons why we
use a seven note scale, it should be kept in mind that these are fundamentally cultural and

historical reasons, not biological or mathematical reasons.
e e—————————————

Edit: Just wanted to disambiguate based on the comments. | am referring to the dictionary
definition of "harmony,"” which is "the combination of different musical notes played or sung at the
same time to produce a pleasing sound"” - http://merriam-webster.com/dictionary/harmony. This
definition is not related to any particular mathematical relationship or consonance between the
notes: "Harmony" simply means that the resulting sound is pleasing to listener.




Spoiler alerts!















Sound is a vibration that travels as a wave through a medium (like air, water, or solids).

It starts with something vibrating (e.g., vocal cords, guitar strings, speaker diaphragm).

This creates alternating regions of compression and rarefaction, forming pressure waves
that travel through the medium. Eventually, these waves reach a receiver (like your eardrum),
which converts the vibrations into neural signals that your brain interprets as sound.






Principle 1: We perceive fundamental frequency as pitch
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Principle 2: Human hearing works on a logarithmic scale
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Weber-Fechner laws




Principle 3: Transpositional invariance
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Principle 4: Octave Circularity
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Principle 5: "Small ratios" sound good together
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Principle 6: Western music adds cultural constraints
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Principle 7: Human hearing is not perfect
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Johann Sebastian Bach: The Well-Tempered Clavier
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Bushaw, Cody, Freeman, Whitaker: The Music and Mathematics of Maximal Evenness in Graphs
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1840s and 1850s

Untitled by Heinrich Richter, 1847
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1900s and 1910s
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1940s and 1950s
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1980s
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Diatonic Twinline by Leo de Vries. 1986
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2000s
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(Excerpt of Beethoven Fur Elise wriften in Dodeka Notation)
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= o spirali / cellotones

¢ » Code

(*) Issues

11 Pull requests

(») Actions

Fix finger positions #2

SR VIIGTCE spirali merged 2 commits into spirali:main from ttilberg:fix-finger-positions [[Jon Oct6

() Conversation 2

Changes from all commits -

v o 13 EEEE
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0 Commits

index.html L]

2 &

Checks 0

| Projects

[¥) Files changed

File filter » Conversations~ Jumpto - @3-’

@ -362,11 +362,14 of {hthf Cello Fingerboard</h2>

A4 Draw position brackets

const positions
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positions.

name .

name .

name .

name .

name :

name :

name :

name .

name .

name .

name .

name .

name .

[

'Base Position',

'2nd Position',

'3rd Position',
"4th Position',
'6th Position',

"1/2 Position',

'1st ",
'2nd’,
'3rd’,
'4th’,
'5th',
'6th’,
'Tth',

startFret:
startFret:
startFret:
startFret:
startFret:
startFret:

startFret:

startFret: 2 },
startFret: 4 3},
startFret: 6 3},
startFret: 8 },
startFret: 10 }
startFret: 13%,
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T
b
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e
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forEach((position, 1index) == {
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TONNETZ

CHORDS

inversion

A chord is a set of 3 or more notes that sound harmonically } In 1739 the mathematician Leonhard Euler discovered that the 12 notes of the western Each triangle in the Tonnetz
when played together. Since chords are defined by the interval music system can be arranged in an hexagonal grid, the Tonnetz. The notes are at the is a triad (group of 3 notes),
between its notes, in the Tonnetz the same type of chord (for minor 3rd major 3rd nodes of the grid (purple disks) and the interval between adjacent notes in each direction corresponding to either a
example a Major chord) has always the same shape, regardless SR interval is the same across the entire diagram. For example, there is a perfect 5th interval Major chord, labelled with an
of where you put the root note (Cmaj, Dmaj, Emaj, ..). 3 AVal o G st between C and G, as well as between G and D. The shadowed parallelogram represents uppercase blue letter, or a
The root note gives name to the chord and has the lowest (3 semitones) the unit cell, the block of notes that is repeated infinitely in both directions of the plane. minor chord, labelled with a
pitch, unless the chord is inverted. The first inversion of a lowercase red letter.

chord has the same notes, but the note at position 1 (see oot 4 w. second 'G D B The notes of each triad are
diagrams below) has the lowest pitch instead. Similarly, the perfect 5th inversion marked as orange keys in the
second inversion gets note 2 as its lowest pitch note, etc. Intaival keyboards drawn inside. The
Inverted chords are indicated with the lowest pitch note as part (7 semitones) little black arrows indicate
of the name. For example: 2nd inversion of C minor = Cm/G. the root note of the chord.

minor Major e
A E —_— - G D« Asx
Ds#
0 .1 T n
minor 7 Majnr T @ GvD
N m OLLLIN LI
I
minor Major 7 Major 6 ‘N

L

&

Hmmmi i | I

Cs G# D#

N

suspended 2

LI
A

DL
E

>

C# g#
minor 6 Oo—0—90 RULL L™ L i
QUL JLILI I

suspended 4
o—OC—0
G+
Augmented
Fx Cs
Augmented M@DS lileflipatiln it b

respect to the tonic). Uppercase is

Ma'or 7 The position of the tonic with respect for Major and lowercase is for

J to the other 6 notes of the diatonic B G# Dz mtnprdghc;rliljs. Ellgrr]nmished chur_d.rl.:

- . scale, determines the mode. are indicated wi 2 SUperscrip
diminfShed 7 circle®. Each position has a

Each of the 7 main modes of the diatonic scale has a different flavor in western music since the middle ages, from brighter sound function in western tonal system:
{Lydian) to darker sound (Locrian).

Lydian /

III i Mediant

IV iv Subdominant

Dominant 7

half
diminished 7

(m7b5)

1i Tonic (centric note, where to resalve)
M lxﬂlydlﬂﬂ i Supertonic

H
YV v Dominant (most important after tonic) hlues‘ Enlg matlc
VIvi Submediant
V1I vii Subtonic or leading note C
Locrian /

SCALES

Any set of notes forms a scale. Scales are characterized by how
many notes they have and by their relative positions. In the
Tonnetz, each scale has a shape, and all the chords that fit into
those shapes, are chords of the scale. The most common scale is
the diatonic scale (see its 7 modes at the bottom). Here are some
other common scales. Yellow disks mark the tonic note of the scale.

pentatonic minor pentatonic Major

A Ay

melodic melodic
minor Major

nY

harmonic armonic

h
minor /\\ Major
L
Hungarian Hungarian
minor Major
Spanish flamenco
eptatonic

'
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