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Abstract

Modality is one of the less well-understood--and therefore undervalued--aspects of polyphony. Despite more than half a century of research into the
'modes of polyphony', many questions about their nature, evolution and meaning lack definitive answers. However, there is a very substantial body of
relevant primary sources dating from the fifteenth to the eighteenth century (and even beyond), so many indeed that the question arises whether the
systematic application of computational methods can shed light on some of these issues. To set the scene, | will briefly discuss modality as detailed in
Sebastian z Felsztyna's Opusculum musice (1517), followed by an overview of the main contested aspects of modality. The main part of my talk will then be
about computational approaches to various kinds of relevant data, organised into several levels.

The first level deals with the sources. The Polymode database that | created to collect these now describes nearly 1000 textual and musical sources. Many
of these sources contain modal cycles, sets of compositions that systematically go through all modes (whether 8, 12, or maybe another number). Data
about these cycles form the second layer of my approach: the approximately 750 cycles in Polymode allow various aspects of the history of polyphonic
modality to be visualised. The third level is that of the compositions in the cycles, as well as those named in the textual sources. This is very much a work in
progress, but such data will enable us to find patterns in, for example, finals, scales, and transpositions of the modes. Scores, and by extension encodings,
form the fourth level. Numerous aspects of modality can be uncovered by a systematic analysis of those compositions. So far analysis of cadences, for
example, has mostly been done by hand: to do so computationally, on a large scale, would be quite helpful for our understanding. The final level is that of
musical audio. It is unrealistic to expect that enough encodings will be available for this type of research any time soon. But the quality of polyphonic audio
transcription is improving fast. This raises the question of what audio analysis could contribute to our understanding of modality. This too is a work in
progress, but the first results are quite encouraging.

The greatest challenge of digital musicology is, in my opinion, translating computational results to musical insights. In my closing words, | will reflect on my
attempts to do so for polyphonic modality. Hopefully, something can be learnt from these that can be generalised to the application of computational
methods to other open issues in musicological research.



Once upon a time...

Baldus and his friends made the world an unsafe place

« Teofilo Folengo, Baldus (1517 and later editions)




Between killings...

Baldus and his gang also like to sing
« described in detail, with appropriate terminology

to 1521 ed.)

The soprano is the most captivating to the listeners’
ears, but the tenor is the rector of the voices and the
guide of the tones. The alto colors and ornaments the
Apollonian song. The bass nourishes, fortifies and
augments the other voices (tr. Mullaney 2007, adapted

note the matter-of-fact mention of the ‘tenor principle’
« the tone [mode] of a polyphonic piece is that of its tenor
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A little surprise

actually, this source belongs to the earliest layer of evidence for polyphonic modality
« vast amount of evidence dating from c. 1525 until well into the 17th century

challenges widespread narrative of a simple transition from modality to tonality during

the Renaissance
« 8 modes are scales of medieval planchant, bad fit with polyphony
« replaced by Aeolian and lonian, effectively minor and major scale, by Glarean (1547)

e case closed

unlocking that vast amount of evidence is the core of my talk

first we need some background in the modes



A closer look at the modes

Sebastian z Felsztyna, Opusculum musice
compilatum noviter (Krakow 1517)

 plainchant for beginners
« ~50% about the modes
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facsimile: Krakéw 1978
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there is just one scale

« here depicted as a ladder

« 7 hexachords defining the intervals

« allowing for both B-natural and B-flat (red boxes)

« modal finals (D, E, F, G) are notes on the scale
(orange box)

modes better understood as constellations
within a single scale with a flexible pitch B

facsimile: Krakéw 1978



Repercussion

characteristic interval in the melody (in blue)

« large in authentic modes 1, 3,5, 7
« smallin plagal modes 2, 4, 6, 8

modes with the same final are differentiated by

range or ambitus
« authentic = high; plagal = low

facsimile: Krakéw 1978
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Examples
\4

_-'-—_—-‘-_—.___-_ l
Magnificat anima mea dominum,
Benedictus dominus deusifraél quia,

recitation
« these employ melodic patterns (often called called L‘_\.
psalm tones) that are associated with the modes ﬁ\\
 recitation is mostly on the repercussion top note M
T2 St

one set of examples illustrate psalm / canticle

most psalm tones have multiple endings Fii
(differentiae), often not on the modal final Nau ate pueri domin®, laudare nomé domin,
uncdimittis feru tu domine, fecun, verbi,

 the following antiphon will take care of this |
DA K] ;lm. XA ALK M R I XA

-
tone 1 examples i *ﬂ ey

I
Capitalisufferentiaprima.Secunva. Zercia,

facsimile: Krakéw 1978
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Examples

there is also one 3-voice example for each mode
 casually, no further explanation
« example shown here is mode 1

important milestone nevertheless

« the 8 examples form a (polyphonic) modal cycle

« first complete modal cycle in a music treatise

« oldest datable modal cycle that is not psalm (Magnificat)
tone-based

modal cycles have an special place in my research
(Wiering 2001, Wiering & Visscher 2025)

facsimile: Krakéw 1978
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Quick analysis of the polyphonic examples

« examples all end on the modal final
 (lear evidence of repercussion in tenor melodies
e VOiCe ranges are interesting
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« range of tenor matches with mode
« other voices show no clear evidence of modal characteristics
« again, polyphony seems an extension of monophony

11
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What have we learned from Sebastian?

monophony

« 8 modes, labelled 1-8

« 4finals, D, E F G

« each final serves an authentic (high) and a plagal (low) mode
« characteristic melodic interval: repercussion

polyphony

« modes casually applied to polyphony, as an extension
« tenor principle

« modal cycle

what is mode in polyphony?
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The Modes of Classical Vocal Polyphony

Berhard Meier’s Die Tonarten der klassischen Vokalpolyphonie, nach den Quellen

dargestellt (1974) proposes a synthesis based on later source evidence (c. 1540-1600)
1. the modes are pre-compositional entities in polyphony

2. 4 authentic-polyphonic and 4 plagal-polyphonic modes

3. each mode allows for specific cadence tones

4. melodic invention often shaped by the main intervals

deviation of modal norms can be explained as text expression
« shows deep insight in the expressivity of the music
« put also potentially a way of explaining away all evidence against this synthesis
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Polyphonic mode 5

final F, one flat

« tenorisin mode 5 (red)

« shared with quinto and canto

« alto and basso are in the
complementary mode 6 (blue)

overall range is high
« note the high cleffing (orange)

Vergine sola al mondo

Giovanni Pierluigi da Palestrina
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the tonal type provides a quick indication of the piece’s mode

signature — clef(s) — final
b—g2c2c3c3f3-13

source: cpdl.org, ed. by Potharn Imre
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Polyphonic mode 6

final F, one flat

e tenorisin mode 6 (blue)

« shared with quinto and canto

« alto and basso are in the
complementary mode 5 (red)

overall range is low
« note the low cleffing (orange)

Vergine chiara

mode 6

Giovanni Pierluigi da Palestrina

Cantus ?Fh

Altus E

Tenor H b

Quintus ﬁ H

Bassus E.,

source: cpdl.org, ed. by Potharn Imre

tonal type: b —cl1 c3 c4 c4f4 —f2




Listen to the difference

Hilliard ensemble

same performance pitch

note how the tonal space unfolds
in each piece

Palestrina’s Le vergini (1581) is
another modal cycle

3 pieces setting stanzas 1-3
no music for 9-11

no mention of mode in the source

mode 5

o)

Vergine sola al mondo

Giovanni Pierluigi da Palestrina

Canto %
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Debated issues in polyphonic modality (some of them)

in the past

number of modes (8, 12, ...)

how to deal with finals A, B and C
transposition and (key) signatures
proper and improper cadences

terminology

definition and derivation of mode
relation to psalmody

relation to Greek modes
symbolic meaning

modal affect

in modern research

« role of modes in composition

« authentic-plagal distinction
 historical development of modality
 relationship to tonality

 reality of mode (Powers 1992)

big issues, requiring big evidence to resolve
fortunately there is such evidence
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Outline: turning the evidence into data

2. overview of the evidence

3. investigate what insight can be gained using
computational approaches

4. briefly reflect on the experiences

five levels

sources

modal cycles

content of the cycles
notated compositions
audio recordings

Polymode

Uk wh =

| tbl_st_compositior

ID

composer
composer_ID
title

genre
genre_ID
n_comp

st cvcle ID

] tbl_source

ID
reference
author
author_ID
title

place
geo_ID

'] tbl_composition

ID
composer
title

genre
genre_ID
st_comp_ID
cycle_ID

77 thl_st_cycle

ID
cat_1995
cat_2001
collector
collector_ID
title

dated
printed

‘J’»—-

| thl_composition_part

ID
comp_ID
part_no
part_title
mode_text
st_ml
st_m2

st m3

[

B

I

| thl_cycle

ID

collector
title
n_comp
source_ID
page
st_cycle_ID
rism 1D

Polymode ER diagram (simplified)

modal cycle data: https://www.projects.science.uu.nl/ics-cantostream/polymode.php




Polymode view (one of many)

Compositions in cycle instance

[ Too foom..fan. [___compossr T e Tpa [mi[mal st cets _[Lba. L.

n 1700 . Petr'aloysio Prenestino Vergine bella h (g2 c2c3c3c4a3
1701 io. Petr'aloysio Prenestino Vergina saggia 1 2 h (g2 c2 c3 c3 c4d3
1702 io. Petr'aloysio Prenestino Vergine pura 13 h(c1c3c4c4f3)eld
1703 io. Pe@ t 14 h (c2 c3 c4 c4 f4) e3
1704 io. mm pmgl rloQ n 15 1b (g2 c2c3c3f 3
1705 io. Petr'aloysio Prenestino Vergine chiara 16 1b(c1c3c4 caf.f2

1706 io. Petr'aloysio Prenestino Vergine quante lagrime 1(7 h(g2c2c3c3c493
1707 io. Petr'aloysio Prenestino Vergine tale e terra 18 h (c1 c3 c4 c4 f4) g2

taCiald~

0N AE WN -
Qe ™ "o o0 a o




22

Level 1: Sources

main types of sources
« music prints and manuscripts
e compositions assigned to a mode
« modal cycles
* Mmusic treatises
« often with music examples
« and/or lists of compositions
« mixed sources
« explanations of the music

other
« archival documents, letters, poems...
« pictures

« musical instruments

1amen €5 Iaborem, quem his cantilenis impends, profuturum effe indicans : Stn-
dui enim per omnia ad ipfa pracepla digitum intendere, el contunii, quantum pro
1extus ratione potui clanes clanfularum ,cuig, Tono proprias ,omifsis peregrinis
€9° 1mpropriss , qm nimia licentiaa qm'éufdam immifcentur. Obferuani etiam
cm/ Toni proprium ambitum, repercufSionem, finent , €9 quicquid pratercain
Jingules T ons ncce[ario\ confiderandum est , fic vt pmtermiferim nibil dec/amrq
exemplis , quod in z'pﬁ: ‘Tonorftm : Pmcrepti:»  CX Verts ﬁ_t.ndammtp_}_ e{_f tr,;fl{'{um.

Al translation (emphasis added):

For | have endeavored throughout to adhere strictly to the rules
themselves; and—as far as the nature of the text allowed—I have
combined the characteristic cadences proper to each tone, while
omitting the foreign and improper ones that some introduce
through excessive license. | have also observed the specific range,
repercussion, and final note of each tone—along with whatever
else requires consideration in the individual tones—ensuring that
| have illustrated with examples every point taught regarding the
rules of the tones based on true principles.

mixed source: Eucharius Hoffmann’s XX/l Cantiones (1577)
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Source data in Polymode

Source of cycle instance

reference Palestrina 1581

source_ID

327

seen Iyes 'I

author Gio. Petr'aloysio Prenestino author_ID |Pa|strina, Giovanni Pierluigi da zl
title Il primo libro de madrigali a cinque voci.. novamente composti & dati in luce
place Venetia

D

musl@cal source

v
publ/wrtn by |Angelo Gardano printed  |printed source 4L|
date M D XTI tonality_type Traditional modes (1-8) M
D_Q |1581 ) e_year content_type ~
url https://www.digitale-sammlungen.de/en/view/bsb00072078?page=,1
rism_ID 990048359 diamm_link

current location
annotation = notes ;I
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Sources contained in Polymode (n=824)

100 A

80 A

60 -

Sources

40 -

20 A

« definitely not exhaustive

Guido, Micrologus |

1
1
:
1

v

Zarlino, Istitutioni

|GIarea n, Dodekachordon

Aaron, Trattato

Tinctoris, Liber... tonorum ——>,

Banchieri, Cartella |

— Textual
- Musical

Martini, Esemplare

|Fux, Gradus|

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850

Year

 note amount of sources dated 1525 and later
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Querying treatises using RAG and LLM

Historical Music Theory Query System created by Richard Freedman and his team:
https://theory.crimproject.org/
« digitised treatises from TML, TMI and TME

example prompt
« what are the most popular definitions of mode (excluding the rhythmic modes and mode as
a synonym for interval)

response (abbreviated)

1. Mode as an ordering/species of the diapason (a pitch-ordering or species of interval—
defined by final, ambitus, and position of semitones). [...]

2. Mode as a melodic/practical category: a modulation or cantilena-shape (ambitus + finals +

clausulae, cadences and typical terminations. [...] CI Y
like in Sebastian

suggestive results; require rigorous evaluation


https://theory.crimproject.org/
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Level 2: modal cycles

A modal cycle is a set of compositions that systematically goes through all modes. It

must exist or have existed in music notation

« modal ordering is often not made explicit (e.g. Palestrina’s Vergine)

« if modal ordering appears to be intended, cycles may be incomplete, disordered, or
interleaved with other pieces

collected how?

« literature and library research (first 474, others)

« 176 extracted from RISM data (https://rism.digital/exports/index.ntml ) using Python script
« many from other online catalogues

robust evidence for the practical reality of the polyphonic modes


https://rism.digital/exports/index.html
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Cycle data

Cycle

ID |64 cat_2001 |336

collector |Pa|strina, Giovanni Pierluigi da

collector_ID |Palstr|na, Giovanni Pierluigi da

title |Le Vergini

edition |Palestrlna 1939-, vol. 9

url |

literature |Powers 1974; Powers 1981, pp. 449-50

annotation |A cycle through the 8 modes, consisting of 5-voice settings of the first 8

stanzas of Petrarca’s canzone Vergine bella.

notes

printed |pﬁnted source

region |ltaly

musical |muslcal source

modality_type |mods

Lol L eflef Lo Lel

n_modes (g(4) mode system

dated |1581

genre |Madrigals |

status_an |A-complete, corrected LI date_edited |12-06-95 edited_by E Status_rec (A - complete, corrected ~|
Record |64 of 764 4« < » pl ] HTY "' 9%
Cycle instances
ID | collector | title | source_ID
» 564 Palestrina Le vergini Palestrina 1581
1020 Palestrina Vergini Doni 1640
+ |Field>




Cycles per decade

<«———Le Jeune: Printemps |

Data storytelling n=755

Palestrina: Vergini |

80 A

60 1" pu Fay/Binchois: Magnificats |
<—|Frescobaldi:Recercari |K'  Kevboard bi |
iening: Keyboard pieces

Scacchi: Missa omnium tonorum|

Cycles

40 A
lLassus: Lagrime |

G. Muffat: Toccatas | IM. Haydn: Organ verses

|La Rue: Magnificat Hoffmann: Cantiones |

20 A
Rore: Madrigalia 5 bk 1 |
<«——Sebastian: Examples |
0 : . Romero de Avila: Masses |
Cabanilles: Tientos |
1450 1500 1550 1600 1650 1700 1750 1800 1850
| | | Decade ]
| | |

hype long tail

28 emergence



Psalm tone and modal cyles
= Psalm tone

Mode and tone

60 A

50 A

40 -

Cycles

30 A1

20 A

10 A

1700 1750 1800 1850

1450 1500 1550 1600 1650
Decade

8 ‘psalm tone keys' or ‘church tones’ from ¢. 1590 (Dodds 2023)
« tones distinguished by transposition mainly
« eg tonel=d-h,;2=gb

« psalm tone = melodic pattern
« mode = abstraction

get entangled in polyphony
29



Supergenres

Supergenres

- generic/didactic
= jnstrumental
vocal

70 A

60 A

50 A

Cycles

30 A
20 A

10 A

14I50 15I00 15I50 16I00 16ISO 17I00 17I50 18.00 18I50
Decade
before 1630 after 1630
« most cycles are vocal « instrumental cycles prevail (hardly a long tail)
« fewer didactic and instrumental cycles - didactic cycles almost disappear

30



Vocal cycles

Vocal cycles

70 - other vocal genres
IAttaingnant, printed collections| alsi bordoni

60

50 A

40

Cycles

30 A

20 A

10 A1

—— magnificats, psalms, falsi bordoni, liturgical pieces

1450 1500 1550 1600 1650 1700 1750 1800
Decade

« mass, motet, chanson and madrigal cycles mostly restricted to ‘hype’ period
« longer lifespan for psalm/magnificat tone related genres

1850
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Instrumental cycles

Instrumental cycles

- contrapuntal pieces

12 A

10 A

Cycles

4— Vi

AN \M/ MV s\ I

- |iturgical keyboard music
other instrumental genres

1450 1500 1550 1600 1650 1700 1750 1800
Decade

« substantial amounts of ricercars, fantasias, tientos etc. until 1640

« liturgical keyboard cycles are a late phenomenon

« same is true for ‘other’ cycles such as dances, sonatas, preludes, toccatas
« from ‘theory-informed’ to ‘pragmatic’ use of modes?

1850




Number of modes

8 and 12 mode cyles

70 -

60 -

50 A

40 A

Cycles

30 -

20 A

10 A

—

- 8 modes
- 12 modes

1450 1500

1550

1600

1650 1700 1750 1800 1850
Decade

« composing in 12 modes short-lived phenomenon during hype phase
. here too a shift to ‘pragmatic’ modality?
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Some insights

based on just this data (not looking yet at the notes) we can already get a more

nuanced view of polyphonic modality
« main period of interest 1540-1640
- genre differences indicating different contexts of use and motivations

theory-informed
 didactic cycles (e.g. in treatises)
« cycles demonstrating mastery (e.g. ricercars, madrigals)

pragmatic (with a longer lifespan)
« sets covering all liturgical needs (e.g. magnificats)
« convenient way of ordering a collection (e.g. Attaingnant, Kiening)



Level 3: content of the cycles

Compositions in cycle instance

collect metadata and basic features of the compositions
« in progress, only preliminary results so far

spot relationships and unusual patterns
« as herein modes 1 and 2 (see e.g. Powers 1981, Coluzzi 2026)

35

no (comp... [du... composer title pa... mlim2 sig_clefs f_ba,..
1 1700 Gio. Petr'aloysio Prenestino Vergine bella 11 h(g2c2c3c3c4) a3
2 1701 Gio. Petr'aloysio Prenestino Vergina saggia 12 h(g2c2c3c3cd4) d3
3 1702 Gio. Petr'aloysio Prenestino Vergine pura 13 h(clc3cdcdaf3) e3
4 1703 Gio. Petr'aloysio Prenestino Vergine santa 14 h(c2c3cd4cdafd) e3
5 1704 Gio. Petr'aloysio Prenestino Vergine sola al mondo 15 1b(g2c2c3c3f3) f3
6 1705 Gio. Petr'aloysio Prenestino Vergine chiara 16 lb(clc3c4caf4) f2
» 7 1706 Gio. Petr'aloysio Prenestino Vergine quante lagrime 17 h(g2c2c3c3cd4) @3
8 1707 Gio. Petr'aloysio Prenestino Vergine tale é terra 18 h(clc3cd4cd4f4) g2
1 tnCiald~




Versetti per
tutti li tuoni

Cycle size

« most cycles contain 1 piece
per mode

« Or 2 pieces per mode

 really long cycles often consist
of liturgical organ pieces

« even longer cycles exist!

Number of pieces Cycle count

8
12

9
16
10
24

4
22

6
14

7
11
19
13
17
21

5
15
18
20
25

= = U1 O
O N NP ©
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[ G.B. Degli Antonii, Versetti per tutti li tuoni (1687)
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Number of pieces Cycle count

26
31
32
40
100
23
27
28
30
34
35
36
37
39
47
55
56
57
63
64
87
120

P R R RPRRPRRRRRRRRRRRERRNNNNN
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Cycle composition

are all modes equally represented?

normalised standard deviation over
count of pieces per mode

high SD correlates with a posteriori
modal ordering

e.g. Gallus Dressler, Cantiones a 5
(1570), SD = 0.106

Standard devigtion

Mode Piece count

0,16

0,14

0,12

0,1

0,04

0,02

Number of pieces

128
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How often does a piece get a ‘wrong’ signature?

analysis by Mirjam Visscher

scoring

Lydian modes have largest

0: as expected
-n; 'flat’ deviation
+n:'sharp’ deviation

deviation

especially mode 6
real’ mode 6 mainly in 12-

mode cycles

Number of modal cycle parts

400

200

400

200

400

200

mode 1, Dorian

mode 2, Hypodorian

mode 3, Phrygian

mode 4, Hypophrygian

-6-5-4-3-2-101 2 3

mode 5, Lydian

400 400 400
200 200 l 200 i.
0 0 0

-6-5-4-3-2-101 2 3

mode 6, Hypolydian

-6-5-4-3-2-10 1 2 3

mode 7, Mixolydian

mode 8, Hypomixolydial

-6-5-4-3-2-101 2 3

>

400 400 400
200 200 200
—6-5-4-3-2-10 1 2 3 0523210123 0 %523 2710123 0 543270123
mode 9, Aeolian mode 10, Hypoaeolian mode 11, lonian mode 12, Hypoionia
400 400 400
200 200 200
0 0 0

-6-5-4-3-2-101 2 3

-6-5-4-3-2-1012 3

Signature deviation

-6-5-4-3-2-10 12 3

Il 8-mode cycles

-6-5-4-3-2-101 2 3

Bl 12-mode cycles
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Level 4. notated compositions

music encoding has been practiced since 1960s

* initially, many incompatible formats

« converged to restricted number of formats (and communities), with a varying
amount of interoperability

encodings are collected in online corpora mainly, each with their own focus

« typical size 100s-1000s pieces

 largest resources consist of digital editions by citizen scientists (often with
accessible encodings)



Overview of 20 corpora containing early music (item counts December 2025)

Dataset name

Goldberg Corpus
Computerized Mensural Music Editing

Polish Digital Scores
Josquin Research project
Tasso in Music

KernScores
Tomas Luis de Victoria

Citations: The Renaissance Imitation Mass
Gesualdo online
Measuring polyphony

Electronic Linked Annotated Unified Tablature
Edition
ELVIS database

Neuma

Choral Public Domain Library

Electronic Medieval Music Score Archive Project
Archive of Iberian Polyphony

The 1520s Project

Lost Voices

John Robinson/Lute Society editions
Electronic Corpus of Lute Music
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url

https://www.goldbergstiftung.org/en/
http://www.cmme.org/ ;
https://github.com/tdumitrescu/cmme-music
https://polishscores.org/
https://josquin.stanford.edu/
https://www.tassomusic.org/

http://kern.ccarh.org/
https://www.uma.es/victoria/index.html

https://crimproject.org/
https://ricercar.gesualdo-online.cesr.univ-tours.fr/
https://measuringpolyphony.org/ ;
https://github.com/MeasuringPolyphony/mp-music-files

https://e-laute.info/

https://github.com/ELVIS-Project

http://neuma.huma-num.fr/

https://www.cpdl.org/wiki/
https://github.com/cuthbertLab/emmsap
https://iberianpolyphony.fcsh.unl.pt/
https://1520s-project.org/about/

http://digitalduchemin.org/
https://github.com/TimCrawford/jhr_repo
https://ecolm.org

content

15th and early 16th century music
15-16th c. polyphony, with works by Josquin, Berchem and others

Polish music, 16th-20th century

Works by Josquin and contemporaries

Musical settings of Tasso's poems, with works by Monteverdi,
Marenzio, Wert, Cifra, others

Western composers, 14-20th century, with works by Frescobaldi,
Monteverdi, Corelli and others

Spanish music from Morales onward, including works by Guerrero,
Victoria, Ceballos, Vasquez

16th c. imitation masses and their models

Complete works of Gesualdo

14th century motets

Lute music from the German-speaking areas, mainly in German lute
tablature

Contains multiple subcollections, some also existing as separate
corpora. Includes compositions printed in Glarean's Dodekachordon|
works by Palestrina, Victoria and others

Contains multiple subcollections, with works by Josquin, Ockeghem
Dufay, Frescobaldi and others

Choral music of any age

14th century music

Iberian polyphony from the Renaissance

1520s polyphony, with works by Willaert, Senfl, Verdelot and others}

16th c. French chansons
Lute music from Renaissance and Baroque
Lute music from Renaissance and Baroque

number of items
before 1700

3600
c. 260

1740
902
778

c. 350
c. 1000
c. 300
222

61

60, growing

c. 1000

c. 600

c. 30000
3600
130

491

c. 350
c. 8000
1619

main format

CMME
CMME

Humdrum
Humdrum
Humdrum
Humdrum

Lilypond

MEI
MEI
MEI

MEI

multiple formats

multiple formats

MusicXML and others
MusicXML

MusicXML
MusicXML, Sibelius

Sibelius
TAB
TabCode

ture

tizen science
tholarly

7

7

tholarly
tholarly
tholarly

]ix
tizen science

tholarly
tholarly
tholarly

(oo

7

(o o

7

tholarly

7

tholarly

7

tholarly

qtizen science
tholarly
tholarly
tholarly

7

(oo

7

tholarly
tizen science
holarly

sorted by main encoding format
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Encoded modal cycles

resource cycles

Josquin Research project La Rue, Magnificat (4 pieces)

ELVIS Glarean, Dodekachordon

Lost voices Du Chemin, chansons books 1, 4-8 are ordered by modal pair
The 1520s Project Rore, Madrigalia 5 bk 1

Tomas Luis de Victoria Magnificat cycles by Ceballos, Guerrero, Morales, and Victoria
CPDL 42 complete cycles

CPDL seems a very useful resource
« contains individual pieces from other cycles as well
« MusicXML encodings are frequently corrupted (?converted from Lilypond?)

in general

« vocal cycles only, many Magnificat cycles
« almost no 12-mode cycles

« not yet a representative sample
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Encoding Hoffmann

very interesting 12-mode source

« Dbig: 24 pieces for 4-6 voices, 12 in natural
and 12 in flat system

« compare to Hoffmann's own theory

unfortunately the music isn't that exciting

« encoding in MuseScore was quite tedious

« almost gave up after first 12

Y3ekkil € AN EIONES,

QVATYOR, OQVINOVE ET S5EX
VOCVM,

ACCOMMODAT & D XILTONOS 0V 1
weleribns €5° praftantifsimis SCuficts invfu fuerunt , €5 arecentioribus
quog, quibufdam approbati funt , €5 vfurpati :
eAuthore

EVCHARIO HOFMANNO, FRANCO,
> Schols Stralfundenfis Cantore.

VYV ITEB ERG £ Iob, Schwertelexendebas, Anmo M. D.LX XV 11,



OMR to the rescue

OMR Editor

e qﬁ 1 AL LEFYS
& ‘ i OaHa ] , — s
o307 ‘ 9 —r e T ane
H- . Q%]H'_Hrd B 8 b } — '@@*'ﬁ ;
i e = SO ! L
S ¥ Jberantibus in te. Quantum bonum 7 i PR B
. e 1 .
Ir—s=—ft—bhaatcase—t . SRa a x 29 . nsn P'_¢ﬂ‘,‘ 12
Shortcuts ’O E A 000' /\>.<;/\><,\ 5 A
S £ "o &0 119
nnnnnnnnn = =i S0 ’()W
eeeeee e L

| used David Cheong's Mensural Optical Music Recognition, https://omr-webapp-

1046295414238.us-centrall.run.app/ on the remaining 12 pieces

e scans separate pages of notation, multi-step interactive process

« decent performance even on mediocre scans

« anecdotally, sped up the data entry and first correction by at least 50%



https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/
https://omr-webapp-1046295414238.us-central1.run.app/

Original @ cwWMN [ Verovio [ Perfection ExperiMENTAL () Ficta EXPERIMENTAL

Original @ Document Analysis

MuRET

ALTVS

Et rere e~—$$omwo-+— — —ﬁ—m ¥_' l =2

-——--__L____._.__

ron Jperanibus in te. Quensmbonm . in flenia  prefeta

ﬁiﬁ‘l@?ﬁf‘il&ﬁi“ﬁéﬁ%ﬁﬁz

¥ O beatnm bomi.

B—*ﬁm&ﬁiﬁwﬁﬁa e

mine fpes ring es ﬂﬁ cins . es,

#&@vﬁﬁ ﬁ#‘f “aﬁgﬁ: e §§$-

& a6, fae bonum, deleétare #nDomino  deletia-
rein

MURET Lite: https://muret.iuii.ua.es/lite/

« scans separate pages, automatic process
not tested extensively (yet), but substantial speedup is highly likely

current OMR tools are definitely robust enough for mensural music encoding
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clausula cantizans

Next step: analysing cadences P ;
a .
clausula tenorizans
cadences are an important feature of the modes, and of Z—
. . ™~
Renaissance polyphony in general
)
2-voice framework (a) G z
« preparation - dissonance - imperfect > perfect consonance b r F F
. . L |
extension to 3, 4 and more voices (b) 6)—¢—C e
« apparent V-l harmonic progression is a secondary feature S P
« cadences manipulated in all sorts of ways
« clausula patterns may appear in all voices %’)\
simplification for quantitative research (c) C
 clausula cantizans + dissonance, closing on strong beat o
J g
S
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Example annotated score

, Vergine chiara (mode 6)
e manual cadence annotations by FW

Palestrina

)

chio

car -ne'al tuo vir - gi - nal

stro, u - ma-na

- ginal chio

tuo vir
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Palestrina’s cadences

manual annotation by FW

cadence tool from CRIM intervals
« very detailed analysis
« only used the cadence tones

compared to manual annotations
* red boxes contain the same info

evaluation (complete cycle)
« precision: 0.949

« recall: 0.915

« F1.0.932

quite impressive performance!

cadence a c e g total
mode
1 0 2 4 4 5 1 26
2 8 5 1 3 17
3 5 6 1 4 16
4 6 6 4 2 18
5 13 1 5 1 20
6 1 2 3 5 11
7 2 8 1 5 16
8 2 4 3 1 1 7 18
CadType LeadingTones CVFs Low RelLow | Tone |RelTone Measure Beat Sounding
Clausula Vera 1QCT F2 P1 F P8 24.0 3.0 4.0
Authentic 1 CTB F2 P1 F P8 34.0 1.0 5.0
Clausula Vera 1CT F2 P1 F P8 44.0 1.0 4.0
Abandoned Authentic -1 cx C4 P12 61.0 1.0 3.0
Phrygian Clausula Vera 1CT D3 M6 D M6 84.0 1.0 4.0
Phrygian Clausula Vera 1CT A2 M3 A M3 114.0 1.0 5.0
Authentic 1 tCB D3 M6 D M6 115.0 1.0 5.0
Authentic 1TCB F2 P1 F P8 119.0 1.0 5.0
Phrygian Clausula Vera 1CT D3 M6 D M6 124.0 1.0 4.0
Clausula Vera 1TCx F3 P8 C P5 130.0 1.0 4.0
Clausula Vera 1CT C3 P5 C P5 133.0 1.0 4.0
Evaded Clausula Vera -1 Te A2 M3 137.0 1.0 5.0
Authentic 1CTB F2 P1 F P8 139.0 1.0 5.0

https://intervals-streamlit.crimproject.org/

CRIM intervals also available as Python library



https://intervals-streamlit.crimproject.org/
https://intervals-streamlit.crimproject.org/
https://intervals-streamlit.crimproject.org/

Hoffmann’s cadences (natural system)

Hoffmann lists modal cadences in his Doctrina de tonis (1582)
« shown here as squares (simplified)
« cadences in Cantiones (1577, nos 1-12) identified with CRIM tools

cadence a b
mode

d e f g g-sharp

- wW|N|D

- -
N=20C 0o~ AEWN-

4 1 2

« reasonable agreement, with a few suprises going in both directions

« similar outcomes for flat system
50
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Hoffmann’s cadences (molle system)

Cantiones (1577, nos 13-24)

cadence a b-flat c d e
mode
1 2 4
2 2 6
3 4 3
4 5 1
5 1
6 4
7 3
8
9 4 2
10 &
11 5
12 4

« again, reasonable match between theory and music

« (CRIM tools seem to be doing a decent job
« promising for corpus analysis (given enough encodings...)

=0 |
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Symbolic wishes and possibilities

* CR'M tOO|S Explore Notes
. . Distribution of Notes in Composer [ arranger, Untitled score
« several other symbolic tools sets ZlE B P ¢
Explore Notes Weighted By Durations
H i Explore Melodic Intervals 120
wishlist g "
. . Explore Harmonic Intervals 100
 voice profiles and ranges s § I
. Explore Melodic Ngrams .
« melodic patterns | § . II
. . Explore Harmonic Ngrams 60
. d|ssonance, Counterpomt S —— p I
« sonorities, chords

Explore Presentation Types 20 I I
« relationships between pieces , Hull_B !|--- - =l.lN

Explore Cadences
B-2 D3 E4 F#4 A4 B4 C#5 E5 F5

« Dbeginnings and endings Explore Model Finder J Note

Hoffmann, In Domino spera (mode 4, flat system, final a)

availability of encodings remains a major limitation
« forideas on how to remedy this see CORSICA report (Bergwall et al. 2025)

N W A Wn;
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Level 5: audio recordings

the number of audio recordings is much higher than the number of encodings
« much technical progress in audio music analysis

recent multiple FO extraction methods perform very well

« deep learning method developed by Cuesta et al. (2020) gives best results
« example: Palestrina, Vergine bella, performed by Hilliard ensemble

« note: shows pitch observations: no notes, no voices
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Corpus analysis with pitch class profiles (pcps)

= e
pCps are histograms showing the presence of
each pitch class in a composition o
audio pcps closely resemble symbolic pcps R R S L
 systematic comparison on Josquin research symbolic multifo
Project (Visscher & Wiering 2025) 4 2 | P
) é ¥ i R i
o hy ,;‘:1 1%0 Q;.!t‘ - Qégj : 0%@; )
unsupervised clustering of ¥ Pv %g S
« symbolic and audio clusters very similar! o Aa 5
« modal pairs clearly visible
. - -20
« Lydian not a separate cluster N
-50 0 50 -50 0

encodings: 611 pieces from Josquin Research Project, https://www.josqu.in/
audio: https://open.spotify.com/playlist/2QyBpYbol1W5fZhjrixluew?si=ef55e1ae74294179
54 extractions: https://zenodo.org/records/15352071



https://www.josqu.in/
https://open.spotify.com/playlist/2QyBpYbo1W5fZhjrIx1uew?si=ef55e1ae74294179
https://zenodo.org/records/15352071
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Creating an audio corpus

special agreement with MuziekweD.n|

« 8,699 compositions, represented by 12,140
audio tracks

« composed between 1450 and 1750

« balanced for quarter centuries

« representative for countries

MultiFO extractions
 pitch class profiles
« therefore no authentic/plagal distinction

source: PhD thesis Mirjam Visscher (2027)

@ Welcome at muziekweb.nl - Mu X

-

« C @ © 5]

90%

® O »

kweb. Q v Search

w &

Search... Search O

Welcome at muziekweb.nl

Welcome to muziekweb.nl

Discover new music endlessly at muziekweb.nl. Here you'll find one of the largest and most expansive
music collections of the Netherlands.

A vast collection of musical objects is waiting for you. Browse through more than one million items:
from double albums on cd to singles on vinyl. Because muziekweb.nl does not have a commercial aim,
you can enjoy our services free of charge and without any advertisements. You're free to discover as
you like.

Muziekweb.nl offers fragments of most tracks as well as an extensive amount of information on your
favourite music. Read everything about the musicians you like or discover new genres and albums. Are
you a member of the Dutch public library? Then you can also lend cds from our collection and listen to
complete tracks in your library.

Muziekweb.nl is a part of the Dutch Institute of Sound & Vision.


http://www.muziekweb.nl/
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Study the evolution of modality and tonality

2 sets of reference pitch class
profiles, aligned to the final

« 5 modal pairs (c. 1500)
o 2 (tonal) keys (c. 1700)

analyse data from two

perspectives, beginning and ena
« Now strong is the presence of the
profiles in the data

closest profile > label

Proportion

0.20

0.15

0.10

0.05

0.00

0.20

0.15

0.10

0.05

0.00

Aeolian

lonian

Dorian Phrygian

0123456789101

minor

0123456789101

major

"7 0123456789101 0123456789101

Pitch class

Visscher, Wiering and Van Kranenburg (2026)

0123456789101 0123456789101
Mixolydian

0123456789101
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Development over three centuries

Modes Keys
lonian
40 — Dorian
—— Phrygian
< 30 Mlxo_lydlan
b — Aeolian
.5 — major
@'20 —— minor
o
£
(@]
O
10
N
\
0
1450 1500 1550 1600 1650 1700 1450 1500 1600 1650 1700

Year

« modal pairs, show a downward trend, lonian excepted

« keys show an upward trend

Year

« should interpreted as tendencies in the corpus, not as observations at composition level




Clustering (supervised) per quarter century

1450 — 1475 1475 — 1500 1500 — 1525 1525 — 1550
] & g,,
main tendencies " e . 8 ‘ 5
. Mixolydian merges gradually ] o wl & -
with lonian/major . a Py N || e i
. Dorian/Aeoclian becomes . ° I %
increasingly minor 1550 — 1575 1600 — 1625 1625 — 1650
« Phrygian gradually disappears & u A )
some caveats g 43 f || 3
. not about modal cycles : I W ||
. just pitch class feature @ § )
o Other features might paint a 1650 — 1675 1700 — 1725 1725 — 1750
different picture .fi % %
T 1N vl
£h 2 | | @5 & 8L
NGk
% ¢ 4 hx

lonian ® Dorian ® Phrygian Mixolydian ® Aeolian ® major ® minor
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What is mode in polyphony, and how does computing help?

studying the data at scale does bring us closer to some answers
« defuses the reality’ question (Powers) - mode was definitely a cultural reality
« undermines the ‘universal’ stance (Meier) - there is just too much variety and contradiction

« |eaves us in the middle: a flexible theoretical system with an amazing practical and creative
potential

only some relevant aspects of modality have been studied here
« scale, final, range and cadence are relatively easy to mode|
« melody is more difficult, not to mention affects, meanings and contextual factors

unreflective application of computational methods may emphasise the similarities
between modality and tonality
« ‘otherness’ of the modes is more difficult and maybe more important to understand
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Some generalisable experiences

just by collecting and ordering data one can already create a nuanced overview of
a substantial research theme

music-historical data this isn't really ‘big’ data
« accumulation of lots of hand-crafted small data encapsulating enormous amounts of
expertise

this necessitates a constant alternation of close and distant reading approaches
« dialogue between qualitative and quantitative methodologies

dataset design and creation is often undervalued in comparison to other kinds of
academic output, and this should change
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Generalising a little further

access to usable encodings is a very serious bottleneck
« develop collaboration with citizen scientists

audio corpus analysis has become a mature methodology
« complements symbolic analysis

at all levels, interesting tools are available for part of the work
e programming one's own tools remains necessary

variety in data is helpful for addressing a wide range of aspects of the topic
» but raises considerable interoperability issues
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Conclusion for digital musicology

it is important to tackle substantial research themes like polyphonic modality
both as a driver and as a validation environment for computational and digital
musicology approaches

Acknowledgements

 Muziekweb (audio data)

« Mirjam Visscher (research and figures)

« Richard Freedman and Alex Morgan (CRIM Intervals)



P B G,
y S o Bl

© B ARSI T\ S
JREENENE ¢ “velurea-. Sue @
Cmm———— O G Cn D © GRENL

RN < * § Y ¢ e | amw
S messe——, § ) :* ®%a ' Q° K @° I-
- R W e e R

o ER. CERCR I LB, o

T G i SRS O e KA




64

References

Bergwall, E., van Berchum, M., Goebl, W., van Kranenburg, P, Lewis, D., Rodriguez-Garcia, E., Plaksin, A., Smith,
D. ., Visscher, M., & Weigl, D. (2025). Making corpus creation in early music rewarding and effective: Finding
the optimum between standardisation and autonomy. Zenodo.
https://doi.org/https://doi.org/10.5281/zenodo.17543931

Coluzzi, S. J. (2026). A defense of mode and Cipriano de Rore's “First book” of five-voice madrigals (1542).
Journal of the American Musicological Society, 79(1), 89-149.

Dodds, M. R. (2023). From modes to keys in early modern music theory. Oxford University Press.

Folengo, T. (1521). Opus Merlini Cocaii macaronicorum. Alessandro de’ Paganini. https://www.digitale-
sammlungen.de/en/view/bsb10190234

Folengo, T. (2007). Baldo (A. E. Mullaney, Trans.). Harvard University Press.

Glareanus, H. (1547). Dodekachordon. Heinrich Petri.

Hoffmann, E. (1577). XXllIl cantiones, quatuor, quinque, et sex vocum, accomodatae ad X/l tonos. Johann
Schwertel.

Hoffmann, E. (1582). Doctrina de tonis seu modis musicis. Augustinus Ferber.



65

References

Meier, B. (1974). Die Tonarten der klassischen Vokalpolyphonie, nach den Quellen dargestellt. Oosthoek,
Scheltema & Holkema.

Powers, H. S. (1981). Tonal types and modal categories in Renaissance polyphony. Journal of the American
Musicological Society, 34(3), 428-470.

Powers, H. S. (1992). Is mode real? Pietro Aaron, the octenary system, and polyphony. Basler jahrbuch fur
historische Musikpraxis, 16, 9-52.

Sebastian z Felsztyna. (1517). Opusculum musice compilatum noviter. Krakdw.,

Visscher, M. (2027). On pitch in early music: A computational study of modes and keys in Western art music,
1450-1750. Utrecht University.

Visscher, M., & Wiering, F. (2025). Fuzzy frequencies: Finding tonal structures in audio recordings of
renaissance polyphony. Heritage, 8(5), 164.

Visscher, M., Wiering, F.,, & Kranenburg, P. van. (2026). 300 years pitch content: The transition from modality
to tonality 1450-1750. Fourth International Conference on Computational and Cognitive Musicology,
Wiarzburg.

Wiering, F. (2001). The language of the modes: Studies in the history of polyphonic modality. Routledge.

Wiering, F., & Visscher, M. (2025). Between modes and biggish data: Creating and exploring a new catalogue
of polyphonic modal cycles. Medieval and Renaissance Music Conference, Newcastle and Durham.



