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What is Gregorian Chant?

https://www.youtube.com/watch?v=-mWBF3W-ORU 

https://www.youtube.com/watch?v=-mWBF3W-ORU
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What music is this?

• Vocal monody. A single melody sung on a given Latin text. 

• Liturgical. Performance itself is an act of worship, a ritual. 
Always in a sacred context. (Leaving aside concert performances…)


• The act of singing a text in a certain way is what marks the text as sacred.


• Text is primary.


• Oral tradition. Sung primarily from memory.
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Gregorian Chant
1500+ years of music in 45 minutes

• Liturgical music of the (Roman) (Catholic) Church, 600(?)—2023(?)


• Monody (just a single melody)


• No rhythmic values recorded, pitches (C, D, E, …) only after ±1050


• Melodies organized according to mode


• Principles of repertoire organisation


• Type of liturgy and position within a service selects genre


• Position within the “liturgical year” selects specific text and melody


• Sources correspond to this organization: “liturgical books” for types of service, temporal order


• Primarily an oral, memory-based tradition
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Chant in Liturgy

• Roman Catholic liturgies (services) are very strictly defined rituals


• Each liturgy has prescribed steps (which follow from the meaning of the ritual):


• What actions must be performed  
(e.g.: “Now the priest goes to the left side of the altar.” “Now the altar boy rings a bell.” “Now the 
congregation stands and the priest reads the gospel.”)


• What texts must be said (e.g.: introductory formulae, prayers for the day, reading from the Gospel, a 
series of blessings throughout…)


• How these words are to be said: spoken aloud by the priest (or the congregation), spoken silently by 
the priest, or sung (by the priest, the congregation, or the schola)


• Gregorian chant is the primary way of singing those texts which ought to be sung. 


• Conversely, chant should be sung at the times and in the ways in which liturgy prescribes it.



Types of liturgy

• Mass 

• Central form of Christian/Catholic worship, eucharistic sacrament


• Usually public, with the laity (i.a. participating in the sacrament)


• If you have been to church: this is the typical liturgy there.  
(Architecture of churches is subordinated to how mass is performed.)


• Divine Office 

• Compulsory prayers for clergy — priests, monks. 


• No laity participation (can watch if Office takes place in an accessible location)


• Rule of St. Benedict: 7x a day, roughly 3 hours apart outside of night
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…fixed texts, 
    few melodies 
    (15-20)
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+Epistle, Gospel 
(recitation tones)
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…mostly antiphons and responsories.  
Psalms & cantica known by heart (and if need be, in a psalter). 
Hymns can be in a hymnary. 
Mixed sources exist! (Esp. in Bohemia: “Graduals” of the Hussites/Utraquists)

Sources of chant: Liturgical books



Organization of liturgical books

• A Gradual or Antiphonary contains usually more than 1000 melodies. 


• No  ctrl+f  in 1150… how to find what you need?


• Solution: write down chants in the order in which you need them. 

• Start where you left off last time!


• Needs only a bookmark.


• Gradual stays on the organ loft (schola sings during mass)


• Antiphonaries stay in the “choir” (clergy sings)



Liturgical year

• Advent — Christmas — Ordinary time — Lent — Easter — Ordinary time 

• Feasts: Christmas, Epiphany, Easter, Pentecost, All Saints, Corpus Christi, Trinity…


• Many Marian feasts, individual Martyrs, other saints, …


• Sundays & weekdays numbered by to their relationship to major feasts 
“16th Sunday after Trinity” 
“Wednesday after 16th Sunday after Trinity”


• Every liturgy of every day in the year has a prescribed set of chants! 

• Thus is defined the order in which you need the individual chants,  
and therefore the order in which they are written into liturgical books



Gregorian Melodies



Chant melodies

• Predates nearly all of European music theory!


• Concepts that apply:


• Complexity (mostly: melismaticity — how many notes per syllable?) 

• Form (=are there repeated parts? How do they repeat?) 

• Modality (=contemporaneous theory, but also not just theory)


• Modern attempts at new theories of chant melody not too successful so far.


• Semiotics, centonization, memory-based coalescence, …?

How can we describe them?



Chant melodies: complexity
From syllabic to melismatic



Chant melodies: form

• Straightforward forms: from beginning to end, no repetitions


• Forms with a “verse” in the middle


• Psalm verses in 2 parts: 
initiation — recitation — middle — recitation — ending


• “Respond” principle, like a refrain


• Strophic forms: hymns, sequences, …
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Chant melodies: modality
Where problems start.

• Modality as a music-theoretical principle from ancient Greece


• Transmitted from Boethius, Martianus Capella, late antiquity sources


• 8 modes: dorian, hypodorian, phrygian, hypophrygian, lydian, hypolydian, 
mixolydian, hypomixolydian


• Determined by the final (dorian/phrygian/lydian/mixolydian) and range 
(going significantly under the final => “hypo-” mode)
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Chant melodies: modality
Where problems start.

• Modality as a music-theoretical principle from ancient Greece


• Transmitted from Boethius, Martianus Capella, late antiquity sources


• 8 modes: dorian, hypodorian, phrygian, hypophrygian, lydian, hypolydian, 
mixolydian, hypomixolydian


• Determined by the final (dorian/phrygian/lydian/mixolydian) and range 
(going significantly under the final => “hypo-” mode)

St. Gallen, Kantonsbibliothek, VadSlg Ms.296: Boethius, De arithmetica, De institutione musica (https://www.e-codices.unifr.ch/en/list/one/vad/0296), f.99v

https://www.e-codices.unifr.ch/en/list/one/vad/0296


Chant melodies: modality
Where problems start.

• Modality as a music-theoretical principle from ancient Greece


• Transmitted from Boethius, Martianus Capella, late antiquity sources


• 8 modes: dorian, hypodorian, phrygian, hypophrygian, lydian, hypolydian, 
mixolydian, hypomixolydian


• Determined by the final (dorian/phrygian/lydian/mixolydian) and range 
(going significantly under the final => “hypo-” mode)


• …but Gregorian chant is not a particularly ancient Greek tradition!
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Chant melodies: modality
Where problems start.

• Modality as a practical principle for organizing repertoire (in memory)


• Chant sources of type “Tonary”


• Antiphons grouped not by liturgical year, but by mode and differentia

Code “ex”:  
mode “e”,  
differentia “x”

“De tono primo authenticus protus” 
= Mode 1 (authentus protus = dorian)

One differentia as a heading  
& its section of associated antiphons

Neumes. 
These marks encode the melody 
(not exact pitches) of the differentia.

Chant is an oral tradition  
based on memory.
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Where problems start.

• Modality as a practical principle for organizing repertoire in memory.


• Chant sources of type “Tonary”


• Antiphons grouped not by liturgical year, but by mode and differentia


• Each antiphon in tonary is a representative of a group of similar melodies


• …But tonaries still contain eight modes, like Greek theory! (And the final notes work!)


• Not clear why this should be the case. 


• Greek heritage in chant? Byzantine “oktoechos”…
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Chant melodies: modality
Where problems start.

• Competing ideas of modality: the theoretical concept (Greece, Boethius) vs. 
the practical concept (“Cantus tradition” as recorded by tonaries).


• This took some 200-400 years to reconcile: Guido of Arezzo! (±1050)


• Note: staff notation (also Guido of Arezzo) motivated by the need to learn 
exact pitches without a teacher present (recall: memory tradition!)


• Later, once there was a theory good enough to gain broad acceptance, chant 
melodies were edited to fit to the modes of theory better.


• Most prominently: Cistercians (monastic order, “white monks”, ±1200)



History of Gregorian chant
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Vatican II  
liturgical reform
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Notated manuscript chant culture



Notated manuscript chant culture

• Exact pitch sequences known for chant melodies from written sources


• Manuscript transmission means standardization is costly, difficult, and hard to verify


• The combination of these two factors means there is measurable diversity


• …even within a rigidly-defined tradition,


• …even with strong institutional incentives towards conservation.


• Diversity attested to by the Council of Trent (mid-16th century) acting to standardize  
Roman chant tradition (…again)


• Diversity makes chant research interesting!



Medieval chant diversity 

• Temporal, geographical, “institutional”. 500 years, large and densely populated area.


• …Such a broad tradition with directly comparable artefacts is an outlier.


• How did Gregorian melodies develop?


• Were there geographically defined “melodic dialects”, or was development roughly equal 
across all of Latin Europe?


• We need better analytical theories of chant melody. We don’t know what phenomena to track.


• How did Gregorian repertoire develop?


• What transmission networks were important? (Not trivial — i.a. French-Bohemian connection.)


• What level of commonality was there?



 
Digital Chant Scholarship
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Simulating acoustics of destroyed spaces 
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Cantus Database
cantus.uwaterloo.ca

• Development since the late 80s


• Catalogue of chants in sources


• 489 549 chants 

• Key idea: Cantus ID 

• Primarily a textual “edition”


• “Volpiano” for melodies


• Low % of melodies transcribed 
(±60 000, incl. fragments)

http://cantus.uwaterloo.ca


Cantus IDs
Cantus ID: 003511Organizing repertoire by text & genre.

Text incipit Genre



Chant records
Cantus ID: 003511

Text incipit GenreSource (siglum) Folio Feast Office Position Mode Te
xt

?
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d?489 549 of these.



Cantus ID: 003511Chronology and provenance?

Text incipit GenreSource (siglum) Folio Feast Office Position Mode Te
xt
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Chant records



Source record
https://cantus.uwaterloo.ca/source/123612 

Provenance

Century

Environment 
(roughly)

https://cantus.uwaterloo.ca/source/123612
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Source record
https://cantus.uwaterloo.ca/source/123612 

Provenance

Century

Environment 
(roughly)

Source descriptions!

Many people involved, 
ongoing development

https://cantus.uwaterloo.ca/source/123612
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Melody encoding: Volpiano
https://cantus.uwaterloo.ca/chant/270435 

https://hajicj.github.io/volpiano-editor/ 

Volpiano is a font!

Volpiano is de facto also an encoding standard. E.g.:  
End of line in Ms.: “7”

Must have G-clef at start separated by word separator “—“

If notation is missing, mark segment using “{ }”

https://cantus.uwaterloo.ca/chant/270435


Cantus Index



Cantus Index
https://cantusindex.org/ 

• Cantus DB is great. 
Let’s have more!


• 18 databases since 2012


• 876 530 chant records total 

• Greater geographical diversity

https://cantusindex.org/


Database != Dataset



Digital editions

Databases

Quantitative 
research

„More“ 
Simulating acoustics of destroyed spaces 

„Periphery“: Listening habits,  performance science…

Digitization

Dataset: a “view” of a database 
for the purposes of further  

(empirical) research.

Database != Dataset



Database to dataset

• Databases typically built over a long time


• Despite best effort to standardize, there will be some drift in how data is 
collected (e.g.: melody transcription guidelines)


• Quantitative methods have higher (near-absolute) data consistency 
requirements => requires some cleaning


• They will likely not be a representative sample of the entire phenomenon of 
which they store instances — huge domain, not so many scholars


• Datasets have to be carefully built for a given research purpose



Chant Datasets

• CantusCorpus v0.2 

• From 2020 (Bas Cornelissen, Willem Zuidema, John Ashley Burgoyne: Natural units for mode classification in plainchant. ISMIR 2020), chants with 
melodies from the Cantus Database


• https://github.com/bacor/cantuscorpus


• Christmas dataset


• Tiny, compared to CantusCorpus (only ±120 chants)


• Targeted: Christmas Eve vespers (antiphons + responsory) from late medieval Bohemical sources,


• Plus all corresponding melodies from Cantus Index


• There are others (e.g. GregoBase database and corpus)

https://github.com/bacor/cantuscorpus


Quantitative research
on the nature of chant modality, and on melodic evolution



Caution to self

• Designing an experiment that really answers a research question is tricky


• The method is NOT the valuable part, it is just a way towards a result


• In NLP/ML and other “problem solving” fields, the method is the result…


• Feel free to point out anything you think I overlooked!



Modality



• Recall: “theoretical” modality (Boethius & Greeks…) vs. “practical” (tonaries)


• Music-theoretical predictions of modes not always accurate, when compared to how the given 
melody is classified in tonaries/sources


• Same antiphon sometimes in different modes in different tonaries!


• Observed: melodic “formulas” shared across multiple different chants (Frere, 1901; Helsen, 2008)


• Theories such as centonization (Ferretti, 1921; Wagner, 1934; Levy, 1970):  

• Chant melodies in fact built from such re-usable “blocks”


• Modes are “dictionaries” of these blocks


• Centonization heavily criticized, mainly for mis-interpretation & analytical imprecision (Treitler, 1975; Hiley, 
1993)

Modality from a computational perspective

HILEY, David. Western Plainchant: A Handbook. Oxford: Clarendon University Press, 1993, p. 462

“d”

“e”

“f”

“g”
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Levy, Kenneth. The Italian Neophytes’ Chant.  
Journal of the American Musicological Society,  

Vol. 23, No. 2 (Summer, 1970), pp. 181-227 
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• Recall: “theoretical” modality (Boethius & Greeks…) vs. “practical” (tonaries)


• Music-theoretical predictions of modes not always accurate, when compared to how the given 
melody is classified in tonaries/sources


• Same antiphon sometimes in different modes in different tonaries!


• Observed: melodic “formulas” shared across multiple different chants (Frere, 1901; Helsen, 2008) 

• Theories such as centonization (Ferretti, 1921; Wagner, 1934; Levy, 1970):  

• Chant melodies in fact built from such re-usable “blocks”


• Modes are “dictionaries” of these blocks


• Centonization criticized, mainly for its mis-interpretation & analytical imprecision  
(Treitler, 1975; Hiley, 1993)

Modality from a computational perspective
Maybe there is something here 

to be discovered at scale!



• Can modes be characterized as “dictionaries” of melodic units? 

• Basic idea: if modality can be characterized by some feature, we should be able to classify melodies 
into modes based on this feature!


• Cornelissen et al., 2020: up to 95 % of antiphons from CantusCorpus v0.2 classified correctly 
based on Volpiano n-gram features (The experiment, however, has issues…) 

• How to answer yes/no? What is the threshold?


• …idea: this is the “practical” (empirical) view of modality, so let’s compare to the “theoretical”!

Modality from a computational perspective
Maybe there is something here 

to be discovered at scale!
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• Experiment design:


1. First, classify antiphons into modes using the “music-theoretical” approach (final, initial 
+ range). This is the baseline.


2. Select some “modally characteristic” melodic units,


3. Classify antiphons into modes using the “empirical/dictionaries” approach,


4. See if this “empirical” approach has at least the same accuracy as the “theoretical”.


• Dataset: broadest possible — CantusCorpus v0.2 

• Antiphons, balanced subset to avoid mode biases: 500 x 8 = 4000 melodies total.


• Data cleaning: remove non-note characters, liquescents, differentiae (!)

Modality from a computational perspective



Step 1. “Music-Theoretical” Classification

1-dgfedefdcddacdddcdfgedfcacddfedcddfghhgfedcdefdd-3c2

Antiphon melodies CTest

1-fffffedddddcdfffgfffghijhhfgfgfddfcdfgff-3c1

1-cddhkhhghggfggkhhhfghfdfedddfggfgfgfeddcfghghggfgfggffgefecdefdd-3c3

c1 f f -3 3

c2 d d -3 4

c3 d c -1 6

Last note

First note
Lower ra

nge from final

Upper ra
nge from final

mi = …

c1 6

c2 2

c3 1

Results

d: Protus 

e: Deuterus 

f: Tritus 

g: Tetrardus

Authentic 

Plagal

Classification method:  
rules defined by 

music theory

Extracted features

Part 1: feature extraction (final, initial, range) Part 2: classification



Step 2 & 3. “Empirical” Classification

1-dgfedefdcd-dacd-ddcdf-ged-fcacddfedcddfghhgf-edcde-fdd-3c2

Set of characteristic melodic units Antiphon melodies CTest

-eefed-

-cddh-

-hjkggf- -dacd-
-cdfffg-

-ged-

-fghij-
-fffgh-

-ddcdf-
1-fffffeddd-dd-cdf-ffg-ff-fgh-ij-hhfgfgfddfcdfgff-3c1-hijkk- #1

#2

#3-edcde- #4

#5
#6

-jkhhg- #7

#8

#10

#9

#11

Extracted features: 
Table of melodic unit counts

1-cddh-khhghggfggkhhhfghfdfedddfggfgfgfe-ddcfg-hghggfgfggffge-fec-defdd-3c3-ddcfg- #12 -fec-
#13

#14

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14

c1 1 1 1 1

c2 1 1 1 1

c3 1 1 1

mi=…

c1 6

c2 4

c3 1

Results

Precomputed (step 2) Classification runtime (step 3)

Classification: 
Log-Linear models

Part 1: feature extraction (occurences of characteristic mel. units)

Part 2: classification

Part 0: Selecting melodic units 
that are characteristic for a mode 

(Thresholds: prec. 0.5, rec. 0.025)



Step 4. Compare accuracy (f-score)

nTi = …

c1 6

c2 4

c3 1

Results: 
“Empirical” metoda

nVi = …

c1 6

c2 2

c3 1

Results: 
“Theoretical” method

mi = …

c1 6

c2 2

c3 1

Real modes 
(from Cantus DB)

Empirical method f-score

= 0.66

Theoretical method f-score

= 1.00

If this were the case, we would conclude that modality likely cannot be characterized  
by dictionaries of characteristic units.

-hijk # -cdd #-edcd # -hjkgg #-jkhh # -ddcd #

-fec #1

-cdfff #

-fghi #1

-dac #-fffg #1

-ge #

-ddcf #1-eefe #1



• Experiment design:


1. First, classify antiphons into modes using the “music-theoretical” approach (final, initial 
+ range). This is the baseline.


2. Select some “modally characteristic” melodic units,


3. Classify antiphons into modes using the “empirical/dictionaries” approach,


4. See if this “empirical” approach has at least the same accuracy as the “theoretical”.


• Dataset: broadest possible — CantusCorpus v0.2 

• Antiphons, balanced subset to avoid mode biases: 500 x 8 = 4000 melodies total.


• Data cleaning: remove non-note characters, liquescents, differentiae (!)

Modality from a computational perspective



• “Theoretical” method score: ranging from 0.78 to 0.87 (default settings vs. 
optimized rules melody range thresholds in different modes)


• “Empirical” method score: 0.83


• But: if dataset is not balanced (using all 13085 available antiphons): 0.91

Results



• Theoretical method: mistakes (nearly) only authentic vs. plagal. Finals work.


• Experiments on responsories: similar results (0.83 vs. 0.85)


• Melodic units do not generalize between genres (scores: 0.65). (Expected.)


• Stripping differentiae has a large impact on the classification result. (Expected.)


• Cornelissen et al. (2020) didn’t… and their 0.95 accuracy drops to 0.90 if 
differentiae are stripped, and their main observation (words are a better 
segmentation than 4-grams) does not hold.

Observations



• Unbalanced dataset: the “density” of melodies in modes is roughly constant. 
Modes with more melodies likely contain greater melodic variability overall.

Observations

…

…
…

…

Case 1.  
All modes have similar intra-class variance,  

some are more densely sampled.

Case 2.  
All modes have similar “density” of melodies, 

modes with more melodies have more variance.

…balancing compensates this advantage.

…balancing makes larger modes sparse.
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• Unbalanced dataset: the “density” of melodies in modes is roughly constant. 
Modes with more melodies likely contain greater melodic variability overall.

Observations

…
…

Case 1.  
All modes have similar intra-class variance,  

some are more densely sampled.

Case 2.  
All modes have similar “density” of melodies, 

modes with more melodies have more variance.

…balancing compensates this advantage.

…balancing makes larger modes sparse.

Score: 0.90

Score: 0.83

Score: 0.90

Score: 0.83

Makes good sense if we remember  
the memorized structure of repertoire 

evidenced by tonaries!

MacroAvg.



• “Dictionary” view of modality might be a good way of looking at modes.


• Did we put centonization back in the game?


• Not yet: we have merely looked at individual characteristic units from which one cannot 
build the entire melodies.


• More experiments: statistical segmentation! 

• Powerful unsupervised learning methods 

• Cornelissen et al.: segment accuracy up to 0.91 (after stripping differentiae),  
Vojtěch Lanz’s (ongoing) thesis at MFF UK: over 0.95!


• Leads to a new question: What is the “density” of melodies in modes? How to measure it?

Insights?



Melodic evolution



• Recall: Temporal, geographical, “institutional” diversity of chant.


• 500 years, large and densely populated area.


• How did Gregorian melodies develop?


• Were there geographically defined “melodic dialects”, or was development 
roughly equal across all of Latin Europe?


• We need better analytical theories of chant melody. We don’t know what 
phenomena to track.

Melodic diversity



Melodic diversity
Cantus ID: 003511

Text incipit GenreSource (siglum) Folio Feast Office Position Mode Te
xt

?
M
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od

y?

D
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d?

Multiple melodies & their metadata for the same Cantus ID available.



• Melodies are represented simply as strings (Volpiano encoding)!


• String edit distance: Levenshtein (It’s a standard algorithm available in every language…)


• More generally: Needleman-Wunsch algorithm


• A field has implemented these at scale: bioinformatics! (Proteins are strings, too.) 


• Multiple Sequence Alignment algorithms, originally meant for thousands 
of DNA, RNA or protein sequences


• Chant is really easy for them…

Measuring melodic diversity



• Melodies are represented simply as strings (Volpiano encoding)!


• String edit distance: Levenshtein (It’s a standard algorithm available in every language…)


• More generally: Needleman-Wunsch algorithm


• A field has implemented these at scale: bioinformatics! (Proteins are strings, too.) 


• Multiple Sequence Alignment algorithms, originally meant for thousands 
of DNA, RNA or protein sequences


• Chant is really easy for them…

Measuring melodic diversity

AliView software



Measuring melodic diversity

ChantLab (http://chantlab.mua.cas.cz) — you can try it out!

http://chantlab.mua.cas.cz


Measuring melodic diversity

Distances for each pair of melodies!

ChantLab (http://chantlab.mua.cas.cz) — you can try it out!

http://chantlab.mua.cas.cz


Melody evolution

• The distance matrix is a good visualization to support thinking about chant melodies, but we 
can do more.


• Next step that bioinformaticians would do: build a phylogenetic tree 

• Leaves of the tree: sources (=century, provenance, etc.)


• Topology and branch lengths in the tree: how melodies evolved in time & place! 

• Can this bring meaningful results for chant melodies?


• Concerns like: non-tree structure of cultural vs. biological evolution  
(lateral transfer)


• For testing, requires sources that all contain a set of the same melodies (must be alignable)
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Melody evolution: phylogenetic trees

• Leaves of the tree: sources (=century, provenance, etc.), topology and branch lengths 
in the tree: how melodies evolved in time & place! 

• For testing, requires sources that can be aligned: they all must contain a set of the 
same melodies


• In bioinformatics, not an issue: genes mostly shared among related species


• In chant scholarship: we have mostly melodies of antiphons, but office sources do 
not share much repertoire…


• Fortunately: Christmas dataset!


• Christmas Eve vespers, 120 melodies from ±20 sources.  
Selected 5 antiphons and 1 responsory.



Christmas Vespers
A first phylogeny thereof

• Validation against musicological knowledge.
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Christmas Vespers
A first phylogeny thereof

• Validation against musicological knowledge.


• Conforms to expectations?


• Cistercian group  
(recall: history — Cistercian reform)


• Geographical gradient


• Benedictine & Augustinian  
topologies


• …overall: yes? (Manuscript under review.)



Repertoire: 
structure/transmission



Recalling an issue with phylogenetic trees…

• Leaves of the tree: sources (=century, provenance, etc.)


• Topology and branch lengths in the tree: how melodies evolved in time & place! 

• For testing, requires sources that all contain a set of the same melodies (must be alignable)


• In bioinformatics, not an issue: genes mostly shared among related species


• In chant scholarship: we have mostly melodies of antiphons, but office sources do not 
share much repertoire!


• Fortunately: Christmas dataset!


• Christmas Eve vespers, 120 melodies from ±20 sources.  
Selected 5 antiphons and 1 responsory.

Out of more than 100 000 antiphons with images 
in the Cantus Database, impossible to find 30 

that would all occur in a diverse set of sources.

Wasn’t chant repertoire supposed to be standardized?



Recalling an issue with phylogenetic trees…

• Leaves of the tree: sources (=century, provenance, etc.)


• Topology and branch lengths in the tree: how melodies evolved in time & place! 

• For testing, requires sources that all contain a set of the same melodies (must be alignable)


• In bioinformatics, not an issue: genes mostly shared among related species


• In chant scholarship: we have mostly melodies of antiphons, but office sources do not 
share much repertoire!


• Fortunately: Christmas dataset!


• Christmas Eve vespers, 120 melodies from ±20 sources.  
Selected 5 antiphons and 1 responsory.

Repertoire may be more diverse 
than melodies & easier to model… 

 
Measure repertoire diversity first? 
Correlate with melodic diversity?
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Thank you!

https://www.youtube.com/watch?v=-mWBF3W-ORU 

hajicj@ufal.mff.cuni.cz

https://www.youtube.com/watch?v=-mWBF3W-ORU
https://www.youtube.com/watch?v=-mWBF3W-ORU
mailto:hajicj@ufal.mff.cuni.cz

