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Describingacollectionofmusicisimpossiblewithoutunderstandingits
extent.Ittakesseeingtherepertoryasawholetodistillitssalientfeatures,

itsinternalsubdivisions,and,aboveall,thedistinctiveexceptionsthat
invigoratemusicandinspirecomposers.Butwedoubtourabilitytogeta

handleonarepertorywhenitisdistantorlargelyincomplete.Inthesecases
ourperspectiveisobscured,ourunderstandingpartial.Ourconclusionsare
subjecttorevision.Theyare,inshort,inconclusive.

Wewouldbemoreassuredaboutourworkifwewereconvincedthat
welackedonlyalittlefromtherepertorybeingstudied.ButMedievaland

Renaissancemusicologyisparticularlystymiedbyitsanxietyoverhow
muchmaterialhasbeenlost.Wearewarnedrepeatedlythatwepossessonly

thetipoftheicebergandthereforeareincapableofseeingtherealityofthe
past)
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atthepapalchapel;Flack,Letter,169,withrespecttosurvivingroundcanons(replyingtoa
suggestionaboutunwrittenrepertoriesmadebyErnestH.Sanders,similarinspiritifnotin
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The idea that our losses are vast has pervaded medieval music to such
an extent that it is both undisputed and rarely discussed. Yet it is necessary

to distinguish at least three different definitions of lost medieval music,
three definitions that are too often lumped together. First are the unwritten
traditions of music-either improvised or fixed but transmitted only or

mainly in sound. Second are the lost musical manuscripts known only
through library records, fragmentary remains, or gaps in constructed
stemma. Finally, there are the pieces that once were written down but have

been lost through the ages.
I distinguish among these three categories because I have little to say

about the first two definitions of missing music, and even that consists

mostly of hunches. However, there are many substantive ways of investi­
gating the last category: lost pieces that were once copied into now-missing

music manuscripts. These methods of investigation have up-to-now been
unexplored, but, if followed, lead to a striking change in our view of
medieval repertories. Instead of the thinnest edge of a vast repertory of

missing pieces, the surviving body of Italian music from the period of the
Great Papal Schism represents a large portion of its original written extent.

The many ways of considering the size of the lost repertory of late

Trecento and early Quattrocento polyphony all lead to the conclusion that
the metaphor of the iceberg is a bad one. The methods bring in evidence

from poetry, from indices of lost manuscripts, from a computer-based statis­
tical model, and from recent discoveries of fragments. Since these methods
have wide applicability beyond the early fifteenth-century, the paper will

end by suggesting their utility to other branches of musical scholarship and
humanistic studies. But first, the literary evidence.

The Lost Songs of Prodenzani and Sacchetti

Simone de' Prodenzani (ca. 1355-ca. 1440) cannot, by any stretch of the
imagination, be called one of Italy's greatest poets. Though they are enter­
taining, his sonnets are often facile treatments of popular subjects or of

splendid evenings. Ironically, their largest deficiency as poetry becomes the
greatest utility for this study: his verse includes many long lists, especially
lists of titles of songs and dances.

Within these lists, Prodenzani's citations of musical compositions can
be identified with reasonable certainty. Some of the pieces he cites are

unknown; they are among the "semi-lost," that is, pieces whose music and
poetry are not available today, but whose one-time existence is documented.

Yet these semi-lost pieces are in no way the overwhelming norm among
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Table1.SimonedeProdenzani,"11Saporetto,"Sonnet35.

KnownworksUnknown
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COLLAVlVOLAFE'Can\:on<IiMaio
Rosettachenoncambimaicolore,
Iesuinafrestamfort,Dolcesapore,

Commedatepartirmedegiooma'io?
D'amorlanguireepuoiEldolceraio,

orosabella,chem'alegrie'1core,
LegiadradonnaepoiDonnad'amore,
Unfiorgientiledelqualmi'namoraio,

Questamirabildonna,Margarita,
Canlagrimebagniandoelsuobelvisa,
Deductose'efeSellamiavita,

CosteisarebbebellainParadiso,
Noncredo,donna,0giemmeincolorita
delCicogniaunapartefuI'aviso.

(1)
(2)

(3)
(4)
(5)(6)
(7)

(8)
(9)

(10)

(5)
(6)
(7)

Prodenzani'sreferences,asananalysisofthethirty-fifthsonnetofn
Saporettodemonstrates(Table1).2

Oftheworksorpossibleworkscited,copiesofthetenshowninbold
inTable1areextant.Bythemostconservativecount,10ofthe17pieces
mentionedinthesonnetsurvive(59%).Butitispossiblethatthesurvival
rateisevenhigher.JohnNadashasequated"EldolceRaio"withCiconia's
LeRayauSoleyl,andhasalsotentativelyconnected"Questamirabildonna,
Margarita"withtherefrainoftheballadeN'apaslongtempswhichdiscusses
theverypleasingandbeautifulMargarite.3Nadas,likeCarboni,doesnot
consider"dolcesapore"amusicalwork.Ifeachofthesesuppositionsbetrue,

2.EditionadaptedfromCarboni,Prodenzani,vol.2,260-63.ComparewithReale,
So!lazzoeSaporetto,147,andthesignificantlyolderedition,Debenedetti,So!lazzoeil
Saporetto,110.IagreewithRealeandCarbonithatthe"canzon'dimaggio"describethe
remainingsongs,ratherthanbeingthetitleofasongitself;IagreewithDebenedettiand
Realethat"Dolcesapore"ismorelikelythetitleofasongthanadescriptionofthesongs
aroundit.FurthermoresincefewpiecesinIlSaporettoarecitedbyonlyasingleword,Ihave
considered"EIdolceraio"(ratherthansimply,"Raio")tobeanincipit,andthusclassifyitas
alostwork.Finally,thewholeoflinetwo,andnotjustthefirstword,istheincipitto
Zachara'sRosetta.

3.Nadas,"Cautiousreading,"35.ThequotationinN'apas!ongtempsis"Latres
plaisantetbelleMargarite,"soitisnotanexactmatch.Realeconsiders"Margarite"arefer­
encetoMargarite,fleurdevaleurbyBinchois;thisisnotcompletelyimpossibleonchrono­
logicalgrounds,butishighlyunlikely,giventherestofProdenzani'srepertory.DavidFallows,
"Ciconia'slastsongs,"114,summarizestheargumentsthatsuggestthatLeRayauSoley!
shouldnolongerberegardedasan"opusdubium.""Comepartirdatemedebbomai,"a
quotationfromBoccaccio'sFilostrato(III,44-45),survivesasatextualincipitinapoemona
fragmentintheBolognaArchiviodiStato;seeAntonelli,"Tracce,"30-31.Selamiavitaisa
lostballatabyGiovanni,sonofGherardellodaFirenze.
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as many as 12 of 16 mentioned pieces survive (75%). Neither of these

figures is a tip-of-the-iceberg number.
A look at the pieces mentioned in the rest of the poems in nSaporetto

shows that sonnet thirty-five is representative of the repertory as a whole.

Prodenzani cites by name 84 works or genres in nSaporetto, of which 59
seem to be individual songs or motets.4 Of the songs, Nadas finds concor­

dances for 40, with three possibly to be identified with surviving pieces,
leaving 16 as missing. If we exclude the three attributions that Nadas labels
with a question mark, there is a 71 % survival rate.5 I might suggest an even

more cautious reading that questions four more of Nadas' identifications (Or
sus vous dormez trop, En mon cuer, Che ama ne la lingua, and (as before) Le
ray au soleyl). But even after omitting these four, there is still a 65% survival

rate for the songs and motets. Whether we take 71% or 65% (or some
number in between) as the actual percentage, the conclusion remains the
same: the majority of the songs that were sung or played in Il Saporetto are

ones that can still be performed today.
Another poet has given us a glimpse of a lost musical world, this time

listing settings of his own lyric poetry. Franco Sacchetti prepared several
editions of his works, and, in later editions, he was careful to note which of

his poems had been set to music and by whom. Table 2 gives as an example
the works set by Niccoli) da Perugia, the composer with the most settings.

Over half of Niccoli)'s twelve works on texts by Sacchetti survive today

(7 of 12, or 58%). Some other composers fare less well: as a result, the
overall survival rate for all the texts that Sacchetti records as being set is 12
of 34, or 35%. Gallo takes this figure as indicative of "how large a propor-

4. These numbers are based on N:idas, "Cautious reading," 34-36. To avoid biasing
the results, except when explicitly noted, I will be using N:idas's identifications of pieces and
concordances even in the few cases where I disagree with them. Of the 25 pieces and genres
that are not individual songs, three are liturgical compositions that cannot be traced to a
particular setting, eight are titles of song genres (e.g., calate de maritime et campagnia,
can\;on de Lombardia et de Romagnia, del Cacchara suoi caccie et suoi can\;one), and four­
teen are dances or dance pairs identifiable either by mention of dancing or titles in the form
La [X] (e.g., La picchina, La Forosetta, La Marine/la, La casa bassa, Rigolecto [which is a genre
rather than a specific dance], Lalvadanc;a e l'trotto); these dances represent music that was
normally not written at all, and thus were probably not lost over the centuries. (See Nosow,
"Dancing.")

5. If all three of the ascriptions questioned by N:idas are correct, we would have a
73% survival rate; if they are wrong in every case, the survival rate would instead be 68%, a
difference of only 5%. Thus a recurring trope of this paper will be that small errors in identi­
fication do little to shake the overall premise that the surviving repertory represents a
substantial portion of what once existed.
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Table2.Nicco1o'sWorksMentionedinSacchetti'sCatalog.

ComeselvaggiaferafraIefronde(M)
Comelagrnquandoperl'aerevola(M)
CorrendogiudelmonteaIechiar'onde(M)
Didiavolvecchiafemminahanatura(B)
Nelmezzogiadelmarlanavicella(M)
Passandoconpensieroperunboschetto(Ca)
Unaaugelletta,Amot;dipennanera(M)
Chi'1bensofrirnonpo(B)
Poveropelegrinsalitoalmonte(M)
Lasso,s'iofu'gidpresQ(B)
Statesu,donne!-Chedebiannoifare(Ca)
Chividepiubelnero(B)

M=madrigal,B=Ballata,Ca=Caccia.Workswhichsurvivetodayareshowninboldtype.
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tionoffourteenth-centurymusichasbeen10st."6However,theevidenceis

reallynotsodismal.Notonlyis35%farmorethanthepercentageofvisi­
bilitysuggestedbytheubiquitousicebergmetaphor,butalsothenumbers
improvesubstantiallyinthemusicofthelastthirdoftheTrecento,the

periodfromwhichthevastmajorityofoursurvivingfourteenth-century
Italianmanuscriptsstem.OftheelevenpoemsthatSacchettirec6rdsas
beingsetinorafter1365,sixsurvive(55%),andtwoofthelostsettings

werebySacchettihimselfandthuspossiblynevercopiedintomanuscripts

ofpolyphonicmusic.SoofthelaterTrecentomusiccomposedbyprofes­
sionalcomposers,sixofninesurvive,or67%,orapproximatelythesame
proportionasofthecoevalrepertorydescribedbyProdenzani.

ConcordanceRatesandRepertoryEstimates

Uptothispoint,myestimatesofthesizeofthemissingrepertoryhavebeen
basedoncitationsoflostworks.Buteventheworksthatdosurvivecan

speakvolumesabouttheextentofourlosses.Scholarsexpectthatthere
wouldbefewerlostpiecesamongtherepertorieswithfewunicathanamong
thosewithmore.ThisispreciselytheintuitionDavidFallowsinvokedwhen

hewrotethat"althoughmusicofBinchoisappearsinover50manuscripts
ofthe15thcentury,thesurvivalofmanypiecesinonlyonesourceimplies
asubstantia110ssoverthecenturies."?Wecanapplythisnotionthatthe

6.Gallo,MusicoftheMiddleAges,65-66,fromwhichTable2isdrawn.
7.Fallows,"Binchois,"581.
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number of survlvmg copies gives an idea of the rate of survival of a
composer's works to the genres of music composed or copied during the

Great Schism.
Table 3 separates by genre and number of sources the Italian pieces

found in at least one manuscript from the era of the Schism. In addition,
pieces ascribed to composers who worked during that period are included even
if they only appear in later sources (e.g., the motets of Ciconia found only in
Bologna Q15).8 Older repertory that is found only in older sources, such as the

Rossi unica, are not included, because there simply is not enough repertory
from the earlier period (measured in numbers of either manuscripts or pieces)

to allow us to make sound estimates. Excluded also are works of simpler
polyphony (non-mensural or mensural pieces with fewer than four different
rhythmic levels; for instance, harmonized Credo Cardinalis settings),

contrafacts where the secular version survives (although probable contrafacta
such as the Kyrie "Rondello," based on unknown models, are included among

the liturgical works), and anonymous pieces in Italian manuscripts that are in
the "international repertory," which I define as works in six or more manu­
scripts of which over half are not Italian (e.g., Gloria "Qui sonitu melodie").

Also excluded are manuscripts discovered in and after 2004; the reasons for
this last exclusion will be given later in the paper.9

A surprising revelation of Table 3 is that there are nearly as many

surviving Latin works as there are madrigals, often considered the most
quintessentially Italian of all Trecento genres. But the much higher rate of

survival in single sources for the Latin compositions suggests that many
more sacred works are missing than are madrigals. And our manuscript
discoveries bear witness to this fact: of the twenty-three sources announced

or discovered since San Lorenzo 2211 in 1984, only the fragment Trent 60

8. See the list of "Manuscript sigla" at the end of the article for all italicized names
of sources.

9. For an expanded version of the table with counts for each manuscript given sepa­
rately, see Cuthbert, "Trecento Fragments," 57-60. The inventory is based on an unpublished
inventory of all sources 1350-1420 in preparation by the author. The most accurate publi­
cally available inventory of secular Trecento music is online, Huck, "Musik des friihen
Trecento." Differences between the number of concordances listed in Huck's inventory and
in this table are largely due to my inclusion of instrumental arrangements of secular work.
(However, instrumental diminutions that are not arrangements of vocal music are not
included in this table). Huck's database excludes all keyboard repertory; this difference
particularly affects the counts for Ciconia's Con lagrime. The category "cacce" includes other
canonic works such as canonic madrigals. Liturgical music primarily comprises settings of the
Mass Ordinary and Benedicamus Domino. The "Non-Liturgical Latin" category encompasses
both sacred and ceremonial motets.
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Table3.CopiesofltalianMusicca.1380-1420.
No.ofPieces

No.ofNon-Liturgical
SourcesCacceMadrigalsBallateLiturgicalLatin

Eight31
Seven13
Six1471
Five11593
Four215171
Three2214753
1\vo73383158
One14742428536
Totals2716640911247
Unica%52%45%59%76%77%
TotalCopies5339373216961

andthenewestdiscovery,theManganelliFragment,containnewmadrigals,

andtheonlynewcaccearefoundinTrent60andamanuscriptearlierthan
theperiodthisstudyconcerns,theMischiatiFragment.loBycontrast,twelve

Italiansourcesfoundsince1984containpreviouslyunknowncompositions
inLatin.Wewillreturnlatertothemostrecentsources,thoseannounced

post-20m.
Asnotedabove,basedonthepercentageofunicathereshouldbea

higherpercentageofmissingLatinworksthanofmissingworksinthe

vernacular.Itispossibletogofurtherandactuallyestimatethenumberof
lostworks.Thereareseveraldifferentstatisticaltechniquesthatcanbeused;
thissectionwillusethree.Becausethemethodologiesandassumptions

differineachofthesetechniques,eachtechniquegivessomewhatdifferent
results;nonetheless,noneofthemgiveresultssimilartotheiceberghypoth­
esis.(Readersuninterestedinthemathbehindthemethodologiesmaywant

toskiptoTable4.)
Thefirsttwomodelswereadaptedfromthosecommonlyusedin

ecologicalstudiestocalculatethenumberofdifferentspeciesinapopula­
tionwhereitisimpossibleornotfeasibletocaptureeverymember.An

10.ThediscoveryoftheManganelliFragmentwasannouncedattheconference
"Beyond50yearsofArsNovaStudiesatCertaldo."TheMischiatiFragmentwasrecently
describedinGozziandZiino,"MischiatiFragment,"Gozzi,"NuovoFrammento,"251,classi­
fiesthefragmentary...chicava'1morsoinTrent60asacaccia,whichthetextandform
support,butsinceneitherGozzinorIhavebeenabletofindasatisfactorycanonicsolution,
itmaybeamadrigal.



46 MUSICA DISCIPLINA

example of such a question would be: "How many different species of fish
live in a certain lake?" Bradley Efron and Ronald Thisted (hereafter E & T)

adapted these techniques to create a model for estimating the number of
words that do not appear in Shakespeare's writings, but would likely appear

if many additional plays by the Bard suddenly turned up.!l They derived a
formula for the number of new discoveries if the corpus were doubled-that
is, if twice as many works by Shakespeare were found. The same technique

would work if the corpus of musical sources was doubled and 732 more
copies of late-Trecento ballate were found. The formula estimates the
number of new discoveries (M based on the number of works with one copy

(n j ), the number of works with two copies (nz), and so on:

Using the numbers of Trecento ballate presented in Table 3, their
formula estimates that if we were to double the number of manuscripts we
currently have, we would find 193 new ballate:

/). = 242-83 + 47-17 + 9-7 + 3-1 = 193

The E & T method was criticized and refined in an article that uses a

slightly different approach tending to give lower estimates despite the fact
that this model estimates the total number of lost "species" (and not just the
number we would expect to find if the size of the corpus doubled). The

Boneh, Boneh, and Caron (hereafter BBC) approach also begins with a
formula that is almost as simple as the previous: l2

Uo = n j e- j + nz e-z + n
3

e-3 + ...

However, since this formula introduces some bias, it can be corrected
by solving (with a computer) for U in the following equation:

U (l-e-nj / U ) = Uo

11. Efron and Thisted, "Estimating the number," 437. In addition to the method that
will be used in this paper, Efron and Thisted also suggest a way of estimating the total number
of words Shakespeare kne'w. Since that technique is strongly criticized in Bohen, Bohen, and
Caron, "Estimating the Prediction Function," only Efron and Thisted's first estimation
formula will be used here. A non-technical sumlnary of Efron and Thisted's article appears in
Bennett, Briggs, and Triola, Statistical Reasoning, available on-line.

12. Bohen, Bohen, and Caron, "Estimating the Prediction Function," 375. Their vari­
able names have been changed slightly in this paper to accord with those used by Efron and
Thisted. e represents the base of the natural logarithm, or approximately 2.7.
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Table4.Somepopulationestimatesusingdifferentmodels.
ThreeModelsforNumberofLostWorks

SurvivingE&T*BBCCuthbert
andsurvivalrateandsurvivalrate

4(87%)
10(94%)
98(81%)
78(59%)

7(78%)
39(81%)

118(78%)
37(75%)

7
56

193
76

27
166
409
112

Cacce
Madrigals
Ballate
LiturgicalPieces
Non-Liturgical

LatinWorks473116(75%)58(45%)

Totals761363217(78%)248(75%)
*N.B.,E&Tisanestimateofthenumberofnewpieceswewonldfindifthesizeofthecorpusweredoubled.Thus,

theoverallsurvivalratescannotbecalculated.

Forinstance,forthelate-Trecentoballate,theBBCapproachesti­

matesthatthereare118lostballate:wethuswouldhave78%ofallthe

ballateoncewritten.
Theappendixtothisarticlesketchesoutathirdmethodforestimating

thenumberoflostpieces.Itbeginsbyassumingthatallpieceswereequally

availableandequallylikelytobecopiedandthenusesthatassump~ionto
predicthowmanypieceswewouldexpectnottosurvive.(Thisassumption
mightseeminvalidorevenabsurd:however,laterintheappendixamethod

calledcross-validationisusedtotesthowcloselythedistributionofpiecesin
lateTrecentomanuscriptsapproximatesrandomcollecting;thedifferenceis
actuallyquitesmall).13Thisthirdmodel(Cuthbert)predictsevenfewerlost

ballate(98)whilesuggestingthatalargerportionofsacredmusicnolonger
survives.Table4summarizestheresultsofallthreemodelsforeachrepertory.

Twoobviousconclusionsemergefromthecalculationsgiveninthis
table.First,thatnotalloftheestimatesaccordperfectlywell,especiallyin
thepredictionofthenumberofmissingmadrigals.Butsecondandjustas

importantly,noneofthemodelssuggestsavastlostrepertoire.Infact,the
BBCandCuthbertmodelspredictsurvivalrateswithinthesamerangeas
thoseseenintheliteraryevidence,mostlybetweensixtyandeightypercent.

Itisintuitive,butcrucialtobearinmind,thatnoneofthemethods
usedinthispaper(basedoneitherstatisticalmodelsorliteraryevidence)to

13.Forarecentandcontroversialexampleofaprocessthatisnotatallrandombut
yetisperfectlymodeledbyrandombehavior,seeHodgson,"WineCompetitions"(summa­
rizedinMlodinow,"HintofHype"),whichshowsthatprevioussuccessinwinecompetitions
isnobetterthanrandomcoinflipsinpredictingwhichwineswillwingoldmedalsatfuture
competitions.IthankJohnMcKayforpointingouttheconnectiontothiswork.
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reach estimates of the size of a repertory can inform us about the size of other

repertories not discussed here. The size of the Duecento repertory cannot be
predicted from even the closest study of music of the late Trecento.
Similarly, a discovery of a new repertory unrelated to the music that now

survives would upset the predictions; for instance, the large collection of
Cypriot polyphony in Turin 9 could not have been predicted even if these

models had been run on the other French sources. Nonetheless, the possible
existence of musical repertories unhinted at by present-day manuscript
evidence should not hinder the study of the surviving repertories, nor should

it prevent us from forming conclusions untroubled by the illusionary shadow

of an hidden iceberg of lost works.
One standard way to test statistical models is unfortunately rather diffi­

cult for us to employ: find new sources and see how they accord with the
model. Obviously, new Trecento sources cannot be found whenever we
want. However, since I first presented a paper on this project, in 2004,

several new sources have been found. I have purposely not incorporated
them into the studies above so that we may test how well new manuscripts
accord with the predictions already proposed: few new secular pieces with

more new sacred pieces. The fragments Perugia Cialini contain Mass move­
ments, motets, and madrigals. All of the madrigals were previously known
while all the Mass movements and most of the motets were new discoveries.

A fragment in Siena, Siena Ravi 3, contains five Latin-texted works; three
were known and two unknown. London 82959 and Houghton 420 each
contain one polyphonic Mass movement: London's was known, Houghton's

unknown.l4 Oliver Huck identified a work previously thought to be unique
in Seville 25 as a copy of 0 Rosa Bella, thereby removing one unicum from

our sources of secular music. The Bologna Archivio Covers contain one
already known ballata, while the already-mentioned Manganelli Fragment is

the exception, containing a previously unknown madrigal. The fact that the
Manganelli Fragment does not perfectly conform to the model is not signifi­
cant, for models deal in generalities and not specifics. But the overall trend

of recent discoveries is that of the model: new sources bringing with them
mostly old secular and new sacred music.

14. The Gloria in Siena Ravi 3 can now be identified with two concordant sources in
Franco/Spanish fragments. See Cuthbert and Nyikos, "Style, Locality." Reports on both the
London and Houghton sources are forthcoming from different authors. Both contain mono­
phonic and polyphonic music mixed in puzzling ways.

cuthbert
Typewritten Text

[*]

cuthbert
Typewritten Text

[*] For "O rosa bella" read "La bella stella."
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PopularityandTransmission

Thestudyandanalysisofmedievalmusichasalwaysbeen,andwillalways
be,aselectiveart.Thatistosay,someworksandsomecomposersaremore

studiedthanothers,andthisselectionatbestinfo~ms,oratworstskews,
ourviewoftheperiodbeingstudied.Giventhelimitedtimeandresources

withwhichscholarswork,theymaywishtofocustheireffortsonthose
pieceswhichweremostwell-knownormostpopularintheperiodstudied.
Unfortunatelydeterminingwhichpieceswerepopularatthetimethey

werewrittenisadifficulttask,sometimesseenasimpossible.
Weoftenthinkthataworkinmanysourcesmustbydefinitionhave

beenpopular-oratleast,that,whenthevastunwrittentraditionistaken
intoaccount,wecanatleastsayitwaspopularamongthosewhocopied
andreadmusic.Therearesimilarmetricswhichdeterminethepopularity

ofpiecestoday,includingthenumberofperformancesorofrecordsales.
Suchmeasuresarelesspredictiveofpopularity,however,whenthenumber

ofsourcesisverylow.Forjustasarandomseriesofcoinflipswillocca­
sionallyhavealongstringofheadswithouthavinganymeaningbehindit,
sotoocana.pieceofmusicappearinmanydifferentmanuscriptspurelyby

thevagariesofpreservation.
Intheprevioussection,someofthemodelshadtheassumptionthat

eachpiecewasequallylikelytobeselected,implyingthattheunderlying

popularityofeachwasequal.Testingthishypothesisbythemethodof
cross-validationshowedthatthemodelpredictedresultssimilartothe

numbersthatactuallysurvive.Butanydeviationfromtherandommodel,
howeversmall,shouldbeinvestigated,becausethesedifferencesholdthe

keytoidentifyingthetrulypopularpolyphonicworksduringthePapal

Schism.
Howlikelyisitthatapiecethatiscopiedin,say,sixsources,appears

sooftenoutofchanceratherthanbecauseitwasspecificallypopular?For
example,Tostochel'albaandUsellet(t)oselvag(g)ioarefoundinfiveandsix
sourcesrespectively.Noothercanonicworksarefoundinmorethanfour

sources.Wemightthereforeconcludethatthesewerepopularcacce.Yet,if
allcaccewereonceequallypopular,giventhesurvivingmanuscriptsitua­
tion,itisquitelikelythatatleastonecacciawouldappearinfivesources.

ThuswecannotsaywithoutothertestimoniesthatTostochel'albawasdefi­
nitelyapopularsongforitstime.However,thereisonlya2%chancethat,

ifallcaccewereequallypopular,anywouldappearinsixsources.Thusitis
verylikelythatthecaccia-madrigalUsellet(t)oselvag(g)iowaspopular.But
wecannotsayanythingdefinitiveaboutthepopularityofthetwocacce
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which appear in four sources, Cosi pensoso and Nell' acqua chiara, since a
random distribution of surviving sources would predict a couple of pieces
appearing in four manuscripts. To put it another way, the number of sources

in which a work appears is significant only in relation to the total number
of available sources in which it could have appeared. 15

As a second example, Table 5 expands on a column of Table 3, to show

how many liturgical Latin compositions survive in different numbers of
copies, followed by a column showing the predicted number of pieces if all
were equally popular, with a further column identifying the compositions

which survive in five or more copies. 16

The predicted number of pieces differs from the number of pieces we

actually possess in two notable respects. First, the model predicts slightly
fewer unica. This lower number is to be expected if some pieces actually
were more popular than others, for, since the total numbers of copies of all

the works is fixed, each concordance of a popular piece means one fewer
concordance of a less popular work-thus more popular works also means

more unica.

The second significant difference is a consequence of the first. Though
the number of pieces in three or four sources fits the model, there are more

pieces with five or more copies than the arithmetical model predicts. The
prediction is that in only two out of every hundred simulations should there

be even a single piece with six or more sources; instead there are four such
pieces. These four are the few definitively popular Mass movements of the
Papal Schism. The two pieces with five sources were probably, but not defi­

nitely, also popular. (Further discussion of popularity and these definitions
appears in the appendix.)

15. Although it is difficult to say for sure which pieces were definitely popular, that does
not excuse the injustices done by the lack of performances of many works which survive in four,
five, or more sources. David Fallows in 1975 drew attention to a neglect of Bartolino da Padova
on disc, since only slightly ameliorated ("Performing Early Music," 252-53, 260). He reminded
us that if we use the number of surviving sources as "any yardstick of respect in the 14th century,
Bartolino is especially important, for three of the ten most widely distributed Trecento pieces
are by him." It should be noted though that one of these three works, Imperial sedendo, may not
be by Bartolino at all, but by the otherwise unknown Dactalus de Padua, to whom it is attrib­
uted in ModA. In fact the added suffix, "fecit" (to my knowledge never again used in this manu­
script), could be read as a reaffirmation of authorship in the face of a known conflicting attri­
bution, as in: "Yes, Dactalus, and not someone else, composed this."

16. There is a slight difference between this chart and the previous because a sixth
source for Zachara's Gloria, "Micinella," in London 82959, was discovered after the 2004 cutoff
for Table 2. I have adjusted this table to include the work among the items with six sources.
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Table5.CountofLiturgicalPiecesComparedtothePredictedNumber.

No.ofMss
appearingin

Seven
Six
Five
Four
Three
Two
One

ActualNo.PredictedNo.
ofpiecesofpieces

20.00
20.03
20.24
11.6
58

1530
8571

Titlesandcomposersofsurvivingpieces

Zachara:TwoCredosPMFC13,21&23
Zachara:GloriaLaus,Honor;Zachara:GloriaMicinella
Ciconia:GloriaSuscipeTrinitas,Engardus:GloriaPMFC12,7

OthergenresofTrecentomusiccanbeanalyzedsimilarly.Table6lists
thetenpiecesthattheanalysisarguesweredefinitelypopular,alongwith
fiveworksthatwereprobablyorpossiblypopularintheirtime.I?

Francesco'sDonnas'i't'0[allitastandsoutonTable6forappearinginso

manysources(eight,notincludingalaudacontrafactumandacitationby
Prodenzani).Itisnearlyimpossibletobelievethatitwasnotapopularwork

forscribestocopyca.1400.18Thatthreeofthefourmostpopularballateare
byFrancescoshouldnotbetoosurprising~hispopularityhasneverbeen
seriouslychallengedintheliterature.Betweenthemadrigalsandthecacce

awidervarietyofcomposersisrepresented(amongthem,Jacopoand
Bartolino),buttherearestillnorealsurprises.Themostsignificantsurprise
comeswhenconsideringthemostpopularsacredworksoftheTrecento.

Intriguingly,allofthemarebyasinglecomposer,AntonioZacharada
Teramo.

Itisnaturaltowanttoaskwhytheseworks,particularlyZachara's,

werepopular;thoughitisimpossibletobecertain,itisworthspeculating
aboutthereasons.Zachara'sMassmusicseemstohaveaconnection,espe­

ciallyatthebeginningofworks,withmoresimplepolyphonicforms.These
simplerformshadawidedistributionthroughoutItaly.Forinstance,the
influenceofhomophonicmensuralpolyphonyappearsinZachara'spopular

Gloria,"Micinella."Theopeningissimilartothehomophonicornearly­
homophonicmensuralmassmovements(rhythmicizedcantusplanus

17.NewsourcesforZachara'sCredoPMFC13,23,Ciconia'sGloriaSuscipeTrinitas,
andEngardus'sGloria,PMFC12,7arefoundinCuthbert,"TrecentoFragments,"238,
173-79,and252,respectively.

18.Therearetworeleasedrecordingsofthework,BinkleyandtheStudioderfruhen
Musik's1972editionandMarySpringfels'sNewberryConsortrecordingof1990.See
Morsanuto,"Discografia,"564,581.
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Table 6. Popular and possibly popular works (with source lists
for liturgical works).

Liturgical: Undeniably Popular (7 Sources)
Credo, PMFC 13, 21 (Zachara)

Credo, PMFC 13, 23 (Zachara)

Liturgical: Popular (6 Sources)
Gloria: Laus, Honor (Zachara)

Gloria "Micinella" (Zachara)

Liturgical: Possibly popular (5 Sources)
Gloria: Suscipe, Trinitas (Ciconia)

Gloria, PMFC 12, 7 (Engardus)

Caccia: Popular (6 SOll1'ces)
Usellet(t)o selvag(gJio (Jacopo da Bologna)

Caccia: Possibly popular (5 Sources)
Tosto che alba (Gherardello)

Madrigal: Popular (8 SOll1'ces)
La douce ~ere (Bartolino da Padova)
La bella stella (Giovanni da Cascia)
Ocieco mondo (Jacopo)

Madrigals: Probably popular (7 SOll1'ces)
odolce appres'un belpelaro (Jacopo)

Ballata: Undeniably popular (8 SOll1'ces)
Donna s'i't'o fallito (Francesco da Firenze

[=Landini])

Ballate: Popular (7 Sources)
Con langreme bagnandome (Johannes

Ciconia)
GenUI aspetto (Francesco)
S'i'ti so(n) stato (Francesco)

Bologna Q15, Boverio, GrottaferrataJDartmouth, Pad D, ModA,
Valladolid 7, Warsaw 378,

Boverio, Cividale 98, GrottaferratalDartmouth, Kras., Siena 207,
Trent 1563, Warsaw 378

Bologna Q15, Munich Emmeram, Old Hall, Pad D, Siena 207,
Warsaw 378

Atri 17, Bologna Q1, Bologna Q15, Bologna 2216,
GrottaferratalDartmouth, London 82959

Grottaferrata s.s., GrottaferratalDartmouth, Oxford 56, Pad D,
Warsaw 378

GrottaferratalDartmouth, ModA, Pad D, Udine 22, Kras.

binatim) which flourished during the late Trecento and early Quattrocento.
Example 1 shows a representative example, a Credo setting from Vatican

657.19 This movement is perfectly homophonic for the first two lines of
music and nearly perfect throughout. The phrases have a tendency to use
longer note-values at the beginning and ends, and semibreves and minims

19. Example 1 is also edited in Fischel' and Gallo, PMFC 12,45.
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ere-doinun-urnDe-urn,Pa-trem

(textasabove)

.~
0-mm-po-ten-tem,

~ ,--,.,-----,

Example1.OpeningofahomophonicCredofromVatican657(16:1
reduction.Thenotationofthisexamplefollowsthatofthesource.)

inthemiddleandbeforecadences,zoSomepiecesofhomophonic
polyphony,suchastheCredoCardinalisevenacceleratefromtheiropening
longs,throughbreves,tosemibreves,andfinallyminimsbeforeallowingthe
note-valuestooccurinanyorder.

20.ThistendencymayberelatedtotheTrecenropracticeofplacinglongmelismas
withfasternotesonthepenultimatesyllableofaphrase.However,unliketheiruseinsecular
genressuchastheballataormoreparticularlythemadrigal,insacredworkstheshorternote­
valuesbeginseveralsyllablesbeforethecadence.
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l__tis,

Et in ter - ra pax ho - mi - ni - bus bo-ne vo - lu - ta tis.

Contratenor

Tenor

f'> - .- ,---------,

oJ •• . . ~ .....
Lau - da mus teo Be - ne - di - ci - mus_ teo

f'> -""" -!I ~

oJ • "--'
Lau da mus teo Be - ne - di - ci - mus__ teo

~,---------, .... . ":

I

fl- ..
:

Example 2. Zachara, Gloria "Micinella," opening (8:1 reduction).

The Gloria "Micinella" of Zachara also begins homophonically, in two

voices, which is almost a trademark opening for Zachara's Glorias. 21 Where
the two voices are not homophonic, they introduce a short syncopated
figure in the upper voice, as on "terra" in Example 2. The use of this

rhythmic figure in an otherwise homophonic texture is typical of simple
mensural polyphony.22 (The Gloria found in Warsaw 378 is similar, in that

21. This edition follows the lead of the three fragmentary sources of the Gloria in
reversing the ordering of the cantus 1 and cantus 2 openings when compared with the order
found in Bologna Q15. The voice-part cut away below the cantus 2 in Bologna Ql can defini­
tively be identified as the contratenor on the basis of 19 surviving minim and ligature cum
opposita proprietate stems, ~f which 18 line up with the stems in Q15's contratenor after digitally
lining up the two sources in Photoshop.

22. See, for instance, the hymn, Iste confessor in Cividale 57, PMFC 13, 39 (also trans­
mitted with nearly the same outer voices, but different inner voices in Apt 16bis). The outer
voices break homophonic rhythm in only two places, once with the figure Zachara uses; concor­
dances of this work strongly suggest that only the two homophonic voices are original. The
Credo in Parma 09, ff. Q-U provides an example of the same phenomenon in augmented values.
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italsorecallsrhythmicized,homophoniccantusbinatim:thisisacharacter­

isticthathelpsargueforZachara'sauthorshipofthatpiece.)
Inotherpopularworks,Zacharaputsdifferentsimpleformsatthe

beginning.Inboth"Factorem"Credos(PMFC13,21and23),hecontinues

theplainchantbeyonditstraditionalendingat"Cr~doinunumdeum"by
setting"Patremomnipotentem"monophonicallyaswell.Credo13,21uses

theCredoIformula,aformulathatwasgaininginpopularityattheendof
thecentury-itisalsousedforZachara'sCredo"duvillage,"thefirstof

manysettingsbylatercomposers-andZacharacouldhavebeencounting
onthelistenerstorecognizethisformula("knowinganoldwarhorse")

beforejoltingthemwithsomethingbothoriginalandatamuchincreased
rhythmicpace.Significantly,ModA'sdecoratedversionofthepieceincludes
nodecorationsattheopening,asiftheywerebeingheldinreserveforafter

thesuspensehadbeenlifted.

CountingourLossesandReflectingontheSurvivingRepertory

Therateinwhichfragmentshavebeenfoundhasincreasedratherthan
declinedoverthelastfortyyears,andthereisnoreasontoexpectthatthe
ratewilldropoffinthenearfuture.23Butnewmanuscriptfinds,especially

ofsecularmusic,aremorelikelytoresultinnewconcordancesthaninnew
pieces.Giventheserealities,howweapproachthesurvivingsourcesand

whatwelearnfromconcordantreadingsandfragmentsbecomesincreas­
inglyimportanttothedevelopmentofthefield.

Whenwesuspectasinglesourceorsmallgroupofsourcesofbeing

representativeofamuchlargerlostcollectionofmusicweshouldbeinclined
tograntthatsourceorgroupmoreweightinouranalyses.Themonophonic

instrumentalcompositionsintheLondoncodex(29987)areexamplesof
piecestowhichweapplyfurtherweightandstudybecausetheyarepresumed
tostandinforamuchlargerrepertory.24TheRossiCodexandthenew

MischiatiFragmentareotherexamplesthatstandinforapresumablylarger

23.Forevidenceoftheincreasingrateofthediscoveryofsources,seeCuthbert,
"TrecentoFragments,"10-19.Amoremathematicaltreatmentofthemainargumentsofthis
paperappearsinthesamedissertationonpages44-86.

24.InadditiontoLondon29987,theFaenzacodex,astheonlysurvivinglargecollec­
tionofTrecentokeyboardmusic,hasstoodinforalargergroup.OnFaenza'skeyboardreper­
tories,seePlamenac,"KeyboardMusic,"Carapetyan,ItalianSource,Memelsdorff,"Mattia
motti,"andidem,"FiliationandTransmission."Cattin,"Ricerechesullamusica"discusses
keyboardmusicofPadua553.Amanuscriptofassuredlyinstrumentalmusicnotationwritten
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lost repertory of music from mid-century and earlier. A single source that
represents many missing pieces should carry more force in preparing descrip­
tions of the typical music of a period than sources from repertories that are

more complete. Thus, collections of sacred music, a repertory that survives at
a lower rate than secular composition, need to take a more prominent posi­
tion in descriptions of the late Italian Ars Nova as a whole.

A more prominent position in scholarship could also be accorded frag­
mentary sources in general. Sources are too often viewed according to their

extant state rather than by what can be inferred about their original states.
The majority of fragmentary manuscripts were originally similar in length to

those few sources which do survive in complete or mostly complete state.

Our losses are represented by the disembodied folio numbers that stand in
for so many lost pages (Table 7).25

These numbers do not represent the original length of these manu­
scripts, but merely the highest numbered folio that currently survives. There
are sometimes signs of even greater length. For instance, although the

highest folio number on Pad A is 50, its gathering structure shows that the
original manuscript contained at least 70 folios. Another hint at the original
length of a manuscript is given by the order of works in Florence 5. The frag­

ment presents a mainly alphabetical selection of Francesco da Firenze's
ballate beginning with the letter "B" then "c" (Che pen'equest'al cor, Cholgli
ochi assai ne mira, and Cosa nulla). If this ordering continued to the end of

in score, Assisi 187, was discovered and described in Ziino, "Antico 'Kyrie'." Along with the
single pieces of Padua 553 and Assisi 187, many of the pieces in Faenza are sacred; thus the
single-voice instrumental dances of London 29987 take on even greater importance for their
uniqueness. The traces of improvised polyphony within the art-song repertoire have also
been seen as representatives of a lost tradition. This unwritten tradition has been discussed
in Pirrotta, "New Glimpses," and Stone, "Glimpses of the Unwritten."

25. Besseler reported seeing the folio number 242 on Parow 75, but I have found no
trace of this number even under ultra-violet light (Besseler, "Studien I," 231). Even the
number 233 is questionable; the "2" is so faint that it may simply be the number "33"
preceded by a stray pen mark. Huck, "Frammenti Musicali," 78, discovered a foliation number
on a previously unnoticed binding strip of Perugia Cialini. Huck read the number as clxxi, but
my own study of the fragment in Perugia suggests clxvi instead. Since Brumana and Ciliberti,
Frammenti Musicali did not notice this folio number, their highest identified foliation is 36.
An arabic folio number of 217 appears on Frosinone 266/267, but I do not believe that this
foliation number is original and have therefore used the roman foliation. If we extended the
period of this paper's study somewhat, the results would not change. Among slightly later
manuscripts, we find the foliation number 125 on the Boorman Fragment. Among slightly
earlier polyphonic sources, Venice Giorgio Maggiore contained at least 86 folios.
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Table7.SurvivingfolionumbersonTrecentofragmentarymanuscripts.

Parma75
PerugiaCialini
Frosinone266/267
Stresa14
Florence5
CilibertiFragment
TodiCarita
Brescia5
SienaRavi3
Vatican1969
PadA
Munich3223
FlorenceConservatorio

233
166
133
141
138(1)
97
93(?)
71
70
60
50
22
19

thealphabet,Francesco'ssectionalonewouldneedatleastthirtyfolios,if

notmore,tocompleteit.26

Survivingfolionumbersalsoconveyasenseoftheaveragelengthofa
Trecentomusicalmanuscript.Astemptingasitmightbetosupposethat

manuscriptswereusuallydismemberedfromtheirextremes,thereislittle
evidenceforanyconsistentorderintheirdestruction.Manyfragments,such
asFlorence5(justdiscussed),areincompleteatbothendsandimplyfurther

leavesthatonceexistedoneitherside.Ifthereisnobetterwayofpredicting
thelossofspecificfoliosinfragmentarymanuscriptsthanpurerandom

chance,thensimplealgebracanestimatethelengthofthetypicalmanu­
script.Thatlengthwouldbetwicetheaverageofthesurvivingfolio

numbers.27SincetheaverageoftheentriesonTable7is99,theaverage
fragmentarymanuscriptispredictedtooriginallyhavehad198folios.For
comparison,thesurvivingintactFlorentinecodicesaverage171folios.

26.TheestimatewascreatedbyseeingthatofFrancesco'sthirteenknownballate
withalphabetically-orderedincipitsbetweenBencheoraandCosanulla,Florence5provides
readingsforsix,orjustunder50%.Giventhatthescribefitsfive(mostlytwo-voice)ballate
ontwofolios,wecancalculatethenumberoffoliositwouldtaketofithalfofFrancesco's
155piecesasatleast30.

27.TheformulafortheexpectedlengthofamanuscriptisderivedinCuthbert,
"TrecentoFragments,"48.Wecanusethehighestsurvivingfolionumber(Table7)to
computetheexpectedlengthoftheoriginalmanuscriptonlywhenthenumberoffoliosthat
surviveisfewwithrespecttotheoriginalnumber.Thisisthecaseforallthefragments
discussedabove.
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These two numbers are so similar that there is little reason to believe that
most fragments were any different in their original length from those manu­
scripts that remain intact. 28

* * *

The revelation is that we are not seeing only the tip of the iceberg of late­
medieval Italian music, and this should embolden scholars to ask similar

questions about other early repertories. If we turn for a moment to one piece
of evidence from the late fourteenth-century French orbit, we see that Italy

is not unique. The most useful document for ascertaining the extent of our

losses in French music is the index page of a lost manuscript of motets and
other works formerly in the possession of the Duchess of Tremaine. Though

the loss of this manuscript itself is a misfortune for musicology, it is
comforting to know that most of its pieces survive in other sources. Of its

114 compositions, between 74 and 78 (65-68%) survive, and this falls right
in line with the pattern for Italian compositions,29

Further uses of models of popularity and loss hold great promise for

musicology and other areas of research in the humanities. In musicology, the
total number of chants sung in a region or the number of folk songs recalled

by a group of people could be estimated. We could figure out the probability
that a Renaissance motet that is unattributed in many sour~es was unattrib­
uted as a result of chance. Beyond musicology, the methods could be refined

and reapplied to answer questions in other domains. Numismatists might be
interested in the number of different types of coins in circulation at a certain

time and in a given region. Codicologists could have a better understanding

28. The surviving Florentine manuscripts have the following lengths: Panciatichi: 115;
Pit.: 150; London 29987: 185 (palimpsest numbering); San Lorenzo 2211: 188 (highest
surviving folio); and Squarcialupi: 216.

29. The most recent inventory of the manuscript is Bent, "Note on the Dating."
Staehelin, "Mehrstimmige Repertoires," 156 records 72 concordant works: he probably
missed the concordance to Se Lance/os reported in Strohm, "Ars Nova Fragments," 115, and
Peter Lefferts's later identification of a concordance for Plausu querulo in CortoM 1, published
in Di Bacco and Nadas; "Papal Chapels," 86. Staehelin's article concentrated on losses of
sources rather than of works and, as such, focused on library catalogs, payment records, and
assumed omissions in stemma as his most important evidence. Two pieces in Tremaine have
possible concordances that are tentative on account of their late dates (De touts les biens and
Zachara's Sumite Karissimi) and two further Mass movements do not provide enough infor­
mation to identify concordances. These four pieces account for the three percent uncertainty
in the calculations above.
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oftheeconomicsandchronologiesofpapermakingiftheypossessedmore

accurateestimatesofthetotalnumberofwatermarktypesoriginally
producedinaparticularregionandtime.

ThisexaminationoftheItalianmusicalsourcesoftheGreatPapal

Schismshouldremoveaweightofinsecurityfromlate-medievalmusicology.
Scholarsnowneedhavelittleworrythattheyareviewingonlyasmall,

possiblyunrepresentativesliveroftheoriginalwrittenrepertory.Whether
derivedthroughstatisticalmodelsorthroughliteraryevidence,theconclu­
sionremainsthesame:betweenhalfandthree-quartersofthewrittenmusic

of1ate-Trecentoandear1y-QuattrocentoItalyisavailableforstudy,mostin
moderneditions.Themostpopularworksofthetimecanbeidentifiedand

awaitcloseranalysis.Finally,thesetechniquesneedtobeappliedmore
generally,toremoveunfoundedassumptionsaboutotherrepertoriesand

othereras.Theuseofestimatesofsurvivalandlossinmedievalmusicology
andinthehumanitiesingeneralisinitsearliestinfancy.Manymoreappli­

cationsandresultssurelyremainunseenandundiscovered,hiddenjustout

ofsight.
MassachusettsInstituteofTechnology
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Manuscript Sigla

Apt, Cathedrale Sainte-Anne, Bibliotheque du chapitre, Tresor
MS 16bis.

Atri 17

Assisi 187 Assisi, Biblioteca Comunale, MS 187. (Currently housed in the
B. Sacra Convento.)

Atri, Museo della Basilica Cattedrale, Biblioteca del Capitolo
della Cattedrale, Frammento 17 (olim Archivio Capitolare. Sala
Innocenzo IV, Cartella A, frammento 5).

Bologna Archivio Covers Bologna, Archivio di Stato, Notarial covers of documents
from 1337,1338,1369,1412-13, and 1444.

Bologna Q1 Bologna, Museo Internazionale e Biblioteca della Musica di
Bologna (olim Civico Museo Bibliografico Musicale), MS Ql,
frammento n. 23 (olim 12).

Bologna Q15 Bologna, Museo Internazionale e Biblioteca della Musica di
Bologna (olim Civico Museo Bibliografico Musicale), MS Q15
(olim Liceo 37). (BL)

Boorman Fragment New York, Personal library of Stanley Boorman. (Boo)

Boverio Turin, Biblioteca Nazionale Universitaria, T.III.I. (Turin 2)

Brescia 5 Brescia, Biblioteca Civica Queriniana, Flyleaves in Inc. C.VI.5.
(Quer)

Ciliberti Fragment Perugia, Personal library of Biancamaria Brumana and Galliano
Ciliberti. (Cil)

Cividale 57 Cividale del Friuli, Museo Archeologico Nazionale, MS LVII.

Cividale 98 Cividale del Friuli, Museo Archeologico Nazionale, MS
XCVIII. (from Cividale A)

Cortona 1 Cortona, Archivio Storico del Comune, Fragment without
shelfmark in a white folder marked only as "Comune" [frag­
ment 1].

Faenza Faenza, Biblioteca Comunale, MS 117. (Fa)

Florence 5 Florence, Biblioteca Nazionale Centrale, Incunab. F.5.5.

Florence Conservatorio Florence, Biblioteca del Conservatorio di Musica, "Luigi
Cherubini," Cassa forte 74 (olim D 1175). (Florence 1175, FC)
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Frosinone266

Frosinone267

Frosinone,ArchiviodiStato,Collezionedellepergamene266
(31).

Frosinone,ArchiviodiStato,Collezionedellepergamene267
(38).

Kras.

Houghton420

London29987

Grottaferratas.s.Grottaferrata,BibliotecadelMonume~toNazionale(withinthe
AbbaziaGrecadiS.Nilo),MSwithoutshelfmark,inalightgray
bindercurrentlyonthesameshelfasLat.224.

Grottaferrata/DartmouthGrottaferrata,BibliotecadelMonumentoNazionale
(withintheAbbaziaGrecadiS.Nilo),[Crypt.]Lat.224(olim
Collocazioneprovvisoria197)(Grot,GR197,GR)and
Hanover,NewHampshire,DartmouthCollegeLibrary,MS
002387(olimSantaBarbara,AccademiaMonteverdiana,frag­
mentwithoutshelfmark).

Cambridge(Massachusetts),HarvardUniversity,Houghton
Library,MSLat.420.

Warsaw,BibliotekaNarodowa,MSIII.8054(olimBiblioteka
Swidzinskich,thenBibliotekaKrasinski,thenBibliotekaNaro-
dowa,52).

London,BritishLibrary,ReferenceDivision,Departmentof
Manuscripts,AdditionalMS29987.(Lo,L,LB)

London82959London,BritishLibrary,ReferenceDivision,Departmentof
Manuscripts,AdditionalMS82959.

ManganelliFragmentFiesole,PersonallibraryofMicheleManganelli,lnv.50.

MischiatiFragmentReggioEmilia,ArchiviodiStato,ArchivioComuneRe,
Appendice,Frammentidicodicimusicali(no.16).

ModAModena,BibliotecaEstenseeUniversitaria,MSex:.M.5.24(olim
IV.D.5,thenlat.568).

Munich3223Munich,BayerischeStaatsbibliothek,Musiksammlung.MS
mus.3223.(MilK)

MunichEmmeramMunich,BayerischeStaatsbibliothek,Handschriften­
lnkunabelabteilung.MSlat.14274(Tresorhandschrift1;olim
mus.3232a;Cim.352c).(MuEm,Em)

OldHallLondon,BritishLibrary,ReferenceDivision,Departmentof
Manuscripts,AdditionalMS57950(olimOldHall,Libraryof
St.Edmund'sCollege,MSwithoutshelfmark).(OH)

Oxford56Oxford,BodleianLibrary,MSCanon.Pat.Latin[Scriptores
Ecclesiastici]56.

PadAOxford,BodleianLibrary,MSCanon.Pat.Latin[Scriptores
Ecclesiastici]229(Oxford229)andPadua,Biblioteca
Universitaria,MSS684and1475(Padua684andPadua1475).
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Pad D Padua, Biblioteca Universitaria, MSS busta 2/1 (from MS
1283), busta 2/2 (from MS 1225), busta 2/3 (from MS 675), and
MS 1106. (Padua 1283, Padua 1225, Padua 675, and Padua
1106).

Padua 553 Padua, Archivio di Stato, Fondo Corporazioni soppresse, S.
Giustina 553. (Small book in a special folder called registro
membranaceo/libro n. 4).

Panciatichi Florence, Biblioteca Nazionale Centrale, Panciatichiano 26.
(Pan, Fp, FN, Fl, F)

Parma 9 Parma, Archivio della Fabbrica del Duomo. F 09.

Parma 75 Parma, Archivio di Stato, Raccolta Manoscritti, busta 75, n. 26
(olim Armadio B, Busta n. 75, fasc. 2) ex convento LXXXV (S.
Servino di Piacenza) reg. n. 52.

Perugia Cialini Perugia, Biblioteca del Dottorato dell'Universita degli Studi,
Incunabolo inv. 15755 N.B

Pit. Paris, Bibliotheque Nationale de France, fonds italien 568 (olim
Bibliotheque Royale 165 du Supplement, then Nouv.
Supplement Fr. 535) (P, It).

Reina Paris, Bibliotheque Nationale de France, fonds nouvelles acqui­
sitions franc,:aises 6771. (R, PR, Rei)

Rossi Rome, Biblioteca Apostolica Vaticana, Rossianus 215 and
Ostiglia, Opera Pia Greggiati, Mus. rari B 35 (olim MS without
shelfmark). (Rs, R)

San Lorenzo 2211 Florence, Biblioteca Medicea-Laurenziana, Archivio Capito­
lare di San Lorenzo, MS 2211.

Seville 25 Seville, Biblioteca Colombina de la Instituci6n Colombina, MS
5.2.25 (olim Z Tab. 135, n. 32, then BB-147-32) (Sev)

Siena 207 Siena, Archivio di Stato, Frammenti Musicali busta n. 1. inserto
n. 11 (olim Frammenti di musiche, n. 207; Also with separate
catalogue numbers 326 (=bifolio) and 327 (=folio), and Mostra
Vetrina n. 40).

Siena Ravi 3 Siena, Archivio di Stato, Frammento sulla copertina del registro
"Ravi 3" dal Fondo Vicariato di Gavorrano (1568-69).

Squarcialupi Florence, Biblioteca Medicea-Laurenziana, Mediceo Palatino
87. (Sq, FL)

Stresa 14 Stresa, Biblioteca Rosminiana, Collegio Rosmini al Monte, MS
14 (olim Domodossola, Convento di Monte Calvario). (Str,
Dom)
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TodiCarita

Tremoi'lle

Trent60

Trent1563

Turin9

Udine22

Valladolid7

Vatican657

Vatican1969

Todi,ArchivioStoricoComunale,fondaCongregazionedi

Carita,Istitutodeisartori,Statuto[senzasegnatura](exO.p.

Sartin.83).

Paris,BibliothequeNationale,fondsnouvellesacquisitions

fran<;:aises23190(oUmAngers,ChateaudeSerrant,Duchessede

laTremollle).(Trem)

Trent,FondazioneBibliotecadiS.Bernadino(olimdeiPadri

Francescani),Incunabulan.60.

Trent,MuseoProvincialed'Arte,CastellodelBuonConsiglio,

MS1563(ManuscriptbelongingtotheBibliotecacomunale).

Turin,BibliotecaNazionaleUniversitaria,].1I.9.(TuB)

Udine,ArchiviodiStato,Frammento22(olimArch.Not.

Antico,busta773).(fromCividaleA)

Valladolid,ArchivodelaRealChancillerfa,Pergamino,carpeta

29,documento7.

Rome,BibliotecaApostolicaVaticana,Barberinianuslatinus

657.

Rome,BibliotecaApostolicaVaticana,Ottobonianuslatinus

1969.

VeniceGiorgioMaggioreVenice,MonasterodiSanGiorgioMaggiore,Fragment

withoutshelfmark.

Warsaw378Warsaw,BibliotekaNarodowa,Lat.F.1.378(oUmSt.Petersburg,

ImperialPublicLibrary,samecallnumber).(Manuscriptlost.)

(StP)
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Appendix
Statistical Models

Some Probability Basics

A probability is defined as a number between 0 and 1 (inclusive), and repre­
sents the likelihood of an event happening. For example, if we roll a fair six­

sided die, the chance that we get a five is 1 in 6. That is, there are six

possible outcomes, of which one gives us the sought after outcome. We can
write that a is the event "roll 5" and Pr(a) = 1/6.

The probability of something not happening is defined as one minus
the probability of the event happening. So Pr(roll something other than 5)
=Pr(a does not occur) = 1-1/6 = 5/6.

If x and yare independent events, like dice rolls or scribes working on
unrelated manuscripts, then the probability of x and y both happening is
Pr(x and y) =Pr(x) * Pr(y).

In addition to knowing how likely it is that something will occur
(probability) we also often want to know how many times an event will

occur if we keep performing or observing a certain action. For instance, if we
go back to the example of dice, you may want to know how many times you

would expect to roll a five if you rolled a die ten times. We call this rational
expectation the expected value (EV).

Fortunately, for independent events, such as dice rolls, in which what

you rolled previously does not affect what you are likely to roll next, all one
needs to do to calculate expected value is to multiply the probability of an
outcome by how many times it is done.

So on average the expected number of fives after ten dice rolls is:

EV= number of rolls *Pr(roll a five) = 10 *1/6= 10/6 or 1.67

Of course, it is impossible to roll 1.67 fives. What it means is most
often two of the ten rolls would be a five; sometimes it will be one, some­
times three; less often zero or four, and almost never nine or ten.

Applications to Estimating the Numbers of Lost Pieces of Music

Most of the expressions derived below will depend on n-the total number

of pieces that once existed. That is to say, the first equations will depend on
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thevalueweareultimatelytryingtoestimate.Whatwewilldoisfindaway

torelatethenumberntothenumberofpiecesthatsurvivetoday.Thenwe

cantrytofindthemostlikelynumberfornthatgivesananswerthataccords

withthesurvivingnumberofcompositions.

Let{xl'x2'.••,xn}bethesetofpiecesinagivengenrethatmayhave

onceexisted.Anygivenpiece,x,iseitheraworkthatexiststodayorone

thatisnolongerextant.Bothtypesofpiecesarefoundintheset.Eachpiece

xinthesetisnumberedfrom1ton.

Let{ml'm2,.•.,m)bethesetofmanuscriptsnowsurviving.Wecallki

thenumberofpiecesinmanuscriptmi'Unlike{Xl'X2'•••,xn}whichrepre­

sentsallpiecesoncecopied,thissetonlycomprisesmanuscriptsorfrag­

mentsaroundtoday.Themanuscriptsinthissetarenumbered1toy,and

thusyequalsthetotalnumberofmanuscriptswithoneormorepiecesina

givengenre.Itisaknownquantity(e.g.,formadrigals,y=18).

Thecompilerofmanuscriptmlchooseskldifferentpiecestoplacein

it.Thereareanynumberofreasonswhythepersonwritingthemanuscript

mightchooseagivenpiecetobeinthemanuscript-theaudienceofthe

manuscript,thepiecesknowntothescribe,formstoberepresented,etc.­

butamongthepiecesinasinglesub-genre,itcanbedifficultforustotell

whycertainpiecesarechosenornot.

Wewillbeginbysupposingthatwithineachgenrethepieceschosen

areasgoodasrandom.Thisisanassumptionthatwillraisesomeeyebrows;

pleasebearwithitfornow,aslaterIwillshowthatthisassumptionturnsout

nottobefaroff.Giventhissuppositionofrandomcollection,theproba­

bilitythananypieceappearsinanymanuscriptmldependsjustonthe

numberofpiecesinthemanuscriptandthetotalnumberofpieces(inthis

genre).Theprobabilitythatanypieceappearsinamanuscriptofkjpieces

issimplykj/n,wherenagainisthetotalnumberofpiecesoncecopied-the

unknownforwhichwesearch.J°Theprobabilitythereforethatanygiven

piecedoesnotappearinamanuscriptisgivenbysubtractingtheprevious

formulafrom1,thatis:(l-kJn).

30.Thisformulaholdstrueforcaseswherethetotalnumberofpiecesinanygiven

manuscriptissmallcomparedtothesizeofthetotalrepertory.Ifthemanuscriptissufficiently

largethatwethinkitheldahighpercentageofallthepiecesthateverexisted,thensome

correctionsmustbemade(andaremadeinthemoremathematicalversionoftheformulas

presentedinCuthbert,"TrecentoFragments").However,itshouldbenotedthataskeptic

whobelievesthatsomeofoursinglemanuscriptsholdalargepercentageofthepiecesthat

onceexisted(andthereforethatthispapermustusethemorecomplexformulas)cannot

simultaneouslybelievethatallourmanuscriptscombinedrepresentasmallfractionofthe

piecesthatonceexisted.
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For two manuscripts that were compiled independently of each other
(excluding, for example, the Machaut manuscripts, but none of the prin­
cipal Trecento manuscripts), the probability that a piece does not appear in

either of the two manuscripts is given by multiplying the probability it does
not appear in the first manuscript by the probability the same piece does not

appear in the second. That is, the probability that xl does not appear in ml
and also xl does not appear in m2 is the product of the two terms:

Pr(x I does not appear in ml )* Pr(xI does not appear in m2) = (1-~ )(1-~)

(n-k ) (n-k )Elementarty algebra reduces the previous equation to ~ ~ or

(n-k )(n-k )
more simply I 2 2. We can then generalize this statement to find the

n

probability of x not appearing in any extant manuscript:

Pr(x I does not appear in any MS) = (1- ~ )(1-~)... (1-~)

The principle of expected value (discussed above) can then be brought
in to estimate how many pieces are expected to be missing today, given the

manuscripts that survive and the number of pieces there once were in the
Trecento.

The expected value of the number of pieces not appearing in any MS

that survives today is simply the probability that any given piece does not
appear in any manuscript multiplied by the total number of pieces, our
unknown n:

EV (missing pieces) = n *Pr(x does not appear in any MS)

It looks as if there are two unknowns here: the expected number of
missing pieces (EV) and the total number of pieces (missing or known), n.

But what is the expected number of missing pieces? It is simply the number
of pieces that were written originally (n) minus the number we currently
have (let us call that number r).

EV (missing pieces) = n - r
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Wecansubstitutethisresultintothepreviousequation:

67

(n-kl)(n-k2)··.(n-ky)
n-r=---=--,=----­

ny-1

Inthisequation,randk1'k2,...,kyareallnumbersweknow,sothere
isonlyonevariable,n.Sincewehaveasinglealgebraicequationwitha
singleunknown,itshouldbesolvable.However,solvingforninthisequa­

tionisnoteasywhenyisanumberabovethreeorfour;andsinceyisthe
numberofmanuscriptscontainingpiecesinaparticulargenre,ywillbeon

theorderoftentothirty.Asthelastequationistoocomplicatedtosolve
directly,reducingitwouldhaverequiredtrickymathdecadesago.However,
thesolutioncanbecloselyestimatedinsecondsthroughcomputer-assisted

"trialanderror."Werewritethepreviousequationas:

n-rIn-kl)(n-k2)...(n-ky)0
ny-1

andthenwriteaprogramtotryvariousnumbersofn(theoretically,from
r+1toinfinity,butfromr+1to200,000isgoodenough)untilitfindsthe
nwhichcomesclosesttosolvingthisequation)l(Weareunlikelytofind

theexactsolutionsincencanbeafractionratherthanawholenumber).
Solutionstothisequationforcacce,madrigals,ballate,liturgical,andother

Latinworks,areusedinthelastcolumnofTable4.

TestingtheModel:Cross-Validation

Animportantqualityinamodelisitsabilitytobetestedandstandupto

suchtesting.Onecommonwayoftestingthevalidityofanestimateisviaa
techniquecalledholdoutcross-validation.Incross-validationandsimilar

techniquessuchasbootstrappingandjackknifing,asubsetofthedataisrun
throughthetheorytoseehowwellitpredictsthefullsetofdata(by

comparingitsresultstoouractualnumbers).
Forinstance,incross-validatingIremovedeitherthefragmentary

sources(includingSanLorenzo2211)orthecompletesources(leavingin

SanLorenzoandthefragments)andthenpredictedhowmanyadditional
pieceswouldbefoundifweaddedbackthenumberoffoliosinthosesources

31.Suchaprogramcouldbewritteninanymodernprogramminglanguage.Examples
ofprogramswritteninthePerllanguageusedtosolvetheequationsinthissectionaregiven
inCuthbert,"TrecentoFragments,"81-86.
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that were removed,32 Without the fragments or San Lorenzo, for instance,
we would have 159 madrigals in 314 copies. On the basis of this informa­
tion, the first model predicted that there were originally 175 madrigals, and
via cross-validation estimated that if we had 65 more copies of madrigals, six
of them would be new, for a total of 165 madrigals (See Table 8). As can be
seen, there actually are 166-an extremely close estimate. For liturgical
music the cross-validated prediction was off only by three from our observed
number, 109 instead of 112: also very close. Running the same model for
ballate, the cross-validation predicts that there should be 385 ballate instead
of the 409 we do have-not as close as the other two genres, but this is still

not an error rate that suggests that missing icebergs exist; we may want to
hold in mind that there could be 20-30% more missing ballate than
predicted by the model of a scribe collecting basically randomly. Taken as a
whole, the cross-validation tests suggest that the model described above
should predict the number of lost pieces with a high degree of certainty, only
slightly underestimating the actual number. The degree of accuracy of the
cross-validation tests also suggests that the assumption needed for the
previous model namely, that random chance as a good predictor for how
music is chosen, is not a terrible assumption at all.

To test estimates above via a cross-validation technique, I used the
method above to find a value for n on the basis of a subset of the data. A
similar model is then used to find an expected number r 1 for the number of

pieces we would expect to have if we had new manuscripts mY+l' my+z, etc.
The calculations are much easier than before, since we begin with an esti­
mate for n. For a first approximation, the portion of the repertory that is
missing, Le., (n-r)/n, when multiplied by the number of new pages in all
the new manuscripts mY+l' my+z, gives us the number of new pieces we
should expect to find (which when added to r gives r 1P3

32. It is important that the works chosen to be removed for hold-out are chosen either
randomly (not in the researchers' control) or if chosen in some other way, the process is not
repeated until the desired result is achieved. In the ideal situation, multiple tests would be
run on randomly chosen subsets of the complete corpus of manuscripts. However, this proved
impossible given the way the data is stored in the database this paper uses.

33. The simple method of cross-validation described above is slightly inaccurate,
because the portion of the repertory that is missing changes with each new find, A more
accurate test comes from computing a new expected value for the missing pieces using the
new manuscripts. If j is the number of new manuscripts we have added then:

... (n- kj)(n- k2) .. •(n- ky) (n- ky+ j)(n- kyd" .(n- ky+j)EV(new # mlssmg pleces)= n * -----"--'---------"'--'---------'-''--'---,-''-'--'''-'----~'--'-'''--'----------'--'-''­
nY+]
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Table8.Cross-ValidationResults.

69

no.piecespre-c.v.

Madrigals159
liturgicalPieces91
Ballate357

predictedsurvival

165
109
384

actuallysurvivingtoday

166
112
409

CalculatingtheExpectedNumberofCopiesinaRandomDistribution

Anotherwayoftestingtoseehowwellourfirstsupposition,thatofequal
probabilityofcollecting,holdsupistoruna"MonteCarlo"simulationof

workdistribution.OnewayofconductingaMonteCarlosimulationisto
putslipsofpaperinahatcontainingthenamesofallknownpiecesina

givengenre.Addedtothehatisanumberedslipofpaperforeverylostpiece
predictedbythepreviousmodel.Sothereareasmanyslipsofpaperasthere
aretotalpredictedpieces.Thenforeachsurvivingmanuscriptwedrawas

manyslipsofpaperastherearepiecesinthatgenreinthatmanuscript.For
instance,sinceBoveriocontainssixteenliturgicalworks,wewilldraw

sixteenslips.Itshouldbeobviousthateachpieceisequallylikelytobe
drawn,andthatnopiececanappearinthesamemanuscripttwice.We
recordwhatpiecesappearedandthenreplacetheslipsintothehat.The

slipsareshuffledinthehat,andtheprocessisrepeatedforeachmanuscript.
(The"MonteCarlo"aspectofthesimulationstemsfromtherolethatprob­

abilityorluckplaysindeterminingtheoutcome,asinacasinoinMonte
Carlo.)

Afterconductingthesimulation,thereexistsarecordofwhichand

howmanypiecesweredrawnmultipletimes,whichweredrawnonce,and
whichwereneverdrawn.Thisequal-probabilitysituationcanbecompared
toourreal-worldsituationtoseehowwelltheyaccord.Inordertoreduce

theroleofluck,thewholesetofdrawscouldbedonemanytimesandthe
averageofthesimulateddrawscouldbeusedinstead.

Sinceperformingthissimulationevenonce,letalonehundredsof
times,wouldbeextremelytimeconsuming(Le.,draw,record,replace,

Sincenisaconstant,thisequationcanbeevaluatedsimply.Wecanthensubtractthenew
numberofmissingpiecesfromntogetthenumberofpiecesexpectedinthissituation,and
cancomparethatnumbertothenumberofpiecesactuallyobserved.Althoughthemore
complicatedmethodhasbeenusedinobtainingthecross-validationnumbersthispaperuses,
theactualdifferenceinresultsfromthefirstmethodisslight.
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Table 9. Output of Simulating 10,000 Random Draws

(a) (b) (c) (d) (e) CO
7 => 0.00 (0.00%) (0.00 => 0.00%) [28]
6 => 0.03 (0.01%) (0.03 => 0.02%) [282]

5 => 0.24 (0.13%) (0.27 => 0.14%) [2165]
4 => 1.61 (0.84%) (1.88 => 0.99%) [8200]

3 => 8.29 (4.34%) 00.18 => 5.33%) [10000]
2 => 30.52 05.98%) (40.69 => 21.30%) [10000]
1 => 71.25 (37.30%) 011.94 => 58.61%) [10000]
0 => 79.06 (41.39%) 091.00 => 100.00%) [10000]

reshuffle, and repeat ad nauseam), the draws are generally simulated by

computer programs. Table 9 shows the output from the program which ran
the simulation 10,000 times, distributing the liturgical pieces into hypo­

thetical manuscripts and fragments the same length as those that survive.
Column (a) gives the number of times a piece is copied (7, 6, 5, etc.).

Column (b) shows how many pieces with that many copies appeared. So we

can see towards the bottom that on average there were 30(ish) pieces with
two copies, 71 that were unica, and 79 that did not survive in any source.
Column (c) gives the number in (b) as a percentage of the total number of

works. Columns (d) and (e) (e.g., 40.69 => 21.30%) give a running total of
columns (b) and (c). For instance, on average, the simulation predicts in

column (e) that the number of works with two or more copies will be 21 %
of all copied compositions, known and lost. Column (f) shows how many

times out of 10,000 that the simulation produced at least one work copied
the number of times in (a). So from column (f) row two, we see that only

282 times out of 10,000 did a piece appear in six sources. We can interpret
this number to mean that for a given piece that appears in six sources, there
is a (roughly) 2.8% chance that it is an run-of-a-mill piece that happened to

survive more often than chance, and a 97.2% chance that it was a popular
piece. We should thus believe that the piece was popular in the late Middle

Ages. However, it is easily seen that a piece in four sources could very well
be a piece of middling popularity whose survival in many sources is merely
due to chance. These percentages were used to create the labels in Table 6
of "Undeniably popular" (~ 0.2% or less that its survival in so many sources
is due to chance), "Popular" (~0.5-3%), "Probably popular" (5-10%), and

"Possibly popular" (10-25%).
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