


VAN K&ANENB)&G: ON MEAS)&ING M)SI0AL ST3LE 2 

 

! #ases 'or Composer -ttributions 
One task of musicolog1 is to stu21 the musical past 5 common approach has been to 
pro8i2e an o8er8iew of the most important composers of each era together with their 
compositions, then to stu21 the relationships of these compositions to each other an2 to the 
musical an2 non;musical historical conte<ts. 5 complementar1 acti8it1 has been the 
preparation of critical e2itions of scores. >n these acti8ities the ?uestion of authorship 
remains paramount. >f we want to present the most important composers an2 their works, 
we nee2 to know who compose2 what. >f we want to make a critical e2ition of the works of 
a certain composer, we cannot escape making 2ecisions about 2ispute2 compositions. 
@roblems ma1 be cause2 b1 conflicting attributions among plural sources, the lack of an 
authoritati8e source contemporar1 with the composer, an incomplete source, or an 
anon1mous source which tra2ition hol2s to be b1 the composer. 5ttributions of the same 
work to multiple composers is a common phenomenon of Auropean works of the fifteenth 
through nineteenth centuries. 
 
Both e<ternal an2 internal e8i2ence ma1 be use2 to sol8e authorship problems CDo8e 2002G. 
>n man1 cases, howe8er, e<ternal e8i2ence of a 2ecisi8e nature is lacking. Here, internal 
e8i2ence becomes more important. Ior music, st1listic e8i2ence seems the most important 
kin2 of internal e8i2ence. >n or2er to assess st1listic e8i2ence one must ha8e a mo2el that is 
able to represent musical st1les in such a wa1 that specific instances of it can be associate2 
with a composerJs personal st1le to a uni?ue 2egree. >n manual practice, proof b1 e<ample 
is often use2 to support an attribution on st1listic groun2s. Khe most pertinent feature ma1 
be a 2istincti8e motif or chor2 progression that is present both in the 2ispute2 work an2 in 
an un2ispute2 composition. Luch similarities might, howe8er, be occasional. >f we want to 
support an attribution in a statisticall1 soun2 wa1, we ha8e to use e8ents which occur 
fre?uentl1 Csuch as notes an2 inter8alsG. 
 
Computer;base2 assessment of musical authorship was first e<tensi8el1 e<plore2 b1 
Krowbri2ge C1O82Q 1O85;SG, who re8eale2 2ifferences in st1le among four Tenaissance 
composers CUilles Binchois, 5ntoine Busnois, Uuillaume Vufa1, an2 Wohannes OckeghemG 
b1 comparing the a8erage 8alues of 1S ?uantifiable features CKrowbri2ge 1O85;SG. Khe 
repertor1 e8aluate2 consiste2 of O2 Tenaissance chansons, of which twothir2s e<ist in a 
single manuscript cop1 with scribal attribution. Xan1 of the rest are anon1mous in at least 
one source, a few in more than one source. Xan1 of the features are coinci2entall1 similar 
to those use2 here. Khe1 inclu2e2 melo2ic inter8als, harmonic inter8als, chor2 t1pes, bass 
progressions, root progressions, root 2istributions, prepare2 2issonances, chor2 2urations, 
chor2 motion, te<ture re2uction, melo2ic 2irection, rh1thmic acti8it1, a8erage melo2ic 
range, relati8e melo2ic motion, 8oice crossing, an2 harmonic range. 5 goo2 account of still 
earlier s1stems for ?uantitati8e anal1sis is gi8en in Krowbri2ge C1O82G. Ior pol1phonic 
music Krowbri2geJs thesis is b1 far the most thorough an2 comprehensi8e of its time. Iar 
more pre8alent to2a1 are stu2ies that isolate an2 anal1Ye musical features for 
2ifferentiation of pieces b1 genre Ce.g., XcZa1 an2 Iu[inaga 200\G, moo2 Ce.g., Vannenberg 
1OO]G, or i2ios1ncratic traits of in2i8i2ual composers Ce.g., Cope 1OO1, Cope 1OO8G. 

2 - Machine-8earnin9 -pproach to :tylistic -ssessment 
Our approach to authorship problems emplo1s machine learning algorithms Csee Vuin ^ 
Ka< 2005G. Khese algorithms learn characteristics of musical st1les from representati8e 
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e"amples, and are then able to use the obtained knowledge to classify previously unseen 
compositions. In an earlier publication the authorship of the fugue for organ in F minor 
(BW@ 53C/2) was evaluated (Backer and @an Kranenburg 2005). In the current article, 
another classification algorithm is used and the dataset e"tended with eight additional 
disputed fugues listed in the Schmieder (BW@) catalogue (1950/2nd rev. edn. 1990), and 
with si" control compositions by Johann Peter Kellner. 

! #$%eli)g #u,i-al /01le 
In S"#$% '() M+,-. Neonard Oeyer (1996) developed a theory of musical style that can be 
used as a starting point for studies that compare musical styles algorithmically. Qe defines 
style as ' /%0$-.'"-1( 12 0'""%/(-(34 56%"6%/ -( 6+7'( 8%6'9-1/ 1/ -( "6% '/"-2'.", 0/1)+.%) 8# 
6+7'( 8%6'9-1/4 "6'" /%,+$", 2/17 ' ,%/-%, 12 .61-.%, 7')% 5-"6-( ,17% ,%" 12 .1(,"/'-(", (Oeyer 
1996R 3). In the process of composing, a composer is subSected to certain constraints while 
making his choices. Oeyer distinguishes three levels of constraints. L'5, (1) are universal. 
One cannot, for e"ample, ask a piccolo to play a contra U. R+$%, (2) are intracultural. It is in 
the rules that music from the Venaissance differs from music from the Baroque. S"/'"%3-%, 
(3) are constraints to which the composer subSects himself within the rules of a certain 
culturally established style. Thus it is in the strategies that the music of U. F. Qandel differs 
from the music of U. Ph. Telemann. 
 
Yot all strategies reside on a conscious level. Certain patterns are ingrained during the 
training and development of a composer and are not replicated consciously every time 
during the process of composing. 
Oeyer indicates the necessity of statisticsR ,-(.% '$$ .$',,-2-.'"-1( '() '$$ 3%(%/'$-<'"-1( '81+" 
,"#$-,"-. "/'-", '/% 8',%) 1( ,17% %,"-7'"% 12 /%$'"-9% 2/%=+%(.#4 ,"'"-,"-., '/% -(%,.'0'8$% (Oeyer 
1996R 6C). It can be e"pected that each composer has idiomatic, countable patterns that are 
more often replicated in his works than in compositions by other composers. The task is to 
find features in which such patterns are reflected. 

2 T4e %a0a,e0 

2.1 /ele-0e% Fea0ure, 

There is no well tested theory available that predicts which features have to be used to 
solve a particular authorship problem. Therefore, we do an [educated guess\ at features 
that may have discriminative power. The subset of features that can be used to solve the 
authorship problem in question will be selected algorithmically. 
 
Small scale features are preferable, because the algorithms to e"tract them are less 
complicated and the results less ambiguous. It is, for e"ample, not obvious how to quantify 
the e"tent to which a composition resembles a certain sonata form, but it is less difficult to 
count the number of thirds. Because in the current study we are dealing with polyphonic 
music (fugues), the relations between the voices are important. The composer must know, 
for e"ample, whether a dissonant interval can be written between two voices, how long 
that interval is allowed to sound, and what can follow. It can be e"pected that a composer 
develops certain strategies to handle these situations. This can result in replicated patterns 
in the distances between the voices. 
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.''$ )*/#17.'2$ )*$ .''$ 7&)3#$ 6.)12;$ !"#$ )*/#17.'2$ .1#$ %&'5#5$ &*/&$ &*#$ &3/.7#$ <#;+;=$ .$ /#*/"$ )2$
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!"#$%&'("&)(*%&%#+,'( +*( ,!",(+&(,!-(."*-(%/(!"#$%&'( ,!-(0+,.!(+*(,"1-&(+&,%("..%2&,3(43536(
,!-(78$"9%#("&)(:8$"9%#(,#+")*("#-(,!-(*"$-(*%&%#+,'6(;2,()+//-#-&,(!"#$%&+-*3(
(

<=3(>"#$%&'(-&,#%0'3(7%#(-".!(!"#$%&'( ,!-(0#%;";+?+,'( %/(%..2##-&.-( +*(-*,+$",-)(
;'(.%$02,+&5(,!-(,%,"?()2#",+%&(%/("??(%..2##-&.-*(%/(,!-(!"#$%&'("&)()+@+)+&5(,!",(
;'(,!-(,%,"?()2#",+%&(%/(,!-(0+-.-3(7#%$(,!-*-(-*,+$",-)(0#%;";+?+,+-*6( ,!-(-&,#%0'(+*(
.%$02,-)3(
<A3( B+,.!( -&,#%0'3( C/( -".!( 0+,.!( ,!-( /#-D2-&.'( %/( %..2##-&.-( +*( -*,+$",-)( ;'(
.%$02,+&5( ,!-( ,%,"?( )2#",+%&( %/( "??( %..2##-&.-*( "&)( )+@+)+&5( ,!",( ;'( ,!-( ,%,"?(
)2#",+%&(%/("??(0+,.!-*3(7#%$(,!-*-(-*,+$",-)(0#%;";+?+,+-*6(,!-(-&,#%0'(+*(.%$02,-)3(
<E3(F%&%#+,'(-&,#%0'3(G!+*(/-",2#-(+*(.%$02,-)(+&(,!-(*"$-(H"'("*(>"#$%&'(-&,#%0'3(

((
Feature (0. Time slice stability.(G!-(.%&*+*,-&.'(%/(,!-(?-&5,!(%/(*2..-**+@-(,+$-(*?+.-*(I-3536(
,!-(,+$-(+&,-#@"?(;-,H--&(,H%(.!"&5-*(+&(,!-($2*+.J3(F,";+?+,'(+*(.%$02,-)(;'()+@+)+&5(,!-(
*,"&)"#)( )-@+",+%&( %/( ,!-( ?-&5,!*( %/( ,!-( ,+$-( *?+.-*( ;'( ,!-+#( $-"&( ?-&5,!3( G!+*(
&%#$"?+K",+%&(+*(&-.-**"#'(+&(%#)-#(,%(.%$0"#-(0+-.-*(H+,!()+//-#-&,(,+$-(*+5&",2#-*3(L(?%H(
@"?2-($-"&*( ,!",( ,!-($2*+.( +*($%#-( ?+1-( "( *,-")'( *,#-"$6( H!+?-( "( ?"#5-#( @"?2-( +&)+.",-*(
$%#-( )+@-#*+,'( +&( #!',!$3( M"#*( H!+.!( "#-( &%,( *,#+.,?'( 0%?'0!%&+.( I*--( 7-",2#-( <NJ( "#-(
+5&%#-)(+&(.%$02,",+%&3(

4.( The 5ompositions 

7%2#( .%$0%*-#*( "#-( #-0#-*-&,-)( +&( ,!-( .%&,#%?( )","*-,O( P3( F3( M".!( I<NAQR<=QSJ6( !+*( *%&(
T+?!-?$( 7#+-)-$"&&( M".!( I<=<SRAUJ6( !+*( *,2)-&,( P%!"&&( V2)H+5( W#-;*( I<=<XRASJ6( "&)(
P%!"&&( B-,-#( W-??&-#( I<=SQR<==YJ6(H!%( H"*( "( 5#-",( ")$+#-#( %/( P3( F3( M".!( "&)( 0?"'-)( "&(
+$0%#,"&,(#%?-(+&(,!-(.%0'+&5("&)(,#"&*+,+%&(%/(M".!Z*(%#5"&(.%$0%*+,+%&*3([%,($"&'(%,!-#(
.%$0%*-#*( "$%&5( ,!-( *,2)-&,*( "&)( .%&,-$0%#"#+-*( %/( P3( F3( M".!( $+5!,( !"@-( .%$0%*-)(
/252-*(.%$0"#";?-( ,%(,!%*-(%/(P3(F3(M".!3(>%H-@-#6("&("**+5&$-&,(%/("()+*02,-)(/252-(,%(
%&-(%/( ,!-*-(/%2#(.%$0%*-#*()%-*(&%,(?-")("2,%$",+."??'(,%("&(",,#+;2,+%&3(G!-(0%**+;+?+,'(
,!",( "( .%$0%*-#( &%,( #-0#-*-&,-)( +&( ,!-( )","*-,( H#%,-( ,!-( 0+-.-( *!%2?)( ;-( 1-0,( %0-&3( \&(
5-&-#"?6( +,( +*( )-*+#";?-( ,%( !"@-( -],-#&"?( -@+)-&.-( ,!",( 0%+&,*( -].?2*+@-?'( ",( %&?'( "( /-H(
."&)+)",-*( ;-/%#-( 02#*2+&5( ,!-( *,'?+*,+.( "00#%".!( +&( ,!-( !%0-( %/( $"1+&5( "( )-/+&+,+@-(
",,#+;2,+%&3(
M-."2*-(%/(,!-(,+$-(.%&*2$+&5(0#%.-**(%/()","(-&,#'6(&%,("??(/252-*(;'(P3(F3(M".!("&)(P3(V3(
W#-;*(H-#-(-&.%)-)3(G%(?%H-#(,!-(0#%;";+?+,'(%/(+&.%#0%#",+&5($+*",,#+;2,+%&*(*%$-H!",6(
%&?'( ,!-( /252-*( %/( W-??&-#( ,!",( "00-"#-)( +&( 0#+&,( "#-( +&.%#0%#",-)3( \&( ,!-( ."*-( %/(T3( 73(
M".!6(,!-(+&.?2)-)(/+@-(/252-*("#-(,!-(%&?'(%&-*(*2+,";?-(/%#(%2#(02#0%*-3(\&("??6(XQ(H%#1*(%/(
2&)+*02,-)("2,!%#*!+0(H-#-(-&.%)-)3(F--(G";?-(<3(

9 :ata;analysis <ethods 
G%( +&.#-"*-( ,!-("$%2&,(%/( )","("@"+?";?-( /%#(.%&,#%?( 02#0%*-*6(-".!( .%$0%*+,+%&(H"*(.2,(
+&,%( %@-#?"00+&5( *-5$-&,*( %/(XS(;"#*6( *2.!( ,!",(F-5$-&,(<(.%&,"+&*(;"#*(<8XS6(F-5$-&,(Y(
.%&,"+&*(;"#*(Y8X<6(-,.3(I*--(7+52#-(<(/%#("(5-&-#"?+K-)(@+-HJ3(G%(0#%)2.-(#-?+";?-(@"?2-*6(,!-(
$+&+$2$( ?-&5,!( %/( "( *-5$-&,( !"*( ,%( ;-( "#%2&)( XS( ;"#*( IM".1-#( "&)( ^"&( W#"&-&;2#5(
YSSQJ3<(F+&.-(,!-#-(+*("(?"#5-()-5#--(%/(#-)2&)"&.'(/#%$(%&-(*-5$-&,(,%(,!-(&-],6(!%H-@-#6(
,!-( H+&)%H( $-"*2#-$-&,*( "#-( &%,( +&)-0-&)-&,3( G!+*( $2*,( ;-( "..%2&,-)( /%#( H!-&(

                                                        
!
 #e%&u(e )*+,-./ 0&( 1e(( 20&3 4* u(&51e 5&r(7 89r 20i( %9;<9(i2i93 (eg;e32( 98 >? 5&r( @ere 2&Ae3. 
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applying machine learning algorithms. Bars that are not strictly polyphonic are ignored in 
the process of splitting. 
 

!omposer !ompositions 

J.S. Bach BW8 535a;2, 535;2, 53>;2, 540;2, 541;2, 542;2, 543;2, 545;2, 54B;2. 

Krebs Fugue in C minor HI, 2J, K major HI, 5J, F minor HI, 6J, G major HI, >J, F 
major HII, 13J, F minor HII, 14J, F minor HII, 15J, B flat major HII, 19J. 

W.F. Bach Fk 33, 36, 3B, Add. 211;1, Add. 211;2. 

J.P. Kellner O0>T01, O0>T06, O0>T0B, O0>TUCV, O0>TUFV, O10T02. 

Disputed fugues BW8 534;2, 536;2, 53B;2, 555;2, 55B;2-560;2, 565;2. 

 
!a#$e '( The incorporated organ fugues. The J. S. Bach numbering follows Schmieder (;<<=)? that 
for KrebsA the edition of organ music by Ceinberger (;<DE)? for C. F. BachA the catalog of FalcG 
(;<EH)A with additions by Peter Collny (;<<J)? for KellnerA the catalog by Klaus (;<<<). Two fugues 
by Kellner not yet listed in KlausLs catalog start with the designation MN=D.M On order to giPe them 
separate identitiesA O haPe added the Gey in sQuare bracGets. (*S2 signifies the second moPement (i.e. 
the fugue) of a prelude-fuge pair). 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure '( Schematic Piew of oPerlapping segments used in the analysis. 
 
Some features may be better suited for classification than others. Choosing the Ywrong[ 
features may even lead to more confusion. Therefore, Pudil’s floating forward feature 
selection algorithm H1994J has been applied. This algorithm successively adds or removes 
one or more features in order to optimize a certain criterion. 
 
In order to get an indication of the reliability of a classification algorithm, the error rate is 
estimated as followsT one composition is removed from the dataset, a classifier is trained on 
all other compositions, and the data points of the removed composition are classified. After 
this has been done for all compositions, the error rates are averaged. In this way the 
dependency of the data points is accounted for. For convenience, I will call this error rate 
the leave-one-composition-out error rate HLOCO error rateJ. 
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B#$%&'# (# %)# *+,#)#',#- *+ ,.# $%,%/01 02 34 S4 B%$.6 ,.# ',7/#' %)# #8%/&%,#- *+ 9%*)'6 #%$. 
$0+'*',*+1 02 34 S4 B%$. %+- 0+# 02 ,.# 0,.#) $0:90'#)'4 ;0) #%$. 9%*) ,.# 09,*:%/ '&<'#, 02 
2#%,&)#' *' '#/#$,#- &'*+1 ,.# =&-*/ %/10)*,.:4 T.# $)*,#)*0+ ,.%, *' 09,*:*?#- *' ,.# LOCO 
#))0) )%,# 02 % +#%)#', +#*1.<0) $/%''*2*#)4 A +#%)#', +#*1.<0) $/%''*2*#) %''*1+' ,.# 
&+D+0(+ 0<E#$, ,0 ,.# /%<#/#- 0<E#$, ,.%, *' +#%)#', *+ ,.# 2#%,&)# '9%$#4 T.# %-8%+,%1# 02 
,.*' $/%''*2*#) *+ ,.# $&))#+, '*,&%,*0+ *' ,.%, +0 %''&:9,*0+ *' :%-# %<0&, ,.# -*',)*<&,*0+ 
02 ,.# -%,% 90*+,'4 O+/7 /0$%/ -#+'*,*#' %)# &'#-4 T0 $/%''*27 % $0:90'*,*0+6 %// *+-*8*-&%/ 
'#1:#+,' %)# $/%''*2*#- <7 ,.# +#%)#', +#*1.<0) $/%''*2*#)4 

6 #eneral Findings 
;0) #%$. 9%*)6 ,.# 09,*:%/ '#, 02 2#%,&)#' ,.%, *' '#/#$,#- <7 ,.# =&-*/ %/10)*,.: *' *+-*$%,#- 
*+ T%</# F6 %/0+1 (*,. ,.# 9#)$#+,%1# 02 B%$.G'#1:#+,' ,.%, .%' <##+ :*'$/%''*2*#- %+- ,.# 
9#)$#+,%1# 02 '#1:#+,' 2)0: ,.# 0,.#) $0:90'#) ,.%, .%' <##+ :*'$/%''*2*#-4 T0 1*8# %+ 
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Figure 2(a). Projection of the segments onto the planes spanned by the two most important features 
for 9. S. Bach <=> compared to 9. ?. @rebs <A>. 
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Figure 2, !o#t% '(o)e!t+o# o, t-e .e/0e#t. o#to t-e 123#e. .13##e4 56 t-e t7o 0o.t +01o(t3#t 
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! #$ass'('cat'+n +( t-e /'s0ute/ 2+r4s 
"#$! %&'(()*)%'+),-! .$(/&+(! *,.! +#$!0)(1/+$0! */2/$(! '.$! (#,3-! )-!"'4&$! 56! "#$! %,71'.)(,-(!
3)&&!-,3!4$!0)(%/(($0!)-0)8)0/'&&9:! ()-%$!+#$!($+(!,*!1'.'7$+$.(!3#)%#!1.,8$0!+,!4$!7,(+!
()2-)*)%'-+!8'.)$0!*.,7!3,.;!+,!3,.;6!
!

 
Table 3. Classification results for the disputed fugues. For each fugue the number of segments that 
are classified as J.S. Bach is shown as fraction of the total number of segments in the piece. 

!56 789 :;<=> 
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1'.+! ,*! )+! +#'+! )(!7)('++.)4/+$0! @55ZG! )(! &'.2$.! +#'-! *,.!'&&! )-8,&8$0!/-0)(1/+$0! */2/$(!49!
K.$4(6!"#)(!*/2/$!7)2#+!#'8$!4$$-!%,71,($0!49!'-,+#$.!%,71,($.6!

789 ?+5 

+( 2+r4 

@5 A5 7ac- 

c+B0are/ t+ 

?+5 +( segBents 

c$ass'('e/ as @5 A5 

7ac- 

789 ?+5 +( 

2+r4 

@5 A5 7ac- 

c+B0are/ t+ 

?+5 +( segBents 

c$ass'('e/ as @5 A5 

7ac- 

K.$4(! 5Q!R!AWI! K.$4(! E!R!FQ!

K$&&-$.! EQ!R!AWI! K$&&-$.! CA!R!FQ!

E5QRI!

O6M6!='%#! BQ!R!AWI!

EEERI:!

EELRI:!

EEFRI:!

EEBRI:!!

ECWRI!! O6M6!='%#! FQ!R!FQ!

K.$4(! BQ!R!A5E! K.$4(! IQ!R!EW!

K$&&-$.! A5Q!R!A5E! K$&&-$.! QC!R!EW!

E5CRI!

O6M6!='%#! A5E!R!A5E!

ECERI!

O6M6!='%#! EW!R!EW!

K.$4(! LQ!R!BE!

K$&&-$.! BE!R!BE!

E5LRI!

O6M6!='%#! LE!R!BE!



VAN KRANENBURG: ON MEASURING MUSICAL STYLE 11 

 
7.2 BWV 5)6+2 

!he fugue in A ma-or0 123 556780 has been re-ected as a composition of ?. S. 1ach by 
CaDid Eumphreys FGH8HJ. Kn the earliest source0 ?. M. Nellner is the Oriter of the prelude0 
but the fugue is in a later0 anonymous hand. Eumphreys suggested ?. M. Nellner or one of 
his pupils as the composer. !he result of the ?. S. 1ach Ds. ?. M. Nellner classifier does not 
support the authorship of Nellner. Almost all segments are assigned to the class of ?. S. 
1ach. !he tra-ectory of this fugue in the plane that is spanned by the most important 
features Fregularity in rhythm and stepOise resolDed dissonancesJ is shoOn in Figure 5. 
After the eQposition0 the rhythm becomes more regular than in most other pieces by ?. S. 
1ach Fa Dalue of Rero for Feature 8S means that there is no Dariation at all in the combined 
rhythm of all DoicesJ. !herefore Oe can conclude that Nellner is in all probability not the 
composer of this piece0 but it is also not a typical ?. S. 1ach fugue. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 0.05 0.1 0.15 0.2 0.25 0.3

0

0.1

0.2

0.3

0.4

0.5

0.6

StepSuspension

St
ab

Ti
m

es
lic

e

BWV 536/2

J.P. Kellner 

J.S. Bach 

S 

 

Figure (. "ro%ection of the tra%ector. of /01 23452 onto the plane spanned b. the two most 
important features for the pair of composers. The first seAment of the fuAue is marBed b. CSE. 
 

7.) BWV 5)7+2 

A Dery interesting hypothesis about the fugue in T minor F123 55778J Oas posed by ?ohn 
VWConnell FGH8HJ. Kn the earliest source the first HS bars are Oritten doOn by ?ohann !obias 
Nrebs FG6HSXG768J and the remaining YS bars by his son0 ?ohann ZudOig. !his is one of the 
reasons for VWConnell to suppose that the piece Oas left unfinished by ?. S. 1ach and Oas 
completed by ?. Z. Nrebs on re[uest of his father0 Oho Oas copying the score. !he classifier 
assigns the last G5 segments to ?. Z. Nrebs. !hese correspond almost eQactly Oith the last YS 
bars. !he tra-ectory of the piece in the plane spanned by the tOo most important features 
Fseconds and parallel thirdsJ is interesting. !he tra-ectory starts in the cluster of ?. S. 1ach. 
From bar 6S0 a second0 chromatic theme dominates the fugue. As soon as the segments 
contain bar 6S or higher0 the tra-ectory goes into the cluster of Nrebs0 but Oith a relatiDely 
large number of seconds. !he folloOing part0 in Ohich the chromatic theme dominates all 
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segments entirel+, goes outside 0oth clusters. 4inall+, the tra6ector+ ends in the heart of the 
cluster of 8re0s. 9 chromatic theme is rare in J. S. Bach=s organ fugues. >his might e?plain 
wh+ the tra6ector+ goes outside the J. S. Bach cluster earl+. Bach pro0a0l+ changed his 
strategies 0+ writing more thirds, 0ut 8re0s was a0le to use his BnormalC amount of 
seconds and parallel thirds while composing the last 4E 0ars. So the+ treated the chromatic 
theme in a different wa+. Fn an+ case, the current results support the claim that this fugue 
was composed 0+ two composers. >he authorship of J. G. 8re0s for the last 4E 0ars is likel+. 
See 4igure 4. 
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Figure 4. "ro%ection of the tra%ector. of B01 23456 onto the plane spanned b. the two most 
important features for the pair of composers. @he first segment of the fugue is marBed b. CSE. 
 

!.# %&' ((()*+ ((!)*+ ((,)*+ ((-)* a/0 (12)* 

>hese fiIe fugues are part of the Fcht Bleine "rGludien und Fugen. >he other three fugues of 
this collection are too short to measure relia0le features Ialues Jless than 3E 0arsL. Because 
of the coherence of the group, the+ are treated as a single composition. >he authorship of 
these eight little preludes and fugues has 0een discussed a lot. >he relatiIel+ low Mualit+ 
has 0een an important reason for this. SeIeral composers are suggested, among them J. G. 
8re0s J8eller 1O37Q 67fL. But, there is also a re6ection of the authorship of 8re0s J>ittel 1O66L. 
>he classification results in ta0le 3 support the re6ection of the authorship of J. S. Bach. 9lso 
W. 4. Bach can 0e e?cluded. Ft can 0e concluded that from the currentl+ inIolIed 
composers, these fugues share most the characteristics of the st+le of J. G. 8re0s. But, again, 
it might 0e Ier+ well possi0le that the+ are composed 0+ another composer, whose st+le is 
not represented in the dataset. 
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7.5 B&' 565)2 

!he case o) the )ugue in D minor 23V 56572 is interesting because it is part o) the most 
)amous organ wor< in e=istence> the !occata in D minor. @lthough this piece is <nown to 
almost everyone in western society as th# organ piece by D. E. 2ach Fespecially the 
beginningG> its authorship is disputed> mainly because the style o) the wor< di))ers so much 
)rom all other organ wor<s by D. E. 2ach. Eeveral theories have been posed> but it is still an 
unresolved Iuestion. 2ecause the earliest source was written down by D. P. KellnerLs 
student Dohannes Ming<> Kellner might be considered a candidate. Nn an e=tensive study> 
Mol) Dietrich Olaus F199RG concludes that 2ach cannot be the composer. Seither does Olaus 
ma<e an attribution to Kellner. !his is in accordance with the current results as shown in 
!able 3. !he classi)ication o) hal) the piece as D. U. Krebs supports Iuestioning the 
authorship o) D. E. 2ach> and in comparison with the style o) Kellner> 23V 565 more 
resembles the style o) D. E. 2ach. !he traVectory is shown in Figure 5. @part )rom the )irst 
segment> the style is rather consistent under this proVection. @lthough the proportion o) 
dissonances that is stepwise resolved is in accordance with some pieces by Kellner> the 
regularity o) the combined rhythm o) all voices is clearly not. 
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!"#$%& () %ro(#ction o, th# tr-(#ctory o, /01 23456 onto th# pl-n# sp-nn#: ;y th# t<o =ost 
i=port-nt ,#-t>r#s ,or th# p-ir o, co=pos#rs? @h# ,irst s#A=#nt o, th# ,>A># is =-rB#: ;y CDE? 
 

8 Concluding Remarks and Future &ork 
Nt is shown that the proposed Iuantitative approach to the recognition o) personal styles o) 
composers results in valuable additions to e=isting authorship disputes Fin this case about 
some o) the disputed organ )ugues in 2achLs catalogG. @lthough the current results do not 
o))er enough evidence to draw )inal conclusions )or these compositions> it is clear that this 
method is help)ul in )inding and testing hypotheses about di))erences in personal styles. 
2ecause the available data FscoresG are e=tensively used> these hypotheses are )irmly 
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connected to the scores. This is unlike many “traditional” studies, in which proof by 
example is the best achievable. 
 
In order to interpret results from methods like these, statistical studies should be 
accompanied with musicological theories about musical style. ? possible theory has been 
offered by Meyer (1996). This should be extended with a theory that predicts which 
patterns (features) will be important for a specific problem. For compositions that are not 
strictly polyphonic, a set of relevant features still needs to be identified. 

 "#$%&'()*+,)%-. 

Frans Wiering and JIrg Garbers (Kniversity of Ktrecht, Netherlands) made many valuable 
comments on the draft. For the software that was written to measure the feature values, the 
CNN library !"#$%&' by Donncha OQMaidin (Kniversity of Limerick, Sire) was used. His 
willingness and support are very much appreciated. For the feature selection and 
classification algorithms, the implementation of PRTools was used (())*+,,'''-*.)//01-/.2). 
The encoded datasets are listed and software posted at ())*+,,'''-341%56071)80&7
.&5/29%)%/9-9&). 
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!. $ifferences between the printed and re3ised 3ersions 

!.5 The Title. 

2he 8rinted title ?"ssessing Bis8uted "ttriDutions for ,rgan Fugues in the J.S. Bach LBM!N 

CatalogueOP suggests that the focus of the article is on resolQing the authorshi8 8roDleRs. 
SoTeQerP the focus of the 8a8er is on 8resenting the Rethod and shoTing that it is a hel8ful 

tool for assessing coR8oser attriDution. 2o claiR QaluaDle contriDutions to the descriDed 
authorshi8 discussionsP Rore 8rofound Rusicological research should De done than is 

8resented in this article. 2herefore the corrected Qersion Dears the original title. 

!.2 9ection 5 

T"# %#&#%#'(# )* )"# L*,# -.//.0 12 %#1'2#%)#3 1' )"# (*%%#()#3 ,#%21*'4 

!.: 9ection 2 

T"#%# 5%# #16") 5331)1*'57 &868#29 '*) 21:4 
 
T5;7# <4= 1' )"# >%1')#3 ,#%21*' (*')51'2 )"# #%%*%2 5'3 2"*%)(*?1'62 712)#3 ;#7*@4 T"#%# 12 
'* (*8')#%>5%) *& )"12 )5;7# 1' )"# (*%%#()#3 ,#%21*'4 
 
ABC DEF 
- G8?>"%#H2 2866#2)#3 )* 5))%1;8)# )"# >1#(# )* I4 C"%4 K1))#79 '*) )* K#77#% *% I4 L4 K%#;24 
- I) 12 '*) (7#5% @"1(" K#77'#% 12 ?#5')9 I4 C"%4 K#77'#% *% I4 P4 K#77'#%4 
- A%#16 -=NNE0 %#O#()2 )"# 5))%1;8)1*' *& )"# @*%P )* A5(" -"# (5772 1) 5' QI%%7R8&#%S04 
 
ABC DE6 
- U651' 1) 12 '*) (7#5% @"#)"#% I4 C"%4 K#77#% *% I4 P4 K#77'#% 12 ?#5')4 
 
ABC DDEVD6/ 
- T"#2# 6%*8> *& (*?>*21)1*'2 2"*873 ;# )5P#' 52 *'# 6%*8>9 '5?#7H )"# QU(") P7#1'# 

P%R7831#' 8'3 W86#' &X% O%6#7S4 
- I) 12 '*) (7#5% @"#)"#% K#77#%Z2 5))%1;8)1*' 12 )* I4 L4 K%#;2 *% )* I4 T4 K%#;24 
- T"# %#&#%#'(# )* [8%% ->%*;5;7H [X%% 12 ?#5')0 @52 533#39 ;8) 12 '*) 1' )"# 

;1;71*6%5>"H4 T"#%#&*%# 1) 12 31&&1(87) )* ("#(P )"12 (751?4 
 
ABC D6D 
- G8?>"%#H2 =N\. 12 '*) 1' )"# ;1;71*6%5>"H4 
- C7582 3*#2 '*) 28>>*%) )"# 58)"*%2"1> *& I4S4 A5(" -)"12 12 (*%%#()7H 2)5)#3 1' 2#()1*' 

D4D04 

!.; 9ection ; 

<eature names 
T"# &#5)8%#2 '5?#2 5%# '*) (*'212)#')4 N*) *'7H &#5)8%#2 <9 \9 5'3 N 2"*873 "5,# Q;#)@##' 
>5%)2S 533#39 ;8) 572* &#5)8%#2 =_64 
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Fe#$ure (u)*eri(g #(- gr.u/0 
!he feature *+oice /ensit23 was place/ in the group *8issonance treatment3, which is not 
appropriate. !o correct the grouping in the correcte/ <ersion, the features ha<e been 
reor/ere/ an/ renumbere/. !o a<oi/ confusion, in the correcte/ <ersion, the feature 
numbers in !able 2 ha<e been replace/ b2 the names. 
 
1$ri2$34 /.34/5.(i2 
!he meaning of *strictl2 pol2phonic3 is not clear in the printe/ <ersion. ? /efinition is 
a//e/ in the correcte/ <ersion. 
 
@n the eAplanation of feature 20 *full2 pol2phonic3 shoul/ also be *strictl2 pol2phonic3, 
with the same /efinition as gi<en in the /escription of +oice 8ensit2. !he /efinition that is 
gi<en in the printe/ <ersion is not appropriate because the in<ol<e/ fugues /o not contain 
arpeggios. 
 
6($r./4 7e#$ure0 
Ceatures 1EF1G are base/ on concepts b2 Hobert Iason J1G85M an/ the entrop2 formula of 
Nhannon J1GO8M. !he reference to Iason is reinserte/. 
 
!he remark that *the probabilities of occurrence are estimate/ using the weighte/ 
freQuencies3 en/e/ up in the /escription of feature 1G, but it is nee/e/ to un/erstan/ 
features 1E an/ 18 as well. @n the correcte/ <ersion the eAplanation of features 1EF1G has 
been reorganiRe/. 

8.: 1e2$i.( ; 

@n !able E.O in the printe/ <ersion, BT+ 555, 55E an/ 5U0 shoul/ be taken together. 

8.< 1e2$i.( = 

!he table with classification conclusions shoul/ be remo<e/ because it misrepresents the 
tentati<e nature of the attribution ma/e in this article Jsee the remark on the titleM. 




