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ABSTRACT 

Background 

In the Formenlehre tradition, contemporary accounts of the 

classical cadence typically identify the most common cadence 

categories according to essential characteristics relating to har-

mony and melody (e.g., Caplin 1998, 2004). In the perfect au-

thentic cadence, for example, the dominant and tonic harmo-

nies of the cadential progression must be in root position, and 

the tonic must support 1 in the soprano voice. I present an al-

ternative view, one that exemplifies the probabilistic approach 

to category formation adopted by cognitive psychologists over 

the last half century (Posner 1986; Rosch 1973, 1978; Rosch 

and Mervis 1975), in which a category is understood as a net-

work of overlapping attributes, and members are prototypical 

to the extent that they bear a family resemblance to—have at-

tributes in common with—other members of the category.  

Aims and repertoire studied 

To support this claim, this paper presents a corpus study of 

the classical cadence that re-examines the cadence typology 

presented in William E. Caplin’s treatise, Classical Form 

(1998)—represented here by a collection of 245 exemplars se-

lected from 50 sonata-form expositions in Haydn’s string quar-

tets (Opp. 17–76) of the five cadence categories that achieve 

cadential arrival (perfect authentic, imperfect authentic, half, 

deceptive, and evaded)—using a family of techniques for sim-

ilarity estimation and clustering pioneered by psychologist 

Amos Tversky. 

Methods 

Classifiers typically depend on some notion of similarity, 
so I adapt Müllensiefen and Pendzich’s (2009) recent imple-
mentation of Tversky’s ratio model (1977), which determines 
the similarity 𝛿 between two cadences a and b according to the 
sets of contiguous and non-contiguous sub-sequences (or n-
grams) A and B they share that terminate at the end of the se-
quence.  

𝛿(𝑎, 𝑏) =
𝑓(𝐴 ∩ 𝐵)

𝑓(𝐴 ∩ 𝐵) + 𝑓(𝐵\𝐴)
 

The function 𝑓(𝐴 ∩ 𝐵) measures the salience of the n-grams 
shared by 𝑎 and 𝑏, and  𝑓(𝐵\𝐴) measures the salience of the n-
grams that are distinct to 𝑏, where salience refers to the preva-
lence—measured by a statistic called inverted document fre-
quency—of each n-gram in the Haydn Corpus. 

To classify the cadences, I then apply an additive clustering 
algorithm called the neighbor-joining (NJ) method (Saitou and 
Nei 1987), which visualizes the obtained similarity estimates 
using phylogenetic trees. In short, the NJ method groups the 

pair of cadences (or clusters) with the highest similarity esti-
mate and then calculates the similarity between the resulting 
cluster and every other cadence (or cluster) in the similarity 
matrix. The algorithm then repeats this procedure until it ob-
tains a single cluster that includes all of the cadences. The re-
sulting tree is thus a metric representation of the similarity ma-
trix, in which the dissimilarity between cadences is represented 
by the length of the path that joins them. 

Figure 1 presents the tree calculated with the NJ method for 
the cadences from the corpus. Each cadence was partitioned 
into the five categories from Caplin’s typology. The PAC and 
IAC categories appear at the top of the tree in blue and green, 
the HC category appears at the bottom of the tree in red, and 
the DC and EV categories appear on the right side of the tree in 
magenta and yellow. 
 

 

Fig. 1.  Equal-angle dendrogram calculated with the NJ method 

for the cadences from the corpus.  

 Finally, to identify the most prototypical members in each 
branch of the tree, I borrow and extend a technique from 
Tversky and J.Wesley Hutchinson called nearest neighbor 
analysis (1984), which determines how frequently each ca-
dence receives the highest similarity estimate—and thus, serves 
as the nearest neighbor—for each of the remaining cadences in 
that branch. This method exploits the fact that some cadences 
within each class will be more prototypical than others, which 
is to say that some cadences will share more features specific 
to the class than others. 

Results and implications 

Table 1 provides the confusion matrix comparing the model 
predictions with the annotations. Reading along the diagonal, 
the cluster analysis correctly classified 233 of the 245 cadences 
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in the collection. What is more, for certain categories the NJ 
method discovered pertinent sub-types that have only recently 
been described in the Formenlehre tradition (Martin and 
Pedneault-Deslauriers 2015). The three subordinate branches 
of the half cadence sub-tree shown in Figure 1, for example, 
correspond quite closely with the expanding, converging, and 
reinterpreted sub-types.  
 

  Annotation 

  PAC IAC HC DC EV 

P
re

d
ic

ti
o

n
 PAC 120 3 0 0 3 

IAC 2 6 0 0 1 

HC 0 0 84 0 0 

DC 0 0 0 17 1 

EV 0 0 0 2 6 

Tab. 1. Confusion matrix comparing the model predictions with 

the annotations. 

Example 1 presents the most prototypical cadence from the 

lower-right branch of the half cadence sub-tree that exemplifies 

the Expanding Do-Fi-Sol, in which the (b)6-5 bass clausula 

supports an upper register 1 in the soprano that leaps down to 

#4 before resolving to 5. 

 

 

Ex. 1. Expanding Exemplar from the lower-right branch of the 

half cadence sub-tree (shown in red in Fig. 1). String Quartet in F, 

Op 17/2, i, mm. 19–20. 

Thus, this study provides evidence in support of the view 

that category systems for the classical cadence are psychologi-

cally relevant if they mirror the structure of attributes encoun-

tered in a given repertory that listeners are likely to learn and 

remember, where category membership is determined not by 

essential features, but by family resemblance. 
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