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ABSTRACT

The normalized pairwise variability index (nPVI) is a
mathematical measure originally used to characterize
the rhythm of languages. Patel and Daniele (2003) in-
troduced the nPVI to music research, and it has since
been fruitfully used in a number of papers. This pa-
per presents a methodological criticism of the nPVI as
applied to music. It is argued that that simpler math-
ematical characterizations, which are more musically
intuitive, can capture the same useful information as
nPVI. SpeciÞcally, counting the proportion of adjacent
IOIs that are identical accounts for as much as 98% of
variation in nPVI scores in symbolic musical corpora.

I. INTRODUCTION

The normalized pairwise variability index (nPVI )
is a mathematical measure of durational contrast
between adjacent rhythmic events, originally used
to characterize the rhythm of languages (Grabe
and Low, 2002). Patel and Daniele (2003) intro-
duced the nPVI to music research, Þnding that
a di! erence in the average nPVI between spoken
English and French was parallelled in instrumen-
tal themes by English and French composers (Pa-
tel et al., 2006)Ña result which was quickly repli-
cated by Huron and Ollen (2003) using a much
larger dataset. Huron and Ollen (2003) found
that themes by composers from a variety of ad-
ditional European nationalities also evinced di! er-
ences in average nPVI. McGowan and Levitt dis-
covered similar correlations between musical and
linguistic nPVI across three English dialects (Mc-
Gowan and Levitt, 2011).

Though introduced as a tool for studying lan-
guage/music parallelism, nPVI has since seen been
used to study musical rhythm in general. For in-
stance, Patel and Daniele (2013; 2015) discovered
historical trends in the nPVI scores of Western mu-
sic, both across and within composers. Several
scholars have directly investigated the usefulness
of nPVI as applied to music: Toussaint (2012) em-
pirically tested the correlation between nPVI and a
number of alternative mathematical characteriza-
tions of musical rhythm (Toussaint, 2012). London
and Jones (2011) explored several reÞnements to
the nPVI measure, including incorporating group-
ing boundaries and studying higher level rhythms.

The nPVI is an abstract, dimensionless quan-
tity, falling in the range (0 , 200]. The advantage
of this dimensionless qualityÑwhich attracted Pa-
tel and Daniele (2003, p. B37)Ñis the a! ordance
of comparison across di! erent rhythmic domains
(i.e., music and language). However, this abstract-
ness is also a liability, as it makes it di" cult to in-
terpret or imagine the actual musical relevance of
variation in nPVI. What exactly these nPVI values
reßect?; what musical di! erence is captured by, for
instance, the nPVIs of 46.9 and 40.9 observed in
English and French themes by Patel and Daniele
(2003, p. B41)? Is this a large di! erence, or a small
one? All that can be said for certain is that higher
nPVI values reßect greater durational contrast be-
tween adjacent events.

Due to its abstract nature the nPVI formula can
be applied to any form of ordered durational data,
including musical or linguistic rhythms. How-
ever, there are fundamental di! erences between
the rhythmic organization of language and music,
di! erences with serious implications for the inter-
pretation of musical nPVIs. SpeciÞcally, musical
durations within a given piece are drawn from a
small set of durations which form simple whole-
number ratios with each other, such as the 2:1 ra-
tio between ÿÒ( and ÿÒ). This is especially the case
when nPVIs are calculated from ÒquantizedÓ du-
rational data (for instance, traditional music nota-
tion), as has been the case in all the studies men-
tioned above.

This paper will present a simple critique of the
application of nPVI to music. The argument is not
that the nPVI fails to capture useful information.
Rather, the thesis is simply that the organization
of musical rhythm into simple whole-number ra-
tios a! ords simpler mathematical characterizations
which capture the same useful information as the
nPVI, but which are more musically intuitive.

II. DATASET

This paper draws upon four musical corpora as
datasets to explore and illustrate the nature of
nPVI: (1) The European and (2) Chinese com-
ponents of the Essen database of folk music; (3)
The Þrst violin part from a convenient sample of
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58 Haydn string quartets1; (4) The authorÕs corpus
of popular rap transcriptions, the Musical Corpus
of Flow (MCFlow). 2 Figure 1 shows the distribu-
tion of nPVI scores across various subsections of
the four corpora. The variation in nPVI evident
in Figure 1 is broadly consistent with the results
reported in other research. For instance, the scope
of variation in nPVI between European regions is
comparable to the scope of regional variation ob-
served by Huron and Ollen (2003). However, be-
tween the nine regional categories shared between
the Essen dataset and Huron and OllenÕs dataset,
the nPVI values are show no signiÞcant correla-
tion. In fact, the previously observed di! erence
between French and English instrumental themes
is dramatically reversed in the Essen dataset, with
nPVIs of 52.9 and 45.5 respectively.

III. DISCUSSION

A. Calculating nPVI

To calculate an nPVI the following equation is ap-
plied to each adjacent pair in an ordered series of
inter-onset-intervals (IOIs). Each pairwise calcula-
tion results in a value in the range [0, 200), which
I will refer to individually as normalized Pairwise
Values (nPVs); The nPVI is simply the mean of
these nPVs.

nP V = 200 !

!
!
!
!

antecedent IOI - consequent IOI
antecedent IOI + consequent IOI

!
!
!
! (1)

B. Interpreting nPVs

There is a simple one-to-one relationship between
nPVs and pairwise IOI ratios, as illustrated in Fig-
ure 2.3 Such IOI-ratios are generally more intuitive
than abstract nPVI values, especially to musicians.
For example, the relationship betweenÿÒand ÿÒ( is
more easily understood as the ratio 2:1 than as the
nPV 66.67.

The absolute value signs in Equation 1 make the
order of the IOIs irrelevant, which in ratio terms
results in reciprocal equivalence: i.e. 1:2 = 2:1; In
more musical terms,ÿÒ(! ÿÒis considered the same as
ÿÒ! ÿÒ(. The rational nature of nPVs also means that
the absolute size of IOIs is irrelevant; for example,
ÿÒ! ÿÒ( and ÿÒ(! ÿÒ) are equivalentÑthis is the Ònor-
malizationÓ in nPVI. The principle reason for this
normalization is to remove the inßuence of absolute
speed, and changes of speed, in speech. However,

musical notation does not contain any absolute du-
rational information, so the e! ect of this normal-

1The Essen and Haydn datasets were accessed
in kern format through the Kern Scores website
(kern.humdrum.org).

2MCFlow is freely available at rapscience.net.
3The relationship between IOI ratios and the nPV is cap-

tured by the function f (x) = 200 !
!
!
! x ! 1

x +1

!
!
!.
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Europe
21 Regions

6044 Songs

China
4 Regions

1520 Songs

Haydn
61 Pieces

210 Movements

Rap
85 Emcees

389 Verses

Equivalent Average Ratio (unordered)

Figure 1: Distribution of nPVI scores across four cor-
pora. For each corpora, the corpusÕ global nPVI is
marked with a large cross-hair, subregions are indi-
cated by small xs, and individual songs/movements are
marked with small dots. nPVI values are randomly
ÒjitteredÓ across the y-axis so that individual points
are visible.

ization in the analysis of music notation is very
di! erent than in the analysis of speech.

C. Distribution of nPVs

Figure 3 shows a histogram of nPVs within each
corpus. Notice that, though nPVs are in princi-
ple continuous, when applied to symbolic music
notation the practical result is a completely cat-
egorical distribution, with nearly all pairwise rela-
tionships forming the ratios 1:1, 2:1, 3:1, or 4:1Ñ
corresponding to nPVs of 0, 66.67, 100, or 120 re-
spectively. If durations were extracted from hu-
man music performances these precise categories
would blur. Still, given the nature of musical
rhythm, we would still expect the pairwise ratios
found in live musical performance to be heavily
spiked near these ideal whole-number ratios. Fig-
ure 4 show similar histograms for Þve individual
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Figure 2: Relationship between IOI ratios and nPVI.
The ratios should be interpreted as unordered, meaning
that 1:2 receives the same nPV as itÕs reciprocal 2:1.

songs drawn from the European corpus. The Þve
songs were chosen to represent a range of nPVI
scores within the European corpus. SpeciÞcally,
the songsÕ nPVIs represent the 10%, 30%, 50%,
70%, and 90% quantiles of the European corpus. In
other words, the Þrst songÕs nPVI is greater than
only 10% of the European songsÕ, while the last
songÕs nPVI is greater than 90% of the European
songsÕ.

D. Characterizing nPVs

An nPVI is simply an average of nPVs; the nPVI
of each nPV-distribution is marked with a cross
symbol in Figures 3 and 4. However, a simple
mean is not necessarily the most useful descriptor
of such categorical distributions. How might we
better characterize such distributions? Jian (2004)
proposed using the median nPV rather than the
mean. However, the median of all the distribu-
tions shown in Figures 3 and 4 are all 0, except the
last (> 90%) song, with a median value of 66.67.
Similarly, the modes of all nine distributions are
0. Thus, neither the mode nor median seem to
be as sensitive as the mean in detecting rhythmic
di! erences.

One striking feature of Figures 3 and 4 is the
concentration of 1:1 pairs. This reßects the highly
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Figure 3: Histograms of nPV in each of four corpora.
Large cross marks the average of the values, which is
the nPVI.

regular, periodic nature of musical rhythm. In fact,
it appears that much of the information in these
distributions is simply captured by the proportion
of 1:1 ratios (nP V = 0). To test this informal ob-
servation, a simple linear regression model was cre-
ated to predict nPVI scores for each song in each of
the four corpora using the Òproportion of 1:1 pairsÓ
as a predictor. The resulting adjustedR2 for the
four corpora are Europe = .89, China = .84, Haydn
= .88, and Rap = .98. Thus, 84Ð98% of variance
in nPVI is accounted for simply by the proportion
of repeated IOIs. This suggests that the answer to
the question Òwhat aspect of musical rhythm does
nPVI capture?Ó is largely Òhow often IOIs repeat.Ó
If the proportion of 2:1 ratios (nP V = 66.667) are
added to this model, the adjusted R2 values are
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Figure 4: Histograms of nPVs in Þve songs drawn from
the European corpus. The Þve songs were selected
based on the position of their nPVI score within the
distribution of nPVI scores in the European corpus.
This the top histogram describes a song with a rela-
tively now nPVI score which is greater than only 10%
of the European songs. The middle graph plots a song
whose nPVI score is greater than 50% of nPVI scores
in the European corpus (the median). A cross marks
the average of the values (the nPVI).

raised to Europe = .98, China = .96, Haydn = .98,
and Rap = .98.

It is often convenient to reduce complex infor-
mation like the distributions shown in Figures 3
and 4 to a single number, as nPVI does. How-
ever, it may ultimately be more fruitful to retain
more information. For instance, by comparing the
nPV distributions directly, we can more thoroughly
explore the di! erences in pairwise durational rela-
tionships between French and English. The pro-
portion of 1:1 pairs in French and English songs
are 41.5% and 38.3% respectivelyÑa fairly minor
di! erence. However, the biggest di! erence between
French and English IOI pairs, is that French songs
in the corpus contain approximately 63% more 3:1
ratios than English songs. Interestingly, this ratio
forms rhythms such asÿÒäÿÒ(, which are associated
with the opening section ofFrench overtures. Only
by studying the complete distribution of pairwise
ratios, can more precise observations such as this
be made.

As a compromise between a single index value
and the complete nPV distribution, we can report a
2Ð4 dimensional Òpairwise durational proÞle.Ó For
instance we could present the proportion of 1:1,
2:1, 3:1, and 4:1 ratios in the data, which seems
to account for the vast majority of pairs. Even a
two-dimensional proÞle may be signiÞcantly more
informative than a one-dimensional index. Figure
5 shows two two-dimensional plots of the twenty
one European regions from the Essen corpus, show-
ing the relative proportion of 1:1, 2:1, and 3:1 IOI
pairs.

IV. CONCLUSION

The principle conclusion of this paper is that the
abstract, dimensionless nPVI can e! ectively be
replaced with the more intuitive Òproportion of
1:1 pairsÓ in most research. Beyond this, more
complex multidimensional consideration of pair-
wise IOI ratios may ultimately be more fruitful
than any one-dimensional measure. Ultimately,
an important goal for future research will be de-
termining which mathematical characterizations of
durational contrast best represent the aesthetic in-
tuitions of music listeners. In the process, other
assumptions of the nPVI need to be tested. For
instance, the unordered nature of nPV values (2:1
= 1:2), and whether or not ÒnormalizationÓ of
musical durations is really appropriate. In addi-
tion, non-pairwise analysesÑperhaps n-grams of
3Ð4 IOIsÑcould be considered as well.
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Figure 5: Top Þgure: the 21 European regions in the
Essen corpus plotted by their proportion of 1:1 and 2:1
IOI pairs. Bottom Þgure: the 21 European regions in
the Essen corpus plotted by their proportion of 3:1 and
2:1 IOI pairs. In both Þgures, regionsÕ nPVI values are
printed next to their names.
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