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ABSTRACT

The study of textsetting describes how words and tunes are
aligned in songs. In languages with word stress such as Eng-
lish, it has been shown that the metrical prominence of melod-
ies is aligned in a non-random way with the lyrics’ word stress
(Dell & Halle 2009). The present study addresses the textsetting
rules of Dutch using a large dataset of folk songs and a novel
methodology. The main findings are the following: (1) the com-
bination of linguistic stress and metrical prominence moving in
opposite directions is avoided; (2) textsetting rules do not apply
across phrases, but they do across words; (3) the avoidance of
stress and prominence combinations depends on factors such as
phrase-finality and the presence of melisma. In contrast with pre-
vious textsetting studies, our approach does not use pre-defined
mismatches, but induces the avoided stress / prominence com-
binations in a data-driven way. This allows for a more systematic
understanding of how words and tunes are to be aligned in a given
tradition.

1. INTRODUCTION

Songs can be perceived globally as homogeneous objects,
but we can also consider them composite objects with two
main components: a text and a tune. The analysis of textset-
ting describes how these two components are combined.
Textsetting rules state whether particular combinations of
linguistic and musical features are preferred or avoided in
a given musical tradition.
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Figure 1: Songs can be analysed as composite objects
combining a text and a tune. This tune (with slight vari-
ations) is used several times in the same song, while differ-
ent words are set to it.

The autonomous status of the tune can be observed, for
instance, in cases where the same melody is used several
times with varying lyrics. Figure 1 shows such an ex-
ample taken from the MTC-FS corpus (van Kranenburg
et al. 2014). Tunes can therefore be considered abstract
templates to which words are set.

Avoiding stressed syllables in weak musical positions,
for instance, is a common tendency in languages such as
English or French (Dell & Halle 2009). In tone languages,

where pitch contours are used to distinguish lexical or gram-
matical meaning (e.g. Chinese), textsetting rules can spe-
cify how to match linguistic and musical pitch contours
(Schellenberg 2013).

Dutch is a non-tonal language, but it does have word
stress; e.g. the first syllable in a word like boter ‘butter’
is more prominent than the second syllable. Similarly, in
metered music some positions are more prominent than
others. We will use stress to talk about linguistic prom-
inence, and prominence to talk about musical prominence.

The goal of this paper is twofold. From a methodolo-
gical point of view, it presents a systematic way of address-
ing the textsetting problem computationally (virtually all
existing studies on the topic rely on manual analyses; cf.
Temperley & Temperley 2013). Secondly, it provides a
first description of textsetting in Dutch folk songs.

2. METHOD

2.1 Material

In order to study the textsetting rules of Dutch folk songs
we analysed 3724 songs from the MTC-FS corpus (van
Kranenburg et al. 2014). Most of the songs were collected
through fieldwork between the 1950s and the 1990s as part
of the radio programme Onder de groene linde led by Ate
Doornbosch. The corpus also contains similar songs taken
from 19th and 20th century songbooks. 1

The original corpus contains 3861 songs. However, the
features we focus on (stress and prominence) were not al-
ways obtainable. Songs encoded as having free rhythm
(n = 125) were excluded because they lack the feature of
prominence. Linguistic stress for the lyrics was obtained
through a nearest-neighbour lookup in the e-Lex 2 lexical
database (as specified in van Kranenburg & Karsdorp 2014).
Thus, the database lookup is robust against minor vari-
ations in spelling. Cases in which the nearest neighbour
in the e-Lex database has a different number of syllables
than the word in the lyrics were discarded. Any phrase
containing one such word has also been excluded from the
analysis (n = 2451 phrases).

Every song in the dataset is divided into stanzas; stanzas
are divided into phrases; phrases contain notes, which can
then be associated to syllables. For the purposes of this pa-

1 The melody, text and metadata for each song is openly available in
several formats at www.liederenbank.nl/mtc.

2 http://tst-centrale.org/en/producten/lexica/
e-lex/7-25
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per, stanzas are roughly equivalent to strophes, and phrases
are also referred to as lines. The filtered dataset contains
3724 songs, 3973 stanzas, 20662 phrases, 185263 notes,
and 176708 syllables. Syllables and notes are often in a
one-to-one correspondence. Some syllables, though, span
over more than one note; such syllables are referred to as
melismas. In the filtered dataset, 4.46% of the syllables are
melismas.

2.2 Corpus annotation

Stress is not a feature present in the original dataset, it was
looked up at the e-Lex database. Stress is encoded in a bin-
ary way in the database; each syllable gets a value of either
0 (unstressed) or 1 (stressed). Secondary stress is not en-
coded. Figure 2 illustrates how this and the following fea-
tures related to stress and prominence have been automat-
ically annotated.
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Figure 2: Sample annotation of stress, prominence and
their respective contours.

Musical prominence is also not explicitly encoded as a
feature in the MTC-FS dataset. However, this feature can
be inferred from the symbolic representation of the tunes.
For each note, we know its position within the musical bar,
and the time signature this bar belongs to (e.g. 6/8). Given
that information, relative prominence can be derived. This
was done using the music21 software (Cuthbert & Ar-
iza 2010). Prominence values range from 0 to 1, the first
position of the bar being assigned a 1.

Both stress and prominence are relative notions, that
is, given a syllable in isolation, its raw stress/prominence
value is trivial. Hence, to capture how stress and promin-
ence are aligned, it becomes necessary to compare a syl-
lable with its neighbours. We have achieved this by com-
puting the transition for the stress and prominence values
of each syllable compared to the values of the preceding
syllable. This produces three possible stress/prominence
contours: decreasing (–), same (=) and increasing (+), as
illustrated in Figure 2. Note that the first syllable of a
song does not have any preceding syllable to compare its
stress or prominence to; that is, its transitions values are
left empty (set to NA).

2.3 Statistical analyses

In order to find out which combinations of stress and prom-
inence are being avoided in the corpus, we first computed
the frequency of each of the 9 possible transition combin-
ations (decrease, same, increase for each feature). We then
took the marginal probabilities of the contingency table to

calculate the expected frequencies for each cell. Last, we
calculated the ratio between observed and expected fre-
quencies in order to detect under-represented combinations.

For instance, the proportion of syllables having a de-
creasing stress and an increasing prominence is 0.03. If
we look at the marginal frequencies, we observe that 0.26
of all syllables show a decreasing stress, and 0.46 show
an increasing prominence. The expected frequency for
the combination of the two is the product of the marginal
frequencies: 0.26 × 0.46 = 0.12. We can now compare
the observed frequency (0.03) with the expected frequency
(0.12), and note that that particular combination of features
is under-represented in the dataset; i.e. if the alignment of
text and tune was done randomly, that combination would
be more frequent.

As a way of assessing the degree to which a combina-
tion is over- or under-represented, we calculated an associ-
ation factor by dividing the observed frequency by the ex-
pected frequency. In the above example, this yields 0.26.
Association factors can range from 0 to infinity, where 1
indicates that the combination is not controlled, as it oc-
curs at chance level. We take the conventional threshold
of 0.5 as a cut-off point to select combinations which are
significantly avoided (Agresti 2013).

The same kind of analysis was performed on condi-
tioned subsets of the data in order to refine the textsetting
rules in two ways. First, the domain on which textsetting
rules operate was addressed. Given that our analyses are
computed on two-syllable windows (by comparing every
syllable with its preceding syllable), some of these win-
dows will go across boundaries. Figure 3 illustrates the
two cross-boundaries contexts which were analysed: be-
ginning of phrases and beginning of words. Second, we
investigated whether the alignment of stress and promin-
ence is influenced by other features, namely, being sung to
a melisma, and being placed at the end of phrases.

Phrase 1: w1 w2–w2 w3–w3 w4–w4
Phrase 2: w1–w1 w2 w3–w3–w3

word-initial domain

phrase-initial domain

Figure 3: We define the textsetting domain with a two-
syllable window. In the above example, the word-initial
domain includes the last syllable of word 2 (w2) and the
first syllable of word 3 (w3). The phrase-initial domain
includes the last syllable of phrase 1 and the first syllable
of phrase 2.

3. RESULTS

Table 1 shows the association factors for all possible com-
binations of stress and prominence transitions. Two of
the nine possible alignments are being avoided: [stress+,
prom–], and [stress–, prom+]. That is, when aligning words
to a tune, stress and prominence should not go in opposite



directions. When stress or prominence show a = contour,
association values are close to 1, suggesting these align-
ments are not controlled.

stress- stress= stress+
prom- 1.77 0.93 0.36
prom= 0.85 0.95 1.24
prom+ 0.26 1.08 1.60

Table 1: Association factors for stress and prominence
contours. Combinations below the 0.5 threshold, marked
in bold red, are considered avoided alignments.

3.1 Relevant domain for textsetting

Next, we use this measure of association to further in-
vestigate the domain at which textsetting rules operate. Is
the alignment of stress and prominence controlled across
phrases? In order to address this question, we divided
the data into phrase-initial contexts (illustrated in Figure
3) and non-initial contexts, and then calculated the associ-
ation factors between stress and prominence.

The right panel in Figure 4(a) shows that the transition
of prominence from the last syllable of a phrase to the first
syllable of the following phrase is not associated to the
stress transition of those two syllables (values do not go
below the 0.5 threshold). Alignment of stress and promin-
ence is controlled within phrases (left panel), but not across
them (right panel).

In what follows, transition values for phrase-initial con-
texts are discarded, because they do not appear to be act-
ively controlled. In the left panel in Figure 4(a), we also
observe that both stress– and stress+ mismatches are now
equally avoided within phrases, which was not the case in
Table 1, where phrase-initial contexts were included in the
analysis.

The second question on the textsetting-relevant domain
asks whether stress and prominence transitions are con-
trolled across words. Figure 4(b) shows that alignment is
controlled both within and across words. Besides, there is
one additional constraint when aligning stress and promin-
ence word-internally (left panel): [stress+, prom=] is avoided.
That is, in polysyllabic words, an increase of stress must be
aligned with an increase of prominence.

3.2 Additional textsetting factors

How do other factors make stress / prominence mismatches
more or less acceptable? Figure 6(a) shows the data di-
vided into two subsets: phrase-final and non-final contexts.
Mismatches involving stress+ are much more avoided phrase-
finally (right panel), while the ones with stress– are more
accepted in this context. Figure 5 displays one of the rare
examples of a [stress+, prom–] at the end of the phrase.

In Figure 6(b) the data has been divided according to
whether the current syllable has or has not a melisma (m1,
m0), and whether the preceding syllable has or has not a
melisma (mp1, mp0). The condition where a syllable has
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Figure 5: The alignment [stress+, prom–] is much more
avoided phrase-finally than elsewhere.

a melisma and is preceded by a melisma (m1mp1) is ex-
cluded from the plot because it turns out to be statistically
uninformative due to its infrequency.

When a syllable is sung to a melisma (rightmost panel),
[stress+, prom–] mismatches are even more infrequent than
without a melisma. In contrast, [stress–, prom+] mismatches
become more acceptable when sung to a melisma (while
still being avoided).

Regarding the effect of a preceding melisma, the most
salient one is shown in the left column of the middle panel
of Figure 6(b). A [stress–, prom+] alignment is not avoided
if the first of the two syllables is a melisma. This is illus-
trated in the penultimate word of Figure 5 (woorden).

4. DISCUSSION

The avoided combinations highlighted in the previous sec-
tion can be reformulated in terms of constraints which are
active when a Dutch speaker creates a new song, and in-
versely when a song is judged as well- or ill-formed. Min-
imally, the window where stress and prominence are com-
pared must comprise two adjacent syllables. This window
is reset afresh at the beginning of each phrase, but not at
the beginning of words. Further analysis should determine
whether the relevant textsetting domain is smaller than the
musical phrase, maybe corresponding to a phonological
phrase (Proto & Dell 2013).

Within this two-syllable domain, the general rule is that
stress and prominence should not move in opposite direc-
tions. The [stress–, prom+] misalignment constraint can be
relaxed phrase-finally and when the second syllable is sung
to a melisma. If the first syllable is sung to a melisma, the
constraint does not apply at all. The [stress+, prom–] mis-
alignment constraint is stricter phrase-finally, and when
the second syllable is sung to a melisma.

The alignment of stress+ with prom= is also avoided
within polysyllabic words, a constraint not explicitly men-
tioned in the previous textsetting literature. This might
suggest that two adjacent positions with the same degree
of prominence according to a traditional analysis (e.g. po-
sitions 2 and 3 of a 6/8) are actually not treated as equal,
but rather the second one being weaker, hence asking for a
less stressed syllable.

Future work will determine whether Dutch listeners are
sensitive to the rules stated above. Besides, the reason why
constraints are relaxed in certain contexts remains open.
For instance, the expectation that phrases should finish in a
more prominent note (because of closure) may account for
the observed phrase-finality effects.
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phrase-initial and non-initial contexts.

nonInitial wordInitial

0.1

0.2

0.5

1.0

2.0

stress− stress= stress+ stress− stress= stress+
Stress transition

A
ss

oc
ia

tio
n 

fa
ct

or

Prominence

prom−

prom=

prom+

Association factors of stress and prominence transitions 
 conditioned by being word−initial

(b) Association between stress and prominence contours for in word-
initial and non-initial contexts.

Figure 4: Association factors for boundary-crossing contexts compared to non-crossing contexts: (a) phrase-initial context,
(b) word-initial context. A value of 1 indicates random alignment. Upper and lower significance thresholds are set at 2 and
0.5.

nonFinal phraseFinal

0.05

0.10

0.20

0.50

1.00

2.00

stress− stress= stress+ stress− stress= stress+
Stress transition

A
ss

oc
ia

tio
n 

fa
ct

or

Prominence

prom−

prom=

prom+

Association factors of stress and prominence transitions 
 conditioned by being phrase−final

(a) Association between stress and prominence contours for syllables in
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Figure 6: Effect of (a) phrase-finality and (b) melisma on the association between stress and prominence contours. A value
of 1 indicates random alignment. Upper and lower significance thresholds are set at 2 and 0.5.



In order to follow up the present study, further linguistic
and musical features can be considered. Dutch is said to
have secondary stress, which means that some words con-
tain more than one stressed syllable (Booij 1995). This
could account for some of the examples currently analysed
as mismatches. On the musical side, note duration and
pitch can be of particular interest, since they can contribute
to the perception of prominence (Müllensiefen et al. 2009).
Also, the effect of factors such as melisma or phrase-finality
have been studied here in isolation; however, more com-
plex interactions between them and with other features can
be expected.

A detailed description of this kind of interactions can
eventually shed some light on the cognitive processes in-
volved when simultaneously processing music and language.
The fact that we unconsciously control how linguistic pros-
ody and musical features are to be aligned may suggest
that these two domains are processed by the same neural
resources (Zatorre & Baum 2012; Hausen et al. 2013).

Finally, an understanding of how words and tunes are
aligned in a given language provides the basis for a number
of applications. For instance, historical lyrics for which the
tune is unknown can be matched to well-aligned melodies
of the same period (and vice versa for text-less tunes). In
order to address this kind of automatic alignment, the ob-
served avoidance values can be straightforwardly conver-
ted to weighted penalties.

5. CONCLUSION

This paper constitutes an initial study on the textsetting of
Dutch folk song. We show that, as in other languages, lin-
guistic stress and musical prominence moving in opposite
directions is avoided. The domain where this constraint is
active is smaller than the musical phrase, and bigger than
the word. A number of factors (phrase-finality, melisma)
make these mismatches more or less acceptable. The pro-
posed methodology has the advantage of being able to in-
fer avoided combinations of linguistic and musical fea-
tures, and to make explicit predictions about which con-
texts would be perceived as more or less ill-formed. Care-
ful inspection of the existing songs where avoided combin-
ations occur remains crucial in order to systematically test
further features which may interact with stress and prom-
inence.
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