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Abstract
This paper presents an exploratory study of a previously unde-
scribed tonal contour in Danish questions. We analyze pitch
trajectory data collected for a different purpose using functional
principal component analysis and hierarchical clustering, which
converge to show that two distinct pitch patterns are used for
cueing pragmatic focus in utterance medial position: the ‘ex-
pected’ tonal contour that is generally used to signal stress in
Danish regardless of the presence of focus (low–high), and an
entirely differently shaped contour (high–low), which we inter-
pret as cueing ‘extra’ contrastive emphasis. We are (somewhat
controversially) proposing that the pattern may constitute a new
pitch accent for contrastive emphasis in Danish, although we
also call for more targeted research into the intonation of con-
trastive emphasis in contemporary standard Danish.
Index Terms: intonation, contrastive emphasis, Danish, con-
tour clustering, functional data analysis

1. Introduction
In the standard model of (Standard Copenhagen) Danish into-
nation, stressed words of two syllables or more are described as
having a consistent low–high pitch pattern with a steep rise to
the first post-tonic syllable, regardless of modality or where the
stressed word appears in a sentence [1]. This model builds on
extensive research of read speech by Grønnum (see e.g. [1, 2]
for overviews), and has also been shown to hold for spontaneous
speech [3, 4].

We recently collected data for a study on co-intrinsic
pitch effects in Danish where participants read aloud alterna-
tive questions with focused nouns in both utterance-medial and
utterance-final position. The pitch trajectories of focused nouns
are largely in agreement with the standard model, but listening
to the recordings also gave the impression that some speakers
placed extra emphatic stress on some utterance medial items. In
this paper, we test whether this auditory impression is related to
differences in fundamental frequency (F0) contour shape.

In order to explore whether some words in our corpus de-
viate from the standard model of Danish intonation, we employ
two different unsupervised learning techniques, viz. functional
principal component analysis [5] and hierarchical clustering [6]
to test whether there are potentially qualitatively different pitch
trajectories in the utterance medial and utterance final words in
the data, which would be contra to the standard model.

Our results show that the items which stood out auditorily
do indeed have a different pitch pattern, namely a high–low con-
tour with a relatively shallow trajectory. Since the shape of this
contour is entirely different from the tonal contour otherwise
used to signal stress, we tentatively propose that the pattern con-
stitutes a new pitch accent used to cue contrastive emphasis in

Danish. As will become clear, the suggestion is in need of more
systematic follow up studies, but we believe that the findings
constitute a useful addition to the model of Danish intonation.

2. Danish intonation
The basic component in the model of Danish intonation (de-
veloped over an extensive series of studies of read speech and
summarized in [1, 2]) is the tonal stress group pattern, which is
defined as the pitch contour that is initiated by the vowel of an
accented syllable and includes all following unaccented sylla-
bles up to the next accented syllable in the utterance. In standard
Copenhagen Danish, this tonal stress group pattern is character-
ized by beginning with a relatively low tone on the accented
syllable followed by a steep rise to the first post-tonic syllable
and a gradual fall through any following unaccented syllables.
This is the pattern found in neutral readings without emphasis.
According to the model [1], contrastive emphasis in Danish is
signalled by

• more extensive F0 contours associated with the stress group
in emphasised words

• often a reduction of the contour in surrounding stress groups
in the same utterance

• otherwise qualitatively the same contour in emphasised and
non-emphasised words

Importantly, in this model the contour associated with em-
phasised words is qualitatively the same as that found for non-
emphasised words, with the difference limited to the pitch level
and magnitude of the excursion. This is illustrated in Figure 1,
reproduced from [7], the original study of emphasis in standard
Copenhagen Danish. The figure shows stylized pitch contours
based on average F0 of each syllable in 6 repetitions of either
statements (the panels on the left hand side) or questions (the
panels on the right hand side). Each dot represents a syllable
and larger dots indicate accented syllables. A triangle indicates
the accented syllable in a stress group placed in contrastive em-
phasis. As can be seen from the figure, all stress groups have the
same tonal contour: a low tone followed by a rise and then fol-
lowed by a fall (the exception being perhaps the reduced stress
group patterns in the utterances where one is emphasized; here
the rise to the first post-tonic is considerably less extensive and
in some cases non-existent).

This qualitatively invariant stress group pattern, regardless
of level of emphasis, is in contrast to other languages where
contrastive emphasis or focusing may be signalled by a pitch
accent with a different contour [8]. The model for Danish is
based on read speech, but [3, 4] have empirically verified the
qualitative invariance of the stress group pattern in spontaneous
speech, [3] also for words with contrastive emphasis.



Figure 1: Stylised stress group patterns in Copenhagen Danish with and without emphatic stress. Reproduced from [7].

3. Methods and materials
This exploratory study is conducted on read aloud sentences
contrasting two phrases in an interrogative frame (based on the
design from [9]) and collected for different purposes. 12 na-
tive speakers of Danish from Greater Copenhagen each read
aloud 132 constructed alternative question sentences following
the mould ‘Did you verb X or Y?’, where each target word oc-
curred in both X and Y positions. An example would be Er det
dine eller er det mine? ‘Are they yours or are they mine?’, de-
signed to elicit high global pitch on the first focused item (dine)
and low global pitch on the second (mine). These utterances in-
vite the speaker to contrast the word in utterance medial position
(X) with the word in utterance final position (Y). While such a
construction could potentially elicit a higher degree of promi-
nence on the words in utterance-medial position, due to their
being pragmatically focused, there should be no difference in
the shape of the fundamental frequency contour for these items,
according to the standard model model [1].

Sentences were prompted using SpeechRecorder [10] in a
sound-attenuated booth at the University of Copenhagen. The
raw data are freely available via the Open Science Framework
(DOI: 10.17605/OSF.IO/67SHC). Pitch was extracted from 790
suitable tokens using the modified harmonic sieve algorithm im-
plemented in the wrassp library in R [11] with liberal pitch
floor and ceiling of 75 Hz and 500 Hz, respectively. Pitch was
extracted at 20 time-normalized steps. F0 was normalized using
octave-median scaling by speaker [12].

The data were analysed in R [13] using unsuper-
vised learning algorithms, viz. functional principal compo-
nent analysis (FPCA) as implemented in the fdapace li-
brary [14], and hierarchical clustering as implemented in the

contour clustering gui [6].

4. Results
4.1. Functional principal component analysis

In order to uncover the principal modes of F0 variation in ut-
terance medial position, we analysed the contours using FPCA
(see e.g. [5, 16]). FPCA is used to decompose the multifaceted
sources of variation in a range of functions (i.e. curve shapes,
such as F0 trajectory shapes) into a small number of continuous
variables, corresponding to unique modes of variation. An over-
all average trajectory shape µ(t) is estimated, as well as a num-
ber of supplementary trajectory shapes (principal components,
PC1 . . . n), each of which capture a principal mode of varia-
tion in the input data. Each trajectory in the input data receives
a score for each PC s1 . . .n indicating how closely it matches
this mode of variation, which makes it possible to reconstruct
the gross shape of an input trajectory by weighing µ(t) with
that trajectory’s PC scores (see [17]).

The analysis of the Danish stress group data shows that 3
PCs account for >95% of the variance in F0 contour shape. By
far the most informative of these is PC1, which accounts for
approx. 72% of the variance. Since PC2 and PC3 did not turn
out to be very informative, we do not discuss them further here.

PC1 is illustrated in Figure 2. The grey line vertically in the
middle of Figure 2 illustrates the average trajectory shape µ(t).
Increasingly red shades illustrate higher values of s1, while in-
creasingly blue shades illustrate lower values of s1. (Note that
the signs of PC scores are randomly assigned). µ(t) has the ex-
pected shape of a Danish disyllabic stress group, with low pitch
on the accented syllable with a steep rise presumably leading



Figure 2: Illustration of relatively high and low scores of PC1 relative to the average pitch trajectory. Plotted in R using ggplot2 [15]

into the post-tonic syllable. Items with high s1 essentially show
the same pattern but with more pronounced extrema, i.e. with
lower pitch on the accented syllable and a steeper rise and even-
tually higher pitch on the post-tonic. Items with low s1, on the
other hand, show the reverse of the expected pattern: a relatively
high initial F0 on the accented syllable, followed by a shallow
dip leading into the post-tonic. To our knowledge, this high–
low pattern has not previously come up in acoustically based
descriptions of Copenhagen Danish intonation. (Note that this
is unlike some other regional varieties of Danish, where this has
been described as the default pattern for stressed syllables [18]).

4.2. Hierarchical clustering

Using the contour clustering tool developed by [6], which is
specifically designed to assign qualitatively different F0 con-
tours to separate categories, we conducted hierarchical cluster-
ing of the F0 trajectories in target words occurring in either me-
dial or final position. 308 contours from utterance-medial to-
kens were eligible for clustering analysis. After removing 87
tokens with a level contour (likely due to the inconsistent pitch
tracking and creaky voice typical of Danish stød [19, 20, 21]),
221 contours in medial position were subjected to clustering
analysis. Stepping down from 25 possible clusters (follow-
ing [6]), the final analysis revealed only two distinct contours,
shown in Figure 3.

Similar to what we saw above in the FPCA results, the pre-
dominant contour is a rise from a low tone in the accented syl-
lable (shown in the left panel), but the opposite pattern is also
found (albeit only in a relatively small number of tokens), i.e. a
high tone on the accented syllable followed by a fall to the post-
tonic. This high–low pattern is contra to the model in [1] and
the findings in [3].

Analysing the same words in final position yielded 193 con-
tours available for cluster analysis, after removal of flattened
contours due to stød (as well as eleven spurious contours) to
ensure comparability. The resulting two clusters, shown in Fig-
ure 4, reveal a slight difference in level of the contours only,
i.e. there is no difference in contour shape. As such, at least in
this data, the high–low contour is only found in utterance me-
dial position, which is arguably more likely to be parsed as con-
trastive emphasis in the sentence format that we analyse here.

When we compare the results of the clustering analysis in
utterance-medial position to the FPCA results reported above,
we find near-perfect correspondence between the information

captured by PC1 and that captured by the two clusters. As
shown in the left panel of Figure 5, items in cluster 1 (with
the expected low–high pitch trajectory) generally have a rela-
tively high s1, whereas items in cluster 2 (with the unexpected
high–low pitch trajectory) generally have quite low s1, to the
point where there is next to no overlap in s1 between the two
clusters: items with s1 <-0.25 are almost certainly in cluster
2. The right panel in Figure 5 shows the s1 and s2 values of
each item coloured by which cluster the item was assigned to,
and again we see a relatively small number of items in cluster 2
which consistently have low s1. s2, which we otherwise do not
discuss here, is not related to the clustering outcome.

The fact that FPCA and hierarchical clustering both sup-
port the existence of two different contours with a remarkable
consistency suggests that while the high–low pattern may be
comparatively rare, it is a robust pattern in the data.

5. Discussion
While the analysis presented here suggests the option of a spe-
cific contour shape for contrastively emphasised words, it is im-
portant to note that only 6.7% (n = 33) of the analysable con-
tours were realized with this high–low pattern. Contours in-
cluded in the high–low cluster were only attested for 9 out of
the 12 speakers, and none of these speakers exclusively used the
high–low pattern for emphasised words in medial position. In
other words, the attested high–low pattern is at most an optional
way to mark emphasis prosodically in contemporary standard
(Copenhagen) Danish, albeit one that has not previously been
attested. The high–low stress group pattern is not unknown in
Copenhagen Danish, however. In fact, this pattern was the stan-
dard cue for accented syllables in Copenhagen Danish up un-
til the 1920s [22], and informal observations suggest that the
pattern may still occur in highly formal settings. It does not
seem unreasonable that a pitch contour that is today perceived
as highly conservative could be used for marking extra empha-
sis in focus positions, given the ideological link between conser-
vative speech and distinct pronunciation in Danish [23]. In other
words, the high–low contour may have previously functioned as
a generic signal for stress, but when this becomes a conservative
and increasingly obsolete way of signalling stress, the contour
was freed up to take on the function of emphasis [24].

This study has only been a first step towards describing
the use of high–low pitch contours as a potential cue to con-
trastive emphasis in Danish. The study relies on data not col-



Figure 3: Clusters in utterance medial position, plotted using contour clustering gui [6].

Figure 4: Clusters in utterance final position, plotted using contour clustering gui [6].

Figure 5: Comparison of utterance-medial clusters and PC scores.

lected specifically for this purpose, and while the utterance me-
dial position in an alternative question sentence arguably can
elicit contrastive emphasis, it is only relatively certain to elicit
focus. This may have led to a certain underestimation of how
often the high–low pattern is actually used to cue contrastive
emphasis, and how many speakers have it as part of their into-
national ‘toolbox’. In order to understand the pattern more fully,
more targeted research is required, specifically studies that are
designed to elicit contrastive emphasis, to see if the high–low
pattern is potentially a tool that (more) speakers reach for more
often than uncovered here, and to test whether there are other
restrictions (e.g. semantic) that we have not uncovered here.

In such further explorations, it would be interesting to study
whether there might be a trade-off between the shape of the con-
tour on the stress group with contrastive emphasis and the shape
and particularly the pitch range of the contour associated with
neighbouring stress groups. In the present study, we have only
looked at the focussed stress groups themselves, but recall from
Grønnum’s 1980 study introduced [7] above that contrastive
emphasis may also affect neighbouring stress groups in Copen-
hagen Danish, at least in read speech. Compared to segmen-

tally and lexically identical utterances without emphatic accen-
tuation, the stress groups surrounding the emphatically accented
stress group have a diminished pitch range, in particular with re-
spect to the extent of the rise from the accented to the first post-
tonic syllable, which sometimes even appears to be absent. This
modification is seen as evidence of the relative nature of promi-
nence: the reduction of the surrounding stress groups makes the
emphatic stress stand out even more, acoustically and perceptu-
ally. This holds for utterances where the emphatic stress is cued
solely by a more extensive pitch range in the focussed stress
group, i.e. where the low-high pattern is retained. It remains to
be seen whether speakers, when they use the high–low pattern
documented here, continue to compress the tonal range of the
surrounding stress groups, or whether they resemble the range
found in utterances without any emphatic stress. One may spec-
ulate that when the high–low pattern is employed, there is less
of a need to modify the surrounding stress groups as when the
low–high pattern is retained. In other words, when the shape
of the contour is itself remarkable, it may function more in-
dependently as a local pitch accent proper, irrespective of the
surrounding stress groups.
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