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Abstract

A Kunstlied (German for art song) or simply Lied is a poem set to music by a composer.
This genre, which flourished in the 19th century, constitutes a unique connection between text
and music. In this paper, we take the first steps towards a computational, multimodal analysis
of this close relationship between poems and art songs. Our aim is to explore the relations
between emotions expressed in poetry and musical devices chosen by the composers. Our
strategy involves annotating text and music for semantic properties. Based on the musical
time scale, we then measure the extent to which these properties overlap and show potential
correlations between them. As a case study, we apply our methods to the Schubert Winter-
reise Dataset, a multimodal dataset of 24 songs by Franz Schubert including text, score, and
audio data along with various annotations. By examining local keys and chords as musical
properties, we find that, overall, Schubert used more major keys to express positive emotions
such as joy and love relative to the whole song cycle. For negative emotions, we find that
Schubert used chords that exert more tension and less stability. We conclude that our strategy
is able to unveil cross-modal relationships and reflect on necessary steps towards a large-scale
corpus analysis.
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1 Introduction
The German term “Lied” can have different meanings depending on the context. In literary studies,
it refers to a text genre, a subgenre of poetry, which was supposed to be especially close to music.
In musicology, the term refers to a musical genre of composers setting texts to music. Finer terms
such as Kunstlied or art song restrict its meaning to a certain type of musical work that composers
began to create in the 18th century, reaching its peak in the 19th century during the Romantic
era.1 Although composers such as Franz Schubert and Johannes Brahms are best known for this
genre, many others developed their own style of composing Lieder before, during and after this
period. This includes atonal compositions by Arnold Schoenberg and Anton Webern in the early
20th century [2; 3; 8; 12; 14].

With today’s improved capabilities in multimodal data analysis, this genre comes into perspec-
tive as a fascinating subject due to its close connection between text and music. In musicology,
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Figure 1: Computational strategy for analyzing poems and Lieder.

the close analysis of Lieder traditionally consists of textual and musical analysis, as well as the
connection between these two domains [1; 4; 16; 21]. All three are necessary, because poems set
to music usually have certain characteristics that composers had to consider. While some prop-
erties (e. g. meter, diction, rhythm, etc.) could be inherited directly by composers for their Lied
composition, this was not possible for others (especially at the semantic level), as there is no direct
equivalent in music, which further highlights the song’s dependence on the lyrics. However, it is
important to note that composers were not forced to follow all of these demands of a poem. But
they had to deal with them in some way, and therefore had to establish a relationship between the
poem and their composition [4].

In contrast to other genres such as choir music [23], no large-scale computational corpus anal-
ysis of Lied compositions has been attempted yet, despite its potential to provide valuable insights
into the genre as a whole. In this vein, our goal is to examine the close relationship between text
and music in a computational way, hypothesizing that we can unveil cross-modal relationships
between the poems and the compositions examining a small selection of properties from both do-
mains (see Figure 1). At the textual level, we analyze the lyrics for certain emotions and emotional
groups following [9; 10]. This allows us to identify particular affects that composers may have set
to music. At the musical level, we aim to establish a connection between these emotions and local
keys and chords. These properties only represent a fraction of the possibilities to set an affect to
music, but they happen at a similar temporal level as emotions: at the level of words, verses, and
even entire stanzas.

As a case study, we consider the Schubert Winterreise Dataset2 (SWD) [25] consisting of 24
poems by Wilhelm Müller that were set to music by Franz Schubert in 1827 and compiled into a
song cycle calledWinterreise. The dataset includes text, symbolic scores, and audio recordings of
the songs, as well as detailed annotations of musical properties such as local key or chord labels
[24]. We use this dataset for a case study which represents a first step towards a large-scale corpus
analysis. Finally, based on our case study, we consider the requirements for a large-scale corpus
study, reflecting on the necessary data and methods.

The remainder of this paper is structured as follows: In Section 2.1, we introduce the SWD,
which we use for our experiments. In Section 2.2, we explain the musical properties that we
consider in our case study: local keys and chords. Then, we describe our methods for annotating
emotions in poems Section 2.3 and show how we compute the overlap between these textual and
musical annotations in Section 2.4. Finally, in Section 3, we present and discuss the results of our
case study and describe steps towards a large-scale corpus analysis. Section 4 concludes the paper.
2 Openly available on Zenodo, see https://doi.org/10.5281/zenodo.10839767.
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2 Dataset and Strategy
2.1 The Schubert Winterreise Dataset (SWD)

The SWD is a multimodal dataset based on Franz Schubert’s song cycle Winterreise (composed
1827), which comprises 24 art songs for voice and piano based on poems by Wilhelm Müller.3
The dataset includes lyrics of the songs, sheet music images, symbolic representations in formats
such as MusicXML and MIDI, and multiple audio recordings for each song. This raw data is
accompanied by expert annotations regarding structural segments, global and local keys, chords,
and individual note events. Finally, both raw data and annotations are aligned regarding their
respective time axes (measures for the score and seconds for the audio recordings) [24]. Due to its
multimodality and its rich set of annotations, the SWD constitutes a valuable dataset for assessing
our strategy of demonstrating a relationship between text and music.

2.2 Annotating Chords and Local Keys as Musical Properties

Chords In this study, we focus on two types of musical properties: chords and local keys. Chords
appear at a fine-grained time scale and are comprised of multiple pitches sounding simultaneously,
constituting an important part of local harmony. The SWD’s chord annotations are very detailed4
and describe the exact chord notes as intervals over the root note [7], e. g. D#:(3,5,b7) as the
dominant seventh chord over the root D#. To make these annotations more interpretable for our
study, we summarize the chords into five groups: The first two are major (maj) and minor (min)
chords, both of which are defined by their base triads. The third category consists of chords based
on augmented or diminished triads (augdim). Finally, there are dominant seventh chords (dom7) as
well as a few other chords that do not fit into these categories, which are, however, only represented
by a small number in this study. Next, we also classify the chords into stable chords (maj, min,
and other “consonant” chords), which do not call for any resolution, and tense chords (augdim,
dom7, and other “dissonant” chords), which drive the music towards a resolution. This approach
is coherent with historical and modern conception of consonance and dissonance and aims for
anticipating the effect of the sounding chords on the historical listener [11; 22]. Consequently, we
obtain chord type annotations relating to different time scales: musical measures (and fractions
thereof) for the score representations and seconds for audio representations.

Local Keys Unlike terms such as global key or chord, the term local key is rather ambiguous. A
piece of music can have one global key, which is sometimes part of its title (e. g. Piano Concerto
in D major, K. 537 by W. A. Mozart). It represents the coarsest temporal level of tonal informa-
tion. Chords, on the other hand, operate at a much finer temporal resolution. Local keys are of
intermediate level and can be described as an implied “tonal center [24]” of a certain segment. For
the SWD, three experts annotated local keys in the entire song cycle. To reduce the ambiguity sur-
rounding local keys, we focus solely on the mode information (major vs. minor keys) from these
annotations. This means that we do not differentiate between, e. g., G minor and C minor, as both
are part of the minor mode. We then solely look at the inter-annotator agreement and disregard
segments where there is any disagreement on modes (see Section 3.1 for statistics). We thus obtain
local key annotations that are related to the same time scales as our chord annotations.

2.3 Annotating Emotions as Textual Properties

For our study, all poems in Schubert’s Winterreise were annotated by two students of literary his-
tory. They first worked independently before collaborating to merge their findings into a final
3 The latest version of the dataset is publically available on Zenodo [25].
4 Only one type of chord annotation is included in the SWD, see [24] for details.
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Love Joy Surprise/
Agitation

Anger Sadness Fear

Admiration Bliss Agitation Anger Despair Fear

Affection Calmness Emotionality Contempt Disappointment Fright

Desire (non-
sexual)

Comfort Surprise Disgust Impatience

Gratefulness Enthusiasm Suspense Dislike Insecurity

Longing Hope Envy Melancholy

Love Joy Hate Loneliness

Lust (sexual) Pride Pity

Solace Powerlessness

Regret

Sadness

Shame

Suffering

Uneasiness

Table 1: Emotions and Emotion Groups

consensus annotation. Their task was to annotate the emotions depicted in the poems either as
emotions of characters or of the speaker, i.e. they did not annotate the emotions of the readers,
but the emotions presented in the texts.5 The annotators selected any span of text which expressed
an emotion. They added an emotion label from a list of 40 discrete emotions (see Table 1). Ad-
ditionally, they annotated several emotion markers: lexical indicators for the emotion (‘weep’,
‘lovingly’, etc.), figurative language (‘broken heart’, etc.), and situations that are usually associ-
ated with emotions (death of a loved one, etc.). The same span of text could be labeled with more
than one emotion.

The selection of these 40 discrete emotions was based both on emotion models (e.g. [5; 13])
and on the emotions that were regularly represented in the poems in our corpus. We categorized
the emotions into six groups based on the emotion hierarchy in [17] in order to obtain a sufficient
number of annotations per emotion. (See 5 appendix for a distribution of all annotated emotions
across the 24 poems.) We tested this method in a project on German-language poetry of realism
and early modernism on around 1,352 poems [9].

2.4 Linking Textual and Musical Annotations

By applying our strategy of extracting emotion annotations to our dataset, we can identify certain
emotions associated with specific words, verses, or even entire stanzas of poems. In our case study
below, these poems (originally byWilhelmMüller) are the lyrics set to music by Schubert (slightly
modified). Consequently, we identify emotions happening in the lyrics between two characters
(e. g. characters 100 and 120). Using the symbolic representation in MusicXML format, we can
5 It is state of the art in linguistics and literary studies to describe texts as containing emotional codes that make use of
general linguistic and specific literary devices [18; 26]. One indication of the high degree of codification of emotions
is the relatively high inter-annotator agreement for this task [9].
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Figure 2: Example of text and musical annotations, relating to the same timeline.

connect these tokens to syllables, and then connect the syllables to a specific part of a measure.
For instance, we link the lyrics “Fremd bin ich eingezogen” in the first song Gute Nacht to the
measure region [7.750–9.750]. The decimals relate to the proportion of the corresponding beats in
the measures. We end up with a musical timeline in measures when working with symbolic scores,
or to a physical timeline in seconds when aligning the lyrics with audio data.

Our chord and local key annotations also correspond to musical time in measures. Therefore,
for all songs in the Winterreise, we can compute the overlap between the emotion and musical
annotations and aggregate them across all modes and chord types. Figure 2 shows an illustrating
example for our strategy that allows us to extract information on local keys and chords for both
emotional and non-emotional segments.

3 Experiments and Results
We now apply our presented methods to the dataset and investigate our hypothesis that Schubert’s
setting of poems to music reflects the emotions expressed in the poems. To this end, in Section 3.1,
we examine a possible relationship between emotions and local keys. We then examine emotions
and chords in Section 3.2. In Section 3.3, we consider necessary steps towards a large-scale corpus
analysis.

3.1 Emotions and Local Keys

As mentioned in Section 2.4, we use the inter-annotator agreement to obtain reliable local key
annotations. For the entire dataset, there are roughly 1,492 measures with annotated local keys,
and the three annotators agree on the mode for almost 1,293 of those, resulting in an inter-annotator
agreement of 86.66%. We can therefore categorize these 1,293 measures as 556 in major keys and
737 in minor keys. For the following comparison, we simplify these as proportions to 0.43 for
major and 0.57 for minor.

We then apply the strategy described in Section 2.4, making use of the emotion annotations
(Section 2.3), and add the musical annotations for 40 discrete emotions and six major emotional
categories together. We then normalize the values using the L1-norm to obtain the proportion of
major andminor keys in each category. Finally, we subtract the proportions in the entireWinterreise
from these values to understand how the emotional segments differ from it.

Figure 3 (left) shows our results for the four most prevalent categories (Joy, Love, Sadness,
and Agitation), each of which contains at least 40 measures. We observe that segments annotated
with the emotions from the categories “Joy” and “Love” show higher proportions of local keys
in major mode than the entire song cycle, at +0.28 and +0.20, respectively. Consequently, the
proportion of local keys in minor mode are -0.28 and -0.20. Meanwhile, segments with emotions
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Figure 3: Four emotional categories, four individual emotions and their local keys in relation to
the entireWinterreise.

from the categories “Sadness” and “Agitation” are closer to the overall average of theWinterreise,
with slightly fewer measures in major mode for “Sadness” and slightly more for “Agitation”.

Before reflecting on these results, let us take a look at the four most prevalent emotions, con-
taining each at least 25 measures: Joy, Love, Longing, and Sadness (see Figure 3 right). Note that
these are individual emotions that may belong to an emotional category of the same name. For
example, the emotions “Love” and “Desire” are both part of the overall category “Love”. While
we observe similar results for the individual emotions “Joy” and “Sadness” as for their category
counterparts, we notice that the emotion “Love” correlates to a much higher proportion of mea-
sures in a major local key and that “Longing” is balanced more evenly between major and minor
keys.

Interestingly, our results show higher proportions ofmajormodes for emotions that are depicted
as positive and lower proportions for emotions that are depicted as negative. In the 18th and early
19th century, music theory emphasized the role of keys in supporting specific affects [19; 20].
Dürr [4] contextualizes Schubert as a disciple of this time, and argues that, while it is impossible to
prove that Schubert used a certain key to convey a specific meaning without statements from the
composer themselves, these keys may have been a natural choice for him when setting a particular
affect to music, for example by modulating to a different key. Fittingly, Wollenberg [27] lists the
juxtaposition of major and minor modes as one of Schubert’s characteristic musical devices in the
Winterreise.

3.2 Emotions and Chords

We now analyze the overlap between emotional segments and chord annotations. For the entire
Winterreise, we identify 1,490 measures with chord annotations and categorize them according to
Section 2.2. In proportions, we find 0.68 stable, 0.30 tense, and 0.02 other chords. Our second
classification leads to chords corresponding to categories on a finer scale: 0.35 major, 0.33 minor,
0.08 augmented or diminished, 0.22 dominant seventh, and 0.02 other chords. In both cases, we
disregard the uncategorized “other” types.

Comparing the results for segments of different emotional categories with the proportions of
the entire song cycle, Figure 4 shows two examples for the categories “Love” and “Agitation”,
both of which correspond to at least 50 measures of chord annotations. We observe that musical
segments expressing emotions of love consist of a similar proportion of stable and tense chords to
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Figure 4: Two emotional categories and chords in relation to the entireWinterreise.

the wholeWinterreise. However, we notice differences on a finer scale, with more major and fewer
minor chords. This once again corresponds to the use of major chords to depict positive affects.

In contrast, the category “Sadness” is associated with negative notions. We observe less stable
and more tense chords. Consequently, there are fewer major and minor chords, as well as only
slightly more augmented and diminished chords. The increase in tension-rich chords appears to be
mainly due to an increased number of dominant seventh chords. One possible explanation for this
is the difference between the two tense chord types. While both types drive the music towards a
resolution, the target resolution of dominant seventh chords is much clearer. This shorter way to a
“more positive (or negative)” ending could therefore be fitting for emotions such as sadness.

3.3 Towards a Large-Scale Corpus Analysis

While we found interesting trends from the 24 songs of Winterreise, there is high potential in
scaling up our examinations to large corpora. This requires multiple steps. Regarding data and its
availability, such an analysis needs a corpus that includes a sufficient number of different poems
and songs to enablemeaningful examinations of the Lied genre. While there are resources available
for poems6, an equivalent resource for music is rare7. One problem is that creating large quantities
of symbolic data and annotations can require a lot of manual work. Audio recordings, on the other
hand, are easily available. Applying our methods to large amounts of audio data would require
tasks such as lyrics–audio alignment, local key estimation, and chord recognition to be realized
automatically and in sufficient quality.8 On the textual side, we also have to automatically extract
emotions from poems and confirm the quality of these labels as in [10].

Apart from scaling up our analysis at the data level, we need to broaden our analysis regarding
properties. So far, we have only considered a few aspects of setting poems to music. Further
aspects include tempo, rhythm, and tonal complexity in emotional segments, for example. For the
text, we could include a comparative analysis of the original texts and the texts as used in the songs,
or other properties corresponding to musical characteristics, such as poetic rhythm and meter, as
well as some concepts of textual complexity. Since poems are often short, however, the small
6 For example, the LiederNetArchive (https://www.lieder.net/) promises to be “[...] the world’s largest reference archive
of texts and translations of art songs and choral works.”
7 An exception is the OpenScore Lieder Corpus [6], whose purely symbolic content, however, does not focus exclusively
on the german Kunstlied.
8 First steps to solve these tasks have already been performed on theWinterreise, e. g. local key estimation in [15].
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amount of textual data poses a challenge.

4 Conclusion
In this paper, we presented a strategy for analyzing Lieder in a computational way by examining
the overlap between textual and musical properties. By applying our methods to all 24 songs from
Schubert’sWinterreise, as available in the SWD, we were able to unveil relationships between the
poems and their musical setting. To this end, we manually annotated the emotions expressed in the
songs’ lyrics and measured their overlap with expert annotations of local keys and chords. Overall,
we observed that segments with positive emotional categories and individual emotions, such as joy
and love, correspond tomeasures withmajor keys. We confirmed the same relationship at the chord
level, with major chords being a preferred chord type for love. In contrast, we were able to relate
the negative emotional group of sadness to tense chords with a prevalence of dominant seventh
chords. Finally, we reflected on the necessary steps towards a large-scale corpus analysis, which
may be of high potential for interdisciplinary research.
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5 Appendix
Following the method described in Section 2.3, the annotators merged their findings into a final
consensus annotation. In Schubert’sWinterreise, they tagged 232 emotion markers, with 124 emo-
tion terms making up more than half of these. Note that one annotated span of emotion annotation
could be indicated by several markers at once. Table 2 shows the number of emotions tagged
(span-wise) in Schubert’s Winterreise as part of the consensus annotation. On average, a span to
which an emotion was assigned during annotation is 4.38 words or 25.13 characters long.

Emotion Annotated Sections

Love 21
Suffering 17

Joy 16
Emotionality 14
Sadness 13
Longing 12
Calmness 8
Hope 8

Agitation 6
Fear 3

Emotion Annotated Sections

Despair 2
Pity 2
Bliss 2

Loneliness 2
Uneasiness 2
Dislike 2

Desire (non-sexual) 1
Insecurity 1
Affection 1

Table 2: Emotions and the amount of annotated sections.
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