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The intonational realization of utterances is generally characterized by regional as well
as inter- and intra-speaker variability in fO. Category boundaries thus remain “fuzzy” and
it is non-trivial how the (continuous) acoustic space maps onto (discrete) pitch accent
categories. We focus on three types of rising-falling contours, which differ in the alignment
of L(ow) and H(igh) tones with respect to the stressed syllable. Most of the intonational
systems on German have described two rising accent categories, e.g., L+H* and L*+H
in the German ToBI system. L+H* has a high-pitched stressed syllable and a low leading
tone aligned in the pre-tonic syllable; L*+H a low-pitched stressed syllable and a high
trailing tone in the post-tonic syllable. There are indications for the existence of a third
category which lies between these two categories, with both L and H aligned within
the stressed syllable, henceforth termed (LH)*. In the present paper, we empirically
investigate the distinctiveness of three rising-falling contours [L+H*, (LH)*, and L*+4H, all
with a subsequent low boundary tone] in German wh-questions. We employ an approach
that addresses both the form and the function of the contours, also taking regional
variation into account. In Experiment 1 (form), we used a delayed imitation paradigm to
test whether Northern and Southern German speakers can imitate the three rising-falling
contours in wh-questions as distinct contours. In Experiment 2 (function), we used a free
association task to investigate whether listeners interpret the pragmatic meaning of the
three contours differently. Imitation results showed that German speakers —both from the
North and the South—reproduced the three contours. There was a small but significant
effect of regional variety such that contours produced by speakers from the North were
slightly more distinct than those by speakers from the South. In the association task,
listeners from both varieties attributed distinct meanings to the (LH)* accent as opposed
to the two ToBl accents L+H* and L*+H. Combined evidence from form and function
suggests that three distinct contours can be found in the acoustic and perceptual space
of German rising-falling contours.
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INTRODUCTION

In spoken communication, speakers use intonation, primarily
cued by 10, to mark sentence type (e.g., question vs. statement),
information structure (e.g., focus and topic), information status
(e.g., given vs. new information), hierarchical discourse structure,
and attitudinal meaning (cf. Lehiste, 1975; Ladd, 2008; Prieto,
2015). The intonational realization of utterances is characterized
by a lot of variability in f0—both within and across speakers
(Atkinson, 1976; Gandour et al., 1991; Niebuhr et al., 2011; Grice
et al,, 2017), as well as across regional varieties, as shown, for
instance, for German (Atterer and Ladd, 2004; Ulbrich, 2005;
Braun, 2007; Miicke et al, 2009), or English (Grabe, 2004;
Fletcher et al., 2005; Smith and Rathcke, 2020). Such variability
includes, among others, the alignment of tonal targets [i.e., the
position of low (L) and high (H) turning points with respect
to the segmental string], their scaling (i.e., the tonal height), or
the shape of intonational events (e.g., the slope or curvature).
Category boundaries hence remain “fuzzy” and the question of
whether and how the acoustic space can be split into distinct
categories is non-trivial (cf. Arvaniti, 2019; Lohfink et al., 2019,
for discussion). On the one hand, these categories need to do
justice to the variability in the signal; on the other hand, they need
to allow for generalizations. In the present paper, we contribute
to this debate by addressing the distinctiveness of rising-falling f0
contours in German in an integrative approach that accounts for
both form and function.

Previous research has demonstrated that nuclear intonation
contours in German crucially differ with respect to f0-peak
alignment (Kohler, 1991b; Grice et al., 2005; Niebuhr, 2022). The
f0 peak may either precede the stressed syllable (H-+L*, early-
peak accent), or follow it (L*+H, late-peak accent), or be aligned
within the stressed syllable (L+H*, medial-peak accent). While
in H4+L* the accentual movement falls onto the stressed syllable,
L+H* and L*4H accents are considered rising accents, with the
rising movement being perceptually very prominent (Baumann
and Rohr, 2015; Baumann and Winter, 2018). In the present
paper, we focus on the two rising accents L+H* and L*+H
with a subsequent low boundary tone, along with a third rising-
falling contour that lies between the two [henceforth (LH)*,
which is our own descriptive label], see Figure 1. An earlier
study has highlighted the potential existence of a third category

between L+H* and L*+H in German (termed “late-medial peak,”
Kohler, 2005; cf. Niebuhr, 2022). The present study is designed
to corroborate this preliminary evidence and sharpen the scope
of the category, specifically with reference to rhetorical questions
where (LH)* was recently observed in production (Braun et al.,
2019).

Rising-falling contours in German have received different
phonological representations in intonational phonology (Kohler,
1991a; Mayer, 1995; Grice et al., 2005; Peters, 2014). Most of
these descriptions distinguish between two kinds of rising-falling
contours (Figures 1A,C), transcribed as L+H* and L*+H in
the German ToBI system (Grice et al., 2005). These accents
have been related to differences in meaning: new information
vs. self-evident information/information conflicting a speaker’s
belief (Kohler, 1991b; Grice and Baumann, 2002; Niebuhr, 2007b;
Kiigler and Gollrad, 2015) or attitudinal information, such as
sarcasm (Lommel and Michalsky, 2017). Recent production data
on German rhetorical questions (Braun et al., 2019) and verb-
first exclamatives (Wochner, 2021) reveal another accent type
which falls between the two more established ones (Figure 1B).
In this contour, both the low and the high tonal target are
realized within the stressed syllable (Figure 1B), similar to the
late-medial peak reported in Kohler (2005, p. 90). This alignment
pattern differentiates (LH)* from the more established accents
L+H* and L*+H. Here, we take a fresh look at the acoustic and
interpretative space of German rising-falling contours to discuss
whether there is evidence to model three kinds of rising-falling
contours: L+H*, L*+H, and (LH)*. To this end, we employ
combined evidence from imitative productions (form) and
judgments on the connotative meaning (function) to determine
whether (LH)* is a pitch accent category on its own in German
or, alternatively, whether (LH)* might be a variant of one of
the two other pitch accents (L+H* or L*4H). If there are
three distinct pitch accents in speakers’ mental grammars, we
expect three distinct contours in production (form, Experiment
1) and different connotative meaning attributions in perception
(function, Experiment 2). The overall aim of our study is hence to
probe the fuzziness in German rising-falling contours and discuss
ways to model them appropriately.

In section “Background”, we first provide background
information on rising-falling contours in German in the different
systems of intonational description, before we review approaches

A L+H* B (LH)* C L*+H
7/ \ A
4 \\
//
denn | Man da las denn Man da las denn Man da las

study.

FIGURE 1 | Schematic representation of three rising-falling contours in German realized on a four-syllable sequence denn Mandalas “PRT Mandalas;” gray shading
indicates the stressed syllable (tonic syllable) with which the pitch accent is associated. (A-C) show the three different alignment configurations analyzed in the present
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attempting to model variability in intonational contours from
a broader perspective. Section “The Present Study: Rationale
and Hypotheses” outlines the rationale of our study and
our hypotheses. In sections “Experiment 1: Delayed Imitation
Study” and “Experiment 2: Paraphrasing of connotative question
meaning”, we present the two experiments before discussing the
combined experimental results in section “General Discussion”.

BACKGROUND

Rising-Falling Contours in German

According to the autosegmental-metrical (AM) theory
of intonation (Arvaniti and Fletcher, 2020 for overview;
Pierrehumbert, 1980; Ladd, 2008), pitch accents are represented
by sequences of low and high tonal targets. In intonation
languages, pitch accents are associated with the metrically
stressed syllable, which is a lexical property of the word
functioning as an anchor point for pitch accents (highlighted
with gray shading in Figure 1). The actual alignment of the
tonal targets with regard to the position in the stressed syllable
varies, which results in different pitch accent types. Different
models of German intonation, i.e., German Tones and Break
Indices (GToBI, Grice et al., 2005), The Kiel Intonation Model
(KIM, Kohler, 1991a; Niebuhr, 2022), Intonationsgrammatik
des nordlichen Standarddeutschen “Intonation grammar of
the Northern Standard German” (Peters, 2006, 2014) and
Transcription of German Intonation: The Stuttgart System
(STGTsystem, Mayer, 1995) have separated the space of possible
pitch accents in rising-falling contours differently: The stylized
realizations in Figures 1A,C are modeled after the tonal contrast
in GToBI (Grice et al., 2005), which is widely used in research
on German intonation and which is easily comparable to other
ToBI systems in different languages. The realization depicted
in Figure 1B, i.e., the contour found in rhetorical questions
and exclamatives, (LH)*, does not occur in this system. The
STGTsystem (Mayer, 1995), an alternative version of GToBI
developed in Stuttgart, lists only one accent type for rising-falling
contours (L*HL), whose phonetic description resembles the
stylization in Figure 1C (L*+H in GToBI). Peters (2014, pp.
45-48) describes the contour in Figure 1A as a fall (H*L) and
the contour in Figure 1C as L*H. KIM (Kohler, 1991a; Niebuhr,
2022) is a contour-based account and distinguishes so called
“medial peaks” from “late peaks,” whereby the medial peak can be
projected onto H*/L+H™ and the late peak onto L*+H in an AM
framework (cf. Niebuhr and Ambrazaitis, 2006; Niebuhr, 2007b).
Importantly, KIM added a contour to its system, based on
subsequent research done on the model (Kohler, 2005; Niebuhr,
2022, for overview): In particular, Kohler (2005) used semantic
scales to show that the peak alignment continuum contains an
additional category that falls between the medial (L4+-H*) and
late peak (L*+H)—a contour called “late-medial peak” in KIM
and described as (LH)* in the present paper.

Recent production data further provide evidence for a
consistent and meaningful use of (LH)* as a pitch accent
signaling rhetorical illocution in wh-questions (Braun et al,
2019). This accent was specific to rhetorical questions and did not
occur in information-seeking wh-questions (Dehé et al., 2022).

Crucially, it did not only occur in contexts of tonal crowding,
but also when post-tonic syllables were available. (LH)* has also
been observed with verb-first exclamatives, while string-identical
information-seeking questions were realized with a high-rising
contour (Wochner, 2021). The occurrence of (LH)* in these
(non-canonical) utterance types, as opposed to information-
seeking questions, suggests that it may be phonemic, rather than
a phonetic variant of another accent. At the same time, (LH)* has
been described as an allophonic variant of the established accents
described above, occurring in suboptimal segmental contexts,
in which there are not enough syllables to realize the late-peak
contour (cf. Mayer, 1995; Kiigler, 2007; Peters, 2014), hence
resembling the configuration in Figure 1B. In practice, (LH)*
realizations caused difficulties in transcription because they share
the alignment of the L tone with L*+H and that of the H tone
with L+H*. Taken together, the status of (LH)* in German (i.e.,
whether it is phonetic or phonological) is by far not clear and
it raises issues for the mapping between acoustic realization and
phonological categories. The specific question of the present
paper is how many distinct (meaningful) contours need to be
modeled within the broad category of rising-falling contours
in German.

A complicating factor for this question is that natural
productions are not as clearly distinct as the stylizations in
Figure 1 may suggest, but are subject to variability both within
and across speakers (Atkinson, 1976; Gandour et al, 1991;
Niebuhr et al., 2011; Grice et al., 2017; Lohfink et al., 2019; Roessig
et al., 2019; Roessig, 2021).! Clearly, such individual variation
blurs the boundaries of intonational categories. Regional variety,
which is one of the foci of the present paper, additionally pushes
the notion of categories to its limits as distributions between
categories might overlap (Atterer and Ladd, 2004; Grabe, 2004;
Gilles, 2005; Peters, 2006; Braun, 2007; Miicke et al., 2009):
Indeed, a main discriminating aspect of the above-cited models
on German intonation are their geographical origins. On a north-
south axis, KIM (Kohler, 1991a) is located farthest in the north,
followed by the system developed by Jorg Peters in Oldenburg
(Peters, 2006, 2014). The STGTsystem (Mayer, 1995), in turn,
originates in the South of Germany (Stuttgart). GToBI is a
collaborative approach developed at universities in Saarbriicken,
Stuttgart, Munich, and Braunschweig (Grice et al., 2005, p. 62).
It is possible that the apparent differences in intonation labels
and pitch accent contrasts are in part influenced by differences
in regional variety (cf. Gilles, 2005; Peters, 2006; Kiigler, 2007).

In fact, there is experimental evidence that Southern
German speakers produce pitch accents in declarative sentences
differently from Northern German speakers, at least in
prenuclear position: Atterer and Ladd (2004), for instance,
reported that Southern German speakers (from Bavaria) aligned

INiebuhr et al. (2011), for instance, showed that German speakers differ in
the magnitude of the alignment with which they differentiate H* from H+L*,
with a weaker alignment contrast being compensated by adjustments in contour
shape. Grice et al. (2017) showed that speakers consistently use the phonetic
cues alignment and scaling when differentiating focus types, however only for
some of the speaker did these differences lead to a difference in the intonational
event (H* vs. L4+-H*), see also Braun (2006) on similar findings for contrastive vs.
non-contrastively used prenuclear accents.
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prenuclear accentual rises significantly later than speakers from
the North-West of Germany (cf. Braun, 2007; Miicke et al.,
2008); in nuclear position, alignment differences went in the same
direction but were not significant (Miicke et al., 2009). In his
analysis of the tonal inventory of Swabian, an Alemannic variety
in the South of Germany, Kiigler (2007) shows that speakers
predominantly produced L*+H accents in declarative sentences
(see also Kiigler, 2004). Distributional analyses of Northern
German speakers (Kiel), in turn, reveal medial peaks to occur
more frequently than late peaks (Peters et al., 2005). This suggests
that the distribution frequency in tonal inventories might also
differ across regions (cf. Fitzpatrick-Cole, 1999; Leemann, 2012,
on Swiss German), such that the acoustic space of rising-falling
contours in Southern German speakers is shifted toward the
right end of the spectrum [recall that the southern STGTsystem
(Mayer, 1995) only accounts for one rising-falling contour].
In the present paper, we directly compare speakers from two
different regions (North vs. South) on the three-way tonal
alignment contrast.

Modeling Intonational Categories

The question of how phonological representations—typically
thought of as distinct categories—and phonetic modification—
typically understood as a gradual change—interrelate has been
an issue of on-going debate (e.g., Ohala, 1990; Niebuhr, 2007a;
Pierrehumbert, 2016; Arvaniti, 2019; Barnes et al., 2021; Roessig,
2021). It is uncontroversial that some form of generalization is
necessary to systematize interfaces with other core areas, such as
semantics or pragmatics. At the same time, clear-cut boundaries
cannot be maintained given the variability in the speech signal
and the fuzziness of the mapping between acoustic form and
phonological category.

In intonational research, different tasks have been employed
to study the relation between the continuous signal and
intonational categories (cf. Prieto, 2012 for overview): Focusing
on intonational form, identification and discrimination tasks
have been used in classic categorical perception paradigms
(Kohler, 1987, 1991b; Ladd and Morton, 1997; Schneider and
Lintfert, 2003; Niebuhr, 2007b). Kohler (1991b), whose work is
directly related to our question, showed categorical perception
for early vs. medial peaks (i.e., H+L* vs. L4+-H*), two accents that
differ in the direction of the accentual movement. The difference
between the two rising-falling contours (medial vs. late peaks,
ie, L+H* vs. L*+H), in turn, was less clear-cut. Categorical
perception results were similar for speakers from Northern and
Southern Germany (Kiel vs. Munich, Kohler, 1991b, p. 149fF.).
Beyond tonal alignment, the shape of the contour also seems
to influence the categorical perception of rising-falling contours,
leading to a more or less clear-cut perception between L+H*
and L*+H (Niebuhr, 2007a, for effects of peak shape and
intensity transitions); see also Barnes et al. (2021) for a study
corroborating the relevance of the shape of the interpolation
between L and H for the distinction between L+H* and L*+H
in English. Another paradigm testing the distinctiveness in
intonational form is imitation, which is based on the idea of
a perception-production loop (e.g., Pierrehumbert and Steele,
1989; Braun et al., 2006; Dilley and Brown, 2007; Dilley, 2010;

Chodroff and Cole, 2019b; Petrone et al., 2021). In imitation
tasks, participants are typically presented with one stimulus at
a time and have to imitate it. The productions are analyzed
in terms of the overlap (or non-overlap) in the distributions
of relevant parameters (such as tonal alignment) or overall
shape. In imitation, task difficulty or working memory seem
to affect outcome patterns: Braun et al. (2006), for instance,
employed an iterative imitation paradigm in which speakers
first imitated a set of randomly generated fO tracks and then
iteratively repeated their previous productions. They showed that
speakers retained some detail in immediate imitation, which was
lost, however, over successive repetitions. The authors argue for
attractors in the perceptual space of intonation that function as
a perceptual magnet. Participants in Chodroff and Cole (2019b),
American English speakers, had to imitate one of eight nuclear
contours and transfer the respective contour to a novel sentence
with the same rhythmic structure, hence making generalization
necessary. In their study, speakers primarily maintained the
distinction between rising and falling contours, similar to the
attractor contours in Braun et al. (2006). Petrone et al. (2021)
showed that when working memory capacity is smaller, speakers
have difficulties in reproducing contours correctly: Specifically,
speakers with high working memory capacity were more accurate
in the imitation of phonological events, both for obligatory events
(pitch accents and boundary tones) and optional events. In sum,
the harder the imitation task (due to either task demands or
cognitive capacities), the smaller the set of reproduced contours.
A challenging imitation task hence seems to us an appropriate
method for the question of whether there are three distinct
rising-falling contours.

Studies that have addressed the functional distinction
between intonational contours have employed semantic scales
(e.g., Dombrowski, 2003; Kohler, 2005; Dombrowski and
Niebuhr, 2010; Kiigler and Gollrad, 2015; Wochner, 2021),
free association tasks (Kohler, 1991b), acceptability judgment
tasks (Baumann and Grice, 2006), or psycholinguistic methods
such as eye-tracking (e.g., Braun and Biezma, 2019). Kiigler
and Gollrad (2015), for instance, showed that German listeners
differentiated between a contrastive and a broad focus reading
based on differences in the scaling of the H tone (the L
tone did not affect perceptual ratings, but see Ritter and
Grice, 2015). Based on a free association task, Kohler (1991b)
reports that medial peaks were associated with information
that was new to the discourse in declaratives and with an
information-seeking notion in questions. Late peaks also signaled
new information (similar to medial peaks) but also added
attitudinal meanings, such as astonishment or self-evidence
(see also Grice et al, 2005; Lommel and Michalsky, 2017).
Kohler (2005) corroborated these findings using semantic
differentials; the contour that falls between the medial and
late peak, the late-medial peak, tended to be associated
with unexpectedness or surprise. Braun and Biezma (2019)
used an eye-tracking paradigm to investigate the contrastive
nature of nuclear L+H*, prenuclear L+H*, and prenuclear
L*4+H. They showed that listeners interpreted prenuclear
L*+H and nuclear L+H* contrastively (more fixations to a
referent that contrasted with the accented word) as opposed
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to prenuclear L+H*. Here, we use a combined approach of
form and function to understand the sources of fuzziness
surrounding rising-falling accents in German and to model
it successfully.

THE PRESENT STUDY: RATIONALE AND
HYPOTHESES

To test the distinctiveness of the three kinds of nuclear
rising-falling contours in German [L+H*, L*+H, (LH)*; cf.
Figure 1], we employ wh-questions and make use of two
tasks: a delayed imitation task and a free association task.
The delayed imitation task requires a kind of storage (beyond
access to echoic memory), and hence taps into phonological
representations of intonational contours. The working memory
model by Baddeley and Hitch (1974) assumes that acoustic
information decays after ~2 s (phonological short-term memory,
cf. Plomp, 1964; Gathercole et al., 1997), unless it is refreshed
by a sub-vocal articulatory rehearsal process (Baddeley and
Hitch, 1974; Baddeley, 1986, 2003). Moreover, Crowder (1982)
reports that in terms of discrimination accuracy for vowel
formants “[t]he auditory memory loss seems to be asymptotic
at about 3 §” (Crowder, 1982, p. 197). Hence, there seems
to be a threshold of about 2 to maximally 3s up to which
acoustic information is readily available and after which acoustic
information decays. Based on this threshold, we designed our
delayed imitation task with a 2,000 ms delay and a following
sine tone with a duration of 500 ms. The free association task
seems to be the best-suited paradigm for our study since the
functional scope of (LH)* is not clear yet, which makes it
hard to establish pre-defined connotative meanings required in
other tasks.

For both experiments, speakers from Southern and Northern
Germany were recruited in order to investigate regional variation
(Mayer, 1995; Atterer and Ladd, 2004; Ulbrich, 2005; Braun,
2007; Kiigler, 2007; Miicke et al., 2009). Speakers were allocated
to either the Northern or the Southern German group according
to where they were born and grew up. The Northern German
group comprised speakers north of the Benrath line, an isogloss
separating Low German and High German dialects (based on
the High German consonant shift). The Southern German group
comprised speakers from Baden-Wuerttemberg and Bavaria
(south of the Speyer line, an isogloss that additionally separates
Upper German dialects from Central German dialects), cf.
Waterman (1991/1966).

In Experiment 1 (form) participants imitate three
resynthesized nuclear rising-falling contours on wh-questions
[L+H*, (LH)*, and L*4+H] in a delayed imitation paradigm
addressing phonological processing (cf. Baddeley and Hitch,
1974; Crowder, 1982; Baddeley, 1986, 2003). Methodologically,
we input a three-way alignment contrast, and analyze the
productions of Experiment 1 holistically, using general additive
mixed models (GAMMSs, Wood, 2006, 2017) on time-normalized
utterances. This method allows us to capture the f0 contours
as a whole and compare when in time two contours differ
from each other significantly (cf. Wieling, 2018; van Rijj et al.,

2019; Soskuthy, 2021). Using GAMMs hence not only provides
information about tonal alignment (Atterer and Ladd, 2004),
but also about tonal onglides (Ritter and Grice, 2015; Roessig
et al,, 2019), f0 excursions and scaling, and the overall shape
of the contour (Niebuhr, 2007b; Niebuhr et al., 2011; Barnes
et al., 2012, 2013, 2021). GAMMs furthermore allow us to test
for interactions between intonation condition and regional
variety over time, hence informing us on whether regional
variation affects the distinctions between contours differently.
In that sense, GAMMs represents an ideal statistical technique
to disambiguate the fuzzy data patterns existent in f0 contours
in order to unravel the meaningful underlying structure of
intonational phonology.

Participants’ imitative productions will be informative on how
many distinct contours we need to model in the acoustic space
of German rising-falling contours: Three distinct rising-falling
contours in the imitative productions of the speakers will provide
evidence for (LH)* as a third kind of rising-falling contour in
German next to the two more established L+H* and L*+H
contours, hence corroborating the three-way-contrast initially
laid out in Kohler (2005) and also observed in Braun et al.
(2019). Given that our delayed imitation task requires storage
of the contours, the evidence would go beyond phonetic details
and clearly speak in favor of phonological processing. If, on the
other hand, speakers reproduce two contours in their imitative
productions, this will provide evidence in favor of collapsing the
range of rising-falling contours into two contours (cf. Braun et al.,
2006, on English; Chodroff and Cole, 2019b). Reproduction of
only one contour would suggest that the task is too hard (since
there is plenty of independent evidence in favor of two rising-
falling contours in German, see sections “Introduction” and
“Background”). With respect to regional variation—although a
direct comparison of studies reporting occurrence frequency is
difficult, medial-peak contours (H*/L+H*) have been shown to
be more frequent than late-peak contours (L*+H) for Northern
German speakers (Peters et al., 2005). For Southern German
speakers, in turn, rising accents with a late L and H alignment
have been reported to occur frequently (described as L*+H in
Kiigler, 2004; see also Truckenbrodt, 2007, for the prenuclear
position). Based on these differences in occurrence frequency,
it is conceivable that L+-H* functions as a perceptual attractor
(magnet) for Northern German speakers, while L*+H serves
this function for Southern German speakers, along the lines of
what is known on magnets on the segmental level (Anderson
et al., 2003; cf. Braun et al. (2006) and Roessig et al. (2019) for
attractor-based accounts of intonation). Given that (LH)* may
be less strongly anchored in the intonational grammar due to its
more restricted function and hence less frequent occurrence, it
may be yet more prone to merger effects (cf. Braun et al., 2006).
Under this assumption, we predict the distinction of contours to
differ between regions, with a smaller distinction between L-+H*
and (LH)* in the North than in the South [L+H* as merger
with (LH)*], and conversely, a smaller distinction between L*+H
and (LH)* in the South than in the North [L*+H as merger
with (LH)*].

Experiment 2 (function) tests whether the three rising-falling
contours in wh-questions are interpreted differently. To this
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end, we conducted a qualitative study in which participants,
different from the ones in Experiment 1, paraphrased the
connotative meaning of the stimuli in Experiment 1 in their
own words. The paraphrases of Experiment 2 were recoded
into superordinate categories and analyzed using conditional
inference trees (CTrees, Hothorn et al., 2006). This method
allows us to test whether and how intonation condition and
regional background affect participants’ responses. We predict
that if there are in fact three distinct contours, they will lead
to different interpretations: Drawing on the available literature,
we expect that L+H* leads to descriptions relating to an
information-seeking nature (Kohler, 1991b; Baumann and Grice,
2006; Braun et al.,, 2019), while L*+H is expected to trigger
descriptions related to contrast and/or attitudinal meanings
(Grice et al, 2005; Niebuhr, 2007b; Lommel and Michalsky,
2017); (LH)* is hypothesized to be interpreted as rhetorical
(Braun et al, 2019), or to signal surprise or obviousness
(Wochner, 2021), or unexpectedness (Kohler, 2005). In terms of
regional variation, we cannot make strong predictions regarding
meaning—recall that Kohler (1991b, p. 149ff.) showed constant
semantic judgments for different contours across Northern and
Southern German listeners. If anything, we expect a merger effect
in terms of meaning for the most frequent accent type (L+H* in
Northern and L*+H in Southern German speakers).

EXPERIMENT 1: DELAYED IMITATION
STUDY

Methods

Participants

In total, 28 monolingual native German participants, half from
Northern Germany (mean age = 25.7 years, SD = 5.0 years, 10
female, 4 male) and half from Southern Germany (mean age =
25.5 years, SD = 4.4 years, 1 diverse, 8 female, 5 male), who
had not learned a second language before the age of six, took
part in the imitation study. Speakers from the Southern German
group spent most of their lives in Baden-Wuerttemberg (N = 14),
while speakers in the Northern German group came from Berlin
(N =1), Brandenburg (N = 1), Hamburg (N = 1), Mecklenburg-
Vorpommern (N = 1), Lower Saxony (N = 3), North Rhine-
Westphalia (N = 2), and Schleswig-Holstein (N = 5), all north
of the Benrath Line. Due to restrictions imposed by COVID-19,
testing started in the lab for eight Southern German speakers and
then was continued via the online platform SosciSurvey (https://
www.soscisurvey.de, Leiner, 2018) for all Northern speakers and
the six remaining Southern German speakers.

Materials

Four target wh-questions were constructed that consisted of the
wh-word wer “who,” a monosyllabic verb, the particle denn, and
a trisyllabic object noun with initial stress, see (1).

(1)

a. Wer heifst
is Melanie?”)

b. Wer spielt denn Libero?['liz.ba.ko] (“Who plays sweeper?”)

denn Melanie? ['mela.ni] (“Whose name

c. Wer malt denn Mandalas? ['man.da.las] (“Who draws/
colors mandalas?”)

d. Wer trinkt denn Malibu?
Malibu cocktails?”)

['mazli.bu] (“Who drinks

Nouns with two post-tonic syllables were chosen to avoid tonal
crowding (Prieto, 2011; Hanssen, 2017; Rathcke, 2017); also,
their segments were as sonorous as possible, especially in the
first two syllables, to ease fO analysis. The propositions of the
questions were chosen so that they did not elicit strong (positive
or negative) feelings but were mainly perceived as neutral?.
The four questions were recorded by a female native speaker
from Northern Germany (31 years at time of recording), who
grew up with a Southern German parent and who is familiar
with intonational phonology. She produced the wh-questions
in two conditions: (i) with a nuclear L+H* accent and (ii)
with a nuclear L*+H accent (see Supplementary Material S1 for
acoustic analysis). She was instructed to focus on the alignment
of the tonal targets. The recordings were then manipulated in
three steps (splicing, duration manipulation, f0 manipulation)
using Praat (Boersma and Weenink, 2016). First, splicing ensured
that pitch accent realizations were not affected differently by the
preceding part of the wh-question. To this end, for each item,
the auditorily best “precontext” (wh-word, verb, particle) was
selected. Likewise, the best productions of the object nouns (one
for L4+H*, one for L*+H for each item) were selected and cut
at positive zero-crossings. Both parts were scaled to 63 dB. To
reduce variability across items, the precontexts were manipulated
in terms of duration using PSOLA resynthesis. This way, the
constituents had an equal average duration for each item (in the
three intonation conditions). The same was true for the three
syllables of the noun. Second, the precontexts were cross-spliced
to the nouns. Finally, the alignment of the tonal targets of the
noun (L1: start of the {0 rise, H: 0 peak, L2: end of the f0 fall) was
manipulated, based on the alignment of the naturally recorded
stimuli for L+H* and L*+H and the values reported in Braun
et al. (2019) for (LH)*, see Table 1. Table 1 shows the locations
of the three tonal targets (L1, H, L2) within the rising-falling
contour (in the particle denn, the first, second or third syllable
in the object noun). Percentages refer to the total duration of the
respective unit, e.g., the f0 peak (H) occurred after 71% of first
syllable of the noun in L+H?*, and after 94% in (LH)*; for L*+H,
it occurred after 71% of the second syllable of the noun. Note that
Figure 1 shows a visual representation of Table 1. The 0 values
in the rising-falling contours were set at 166 Hz for L1, at 273 Hz
for H, and at 170 Hz for L2 (based on the mean values in natural
productions), leading to a pitch range of 8.6 semitones (st) for the
rising part and 8.2 st for the falling part of the contour.

2Materials underwent a check in which the propositions of eight questions
(four of which were the selected target questions and four of which were filler
questions) were presented to 15 listeners (native speakers of German, mostly
student assistants) who judged each proposition [e.g., drinking Malibu (target
item), going to the cinema (filler) etc.] as either positive (I like), negative (I don’t
like), or neutral (I don’t have an opinion). The propositions of the selected questions
were predominantly judged as neutral (68%); in 27% participants had a positive
attitude and in 5% of the cases a negative attitude toward the proposition of
the sentence.
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TABLE 1 | Alignment of tonal targets (L1, H, L2) in rising-falling contours in experimental stimuli; L+H" and L"+H values based on natural recordings, (LH)" values based

on Braun et al. (2019).

H L2

L1
L+H* In [n] from denn (22.0%)
(LH)* In syllable 1 of noun (45.4%)
L*+H In syllable 1 of noun (76.3%)

In syllable 1 of noun (71.2%)
In syllable 1 of noun (94.4%)
In syllable 2 of noun (71.1%)

In syllable 2 of noun (69.6%)
In syllable 2 of noun (69.6%)
In syllable 3 of noun (31.6%)

Percentages refer to the total duration of the respective unit.

The fO0 contours of naturally produced L+H* accents
and naturally produced L*+H accents (4 items each) were
resynthesized into the three intonation conditions, leading to
a total of 24 test stimuli (4 items x 3 target contours x 2
manipulation origins). We used two manipulation origins to
exclude the possibility that spectral effects could have affected
the imitations, which was not the case (see below). Natural
recordings of (LH)* were avoided because this contour might be
realized with breathy voice in wh-questions (Braun et al., 2019),
which might be a confounding cue. Furthermore, recording
the contours at the ends of the continuum (Figures 1A,C)
will allow us to resynthesize intermediate steps in future
studies. In the present study, we start with three contours, the
two more established L+H* vs. L*+H, and one intermediate
contour (LH)*. We further selected four additional wh-questions
to be used as practice trials. They had the same syntactic
structure but different target words (Thymian “thyme”, Komiker
“comedian”, Kolibris “hummingbirds”, Tombolas “tombolas”).
These questions were resynthesized into the more established
accents L+-H* and L*+H.

There were two experimental lists with a pseudo-randomized
order of trials to avoid priming of contours between trials. Lists
did not contain sequences with the same item or the same
contour in a row. The second experimental list was a mirror
list of the first list such that the first trial in list 1 was the last
in list 2. This was done to avoid order effects. Experimental
lists were randomly assigned to the participants. Prior to the 24
experimental trials, there were four practice trials to familiarize
participants with the procedure and voice of the speaker.

Procedure
Each trial was initiated by a sine tone (at 300Hz, 500ms
duration) to signal the beginning of the trial. Participants listened
to the questions via headphones. Each target question was
also orthographically displayed on screen. Participants were
instructed to imitate the utterances as closely as possible with a
special focus on their speech melody. They were told to choose a
pitch register that appeared suitable for them. This was done to
avoid a mimicry of pitch and vocal characteristics of the speaker.
Each utterance was played only once, followed by a 2,000 ms
period of silence and a sine tone of 500 ms (presented pseudo-
randomly at 450 or 150 Hz) before participants started to imitate
the question. The sine frequencies meet the floor and ceiling
register frequencies of the speaker who produced the stimuli;
the sine tones were played to overwrite any acoustic trace
that might be kept after the 2,000 ms silence. We used two

TABLE 2 | Overview of imitated productions per group in final dataset of
Experiment 1.

Northern German Southern German

speakers speakers
L-+H* contour 108 112
(LH)* contour 111 111
L*+H contour 110 111
Sum 329 334
Total 663

different frequencies for the sine tone, in random order, so
that participants could not anticipate and adapt to it. After
participants had imitated the respective utterance, they pressed
a key to proceed to the next trial. Recordings were done via
the microphone of the participants’ computers in the remote
setting. In the lab setting, recordings were done with a head-
set microphone (DPA 4088F) onto a MacBookPro in a sound-
attenuated booth.

Data Processing and Statistical Analysis

Dataset

In total, we collected 672 sound files (28 participants x 24
imitated questions). Note that each sound file has one imitation.
Nine files were excluded due to mispronunciations, bad sound
quality, or a technical error on the online platform that led to
data loss. The final data set for the analysis consisted of 663 sound
files, see Table 2 for a breakdown of the distribution of files across
different groups.

Data Processing

Sound files were first segmented semi-automatically using the
software Web Maus (Kisler et al., 2017) with boundaries being
manually adjusted according to standard segmentation criteria
(Turk et al.,, 2006). The critical segments were [n] in the particle
denn, and the first, second, and third syllables of the object
nouns. Subsequently, fO values were extracted for these four
intervals using Prosody Pro (Xu, 2013).> Figure2 shows an
actual imitation of one target question in the three conditions,
along with the annotation. We used 50 measurements per

3To reduce erroneous f0 values, the Hz range for higher pitched voices (mostly
persons that identified as female) was set to 100-500 Hz, while it was changed to
50-300 Hz for lower pitched voices (persons that identified as male).
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FIGURE 2 | Imitative productions of the German target question Wer trinkt
denn Malibu? ‘Who drinks Malibu?” in the three intonation conditions (vp19,
Northern German group, female, 24 years). Top panel: L+H*, mid panel: (LH)*,
bottom panel: L*+H. Tier 2 served as input tier for the extraction of fO values;
all other tiers are for illustration purposes only.

time interval. To detect and remove f0-tracking errors, which
primarily occurred in word-final fricatives and word-medial
stops, we used a custom-made algorithm in Python that replaced
likely octave jumps by “NA” so that they were excluded from
the analysis. In R (R Development Core Team, 2015), raw {0
values were transformed into semitones to ease interpretation of
(perceptible) differences across contours and downsampled (10
values per interval for statistical analysis).*

Statistical Analysis

We used GAMMs (Wood, 2006, 2017) to test the distinctiveness
of the three different intonational contours. GAMMs were
chosen as they allow for a direct comparison between {0 contours
by modeling non-linear dependencies of a response variable
(here f0) and different predictors (here intonation condition and
region) over time via smooth functions. They use a pre-specified
number of base functions of different shapes (Baayen et al., 2018;
Wieling, 2018; van Rijj et al., 2019; Séskuthy, 2021). GAMMs
also allow us to model interactions over time (e.g., condition
x region), which test whether the distinctiveness of contours
differs between speakers of Northern and Southern German (cf.
van Rij et al, 2019, p. 8ff; Wieling, 2018, p. 106ff.). For the

4For semitone conversion, the following formula was used: st = 12*log2(f0/fOref).
Based on visual inspection of the distribution of f0 values per gender, fOref was
set to 175 Hz for higher pitched voices (mostly persons that identified as female)
and 100 Hz for lower pitched voices (persons that identified as male), resulting in
mostly positive semitone values (mean = 2.6 st, sd = 3.0 st).

model fitting of the GAMMs, we used the R package mgcv
(Wood, 2011, 2017); the package itsadug was used to plot the
model results (van Rij et al., 2017), which is essential to interpret
model outputs.

The response variable was the fO value (in st) at different
time points (10 values per interval), which was roughly normally
distributed. All models were corrected for autocorrelation in
the f0 data using an autocorrelation parameter rho, determined
by the acf resid()-function from the package itsadug (van
Rij et al, 2017).> Models were initially fitted using the
maximum likelihood (ML) estimation method in order to be
able to compare models with different complexity (Soskuthy,
2021, p. 16; Wieling, 2018, p. 89). We first tested whether
the modeling of different curves for the three intonation
conditions over time is warranted. Since this was the case,
we then assessed the interaction between intonation condition
and region (see below for details). Model fits were checked
using gam.check() and the number of base functions (k)
was adjusted if necessary. Also, models were re-run with
the scaled ¢ distribution (family = “scat”, closely following
the suggestion in van Rij et al, 2019, p. 17) due to tailed
residuals. All steps of the analyses can be found in the
Supplementary Materials to this paper (http://doi.org/10.17632/
yhv7nmjmgf.2).

Results

Figure 3 shows the raw data, i.e., the average f0 contours on
time-normalized utterances (in st) of imitated productions in the
different intonation conditions for Northern German (left) and
Southern German speakers (right). Data from both manipulation
origins (i.e., whether the contours were resynthesized from
L+H* or L*+H) were collapsed since the resynthesis procedure
did not affect the realization of contours (see analysis on
Mendeley for details). Note that syllable durations in the
imitated questions did not differ across intonation conditions (all
p>0.12).

The initial GAMM included condition and region as
parametric effects along with a smooth for the interaction of
intonation condition over (normalized) time, s(Normtime, by
= intonation condition), and factor smooths for participants
and items. Model comparisons using the function compareML()
revealed that this model was superior to a simpler model
without the smooth for condition over time [X(24.00)
= 1323.09, p < 0.0001], corroborating the existence of
different contours. We then assessed the interaction between
intonation condition and region over time to test whether
the distinction of contours differed across regions. To do
so, we refitted the model including an interaction variable
RegCond (6 levels, 2 regions x 3 intonation conditions).
The interaction model had a better fit [X(zs.oo) = 9140, p <
0.001], indicating that the speakers from the North made

> Autocorrelation can also be reduced by fitting smooths for an event variable (i.e., a
unique time series for each subject on each trial), cf. van Rij et al. (2019). However,
this was computationally not possible. Instead, we fitted factor smooths for subject
and item and controlled for autocorrelation.
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FIGURE 3 | Average fO contours (in st) of imitative productions in the three different intonation conditions [L+H* in gray, (LH)* in orange, and L*+H in blue], for
Northern German (left) and Southern German speakers (right). The x-axis displays the time-normalized questions (from [n] of the particle denn followed by the
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different distinctions than speakers from the South. The
best-fitting model was re-run with the scaled t distribution
specified (family = “scat”). Based on this new model, we
again determined a value for the rho parameter to account
for autocorrelation. The outcome of this final model® is
visualized in Figure 4. It explained 68.5% of the deviance, see
Supplementary Material S2.1 for details on model evaluation in
terms of residuals.”

Figure 4A shows the f0 contours in the three intonation
conditions as predicted by the final GAMM, split by region
(Northern German speakers are shown in the left and
Southern German speakers in the right panel). The difference
between two contours is directly displayed in so called
difference curves, where f0 values in one condition are
subtracted from f0 values in the other condition, see Figure 4B
for the three pairwise contour comparisons for the two
regions:

- Comparison L+H* vs. (LH)*. For speakers from Northern
Germany, the imitative productions significantly differed
already in the pre-tonic interval (the [n] of the particle
denn), with L+H* contours being slightly higher than (LH)*
contours. L4+-H* furthermore had an earlier low turning point
than (LH)* in Northern German speakers (i.e., an earlier start
of the rise), which accounted for a large difference in the
stressed syllable. For speakers from Southern Germany, by
contrast, the difference in alignment of the low turning point
was less obvious and contours only differed for a small part
of syllable 1 of the noun. The difference was around half a

The final model was specified as follows: model <- bam(st ~ Regcond +
s(Normtime, by = Regcond, k = 20) + s(Normtime, vp_index, bs = “fs”, m = 1)
+ s(Normtime, manip_item, bs = “fs”, m = 1), data = delayed_imitation_sorted,
family = “scat”, discrete = T, method = “fREML’, rho = rhoval, ARstart =
delayed_imitation_sorted$start_event).

7To corroborate the interaction between condition and region indicated in our
final model, we constructed additional models containing binary difference
smooths terms that capture the difference of the difference over time between
two predictors, and hence their interaction (closely following the procedure
described in van Rij et al, 2019, pp. 11-13; Wieling, 2018, p. 109 ff.), see
Supplementary Material S.2.2 for details. Again, these binary difference smooths
support the interpretation that the difference between intonation conditions
over time is different for speakers from Northern vs. Southern Germany
but also, that speakers from both regions produced three distinct contours,
Supplementary Material S.2.2.

semitone, which is very subtle (Batliner, 1989). Similarly, a later
alignment of the peak in (LH)* than in L+H* led to differences
in the contour at the end of syllable 1 and the beginning of
syllable 2 in the noun in the Northern German group. This
difference was again less pronounced in the Southern German
group. Overall, the distinction between L+H* and (LH)*
seems to be larger for Northern German than for Southern
German speakers (see Supplementary Material S.2.2 for
interaction model). Importantly though, both speaker groups
distinguished between the two contours.

- Comparison (LH)* vs. L*4+H. For both speaker groups,
the two contours differed significantly in syllables 1 and
2 of the noun. The alignment of the low turning point
was comparable but the (LH)* had a steeper rise with an
earlier peak than the L*+H accent, which led to considerable
differences in the stressed syllable and the post-tonic syllable.
Supplementary Material S.2.2 show that regional differences
are minor for this distinction.

- Comparison L+H* vs. L*4+H. As expected, the imitative
productions of the two established accents differed
significantly in syllables 1 and 2 of the noun, with a later
alignment of the low turning point and the peak for L*+H
as compared to L+H*. The f0O of the L+H" hence rose
earlier than for L*+H, leading to strong differences in
realization. Interestingly, the contours deviated already in the
pre-tonic syllable ([n] of the particle denn), similarly in both
varieties. The distinction between contours was generally more
pronounced for Northern German speakers than for Southern
German speakers (see Supplementary Material S.2.2 for
interaction model).

Taken together, the two more established accent types L+H*
vs. L*+H are clearly distinct in their form, showing significant
differences across both syllable 1 and 2 in both regional varieties
(the difference was larger for Northern German speakers).
Crucially though, the f0 contour in the (LH)* condition is also
significantly different from the f0 contour in L+H* (syllable
1) and from the fO contour in L*+H (syllables 1 and 2)—
for both speaker groups, but the distinction between L+H*
and (LH)* is smaller for speakers from the South than for
speakers from the North; in fact, these two contours are very
similar in the productions of Southern German participants.
The distinction between L*4+H and (LH)* is more pronounced
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FIGURE 4 | GAMM results. (A) Predicted fO values in the three intonation conditions [L+H* in gray, (LH)* in orange, and L*+H in blue] for Northern German speakers
(left panel) and Southern German speakers (right panel). (B) Predicted difference curves (pairwise comparisons between contours), for Northern German speakers (left
panel) and Southern German speakers (right panel). The gray shading displays the 95% CI (confidence interval) of the predicted mean difference. The difference
becomes significant if zero is not included in the 95% CI. This is marked by the vertical red lines.
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and clearly maintained in both regions, with differences in
contours occurring both in syllables 1 and 2 of the object
noun. The significant differences in contours across all pairwise

comparisons suggest that speakers maintain a three-way contrast
in rising-falling-contours, with regional variety modulating the
extent of the distinction.
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Interim Discussion

Experiment 1 tested the distinctiveness in realization of three
rising-falling contours in Northern and Southern German
speakers in a delayed imitation task that addressed phonological
processing (Chodroff and Cole, 2019b; Petrone et al, 2021).
Our findings show that all three contours are distinguished
from each other. However, it is not unambiguously clear at
this point whether participants imitated the tonal targets (i.e.,
pitch accent categories), a communicative function associated
with the different contours (e.g., information-seeking vs.
rhetorical question), or differences in perceived prominence. In
prominence perception tasks, steeper slopes are judged more
prominent than shallower ones (Rietveld and Gussenhoven,
1985; Baumann and Rohr, 2015; Baumann and Winter,
2018). Clearly, imitative productions had to be retrieved from
stored representations, which may consist of aspects of tonal
alignment properties, prominence, and meaning—possibly also
a combination of the three.

Regional variety mediated the extent of the distinction
between contours such that speakers from Northern Germany
had more distinct productions than speakers from Southern
Germany, especially regarding the distinction between L+H* vs.
(LH)*. In section “The Present Study: Rationale and Hypotheses”,
we hypothesized about mergers toward the more frequent accent
type, i.e., mergers toward L+H* in Northern German and toward
L*+H in Southern German speakers due to a high occurrence
frequency of these complementary accents in the respective
varieties (Kiigler, 2004, 2007; Peters et al., 2005)—an account
that had predicted less clear-cut distinctions between L+H* and
(LH)* in the North and between L*+H and (LH)* in the South.
This prediction was clearly not borne out: Instead, Northern
German speakers were more distinct in all pairwise comparisons
than Southern German speakers, especially with regard to the
distinction L+H* and (LH)*, which almost seemed to converge
for large parts of the contours in speakers from the South. We
will discuss this finding and its implications in more detail in
the General Discussion, including results from the association
task in Experiment 2. Summarizing the main findings from
Experiment 1, our results indicate that speakers maintain a three-
way contrast in their imitative productions. Crucially, (LH)*
significantly differs in its form from the more established accents
L+H* and L*+H in all experimental conditions, in particular for
speakers from the North.

EXPERIMENT 2: PARAPHRASING OF
CONNOTATIVE QUESTION MEANING

In Experiment 2, we tested whether the three rising-falling
contours evoke different connotative meanings. To this end,
listeners paraphrased the pragmatic meaning they associated with
the stimuli from Experiment 1.

Methods

Participants

Overall, 66 native speakers of German were included in the
study. None of the speakers had participated in Experiment 1.

Twenty-eight of them were from Southern Germany (mean age:
24.1 years, SD = 4.3 years, 24 female, 4 male), that is, Baden-
Wouerttemberg (N = 20) and Bavaria (N = 8), and 38 were from
Northern Germany (mean age: 25.5 years, SD = 8.2 years, 33
female, 5 male), which includes the states of Saxony-Anhalt (1),
Lower-Saxony (N = 18), Hamburg (N = 3), Bremen (N = 1),
North-Rhine Westphalia (N = 5), and Schleswig-Holstein (N =
10). Data from five additional speakers was not considered since
these participants could not unambiguously be assigned to the
Southern or the Northern group [i.e., participants who were born
in the North but grew up in the South, or vice versa (N = 2), or
came from the Central German dialect area (N = 3)].

Materials

We selected 12 wh-interrogatives from the material set used
in Experiment 1. Since the direction of resynthesis of stimuli
(manipulated from L+H* vs. L*4+H) did not have an effect
on the imitation results in Experiment 1 (see Mendeley), we
reduced the number of stimuli by taking only one manipulation
direction into account. That is, for L+H* we used those stimuli
that were originally recorded as L+H"; similarly, for L*4+H we
used those stimuli that were originally recorded as L*+H. For
(LH)* contours, which were resynthesized half from originally
recorded L+H* and half from L*+H in Experiment 1, we
chose two of the four questions to be originally recorded as
L+H*, and two as L*+H contours. This resulted in 12 items
(4 items x 3 intonation conditions, only one manipulation
direction). The 12 wh-interrogatives were ordered such that the
stimuli with the same intonation condition and stimuli with the
same lexicalization were separated by at least one other item to
avoid priming.

Procedure
Participants were asked to paraphrase the intention they thought
a speaker conveyed in the question. They were told that
interrogative sentences may not only be used for inquiring
information but can also serve other purposes (which were
not further specified). Participants were furthermore explicitly
instructed to focus on how the respective utterances sounded,
that is, which connotative meaning the utterances expressed,
disregarding their propositional content. The four different target
wh-questions [cf. (1) above] were presented in written form in
the instructions. This was done to familiarize participants with
the syntactic and lexical composition of the target sentences and
to focus them on the intonational realization of the utterances.
On each trial in the actual experiment, participants clicked
on a “play” button to listen to one wh-question at a time.
They then had to paraphrase the intention of the speaker
in a free response field. The experiment was self-paced and
participants were allowed to listen to a question as often as
they wanted but were instructed to respond intuitively. In case
they associated different intentions with the questions, they were
allowed to give multiple responses; conversely, if participants did
not identify an intention, they typed “NA” in the description
field or left it blank. Participants moved on to the next trial
by pressing a “continue” button. The study was conducted as
a web-based experiment, which was created via SoSci Survey
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TABLE 3 | Number of responses split by experimental item and intonation
condition.

Libero Malibu Mandalas Melanie Total
L+H* 59 (50) 66 (54) 55 (42) 81 (78) 261 (224)
(LH)* 75 (73) 88 (84) 71 (69) 72 (68) 306 (294)
L*+H 58 (49) 52 (47) 71(57) 60 (54) 241 (207)
Total 192 (172) 206 (185) 197 (168) 213 (200) 808 (725)

Values in brackets indicate the number of instances that were statistically analyzed (after
response categories with fewer than 12 instances per category had been removed).

(www.soscisurvey.com, Leiner, 2018), and ran on an in-house
server. Participants took between 10 and 15min to complete
the study.

Data Treatment and Analysis

In total, 808 responses were given [261 for L+H*, 306 for (LH)*
and 241 for L*+H], see Table 3 for the distribution of responses
across items and intonation condition. Listeners gave on average
12.2 responses for the 12 trials (SD = 3.7), with individuals
ranging between 3 (i.e., responses to only a fourth or the trials)
and 21 responses (i.e., almost two responses to every trial). There
were 135 questions to which participants did not provide a
response at all [50 times for L+H?*, 29 times for (LH)*, and 56
times for L*+H].

We extracted superordinate categories from participants
responses. To this end, we took a sample of about a third of
the data (N = 262) and grouped the responses into a set of
superordinate categories (e.g., “information-seeking,” “surprise,”
“p is 0odd”). These categories were generated bottom-up (i.e.,
data-driven) and were often explicitly mentioned by a number of
participants (e.g., scepticism). The grouping was done together
by two coders (a consensual coding between first and third
author). Table4 lists the nine superordinate categories that
contained N >= 12 instances each. It also includes example
responses for each category. To verify the objectivity of the
superordinate categories and the reliability with which they can
be coded, a third coder (fourth author) independently coded
a subset of 220 responses based on the keywords in Table 4.
Agreement between the third coder and the consensual coding
of the first two coders was assessed by calculating Cohen’s kappa
(Cohen, 1960) with the irr package in R. The interrater agreement
was 88.2% (k = 0.83), i.e., “almost perfect” (Landis and Koch,
1977, p. 165). The set of keywords was then used to code the
remaining items by one of the three coders (first, third, and
fourth author).

In total, responses fell into 27 superordinate categories, with
instances in individual categories ranging between 1 and 370
responses. To keep the number of categories feasible for statistical
analysis, we excluded categories with fewer than 12 instances per
category, in total excluding 83 responses in 18 different categories
(10.3% of the data). The statistical analysis was based on the nine
different response categories of Table 4 (N = 725 responses), see
values in brackets in Table 3 for distribution across condition
and items.

TABLE 4 | Nine most frequent superordinate categories inferred from participants’

responses.

Superordinate

Exemplar responses

category
Aversion Abschétzige Meinung zu Mandalas;
N=T7) (“pejorative opinion on mandalas”)

Auf Mandalas malen als Beschéftigung wird herabgesehen;
(“disdaining coloring mandalas as an activity”)

Information-seeking
(N =370)

Wer malt gerade ein Mandala?;

(“Who is coloring a mandala at the moment?”)
Herausfinden, wer Melanie heiBt;

(“find out which of the persons is called Melanie”)
Tatséchliches Interesse;

(“actual interest”)

Irony
N=17)

Ironische Frage;

(“ironic question”)

Ablehnung/ Spott ausdriicken;

(“to express rejection and mockery”)

Negative attitude
(N =54)

Melanie ist kein schéner Name;
(“Melanie is not a nice name.”)
Kritische AuBerung zu Mandalas;
(“critical statement toward Mandalas”)

Pis odd
(N =593)

Melanie ist ein ungewdhnlicher Name;
(“Melanie is an unusual name.”)

Mandalas malen ist ungewdhnlich;

(“Drawing mandalas is unusual.”)

Dass Leute, die Mandalas malen, komisch sind;
(“That people who draw mandalas are weird.”)

Positive attitude
(N=13)

Bewusst geduldig und freundlich auftreten;
(“to intentionally appear patient and friendly”),
Malibu wird positiv bewertet;

(“Malibu is rated positively.”)

Rhetorical meaning
N =47)

Niemand heiBt Melanie;

(“Nobody is called Melanie.”)

Melanie als Name wird infrage gestellt. Wer heiBt denn schon
s0?;

(“The name Melanie itself is questioned. Who is called
Melanie?”)

Rhetorische Frage;

(“rhetorical question”)

Scepticism Zweifel;
N=12) (“doubt”)
Skepsis;
(“scepticism”)
Surprise Libero spielen ist etwas, das man nicht erwarten wdirde;
(N =182 (“To play in the sweeper position is not something one would

expect.”)
Verwunderung;
(“astonishment/surprise”)

Original responses for the superordinate category are shown on the right. Categories
are presented in alphabetical order. The number in brackets gives the total number of
responses in this category.

We used Conditional Inference Trees (CTrees) to test whether

there was a significant clustering of response categories based
on our two predictors intonation condition and region. CTrees
are a non-parametric class of regression trees, applicable to all
kinds of response variables (Hothorn et al., 2006). Different
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from other regression tree algorithms such as CART-based trees,
CTrees employ a significance test procedure that grows only
statistically significant splits. Hence, tree pruning is not needed
in this approach [ctree() function description, Hothorn and
Zeileis, 2015]. To fit the trees, we used the partykit package
in R (Hothorn et al., 2006; Hothorn and Zeileis, 2015). To
evaluate the generalization of the CTree, we used a 10-fold cross
validation procedure: We split the data in 10 randomly sampled
sets, training the tree on 85% of the data and testing it on the 15%
of unseen data. For evaluation of the tree, the R package caret
(Kuhn, 2020) was used.

Results

Figure 5 shows the distribution of the nine response categories
across the three different intonation conditions, split by region
(N = 725 responses).

Most of the questions were paraphrased as “information-
seeking” (N = 370 of all 808 responses, 45.8%), which is
not unexpected given their interrogative syntax. However, the
specification “information-seeking” was more often ascribed
with L+H* and L*4+H accents, as compared to (LH)* accents:
59.4% of the L+H* accents, 59.8% of the L*+H accents,
compared to 23.2% of the (LH)* accents. A similar distribution,
but with much lower numbers, was found for the category
“positive attitude.” Conversely, all other response categories
occurred more frequently in the (LH)* condition than in the
L+H* and L*+H accents. That is, (LH)* was often paraphrased
as “aversion,” “surprise, “negative attitude,” or “p is odd”. A
“rhetorical meaning” was also attributed to (LH)*, more often
than for the two other accent types. However, this connotation
was rare overall. The CTree shows one significant split only
(Figure 6), which is caused by intonation condition, separating
the (LH)* accent on the one hand from the L+H* and L*+H
on the other. The L+H* and L*+H accents were not further
subdivided. The factor region was not considered by the CTree,
which mirrors the similar meaning attributions across regions
shown in Figure 5. The evaluation of the unseen test set (15%
of the data) revealed a mean accuracy of 51.8%, 95% CI [42.1%;
61.5%).8

It was surprising that the two established GToBI accents
L+H* and L*+H were not distinguished in the meaning task.
After all, these contours have often been claimed to differ
in their communicative function: L+-H* has been associated
with new or contrastive information (Kohler, 1991b; Grice
et al., 2005; Baumann and Grice, 2006), while L*+H has been
associated with contrast and/or certain attitudinal meanings
(Grice et al.,, 2005; Niebuhr, 2007b; Lommel and Michalsky,
2017). These meaning attributions refer to information structure,
the information status of referents and to attitudes that are
typically conveyed in utterances with a declarative syntax. It is
conceivable that these intonational meanings are less obvious
in the wh-question structure employed in our experimental

8Note that reducing the number of categories (excluding those with only few
instances: irony, positive attitude and scepticism) led to the same results in the
CTree, i.e., one single split grouping L+H*/L*+H on the one hand, and (LH)* on
the other.

sentences. An alternative explanation could be that the meaning
contrast was not captured well by the superordinate categories.
To follow up on these possibilities, we conducted a post-hoc
study (N = 15 participants, 5 from Northern and 10 from
Southern Germany) in which we used the same recordings of
the target words (Mandala, Malibu, Melanie, and Libero), but
spliced onto a declarative-sentence structure (Das ist der/die
“That is the”).? The instructions and the experimental procedure
were the same as in Experiment 2. Participants’ responses in
this follow-up study were coded into keywords (which partly
differed from the ones for wh-questions) and analyzed by
the third and fourth author in a consensus coding. In this
follow-up study, results revealed differences in interpretation
between L+H* and L*4+H: L+H* was more often paraphrased
as “correction”, “enforcement”, “statement”, “p is new”, and
“information-giving” than L*+H. Conversely, L*4+H was more
often paraphrased as “surprise” and “aversion” than L+H*. In
line with the results of Experiment 2, (LH)* was interpreted
more often as “correction”, “surprise”, and “aversion” than
the other two accents (see Supplementary Material S.3 for
more details).

Interim Discussion

In Experiment 2, we assessed the connotative meanings listeners
associate with the three different kinds of rising-falling contours,
L+H*, (LH)*, and L*+H, schematized in Figure 1. This
was done in a qualitative study in which participants freely
paraphrased the perceived intention of the speaker. Our results
showed that intonation condition clearly affects the connotative
meanings associated with the questions, causing the only split
in the CTree (see Figure 6). Importantly for the question of
whether (LH)* forms its own category, the connotative meanings
evoked by (LH)* were distinct from the two other accent types:
While L+H* and L*4+H contours were equally paraphrased
as “information-seeking” in most of the wh-questions, (LH)*
received more diverse meaning attributions, which were often
paraphrased as “aversion”, “surprise”, “negative attitude”, or “p
is odd”. An explicit “rhetorical” meaning was also ascribed to
(LH)*, but this association was comparatively rare. Importantly,
the pattern of results was the same across regions, suggesting
that speakers from Northern and Southern Germany share
the same set of connotative meanings for the three rising-
falling contours.

We first discuss the connotations ascribed to the (LH)* accent
before we turn to the finding that the meaning attributed to
L+H* and L*+H did not differ in wh-questions. From a phonetic
point of view, (LH)* differs from the other two accents in our
study in that it exhibits a steeper slope of the rising movement
since both the low and the high tonal target occur within
the stressed syllable. This might have increased the perceptual
salience of this accent type. As discussed briefly in section
“Interim Discussion” of Experiment 1, previous prominence
rating tasks have shown that rising nuclear accents are perceived

9For the item “Mandalas” we had to remove the final [s] to change it from a
plural to a singular word form to match it to the referential expression das and the
verb ist.
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as more prominent than falling ones, H* accents as more
prominent than L* accents, steeper slopes as more prominent
than shallower ones, and larger f0 excursions as more prominent
than smaller f0 excursions (Rietveld and Gussenhoven, 1985;
Baumann and Roéhr, 2015; Baumann and Winter, 2018). This
implies the following decreasing prominence order among the
accents of this study: (LH)* > L+H* > L*4+H. This ranking
is reproduced in only three of the nine categories (“p is odd,”
“negative attitude,” “aversion”). Hence, while the perceptual
prominence may have affected listeners’ interpretations to some
degree, differences in prominence alone cannot explain the
findings. Clearly though, the steeper slope perceptually stands
out. Higher peaks and concomitant steeper slopes have been
shown to affect meaning interpretation: In particular, a steeper
slope in rising movements has been associated with surprise in
the literature (Ladd and Morton, 1997; Chen, 2009).

To further interpret the findings concerning the meaning
attributions to (LH)*, it helps to access the pragmatics literature:
As mentioned earlier, the accent (LH)* has been observed in
a study on rhetorical questions (Braun et al., 2019). Several
connotative meanings mentioned by the listeners are in fact
compatible with a rhetorical question interpretation: Rhetorical
questions are often described to have the illocutionary force
of assertions (Han, 2002) or to be assertion-like (Caponigro
and Sprouse, 2007; Biezma and Rawlins, 2017). The speaker
of a rhetorical question commits her interlocutors to the
proposition presupposed by the rhetorical question (Biezma and
Rawlins, 2017). For positive wh-questions used in this paper, the
presupposition denotes the empty set (e.g., niemand “nobody” for
Wer mag Mandalas? “Who likes mandalas?”). At the same time,
the speaker of a rhetorical question signals that the answer to the
rhetorical question is obvious and she expects all interlocutors
to know that it is obvious. A rhetorical question is not, a priori,
connected to any specific kind of speaker emotion. However,
it can convey a large range of emotional or attitudinal load.
It may be used positively (e.g., Mach dir keine Sorgen. Wer ist
denn nicht nervés vor einer Priifung? “Don’t worry. Who isn’t
nervous right before an exam?”) or negatively (e.g., Was weifs der
schon? “What does he know, after all?”). Hence, it is conceivable
to assume that a rhetorical question may also trigger emotional
stances such as aversion or negativity or a certain sense of surprise
or oddness. The indeterminacy in attitudes also explains the
larger variability in paraphrases in the (LH)* accent compared
to the L+H* and L*+H accents. A frequent category for the
(LH)* condition was “surprise” (e.g., that the speaker is surprised
that there are people who like drawing mandalas). The surprise
aspect ties in with observations that rhetorical questions may be
marked by “mirativity markers” in some languages (for Basque:
Alcazar, 2017). Also, rhetorical questions in English have been
associated with surprise (Celle, 2018). Taken together, both the
phonetic composition of (LH)* as well as pragmatic approaches
explain why (LH)* evokes a different meaning than the two other
accents. We now turn to the lack of distinction between L+H*
and L*+H.

Contrary to our hypothesis, L+H* and L*+H contours in
wh-interrogative structures did not lead to overall different
judgments of meaning but were both predominantly interpreted

as conveying the intent of requesting information from
the addressee (“information-seeking”). The syntactic question
form, i.e., the wh-verb-second-interrogative form, may have
inflicted a strong bias, in particular for the two established
accents L+H* and L*+H. Given ample evidence on different
meaning contributions for L+H* and L*+H (Grice et al,
2005; Kohler, 2005; Niebuhr, 2007b; Lommel and Michalsky,
2017; Braun and Biezma, 2019), the lack of a distinction
is indeed surprising, and may theoretically cast doubt on
the validity of the study. This is not the case, however:
A follow-up study conducted with the same design but
with declarative sentences instead of wh-interrogatives showed
meaning differences between L+H* and L*+H. Our findings
corroborate current reports in the literature that challenge
the view of a one-to-one mapping between intonational
form and pragmatic meaning (Chodroff and Cole, 2019a;
Roettger et al, 2019; Orrico and D’Imperio, 2020), but
clearly show that differences in tonal alignment interact with
propositional content and sentence structure to evoke different
meaning interpretations.

Taken together, (LH)* differed in its interpretation from
the GToBI accents L+H* and L*4+H. The data may be
partly explained in terms of a link between phonetic emphasis
(steepness of the slope of the rise) and surprise. From a functional
perspective, there is evidence that the (LH)* accent is interpreted
differently from the L+H* and L*+H accents and that the latter
two, regarding their meaning, do not differ in wh-questions—but,
corroborating previous research, in declaratives.

GENERAL DISCUSSION

In the present study, we examined the distinctiveness in
form and function of German nuclear rising-falling intonation
contours. We focused on three rising-falling contours, which
have been described in several different intonational frameworks
and empirical studies on German intonation. Only one
system previously discussed a three-way contrast (Kohler, 2005;
Niebuhr, 2022); the other systems mostly provide a two-way
distinction (Kohler, 1991a; Grice et al., 2005; Peters, 2006, 2014).
The contours investigated in the present study are termed L+H*
(H aligned in stressed syllable, L in preceding syllable), L*+H (L
aligned in stressed syllable, H in following syllable), and (LH)*
(both L and H aligned in the stressed syllable). In Experiment 1,
we tested whether German speakers are able to imitate these three
distinct rising-falling contours using a delayed imitation task,
which taps into phonological processing (Baddeley and Hitch,
1974). Imitative productions were complemented by a qualitative
study on the perceived intention of the speaker (Experiment 2).
In both paradigms (form and function), we further investigated
whether the regional background of the participants (Northern
vs. Southern Germany) affects the ability to distinguish between
the three contours in production and perception. The factor
regional variety suggests itself (a) because Southern and Northern
German speakers were found to align tonal targets differently in
prenuclear rising accents—with later tonal targets in the South
than the North (e.g., Atterer and Ladd, 2004) and (b) because
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Northern German speakers use L+H* as most frequent accent
type while Southern German speakers predominantly use L*+H
(Peters et al., 2005; Kiigler, 2007).

With respect to form, our results show that speakers of
both varieties produced three distinct rising-falling contours.
While imitated contours differed significantly in all experimental
conditions, they were more distinct in Northern German
speakers than in Southern German speakers, especially with
regard to the contrast between L+H* and (LH)*. In none of
the varieties did the contours totally converge onto a single or
two contours. Based on the previous literature, one may have
expected that frequent categories act as attractors (Anderson
et al., 2003; Braun et al., 2006; Chodroff and Cole, 2019b).
In this study, L+H* is the most frequent accent in Northern
German (Peters et al., 2005), while L*+H is frequently used
in Southern German (Kiigler, 2007; Truckenbrodt, 2007). An
attractor account would have predicted more mergers toward
L+H* in Northern German and more mergers toward L*+H in
Southern German (cf. Braun et al., 2006). However, we do not see
evidence that one of these frequent accents acts as a perceptual
magnet that is able to warp the perceptual space. It rather seems
that even less frequent accent types can easily be held in memory
and retrieved for production. It is likely that adult speakers of
both regions have accumulated enough experience with different
pitch accents, which allowed them to form the respective three
categories (cf. Zahner et al., 2016, showing that already children
who grow up in Southern Germany are exposed to the full
German accent inventory from early on). Our data hence call for
a three-way distinction between rising-falling contours for both
regional varieties.

Let us nevertheless briefly speculate about the smaller
distinction between L+H* and (LH)* contours for Southern
German as compared to Northern German speakers. Since
these two regional varieties have been shown to differ in the
alignment of tonal targets, one may assume that this tendency
is the cause for the small difference between L+H* and (LH)*
in Southern German speakers. However, if tonal alignment
differences uniformly applied to all accents in this speaker
group, we would not have observed differences in the distinction
of the contours across regions (but a main effect of region,
later alignment in Southern than in Northern German speakers
throughout). We argue that the contextually more restricted
(LH)* accent is also more restricted in terms of its realization
and needs to have both tonal targets realized within the stressed
syllable. This requirement does not allow for variety-specific
alignment differences. If (LH)* has fixed alignment (L toward the
middle and H at the end of the stressed syllable), then a later
aligned L+H* for Southern German speakers may lead to an
overlap in production with (LH)*. The most important finding
we take from Experiment 1 is that all contours significantly
differed from each other, suggesting that the German acoustic
space of rising-falling contours may be best described as a three-
fold partition.

The presence of three distinct contours is further corroborated
by the data from Experiment 2 (function). Listeners associated
different meanings with (LH)* on the one hand, and with L+H*
and L*4+H on the other. We argued that the steep slope of

the rise in (LH)* (both L and H in the stressed syllable with
the same f0 excursion as L+H* and L*+H) may have evoked
the perception of surprise (cf. Kohler, 2005; Chen, 2009). It is
also conceivable that the increased prominence of this accent
(Baumann and Rohr, 2015; Baumann and Winter, 2018) triggers
implicatures through the effort code, such that an increased effort
signals pragmatic relevance (cf. Hirschberg, 2002 on modeling
intonational meaning in terms of implicatures). The attitudinally
loaded meanings (aversion, negative attitude, unexpectedness,
etc.) furthermore have been argued to be compatible with the
pragmatics of rhetorical questions. In contrast, L+ H* and L*+H
were frequently paraphrased as information-seeking, but with
no further differences in meaning, which was unexpected but
seems to be due to the use of wh-questions (as differences
were found when using declarative sentences). This, in turn,
suggests that intonational meaning cannot entirely be dissociated
from sentence type. In sum, we take the combined results from
imitation and perception experiments as evidence for three types
of distinct rising-falling contours in German.

This brings us to the question of whether and how we need
to model three distinct contours in the acoustic space of German
rising-falling contours. The present paper supports models that
contain a three-way contrast (Kohler, 2005; Niebuhr, 2022) by
providing combined evidence from production (intonational
form) and perception (function). Our results show that (LH)*
is distinct in form and function. For answering the question
on the number of contours we need to model, it may be
helpful to keep an open eye for the (LH)* pitch accent in
future transcriptions of German intonation to learn more about
its distribution and the (phonetic, phonological, syntactic, or
pragmatic) conditions in which it occurs. As the meaning data
suggest, its use is likely not restricted to German rhetorical
questions (cf. Kohler, 2005; Braun et al., 2019; Wochner, 2021).
Pilot data of a study on the realization of sarcastic irony suggest
that this type of accent, (LH)*, also frequently occurs in sarcastic
utterances of the sort Das klappt ja super “That works PRT
great,” accent on super (Fiinfgeld et al., 2021). As those utterances
are clearly attitudinally loaded, it is not surprising that speakers
also employ (LH)* in ironic situations. Also, recent data suggest
that (LH)* may also be found in exclamative sentences, e.g.,
Kann die Lene malen “Can Lene paint!” (Wochner and Dehé,
2018; Wochner, 2021), which have been described to express an
attitude of surprise in the sense that a speaker conveys that the
proposition of an utterance is unexpected (e.g., Fries, 1988). As
the current experiment investigated solely wh-questions with a
very homogeneous structure, more research needs to be done to
answer the question of whether or not the (LH)* constitutes its
own phonological category or not. With the current knowledge,
it seems justifiable to posit three kinds of rising-falling accents
in German.

An alternative view is that (LH)* is a meaningful modification
of the more established accents L+H* or L*4+H. The small
differences between L-+H* and (LH)* for Southern German
speakers, in particular, might in fact allow such an interpretation.
The idea of phonetic modifications of pitch accent types is not
new (Ladd and Morton, 1997; Gussenhoven, 2004; Ladd, 2008,
p. 155f). Other studies have also called for a gradual mapping

Frontiers in Communication | www.frontiersin.org

April 2022 | Volume 7 | Article 838955


https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles

Zahner-Ritter et al.

Distinctiveness of Rising-Falling Contours

between intonation and meaning, cf. Chen and Gussenhoven
(2008) on aspects of gradience in the encoding of emphasis in
a tone language, Orrico and D’Imperio (2020) on gradience in
intonation-meaning mapping in biased questions or Dorokhova
and D’Imperio (2019) on gradience in the interpretation of
final rises in French. In terms of modeling, Ladd and Morton
(1997) labeled rising-falling accents that differ regarding their
pitch range with a binary feature [+ emphatic]. The difference
between “normal” and “emphatic” accents may be interpreted
categorically (e.g., to signal uncertainty or incredulity) but not
perceived as categorically different kinds of pitch accents (Ladd
and Morton, 1997, p. 339). For our purposes, the feature [+
emphatic] would serve the purpose to single out the (LH)* accent
from the other two accents. Alternatively, acoustic features,
such as [+ steep slope] could be used for achieving the
(LH)* from an L*4+H or L+H* accent. This proposal would
gain support if we found this kind of modification, ideally
with similar contributions to meaning, also for other accent
types or contexts in German. Future research needs to test
this proposal.

Taken together, our study addressed the question of how
many rising-falling contours are needed to best describe the
German perceptual space, thus serving as an attempt to clear
up the “fuzzy” space for these contours. We hence addressed
the distinctiveness in form and function of three different
contours, two widely established accents L+H* vs. L*+H,
and an accent which lies in-between, (LH)*. Our data show
that speakers can differentiate between these three contours,
both in perception and production, suggesting the existence
of three kinds of rises. The most prototypical connotative
meaning of the (LH)* accent is “surprise,” which was frequently
mentioned in wh-questions and declaratives for this accentual
realization. Generally, the intonational contrasts are employed
and interpreted in a consistent and meaningful way. Advocating
(LH)* as a third category (beyond the two more established ones)
might appear premature, as the same effect may be achieved by
employing modifications of the other two accents. However, as it
stands, it is difficult to decide whether (LH)* would be a variant of
L*+H or of L+-H*. If anything, the data from Southern German
speakers, in particular, suggest that (LH)* is more likely to be a
variant of L+H™* than of L*4+H. In future research, we plan to
present contours that are more variable in the phonetic space
(with more phonetic variability in the alignment and shape of
accents and the steepness of the slope) to better map the “white
spots” between contours. We further plan to test a wider variety
of accentual realizations and sentence types to gain more insights
into a broader range of contexts.
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