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Abstract
Two perception experiments were conducted with subjects from Kiel, Düsseldorf and Vienna to investigate the role prosody plays (a)
in resolving scope of negation ambiguities and (b) in judging the strength of phrasal breaks in German. The prosodic means tested were
pause, intonation contour and peak alignment. Results reveal that the relevance of the cues varies depending on the task: for the
(semantic) scope disambiguation task, intonation contour proves to be the most decisive factor, whereas presence of pause turns out to
be most influential for the (metalinguistic) phrasing task. This result implies that the question of how German listeners resolve scope
ambiguities cannot simply be attributed to the presence or absence of a phrasal break between a main and a subordinate clause. It rather
seems to depend on a more general perception of ‘cohesion’ between the two clauses as indicated by prosodic means. Flat hat contours
and late peak alignment patterns lead to a higher level of cohesion and an increase in wide scope interpretations, whereas pointed hats
with early peak accents are typical of narrow scope readings. The results further reveal a significant difference between the varieties due
to an increased number of narrow scope readings in Viennese listeners. Since Viennese German displays later peaks than Northern
varieties, this outcome suggests that Viennese subjects interpret (late) peaks as earlier than listeners from Kiel and Düsseldorf.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction
Intonation is used in many languages to disambiguate syntactically and semantically ambiguous utterances (Jackendoff,
1972; Bolinger, 1989; Price et al., 1991; Avesani et al., 1995; Hirschberg and Avesani, 2000). One such type of ambiguity is a
structure that allows for different interpretations as to the scope of negation, i.e. whether the negation applies to a constituent
smaller or larger than a single clause,1 giving rise to narrow and wide scope readings of a sentence.
The main motivation for the present paper was to do the first perception study on the prosodic parameters that
influence the interpretation of scope of negation ambiguities in German. So far, the prosody of negation scope has only
been investigated in production studies in a variety of languages. The relevant aspects of these studies for the present
investigation will be presented in the following section (section 1.1). Furthermore, since German varieties are claimed to
differ in their tonal alignment properties -- again proposed in production studies only -- we tested whether these differences
had an impact on the perception of negation scope for listeners from three varieties of German (spoken in Kiel, Düsseldorf
and Vienna). Section 1.2 gives an overview of alignment studies on German. The first two sections of the introduction lay
the foundation for the research questions posed in the present study, elaborated in section 1.3.
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1
In the default case, a single clause is the domain of a negation quantifier in English (Crystal, 1992).
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Section 2 reports on two perception experiments, consisting of a semantic task in which subjects had to judge whether
a prosodically manipulated stimulus had a narrow or a wide scope reading (Experiment I) and a metalinguistic/prosodic
task in which subjects had to judge the strength of a perceived intra-sentential phrase boundary (Experiment II). In section
3, we discuss the findings of our experiments and possible implications for the interface between prosody and meaning,
before we sum up the results in a brief conclusion (section 4).
1.1. Prosody and the scope of negation
There has been some debate on the question of which prosodic cues contribute to the interpretation of negation scope
in ambiguous sentences. An early (impressionistic) account for English has been presented by Jackendoff (1972:357f.),
who discusses the difference between the two possible interpretations of the sentence Max doesn’t beat his wife because
he LOVES her (in which the main clause is presupposed and the subordinate clause is in focus). Here, meaning
differences as to the scope of negation are claimed to be marked by different intonation contours which Jackendoff calls A
accent and B accent2:
(1)

Max does not beat his wife because he LOVES her.
‘A accent’, narrow scope
[TD$INLE]
Paraphrase: ‘Max does not beat his wife, the reason being mentioned’
(2)

Max does not beat his wife because he LOVES her.
‘B accent’, wide scope
[TD$INLE]

Paraphrase: ‘Max does beat his wife, but not for the reason mentioned’
According to Jackendoff, a B accent (with a falling-rising contour) triggers the wide scope interpretation, i.e. the negation has
scope over the whole sentence (paraphrase: ‘Max beats his wife, but not for the mentioned reason’). In contrast, an A accent
(with a falling contour) triggers the narrow scope interpretation, i.e. the negation has scope over the main clause only
(paraphrase: ‘Max does not beat his wife, the reason being mentioned’). In the framework of Autosegmental-Metrical
Phonology (AM, e.g. Ladd, 1996/2008), these examples differ by the choice of utterance-final boundary tone, not the type of
pitch accent.
In a more recent production study on ambiguously negated sentences in English and Italian, Hirschberg and Avesani
(2000) discuss a variety of prosodic parameters which can be used for semantic disambiguation. An earlier and smaller-scale
study by Avesani et al. (1995) additionally investigated scope ambiguities in Spanish. An English example from Hirschberg
and Avesani (2000) is William isn’t drinking because he’s unhappy (for Italian, a target sentence with the same meaning was
chosen). This utterance allows both for a wide scope reading according to which William drinks, but not because he is
unhappy, and for a narrow scope reading in which William does not drink, the reason being his unhappiness (Hirschberg and
Avesani, 2000:88). The main finding of the study is that English as well as Italian speakers disambiguate scope of negation
not only by the choice of utterance-final boundary tone, but also, and in fact primarily, by intra-sentential phrasing (see also
House, 2006:1549). The same strategy has been found for Spanish speakers by Avesani et al. (1995). In English, wide scope
is usually indicated by a single phrase ending in a falling-rising movement or continuation rise, equivalent to Jackendoff’s B
accent, cf. examples in (2) and (3), whereas narrow scope is marked by an internal phrase boundary and a falling movement
at the end of the whole utterance, equivalent to Jackendoff’s A accent, cf. examples in (1) and (4).
(3)

[WILliam isn’t DRINking because he’s unHAPpy]

[TD$INLE]

(4)

H*

!H*

H*

[TD$INLE]

[WILliam isn’t DRINking]
H*

!H*

LH%

wide scope

[because he’s unHAPpy]

LH%

H*

LL%

narrow scope

2
Following Bolinger (1965), Jackendoff defines the term pitch accent as subsuming not only the accented syllable (as we will use the term for
the rest of the paper) but also the following unaccented syllables up to the next accented syllable or the end of the utterance (see Jackendoff,
1972:258).
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Italian speakers differed from the English speakers in the type of pitch accent they preferred (H+L* nuclear accents) and
the strength of the boundary produced in the narrow scope versions. In the wide scope versions, they placed the nucleus
on the verb of the main clause (beve ‘drink’) and deaccented the rest of the sentence. That is, Italian speakers use
accentuation (or lack thereof) as one means of disambiguating the scope of negation. Very similar results for Spanish
speakers were reported in Avesani et al. (1995) using a comparable read speech corpus.
Intra-sentential phrasing has not only been proposed to be relevant for scope disambiguation in English, Italian and
Spanish but also for German. Féry’s (1993) production data of ambiguous sentences such as Sie nimmt die Pille nicht, um
ihrem Freund einen Gefallen zu tun (‘She does not take the pill to please her boyfriend’) indicate that the distinction
between the two scope readings stems from phrasing differences accompanied by or even due to the choice of pitch
accent type on the negation particle. According to Féry, the falling accent on nicht in (6) leads to the perception of a phrasal
break,3 which may be supported by temporal cues, in particular by a pause after the main clause. Additionally, the (local)
accent types are integrated into different intonation contours or ‘tunes’ (in a holistic sense; see Dainora, 2006) marking
either wide or narrow scope of negation. Consider the following examples from Féry (1993:141): in (5), a high plateau
between the accent peaks marks wide scope,4 whereas in (6), an F0 drop between the peaks marks the narrow scope
reading.5
(5)

[Sie nimmt die Pille NICHT um ihrem Freund einen GeFALlen zu tun]

[TD$INLE]

L*H

H*L

wide scope

‘It is not to please her boyfriend that she takes the pill’ (She does not want a baby)
(6)
[TD$INLE]

[Sie nimmt die Pille NICHT] [um ihrem Freund einen GeFALlen zu tun]

H*L

H* L

narrow scope

‘She does not take the pill, in order to please her boyfriend’ (Her boyfriend wants a baby)
These two sentence-level tunes have been proposed in the IPO framework of intonation research (‘t Hart and Collier,
1975; ‘t Hart et al., 1990; Adriaens, 1991; De Zitter, 1992). The contour in (5) has been commonly referred to as flat hat (or
hat pattern), displaying a succession of a rise on the first accented syllable, followed by a plateau and a fall on the second
accented syllable. In contrast, the contour in (6) shows accentual rises immediately followed by falls which have been
called pointed hats. We adopt the IPO terminology here since it intuitively reflects the shape of the contours. AM-accounts
of both contours have been discussed by Gussenhoven (1983), Wunderlich (1988), Selkirk (1995), or Welby (2003).
Since the present paper (including the experiments presented in section 2) is primarily concerned with German, we will
base our study on the set of prosodic parameters discussed in Féry’s (1993) work. Note, however, that she did not
investigate the role of utterance-final boundary tones for German (as Hirschberg and Avesani did for English and Italian).
Thus, for the sake of completeness, we conducted a small-scale perception experiment in addition to the present study,
which revealed that the choice of utterance-final boundary tone has a strong influence on scope interpretation in German
as well. In fact, 20 native listeners of Standard German interpreted the presence of a phrase-final rise as indicative of wide
scope in about 80% of the cases (other prosodic parameters were varied as well), making it an important factor for scope
interpretation (see results of the experiment in Appendix). For the rest of the paper, we will only deal with the factors
governing differences in intra-sentential phrasing.
An important aspect of Féry’s (1993) account on negation ambiguities in German is the fact that she treats both the
(global) intonation contours and their (local) building blocks, namely the pitch accents the tunes are composed of, as

3
According to GToBI (see Grice et al., 2005), Féry’s H*L accent would translate into a combination of a H* pitch accent plus a L boundary tone
(L- or L-%). Thus, the GToBI notation directly expresses the presence of a phrasal break.
4
Féry’s definition of this pattern as marking ‘‘two phrases that are syntactically and semantically tied together’’ (1993:151) expresses a strong
cohesion between the phrases. The notion of ‘cohesion’ will be used in a broad sense in the course of this paper, expressing the (prosodically
indicated) ‘connectedness’ or ‘belonging together’ of two phrases. Note that this definition deviates from the common usage following Halliday and
Hasan (1976), in which cohesion is a property of text applying to a domain larger than a single sentence.
5
The same prosodic means have also been claimed to be crucial for the differentiation between restrictive and appositive relative clauses in
German (the former being marked by no pause and a high plateau between main and relative clause, the latter by a pause and falling intonation
between the clauses; e.g. Seiler, 1960). Restrictive relative clauses narrow down the meaning of a specific element and are thus essential for its
identification, whereas appositive relative clauses only provide additional (i.e. non-essential) information. This semantic difference entails
different degrees of cohesion between main and relative clause (stronger cohesion in restrictive relative clauses), which is expressed -- at least to
some extent -- by prosodic means (Schaffranietz, 1997).
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essential for an utterance’s semantic-pragmatic interpretation. If we consider different accent types as ‘phonologised’
differences in the temporal alignment of tonal targets with an accented syllable, we can hypothesise that peak alignment in
general is an important cue in dissolving scope ambiguities. This seems to be plausible since alignment differences have
been shown to play a crucial role in signalling information structure (e.g. Frota, 2002; D’Imperio, 2001a; Prieto et al., 2005;
Baumann et al., 2007). However, what remains unclear is the question as to what extent and in which combinations
variation in peak alignment can influence the interpretation of a sentence whose negation scope is ambiguous. In fact, if
peak alignment (within a tune containing several accents) is a relevant cue for the correct interpretation of an ambiguously
negated utterance in German, it is crucial to look at different varieties of this language as well, since German dialects have
been shown to differ in the temporal alignment of accentual peaks. One of the major aims of this paper was to shed light on
this issue by means of perception experiments. Before we turn to the empirical part (section 2), however, we will briefly
present the basis for alignment studies in German and take a closer look at alignment differences in German varieties
(section 1.2).
1.2. Peak alignment in German
The alignment differences that will be dealt with here are based on Kohler’s (1991) distinction between ‘early’, ‘medial’
and ‘late peaks’. In an early peak contour, the F0 peak is reached in the syllable immediately preceding the accented one,
followed by a considerable drop in pitch onto the accented syllable. This contour can be analysed as an H+!H* or H+L*
pitch accent in GToBI (Grice et al., 2005). The medial peak contour is characterised by an F0 peak around the centre of the
accented syllable, accompanied by lower F0 values before and after this syllable. We assume that this pattern is
equivalent to an H* pitch accent. Finally, in a late peak contour, a considerable part of the accented vowel is rather low and
the peak is reached at the very end of the syllable. In GToBI terms, this contour can be transcribed as L+H* (or, if the peak
is reached on the following syllable, as L*+H). The schematic contours of the sentence Sie hat ja gelogen (’She actually
lied‘) in (7) are adapted from Kohler (1991:119; see also Grice and Baumann, 2002:290f.; Kohler, 1995:123)6:
(7)

a.
[TD$INLE]

Kohler (1991)
GToBI

Sie hat ja ge LO gen.
‘early peak’
H+L*

b.

c.

[TD$INLE]

[TD$INLE]

Sie hat ja ge LO gen.
‘medial peak’
H*

Sie hat ja ge LO gen.
‘late peak’
L+H* (or L*+H)

Kohler (1991) found a categorical change in perception between early and medial peaks, but not between medial and late
peaks (testing Northern German subjects). That is, in autosegmental-metrical terms, he found evidence for a distinction
between H+!H* or H+L* on the one hand and H* on the other, but not between H* and L+H*. These results support the
pragmatic interpretation that early peaks mark given and medial peaks new information, whereas a further delay of the
peak beyond the medial position is used to signal unexpectedness or emphasis, a function usually regarded as nonlinguistic which does not necessarily have to be expressed phonologically.7
When talking about alignment differences and their potential phonological categorisation, it is important to distinguish
between studies on prenuclear and nuclear accents. Prenuclear accents on topic initial material tend to have earlier peaks
than on topic medial material in English (Wichmann et al., 2000). For German, contrastive topics have later peaks than
non-contrastive ones (Braun, 2006, 2007; Braun and Ladd, 2003). These alignment differences are assumed to be
gradient rather than categorical. However, there are a number of studies on nuclear accent peaks and their role in
information structure. It has been shown that early peaks are used on given or semi-given material, whereas medial (and
late) peaks are used on new material (Röhr and Baumann, 2011; Baumann, 2006; Baumann and Grice, 2006; Kohler,
1991, 1995 for German; Pierrehumbert and Hirschberg, 1990 for English). Furthermore, early peaks have been claimed to
evoke a stronger impression of finality than medial or late peaks (Swerts et al., 1994; Wichmann et al., 2000). Thus, this
distinction can be assumed to be phonological and categorical.

6

The shaded areas indicate accented syllables.
However, recent studies by Niebuhr (2003, 2007) show that the change from medial to late peak perception appears to be categorical if not
only peak alignment but also other phonetic factors are taken into account (e.g. slope of the F0 rise and fall, peak height, durational and intensity
relations of segmental constituents). Similarly, for English, both early vs. medial and medial vs. late distinctions have been found to be categorical.
Pierrehumbert and Steele (1989) and Redi (2003) found a categorical distinction between L+H* and L*+H, and H+L* and H*, respectively, both
using an imitation task. The nature of the task, however, precluded the possibility of assigning any functions to the categories. Similar findings
have been presented for Italian (D’Imperio and House, 1997; D’Imperio, 2001b) and Russian (Makarova, 2007; Rathcke, 2006a,b).
7

[(Fig._1)TD$IG]
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Fig. 1. Summary of alignment properties of prenuclear LH accents.
Illustration of Northern and Southern German varieties adapted from Atterer and Ladd (2004); Düsseldorf and Vienna added from Mücke et al.
(2008).

1.2.1. Varieties of German
Previous studies on the variation in peak alignment between different dialects in German are neither consistent in the
direction of alignment differences, nor do they conclusively answer the question how the temporal inter-dialectal variability
should be described, namely in terms of a phonological pitch accent type or as gradual alignment differences.
Nevertheless, all of these studies suggest that there are dialect-specific effects on peak alignment of some kind.
As early as in 1903, Eduard Sievers claimed that Low and High German have distinct intonation systems within the
German language area. He further claimed that the intonation of one system is the mirror image of the other, i.e. where the
pitch in one variety rises, it falls in the other one and vice versa. Although these claims are certainly too strong, there
clearly are differences between Northern and Southern varieties. It has been reported that Southern German (including
Austrian) varieties have later-timed accent peaks than Northern German varieties (e.g. Féry, 1993; Gibbon, 1998). This
delay seems to be especially pronounced in the Vienna variety. A comparison with non-delaying varieties, such as the
Düsseldorf variety spoken in the Mid-West of Germany and the Kiel variety spoken in the very North, i.e. in the Baltic Sea
region of Germany, appears particularly fruitful. In fact, there is so far no consensus as to whether the variation in peak
alignment across these varieties should rather be judged as phonetic or indeed phonological.
Evidence for different alignment properties of intonational peaks in the German language area has recently been
provided by several acoustic and articulatory experiments. Ulbrich (2002) found in a cross-dialectal study of declarative
utterances produced by speakers of Standard varieties of Germany, Austria and Switzerland that German speakers make
use of falling contours with a relatively early aligned peak on the nuclear syllable, whereas Austrian (Viennese) speakers
produce late-peak falls. Results of production experiments with speakers from Northern and Southern Germany (Atterer
and Ladd, 2004) and from Düsseldorf and Vienna (Mücke et al., 2008) also confirmed the claim that accent peaks occur
later in Southern varieties than in Northern varieties. Both studies investigated bitonal rising prenuclear pitch accents in
non-contrastive contexts.
Fig. 1, which combines the results of the two studies, illustrates the similarity of the alignment pattern between the
Düsseldorf variety and Atterer and Ladd’s ‘Northern German’ variety. In both varieties, L is aligned with the onset
consonant of the accented syllable (C1), and H is aligned with the beginning of the vowel of the following syllable (V2).8
Atterer and Ladd’s ‘Southern German’ and the variety spoken in Vienna both display a later alignment of L and H than the
Düsseldorf or Northern German varieties. Although both H and L are later in the Vienna variety, the alignment of L is
different in a crucial way: whereas in Southern German L is late -- but like the other varieties, still in the onset consonant -in Vienna, it shifts into the vowel (V1).
However, Braun (2007) showed that prenuclear rises are aligned later in Southern German (as spoken in Munich) than
in Northern German (as spoken in Münster) only in sentences with a high nuclear accent (H*), produced in non-contrastive
contexts. In fact, Braun claims that the alignment differences between Northern and Southern German speakers are
conditioned by both pragmatic (marking of contrast) and intonational context (type of nuclear accent).

8

Fig. 1 is stylized in that durational differences between the segments in the dialects were normalized for.
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Table 1
Overview of accent properties found in acoustic alignment studies (Grice and Harrington, 2003; Mücke et al., 2006, 2008, 2009) on the varieties
spoken in Kiel, Düsseldorf and Vienna.

Prenuclear, contrastive
Prenuclear, non-contrastive
Nuclear, contrastive
Nuclear, non-contrastive

Kiel

Düsseldorf

Vienna

---Medial peak

Late peak
Late peak
Late peak
--

Late
Late
Late
Late

peak
peak
peak
peak

Same category, later peak in Vienna
Same category, later peak in Vienna
Same category, later peak in Vienna
Different category, late peak in Vienna

In a set of acoustic and articulatory experiments, Mücke and colleagues (Mücke et al., 2006, 2009), investigated
contrastive L+H accents both in prenuclear and nuclear positions with speakers from Düsseldorf and Vienna. The
acoustic analyses confirm later peak alignment in Vienna both in prenuclear (as opposed to the findings in Braun, 2007)
and nuclear position. However, the alignment difference across varieties was only small. In fact, the H peak occurred
within the same segment in both varieties -- the postaccented vowel in prenuclear accents and the intervocalic consonant
in nuclear accents.
This slight F0 delay found in the Vienna variety as opposed to the Düsseldorf variety deviates from findings of a
preliminary (acoustic) comparison of Viennese and Kiel speakers by Grice and Harrington (2003). The authors found that
the F0 peak in nuclear accents of declarative utterances was considerably later and higher in the Viennese data examined
in comparison to the Kiel data. These results led them to suggest a categorical distinction between the nuclear accent
types used in the two varieties: H* (medial peak) in Kiel versus L*+H (late peak) in Vienna.
Since perceptual evidence for alignment differences between German varieties is lacking, we set up experiments (see
section 2) in order to test whether and to what extent the reported alignment differences have an influence on the
(semantic as well as phonetic) interpretation of specific intonational tunes by listeners from Kiel, Düsseldorf and Vienna.
Apart from the fact that these varieties have already been subject to studies on peak alignment providing us with the basis
for our experimental hypotheses (Table 1 gives an overview of the findings presented in this section), our decision to
investigate data from Kiel and Vienna is also based on the circumstance that the two varieties of German represent
extreme poles of the North-South divide mentioned above. The third variety included, that spoken in Düsseldorf, is
claimed to be closer to the standard variety of Northern German. This variety lacks the peculiarities of the coastal dialect
region and is located in an area just north of the Benrath isogloss, which divides Low German (spoken in the North) from
High German (spoken in the South).
1.3. Research questions
So far, we have presented an overview of a number of prosodic parameters that have been reported in production
studies on various languages to disambiguate the scope of a negation particle. These were utterance-internal and
utterance-final boundary tone (especially in English), pitch accent type or peak alignment (Italian, Spanish, German),
global intonation contour (German), accent placement (Italian, Spanish) and pause (German). For all languages
mentioned it has been claimed that these prosodic cues (except for utterance-final boundary tone) also have an impact on
intra-sentential phrasing. This suggests that phrasing is the actual cue to resolving scope of negation ambiguities, and that
the single parameters only add to the impression of a phrasal break or, respectively, lack of a break. In two experiments,
we investigate the relation between both aspects, i.e. the role of several prosodic parameters and their effect on the
perception of a phrasal break.
Since our experiments are on German, we concentrate on the parameters proposed for German by Féry (1993), i.e.
intonation contour, peak alignment (or pitch accent type) and pause, although this is not to claim that some alternative
parameters found for other languages are necessarily irrelevant for German.
The two experiments deal with three varieties of German, spoken in Kiel, Düsseldorf and Vienna. As mentioned above,
production studies revealed (slight) alignment differences between these varieties but it remained unclear whether
listeners perceive these distinctions differently. We are therefore seeking to explore whether different dialectal alignment
properties (among the other prosodic cues proposed by Féry) are reflected in different semantic interpretations (scope of
negation; Experiment I). In order to find out whether the prosodic parameters manipulated in Experiment I actually reflect
degrees of intra-sentential phrasal breaks, we conduct another, purely prosodic (or metalinguistic) test (Experiment II).
In sum, the perception experiments described in section 2 are meant to answer the following research questions:
 Which of the prosodic parameters intonation contour (flat hat pattern vs. pointed hats), peak alignment (early, medial
and late peaks) and pause (presence or absence of a pause) influence the semantic interpretation as to the scope of
negation (Experiment I)?
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 To what extent do the three parameters intonation contour, peak alignment and pause influence the perception of an
intra-sentential phrasal break (Experiment II), and does the metalinguistic/prosodic judgment (i.e. strength of a
perceived boundary) reflect the semantic judgment (i.e. wide or narrow scope of negation)?
 Do listeners of the three German varieties differ in their perception and functional interpretation of the prosodic parameters?
 Do the perceived alignment differences lead to different categorical distinctions (i.e. accent types) in the three varieties?
Are (global) tunes or specific accent types (as the local building blocks of tunes) central for conveying meaning? To what
extent do they interact?
2. Experimental data
In Experiment I, the subjects’ task was semantic in nature, since they were asked to decide in a forced-choice test
whether they interpreted the realisations of the German test sentences either as ‘yes’ or ‘no’ readings depending on the
perceived scope of negation (see section 2.2). The experiment was further designed to test whether there are dialectal
differences in the prosodic disambiguation of scope of negation sentences. We conducted the semantic task and an
additional silent reading task with subjects from Kiel, Düsseldorf and Vienna. The stimuli were kept constant in terms of
accent position (accents on negation particle and complement) and sentence-final intonation contour (low boundary
tone), while the parameters pause, intonation contour and peak alignment9 were systematically varied.
Experiment II, in which we used the same set of manipulated stimuli as in the first experiment, addressed a research
question that was metalinguistic in nature as it targeted at an explicit judgment of prosodic structure. This study
investigated which parameters influence the perception of a break (i.e. the degree of ‘disconnectedness’) between a main
clause and a subordinate clause -- and to what extent.
In the next section (section 2.1), we present the hypotheses to be tested in the experiments, before describing the
selection and manipulation of the stimuli used (section 2.2). The last two sections deal with the methods employed and the
results obtained in Experiment I (section 2.3) and Experiment II (section 2.4).
2.1. Hypotheses
Based on the literature review presented in the introduction, our general hypothesis is that a listener’s impression of a
strong phrasal break between the main and the subordinate clause leads to a narrow scope reading whereas the lack of a
break triggers a wide scope reading. The prosodic parameters we consider to have an effect on both types of perception
(the semantic task of Experiment I and the metalinguistic task of Experiment II) are the presence or absence of a pause,
the shape of the intonation contour, and the alignment of accentual peaks. Moreover, we expect to find differences in the
judgments of listeners from the three varieties, stemming from the alignment differences demonstrated in production
studies of the respective varieties.
2.1.1. Hypothesis 1: Pause
A silent pause after the main clause (accompanied by pre-final segmental lengthening) leads to the perception of a
phrasal break (e.g. Peters, 2007), which, in turn, triggers a narrow scope reading. In contrast, the lack of a pause leads to a
wide scope reading (Féry, 1993).
2.1.2. Hypothesis 2: Intonation contour
A sequence of two pointed hats is expected to induce the perception of a phrasal break, due to the L tone between the
accentual peaks. By contrast, a flat hat pattern is assumed to be perceived as a single phrase (following Welby, 2003).
Thus, we expect a sequence of two pointed hats to trigger the narrow scope interpretation and the flat hat pattern to trigger
the wide scope interpretation (cf. Féry, 1993).
2.1.3. Hypothesis 3: Peak alignment
We hypothesise early peak accents in the main clause (i.e. on the negation particle) to trigger the perception of a break
between the two clauses due to an impression of givenness and, more importantly, finality of early peaks as opposed to
medial and late peaks (Kohler, 1991; Swerts et al., 1994; Prieto et al., 1995; Wichmann et al., 2000). In contrast, late peak
accents in the main clause are not expected to evoke the perception of a phrasal break since they often occur in prenuclear
position (Wichmann et al., 2000; Atterer and Ladd, 2004). Consequently, we expect that early peaks in the main clause

9
We deliberately use the term ‘peak alignment’ instead of ‘accent type’ in order to avoid determining the tonal categories which may vary in the
dialects investigated. The question of accent type will be addressed in section 3.
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support narrow scope interpretations, while late peaks trigger wide scope interpretations. The less marked medial peak
accents are assumed to evoke either narrow or wide scope interpretations (they serve as control stimuli in the study).
The accent types used in the subordinate clause are assumed to be less crucial for scope interpretations, since they
have no impact on a potential intra-sentential break. According to the production data by Braun (2007),10 however, early
peaks in the subordinate clause are expected to evoke more wide scope interpretations if they are part of a flat hat pattern,
presumably adding to the perception of the contour as a cohesive whole. In contrast, medial and late peak accents in the
subordinate clause are assumed to trigger the perception of a narrow scope of negation, especially if they are part of a
sequence of two pointed hats. This is because these accent types, which are claimed to encode new information (Kohler,
1991), may be interpreted to mark a self-contained bit of additional information in this intonational context, rather than
suggesting a lack of cohesion between main and subordinate clause. Thus, apart from a main effect of the factor peak
alignment we expect an interaction between alignment and contour (for Experiment I).
2.1.4. Hypothesis 4: Dialectal influence
The three parameters pause, intonation contour and peak alignment are used as perceptual cues for phrasing and for
resolving scope ambiguities in all three varieties under investigation. However, we expect systematic variation in the
interpretation of peak alignment differences, given the fact that accent peaks in the Vienna variety usually occur later than
in the varieties spoken in Düsseldorf or Kiel (Mücke et al., 2006, 2009). Thus, Viennese listeners should generally
perceive accent peaks as earlier than listeners from Kiel and Düsseldorf, which, in turn, may result in an increase in narrow
scope interpretations for Viennese subjects. That is, we expect an interaction between the factors alignment and variety.
2.2. Stimuli
The experiments were based on the test sentence Sie hat den Roman NICHT gelesen, weil er auf ENGlisch ist (‘She did
not read the novel because it is in English’), which is ambiguous as to the scope of its negation: a ‘yes’ reading (‘She read the
novel, but for another reason’; wide scope) contrasts with a ‘no’ reading (‘She did not read the novel, the reason being that it is
in English’; narrow scope). The test sentence was spoken by a trained male speaker of Standard German (Northern variety)
in two versions, i.e. with a flat hat contour and with pointed hats. Both versions were produced with a low utterance-final
boundary tone. The pointed hats version served as the basis for stimuli resynthesis since flat hat realisations often display
segmental reduction between the two accent positions (as found by Peters et al., 2005). Furthermore, we recorded a filler
sentence with a syntactic structure similar to the test sentence, and resynthesized it along the same lines as the test
sentence.
We decided to use one speaker from a single dialect in order to be able to use the same materials for all three varieties.
We assumed that segmental differences between the varieties could be neglected for two reasons: (1) the listeners’ tasks
were non-segmental in nature, i.e. they were asked to judge the speech melody of the test sentences (as indicated in the
questionnaire on which the subjects marked their judgments), and (2) we used an off-line experimental procedure and
gave all participants sufficient time for decision (cross-dialectal phonetic differences have been shown to slow down
reaction times but otherwise do not affect judgments; see e.g. Floccia et al., 2009).
In line with the hypotheses, three prosodic parameters of the base sentence were manipulated using Praat software
(Boersma and Weenink, 1996). An overview of the experimental design is given in Table 2. Fig. 2 visualises the acoustic
manipulations of the stimuli. The actual Hz values of the peaks and valleys in the F0 trajectory (including a slight
declination of top and base lines) are taken from the original productions of the test utterance.
The manipulation design described above led to 20 test stimuli (2 pause conditions  2 intonation contours  5 peak
alignment combinations). There were two reasons for not including all possible peak alignment conditions (i.e. we left out
the medial-early and medial-late combinations in both directions). First, we aimed at reducing the number of test stimuli to
a minimum for each subject since we planned to present an equal number of stimuli and fillers in three repetitions (which
would have led to 216 items plus practice stimuli instead of the 120 items plus practice stimuli we used in Experiments I
and II). Second, medial peaks were included as controls so that the test stimuli combining late and early peaks would be
evaluated against the default m/m-condition, giving us some relevant baseline information.
It is important to note that the nature of the experimental design (aiming at a comparison between flat and pointed hats
in a systematic way) led to resynthesis artefacts in some specific cases: e.g. if a flat hat starts off with an early peak accent,
the acoustic manifestation of the L is missing, since a flat hat requires a (more or less) linear interpolation between two
peaks. In cases like this, the intended accent shape is only indicated by a significantly earlier H target (in comparison to a

10
Braun (2007) found an increase in early peak accents (in nuclear position) in contrastive utterances, which can be interpreted as equivalent to
our wide scope of negation readings (see Discussion). However, the sentences used by Braun were much shorter, i.e. they did not include
subordinate clauses.
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Table 2
Overview of manipulated parameters for the different test factors and conditions.
Factor

Condition

Manipulation

Pause

No pause
Pause

No silent pause between main and subordinate clause
Silent pause of 300 ms between main and subordinate clause accompanied by 20 ms
lengthening of final syllable rhyme (-lesen)

Intonation contour

Flat hat
Pointed hats

Linear interpolation between accent peaks
Low F0 target between accent peaks (aligned with end of main clause)

Peak alignment

Early-early (e/e)

Succession of two accents with F0 maxima placed in preaccentual syllable (-man, auf) and low
F0 target in accented syllable (nicht, Eng-)
Accent with F0 maximum placed in preaccentual syllable (-man) and low F0 target in accented
syllable (nicht) followed by accent with F0 maximum reached in postaccentual syllable (-lisch)
Succession of two accent peaks with F0 maxima within the accented vowels (on nicht and Eng-)
Accent with F0 minimum on accented syllable (nicht) and F0 maximum on postaccentual syllable
(ge-) followed by accent with peak on preaccentual syllable (auf) and low target on accented
syllable (Eng-)
Succession of two accents with F0 maxima on postaccentual syllables (ge-, -lisch)

Early-late (e/l)
Medial-medial (m/m)
Late-early (l/e)

Late-late (l/l)

[(Fig._2)TD$IG]

Fig. 2. Prosodic manipulations of the test sentence: actual Hz values are given for each relevant point of the trajectory; solid lines show F0
contours corresponding to pointed hats, the dashed line indicates linear interpolations between accentual peaks for flat hat contours; the dotted
vertical line points at the place of pause insertion.

medial peak). These artefacts are another reason for our decision to refer to differences in peak alignment rather than to
different accent types.
As for the pause condition, the phrase-final syllable rhyme was lengthened for 20 ms in order to achieve the final
lengthening effect (Turk, 1999; Wightman et al., 1992) and thus to create more natural-sounding stimuli. However, the
insertion of a pause in a flat hat contour might be regarded as counter-intuitive and thus unnatural. Nevertheless,
Wunderlich (1988:12f.) and also Féry (1993) claim for German that a hat pattern (in Wunderlich’s terms Brückenakzent)
may well be interrupted by a pause. The general perceptual acceptability of the stimuli was ensured by informal judgments
collected during stimuli preparation at Kiel University.
2.3. Perception Experiment I: scope ambiguities
The first experiment investigates (a) which prosodic cues influence listeners’ interpretation as to the scope of negation
in ambiguous sentences and (b) whether there are dialectal differences in these interpretations.
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2.3.1. Subjects and method
Three groups of listeners with different dialectal backgrounds participated in the experiment: 17 participants from both
Kiel (11 m, 6 f) and Düsseldorf (7 m, 10 f) and 18 participants from Vienna (14 m, 4 f). All of them were between 20 and 30
years old (mean 24.3) and did not report any hearing or speaking disorders. All listeners were paid for their participation.
The stimuli described above were presented over loudspeakers in a sound treated room and to small groups of
listeners simultaneously. The 20 test stimuli and 20 fillers were repeated three times each and presented in randomised
order. The resulting 12 blocks of 10 stimuli each were preceded by a training block and followed by a finishing block -those were not evaluated. Thus, the total number of experimental stimuli amounted to 140 (20 stimuli + 20 fillers  three
repetitions plus 20 dummies in two additional blocks). One test session lasted approximately 30 min.
The data were obtained in a forced-choice manner, i.e. the listeners’ task was to answer the question ‘Did she read the
novel?’ for each stimulus by ticking a box on a paper questionnaire saying either ‘yes’ or ‘no’. A ‘yes’-response indicates a
wide scope reading (‘she read the novel, but for another reason’), whereas a ‘no’-response (‘she did not read the novel’)
indicates a narrow scope interpretation. After the stimulus presentation participants had three seconds for their decisions.
This procedure seemed to be very clear and easy to follow for all participants as we did not encounter any missing
responses.
An additional test was run with a different group of participants (15 per variety).11 The task was to silently read several
semantico-syntactically ambiguous sentences. One of them was our test sentence Sie hat den Roman nicht gelesen, weil
er auf Englisch ist (‘She did not read the novel because it is in English’). Subjects had to mark on a sheet of paper which of
two given interpretations (here: A. She read the novel, but for another reason, B. She did not read the novel; the order of
the answers was counterbalanced) was the most suitable description of the sentence’s meaning. This task was added in
order to find out whether there was a bias towards one of the two possible scope interpretations and whether there were
differences between the varieties tested.
As to inferential statistics, all data were analysed using lme4 and languageR packages in R (Bates and Maechler,
2009; Baayen, 2009). In Experiment I (and in the boundary tone experiment; see section 1.1 and Appendix), we used
mixed logit models with a binomial error function and subjects as a random effect (see Jaeger, 2008) for the analysis of
categorical dependent variables.
Generally, we validated the significance of fixed effects through comparing the test model (with fixed effects) to a
reduced model (without fixed effects) in likelihood ratio tests (LRTs). Fixed effects that contributed to a better model fitting
were included in the final model.
2.3.2. Results
Fig. 3 illustrates the mean values of ‘yes’-responses (indicating the perception of the wide scope reading) for each
prosodic parameter across all varieties.
Considering the main tendencies that can be derived from Fig. 3, pause only had a weak effect on the perception of the
negation scope in all three varieties. Nevertheless, it became obvious that lack of pause supports wide scope readings. In
contrast, the effect of intonation contour was very prominent, especially in the Kiel and Düsseldorf varieties. Flat hat
contours increased the proportion of ‘yes’-responses, i.e. wide scope interpretations. Peak alignment proved to be
perceptually relevant as well, with early peaks inducing more narrow scope responses and later peaks more wide scope
readings.
In order to test the effect of the manipulated parameters on perception by inferential statistics, we constructed a model
with binomial error function using the scope judgments (wide vs. narrow) as a categorical dependent variable. We started
out with a model including subjects as a random effect and included the following two-way interactions as fixed effects: the
factor variety with three levels (Kiel, Düsseldorf, Vienna) interacting with the factor intonation contour with two levels (flat
hat, pointed hats), variety interacting with the two-level factor pause (present or absent between two clauses), variety
interacting with the factor peak alignment with five levels (e/e, e/l, m/m, l/e, l/l), pause interacting with peak alignment,
pause interacting with intonation contour, and peak alignment interacting with intonation contour. We applied a backward
fitting procedure starting with the general model above and reducing it stepwise to find the best fit via likelihood ratio tests
(LRTs). LRTs revealed that only three interactions significantly improved the data fit: variety  intonation contour (LRT:
x2(3) = 409.69, p < 0.001), variety  peak alignment (LRT: x2(8) = 48.62, p < 0.001), and pause  peak alignment (LRT:
x2(5) = 28.48, p < 0.001). No other interaction entered the model. Moreover, Wald’s z-test indicated a significant main
effect of intonation contour ( p < 0.001), peak alignment ( p < 0.001) and pause ( p < 0.01). The final model (with fixed
effects) fitted the data significantly better than a null model (without fixed effects) (LRT: x2(22) = 635.98, p < 0.001).
The significant interaction between variety and intonation contour indicates that the Viennese subjects did not
differentiate as strongly between a flat hat and pointed hats in their decision as to the scope of negation than subjects from

11

This set of subjects also took part in Experiment II (see section 2.4).
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Fig. 3. Proportion means of ‘yes’-responses for the factors pause (A), intonation contour (B) and peak alignment (C) across the three German
varieties investigated (cf. Table 2 for explanation and coding of the conditions per factor). Error bars represent 95% confidence intervals.
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the other varieties. That is, for both Kiel and Düsseldorf listeners, scope interpretation mainly depended on the shape of
the intonation contour (cf. Fig. 3B). Variety also interacts with peak alignment. Broadly speaking, Kiel listeners judged
early peaks as different from medial or late peaks, and Düsseldorf listeners judged early and medial peaks different from
late peaks. In fact, the tendency of early peaks to trigger narrow scope was less obvious than in Kiel. On the other hand,
accent peaks with late alignment more consistently led to wide scope interpretations in the Düsseldorf variety. The picture
is less clear with subjects from Vienna (but see below and the Discussion for a possible explanation). Nevertheless, the
relative influence of late peak alignment on the perception of wide scope proved to be strong as well (cf. Fig. 3C). Finally,
the interaction between pause and peak alignment indicates that the lack of a pause after the main clause more often led
to a wide scope interpretation if it was accompanied by a late peak accent on the negation particle.
As a general result, Viennese subjects (whose variety utilises the latest peaks among the three varieties under
investigation) interpreted the stimuli less often as encoding wide scope (average proportion of ‘yes’-responses is 27%)
than subjects from Kiel (33%) and Düsseldorf (37%). These numbers indicate that there was a general bias towards the
narrow scope reading, since the average numbers for ‘yes’-responses were below the arithmetic mean of 50% in all three
varieties. This bias was clearly confirmed by the additional silent reading experiment mentioned in section 2.3.1 above:
93% of the Viennese subjects (i.e. 14 out of 15) and even all subjects from Kiel and Düsseldorf interpreted the written test
sentence as having narrow scope. Obviously, the syntactic structure displaying a main clause and a subordinate clause
which are separated by a comma, is more likely to trigger an interpretation of two separate pieces of information (see also
Kentner, 2010; Hemforth and Koniecny, 2004). In cases like this, prosodic means have to be very salient in order to
override the syntactically induced interpretation bias.
To sum up the main results of Experiment I, we found strong effects of intonation contour as well as peak alignment as
factors used by our subjects to resolve scope of negation ambiguities, both showing interactions with variety. Generally,
the effects were weaker for Viennese listeners. The factor pause turned out to be less important for the disambiguation
task.
2.4. Perception Experiment II: phrasing
According to our basic hypothesis, the perception of a phrasal break between the main and the subordinate clause
crucially determines the interpretation of a sentence as to the scope of its negation. Thus, we want to find out whether the
prosodic cues which proved to be relevant for the semantic decision as to the scope of the negation also have an impact
on the (purely prosodic) perception of phrasing, and to which extent. For this reason, we tested the same stimuli from
Experiment I (see section 2.2) in a phrasing experiment.
2.4.1. Subjects and method
Fifteen subjects per variety (Kiel: 6 m, 9 f; Düsseldorf: 5 m, 10 f; Vienna: 5 m, 10 f), aged between 18 and 57 (mean
29.8), were tested. They did not report any hearing or speaking disorders and were paid for participation. None of the
subjects participated in Experiment I. The listeners were asked how strongly disconnected they felt the two clauses of the
test sentence to be.12 The answers had to be marked on a paper questionnaire providing a nine-point scale for each
utterance. Position 0 of the scale was labelled ‘‘not disconnected at all’’ and position 8 ‘‘very strongly disconnected’’. The
subjects were encouraged to use the whole range of the scale during the experiment.
As in Experiment I, the stimuli were presented over loudspeakers in a sound treated room and to small groups of
subjects simultaneously. The same 20 test stimuli and 20 fillers from Experiment I were presented in randomised order.
The utterances were interspersed by pauses of three seconds in which the subjects had to make their decisions. The test
began with a training block of 10 dummy stimuli and ended with a dummy block of the same length, resulting in a total of 60
stimuli. Each stimulus was presented only once. One complete session lasted about 15 min.
The statistical method was the same as in Experiment I, with the exception that the dependent variable in Experiment II
is not categorical. Thus, we analyzed the z-transformed continuous dependent variable using linear mixed-effects models
with subjects as a random effect (Baayen et al., 2008).
2.4.2. Results
First of all, the raw scale values were z-score transformed to standardise across individual differences in the usage of
the categorical scale. The results below are based on the standardised scores. Fig. 4 shows the listeners’ judgments as to
the strength of the perceived phrasal breaks for each prosodic parameter across all varieties.

12
The actual question in German was Wie stark sind die beiden Teilsätze voneinander getrennt? (‘How strongly are both clauses disconnected?’).
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Fig. 4. Perceived strength of phrasal break (z-transformed scores) for the factors pause (A), intonation contour (B) and peak alignment (C) across
the three German varieties investigated (cf. Table 2 for explanation and coding of the conditions per factor). Error bars represent 95% confidence
intervals.
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For the statistical analysis we used the z-transformed perceived phrasal break judgments as a (continuous) dependent
variable. First, we tested a model using subjects as a random effect and included the following two-way interactions as
fixed effects: the categorical factor variety with three levels (Kiel, Düsseldorf, Vienna) interacting with the categorical factor
intonation contour with two levels (flat hat, pointed hats), variety interacting with the two-level categorical factor pause
(with pause, without pause), variety interacting with the categorical factor peak alignment with five levels (e/e, e/l, m/m, l/e,
l/l), pause interacting with peak alignment, pause interacting with intonation contour, and peak alignment interacting with
intonation contour. As in Experiment I, we applied a stepwise exclusion of fixed effects which did not fit the data
significantly better via likelihood ratio tests (LRTs). LRTs revealed that only the two-way interaction pause  intonation
contour (LRT: x2(3) = 1066.1, p < 0.001) could be kept as a significant predictor. No other interaction entered the model.
Moreover, it did neither include peak alignment nor variety as main effects since they did not contribute to a significant
improvement of the model fit (LRT alignment: x2(4) = 8.355, p = 0.08; LRT variety: x2(6) = 8.382, p = 0.21). However,
based on Baayen’s p-value generating function, the final model revealed significant main effects of pause ( p < 0.001) and
intonation contour ( p < 0.001).
Apparently, variation in peak alignment was irrelevant for this task, and the factor intonation contour only played a
minor role. In contrast, the presence or absence of a pause was the main cue for perceived phrasing in each variety. The
factor pause showed the strongest effect of the analysis. Actually, the presence of a pause (accompanied by phrase-final
lengthening) induced a particularly clear perception change in listeners from Düsseldorf (but also from the other varieties,
see Fig. 4A), shifting the judgment from ‘rather not disconnected’ to ‘quite strongly disconnected’. Intonation contour also
affected the perception of a phrasal break significantly -- with pointed hats leading to stronger breaks in all three varieties -although the magnitude of the perception change induced by this variable was comparably low (see Fig. 4B).
Nevertheless, intonation contour interacted significantly with pause showing that pointed hats systematically improved
the perceptual impact of a pause. In contrast, no significant effect of peak alignment (neither as a main effect nor in an
interaction) could be observed.
Briefly summing up the main results of Experiment II, we can state that the perception of a phrase break was mainly
determined by the presence or absence of a pause, showing the same strong effect in all three varieties. Intonation
contour also had a significant but weak effect.
Finally, in order to find out whether there is a correlation between the results of both experiments, and thus whether
there is an interdependence between scope of negation and phrasing, we calculated means for the dependent variables in
Experiment I (proportions of ‘yes’-responses) and Experiment II (z-transformed scores) for each prosodic factor
combination (2  2  5). A Spearman rank correlation test did not reveal a significant correlation (rs(18) = 0.24,
p = 0.31).
3. Discussion
Our general hypothesis put forward in section 2.1 proved to be too strong in that we did not find a significant correlation
between the perceptual cues used for scope interpretation and the ones used for the interpretation of phrasing. Rather, the
relevance of a parameter was found to vary depending on the task, which was semantic in Experiment I but metalinguistic
in Experiment II. Nevertheless, the parameters investigated here seem to serve a more general function which can be
described in terms of cohesion or connectedness: We found that those prosodic parameters which enhanced the degree
of cohesion between the main and the subordinate clause (especially a flat hat and lack of a pause) often triggered more
wide scope interpretations and supported the perception of no phrasal break. However, the relation between scope
interpretation and phrasing is less direct than expected. It would thus be wrong to say that the lack of a prosodic break
generally triggers a wide scope reading or, conversely, that a phrasal break always triggers a narrow scope reading.
Such a direct relation has not been explicitly claimed by the production studies on several languages which we
discussed in section 1.1 and on which we built our research questions. In fact, many of the parameters proposed to both
trigger prosodic phrasing and play a role in scope disambiguation could be confirmed to be relevant for the perception of
scope ambiguities in German, in particular global intonation contour (Féry, 1993) and peak alignment (Avesani et al.,
1995; Hirschberg and Avesani, 2000; Féry, 1993). However, we have to acknowledge that the notion of ‘phrasing’ can be
used in a broader sense, under which our notion of ‘cohesion’ could be subsumed, or in a stricter sense denoting the
actual perception of an intonation phrase boundary. For the purpose of the present study, we used the term ‘phrasing’ in
the stricter sense.
In the scope experiment (Experiment I), the factor intonation contour proved to be the most powerful one although peak
alignment and (to a smaller extent) pause also had a significant influence on the perceived scope of negation. In the
phrasing experiment (Experiment II), however, the parameter pause turned out to be the most influential cue for the
perception of a phrasal break, supported by intonation contour. For this task, differences in peak alignment did not play a
role. In terms of the dialectal influence, we only found perceptual differences in the judgments of the global intonation
contour as well as the alignment patterns in Experiment I, but no effect of variety in Experiment II.
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For a more detailed discussion of the three parameters investigated here, we will consider each hypothesis separately.
The first three hypotheses are based on the results of all participants, while dialectal differences are discussed with
respect to hypothesis 4.
Hypothesis 1: Pause. The hypothesis could generally be confirmed: A silent pause after the main clause
(accompanied by pre-pausal segmental lengthening) proved to be the strongest indicator for a phrasal break (Experiment
II, Fig. 4A). Furthermore, the presence of a pause significantly increased the proportion of narrow scope judgments across
all subjects in Experiment I, suggesting a link between scope interpretation and phrasing. However, the actual effect of
pausing on scope interpretation was only weak (Fig. 3A). One reason might be the predominance of the factor intonation
contour, which reduces the effect of pausing to the perception of (non-linguistic) disfluency, thus resulting in a weaker
impact on the semantic judgment of negation scope.
Hypothesis 2: Intonation contour. The second hypothesis was widely confirmed as well. The shape of the intonation
contour (or tune) turned out to be the most salient (and highly significant) cue for resolving scope ambiguities in German
(Experiment I, Fig. 3B): As expected, a sequence of two pointed hats triggered the interpretation of a narrow scope
whereas a flat hat pattern rather induced a wide scope interpretation. In Experiment II, the factor intonation contour
reached significance as well but appeared to be a much weaker cue for the perception of a phrasal break (Fig. 4B), adding
to the strong effect of pausing in the interaction. We interpret this finding in terms of cohesion between the two clauses: flat
hats seem to enhance the cohesion between two information units whereas pointed hats are more likely to mark them as
separate.
Hypothesis 3: Peak alignment. The first part of the hypothesis could not be confirmed, since variation in peak
alignment did not have an influence on the perception of a phrasal break (Experiment II, Fig. 4C). However, our results
were in line with the second part of the hypothesis: alignment differences did prove to have a significant influence on scope
interpretations (Experiment I, Fig. 3C). As assumed, early peak accents resulted in an increased number of narrow scope
readings whereas late peak accents induced more wide scope interpretations. This result was true both for the accent on
the negation particle in the main clause and for the accent on the complement in the subordinate clause, which contradicts
our (minor) hypothesis suggesting a different distribution of early and late peaks in the subordinate clause. Medial peak
accents took a position between early and late peak accents for Düsseldorf and Viennese listeners, as expected, but
evoked more wide scope interpretations in subjects from Kiel. Furthermore, we did not find an interaction between the
factors alignment and contour that was relevant for scope interpretation, i.e. the position of the accent peak did not interact
with the type of hat pattern presented in both clauses.
In fact, the results confirm the assumption that the type of accent in the subordinate clause is not decisive for a listener’s
scope interpretation. As can be derived from Fig. 3C, early peaks in the main clause had a stronger (or primary) effect on
the subjects’ decision in favour of a wide scope interpretation than early peaks in the subordinate clause.13
Against expectation, an early peak accent on the negation in the main clause did not lead to the perception of a
subsequent phrasal break. This result supports the idea that the (lack of) cohesion between two clauses can also be
indicated by other means than phrasing. According to previous studies (Swerts et al., 1994; Wichmann et al., 2000), early
peaks evoke a stronger impression of givenness or finality than medial or late peaks. Following these studies, it is the
narrow scope reading that can be interpreted as ‘more final’ than the wide scope reading, since the latter implies some sort
of continuation: ‘She did not read the novel because it is in English . . . BUT for another reason.’ This line of argument is
supported by the interaction between alignment and pause in Experiment I, showing a systematic relation between early
peak accents and silent pauses which both add to the impression of ‘finality’ and thus favour a narrow scope reading.
The insertion of a phrasal break, which was found in Experiment II to be predominantly triggered by a silent pause (plus
final lengthening), adds another factor that is important for the interpretation of alignment differences: if a boundary is
perceived after the main clause, the first accent (on nicht ‘not’) becomes nuclear. Since an F0 peak has been shown to be
earlier in nuclear accents than in prenuclear ones (Silverman and Pierrehumbert, 1990, for English; Schepman et al.,
2006, for Dutch; Mücke et al., 2006, for German; also confirmed by Braun’s 2007 data), the accent on the negation will be
interpreted as having a late peak (compensating for the expected peak alignment within nuclear accents). Therefore, we
would expect more ‘yes’ answers (i.e. wide scope readings) in utterances containing a break. However, this could not be
found. Probably, the cues marking the juncture, in particular the silent pause, were much stronger than the rather subtle
alignment difference.
Hypothesis 4: Dialectal influence. The hypothesis was confirmed since it could be shown that (a) the three
parameters investigated are relevant perceptual cues for phrasing (with the exception of alignment) and for resolving
scope ambiguities in all three varieties and (b) that there are systematic differences across the varieties with respect to the
perception of negation scope.

13
The following order of alignment combinations could be observed, with increasing numbers of wide scope interpretations from left to right:
early & early < early & late < late & early < late & late.
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Most importantly, and confirming the central part of hypothesis 4, we found an interaction between variety and peak
alignment in Experiment I (see Fig. 3C). The stronger tendency for Viennese listeners to interpret the stimuli as having
narrow scope can thus be related to the difference in alignment between Vienna and the Northern German varieties (as
discussed in section 1.2): Viennese speech has been shown in acoustic and articulatory studies (e.g. by Mücke and
colleagues) to display later peaks than Düsseldorf (and Kiel) speech. For this reason -- and as hypothesised above -medial (and late) peaks are interpreted by Viennese listeners as ‘earlier’ as by listeners from the other varieties, leading to
more narrow scope interpretations in the Austrian German variety.
Furthermore, not only alignment differences between varieties affect scope interpretations but also differences in the
perception of the global contour, which is reflected by an interaction between the factors variety and intonation contour.
Again, we found more narrow scope readings reported by Viennese listeners, presumably due to a less clear
interpretation of a flat hat as a marker of wide scope in comparison with subjects from the other two dialects (see Fig. 3B).
In fact, overall results of the scope of negation experiment revealed that narrow scope was the unmarked interpretation
for all three varieties. The silent reading experiment mentioned in sections 2.3.1 and 2.3.2 clearly confirmed this general
bias. The most likely explanation for this finding is that the syntax of the test sentence did not suggest a strong cohesion
between the two clauses. In contrast, a wide scope of negation was the less obvious reading, often triggered by a late
accent peak (in Experiment I), which seemed to be a somewhat marked realisation for subjects from Kiel and Düsseldorf.
Interestingly, listeners from Kiel judged medial peaks (which are often regarded as the neutral accent realisation; e.g.
Grice et al., 2005) rather consistently as indicating wide scope, particularly in a flat hat contour. As shown in a recent
psycho-phonetic study (D’Imperio et al., 2010), Northern German listeners perceived a medial accent peak as late if it was
followed by a plateau -- which is exactly what happens in a flat hat contour. Thus, we can assume that the medial accent
peaks may have led to the perception of a relatively late peak in our study and therefore increased the number of wide
scope readings for the Kiel variety.
Following Braun (2007), we have to take into account the ‘‘linguistic use of peak alignment’’ (2007:964). That is, later
peaks are common for Southern German varieties in a ‘neutral’, i.e. non-contrastive, setting which can be attributed to the
narrow scope reading of the test sentences: ‘She did not read the novel’ is a self-contained piece of information -- the
reason (‘because it is in English’) only provides additional information.14 This may serve as another explanation for a
larger number of narrow scope interpretations in Viennese subjects. On the other hand, later peaks are common for
Northern German varieties in a contrastive focus setting, i.e. Northerners delay their accent peaks much further than
Southerners in order to enhance the prominence of a contrastively accented word.15 This may explain why more listeners
from Kiel and Düsseldorf chose wide scope interpretations: later peaks sounded more appropriate for Northern German
subjects to mark wide scope readings, since they signalled a contrast (‘She did NOT read the novel because it is in English
. . . BUT for another reason’).16
The peak alignment discussion leads to the research question as to which alignment differences between the varieties
should be expressed as different accent types, i.e. in terms of phonological categories. Since most perceptual differences
due to peak alignment were found to be rather subtle (despite their statistical significance in Experiment I), the following
discussion is primarily meant to provide suggestions for a closer look into possible categorical distinctions between the
intonational systems of the three varieties under investigation. The results for the Kiel variety seem to suggest a two-way
distinction between early (H+L*) and medial/late ((L+)H*/L*+H) accents (in the main clause) which is in line with Kohler’s
(1991) findings for Northern German. Recall, however, that early peak accents are only realised as H+L* if they occur in
pointed hat contours. In a flat hat, the L* is missing, and the term ‘early peak’ merely indicates that the H target is reached
in the pre-accentual syllable (see end of section 2.2). Thus, it has to be stated clearly that our ‘early peaks’ can only partly
be equated with H+L* accents. For Düsseldorf, the data rather suggest a categorical distinction between early/medial
peaks (H+L*/H*) and late peaks (L+H*/L*+H), a contrast which is phonetically less clear than between early and medial/
late peaks. Even less straightforward is the question of a phonological accent type distinction for Viennese. Table 1 in
section 1.2 above as well as Fig. 3C suggest a similar pattern as for Düsseldorf, i.e. medial peaks are interpreted in the
same way as early peaks, both contrasting with late peaks. However, since late peaks are obviously interpreted as earlier
by Viennese listeners, there may not be a categorical distinction here at all. That is, the data suggest that while in Kiel and
Düsseldorf alignment differences (either between early and medial/late or between early/medial and late) may be

14
We conclude that an accent on the negation particle (as used in our perception experiments) marks a neutral reading. Nevertheless, this
accent could also be interpreted as contrastive (in fact, corrective) since in a broad focus structure it is usually the argument (here: the novel) that
receives the accent (cf. Uhmann, 1991).
15
This has been shown at least for prenuclear accents (Braun, 2007). The accent on the negation particle is in fact prenuclear unless there is a
phrasal break after the main clause.
16
Another reason for the tendency to prefer the (unmarked) narrow scope reading found in Viennese listeners could be that the segmental
realisation of the test sentence was felt to be unnatural since it was produced by a Northern German speaker. If a stimulus is not consistent with a
listener’s expectation towards one reading or another, he or she will probably be apt to choose a less marked interpretation.
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‘phonologised’ in the sense that they are used to mark a specific scope of negation, the alignment differences in Vienna do
not appear to be classifiable.
If alignment differences are ‘phonologised’, they have reached the interface between prosody and meaning. However,
our results show that for the kind of semantic-pragmatic meaning we investigated here, namely the resolution of scope of
negation ambiguities, not only specific types of pitch accent are relevant but also the global tune. In fact, resolving scope
ambiguities proved to be predominantly tune-based in German, since the shape of the intonation contour (flat hat versus a
succession of pointed hats) turned out to be the most important factor. Only in combination with the pitch accents (as the
local building blocks of the tunes) and their alignment properties, however, as well as pausing, the whole picture
emerges.17
4. Conclusion
The perception experiments on three German varieties have shown that the interpretation of negation scope is not as
strongly linked to prosodic phrasing as expected. Although certain prosodic cues (in particular pausing and intonation
contour) have a significant influence on both types of judgment, the relevance of these cues varies depending on the given
task. An important cue for one task (such as the presence of a silent pause for the phonetic phrasing task) may be less
relevant for another (such as the semantic-pragmatic interpretation of negation scope). Thus, the question of how German
listeners resolve scope of negation ambiguities cannot simply be attributed to the presence or absence of a phrasal break
between a main clause and a subordinate clause. It rather depends on a more general impression of ‘cohesion’ or
‘connectedness’ between the two clauses, indicated by prosodic means.
The cohesion expressed by a (global) tune in combination with local peak alignment variation proved to be the decisive
factors for listeners from all varieties in resolving scope ambiguities: flat hat contours and late peak alignment patterns
were the most important cues for wide scope readings in German. By contrast, pointed hats with early peak accents
(especially in the main clause of the test sentence Sie hat den Roman NICHT gelesen (weil er auf ENGlisch ist) (‘She did
not read the novel (because it is in English’))), were typical of narrow scope readings. Thus, resolving scope ambiguities
proved to be predominantly tune-based in German.
For the perception of phrasal breaks, the parameter pause (i.e. silence) turned out to be most influential, followed by
intonation contour (pointed hats supported the perception of a stronger break), whereas differences in peak alignment did
not play a role.
Acoustic and articulatory studies have shown that Viennese German displays later peaks than Northern German
speech. This difference is reflected by our data in that we found an increase in narrow scope readings in Viennese
listeners, suggesting that they interpreted (late) peaks as earlier than listeners from Kiel and Düsseldorf did. Proof for this
dialectal difference was found in a significant interaction between variety and peak alignment. Generally speaking,
however, the experiments demonstrated that the three varieties only slightly differed in the way they made use of prosodic
cues in the interpretation of ambiguous utterances, both in terms of phrasing and the scope of negation.
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Appendix
Boundary tone experiment (mentioned in section 1.1)
In this additional experiment, we tested the influence of the type of utterance-final boundary tone on scope
interpretation. As in Experiments I and II, the stimuli were based on the test sentence Sie hat den Roman NICHT gelesen,
weil er auf ENGlisch ist (‘She did not read the novel because it is in English’). The stimuli were kept constant in terms of
accent position (accents on negation particle and complement) and peak alignment (medial accents), while the

17

Note that we did not find a significant interaction between intonation contour and peak alignment, though.

46

S. Baumann, T. Rathcke / Lingua 131 (2013) 29--48

parameters pause, intonation contour and utterance-final boundary tone were carefully varied. Each parameter had two
levels, resulting in a set of eight different stimuli (pause/no pause, flat hat/pointed hats, rising/falling boundary tone).

Subjects and method
Twenty native speakers of Standard German (3 m, 17 f), all of them students at Cologne University, took part in
the experiment. They were aged between 20 and 32 and did not report any hearing or speaking disorders. We did not
control for the dialectal background of the subjects. In fact, nearly all participants originated from North Rhine-Westphalia.
The set of test stimuli was repeated five times, pseudo-randomised and separated into 4 blocks of 10 stimuli each. In
total, the number of experimental stimuli was 60: 8 stimuli  5 repetitions plus 20 dummies, which were presented in two
additional blocks, i.e. a training block and a finishing block. These additional blocks were not evaluated. The stimuli were
interspersed by pauses of three seconds in which the subjects had to make their decisions. The data were presented over
loudspeakers in a sound treated room and to small groups of subjects simultaneously. One test session lasted eight
minutes.
As in Experiment I, the data were obtained in a forced-choice test, i.e. subjects were asked to decide for each stimulus
whether they preferred a narrow scope reading (‘no, she did not read the novel’) or a wide scope reading (‘yes, she read
the novel, but for another reason’). Participants marked their choices on a questionnaire.

Results
Fig. 5 shows the proportional distribution of wide scope interpretations (‘yes’-responses) for the three prosodic
parameters investigated across all subjects.
For inferential statistics, we constructed a model with binomial error function using the scope judgments (wide vs.
narrow) as a categorical dependent variable. We included the categorical factors repetition (five levels), presence or
absence of pause (two levels), intonation contour with the levels ‘flat hat’ and ‘pointed hats’, and boundary tone with the
levels ‘rise’ and ‘fall’ as fixed effects. Wald’s z-test indicated significant main effects of pause ( p < 0.001), intonation
contour ( p < 0.001) and boundary tone ( p < 0.001). The final model (with fixed effects) did fit the data significantly better
than a null model (without fixed effects) (LRT: x2(3) = 456.97, p < 0.001).
The data show that all three prosodic cues influence the interpretation of negation scope in German (and thus confirm
the results for pause and intonation contour of Experiment I, although the effect of pause was much smaller in the three
varieties investigated). Interestingly, the choice of utterance-final boundary tone had the strongest effect, with a rising
boundary tone indicating wide scope in about 80% of the cases. That is, the rising boundary tone suggests that there is
more to come, namely the actual reason for not reading the novel: ‘she did not read the novel for reason A. . ., but for
reason B’.
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Fig. 5. Proportion means of ‘yes’-responses for the factors pause, intonation contour and boundary tone (all subjects pooled, n = 20). Error bars
represent 95% confidence intervals.
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