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In a production experiment on German we investigated the prosodic effects of informativeness
(comprising information status and contrast) on sentence-initial referents, i.e. sentence topics.
While referents in sentence-final position usually receive the nuclear accent of the utterance,
commonly defined as the last and information-structurally crucial pitch accent in an intonation
unit, sentence topics in German often carry a prenuclear accent. However, the status of prenuclear
accents is still unclear: are they just “ornamental” or do they express meaning differences? We
expected to find a direct relationship between the informativeness of a sentence topic and
its prosodic prominence but the hypothesis could only be confirmed to a very limited extent.
Results show that informativeness does not affect the accent type of sentence-initial referents,
as they are consistently marked by rising prenuclear accents, even on given items. Only the
parameter DURATION shows a main effect of informativeness in the expected direction, since
contrastive referents proved to be longer than given ones. In general, and surprisingly, however,
contrastive topics are mostly produced as prosodically less prominent than non-contrastive
items that are either given, accessible or new. An explanation that holds for our data set may
be that the contrast is already expressed by a parallel syntactic structure, which speakers often
realize prosodically by a flat hat pattern. We conclude that prenuclear accents on sentence-
initial referents are consistently placed for rhythmic reasons in German and that their prosodic
form is only slightly influenced by a referent’s level of informativeness.
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1 Introduction
11 The status - and functions - of nuclear and prenuclear pitch accents

Most studies on the relation between prosody and meaning restrict themselves to form and
function of nuclear accents, commonly defined as the last pitch accent in an intonation unit
and as the structural head of this unit. As such, the nucleus has a special status in the prosodic
hierarchy (see, e.g., Shattuck-Hufnagel & Turk 1996), being the only obligatory accent within
its domain (generally the intermediate phrase). Semantic-pragmatically, the nuclear accent is
important since its position determines the interpretation of an utterance’s information structure,
as in the famous example (1): the sentence Dogs must be carried (written on a sign in the London
underground) has two crucially different meanings depending on whether the final accent falls

on carried (as in 1a) or on dogs (as in 1b).!

1) Dogs must be carried.
a. Dogs must be CARried.
b. DOGS must be carried. (adapted from Halliday 1967)

The meaning of (1a) can be paraphrased as ‘If you have a dog, you have to carry it’, whereas (1b)
has to be interpreted as ‘Everybody has to carry a dog’.

By contrast, little attention has so far been paid to the investigation of prenuclear accents,
defined as pitch accents that occur before the nucleus within the same intonation unit. Both their
structural and functional status is unclear, since previous studies obtain inconsistent results. To
start with, it has been shown that prenuclear accents yield a lower inter-transcriber agreement
than nuclear accents (see studies using the ToBI model for English and German, such as Pitrelli
et al. 1994; Syrdal & McGory 2000; Grice et al. 1996), and also that there is a relatively low
listener sensitivity to prenuclear accents which may surface as longer reaction times in an accent
recognition task (Jagdfeld & Baumann 2011). In the latter experiment, which used cross-splicing,
acoustically identical weak accents were perceived much more often as accents if they stood in
nuclear position and less so if they appeared in prenuclear position instead. This low stability
is in line with Biiring’s (2007) claim that prenuclear accents are only optional, or ornamental,
especially on prefocal elements, i.e. on elements that are not F(ocus)-marked. Example (2) is
adopted from Biiring (2007) and suggests that prenuclear accents (indicated by small capitals)

on the subject Gus as well as the verb voted are possible but not obligatory.
2 Who did Gus vote for? GUS VOTED [for a friend of his neighbors from LITtleville],

Along similar lines, it has been suggested, for example by Calhoun (2010), that prenuclear accents

are used due to a general principle of rhythmic organisation and that they do not reliably mark

! Nuclear accents are indicated by full capitals.



information structural distinctions. Especially nouns (and presumably all content words) that
precede the nuclear accent within a long phrase are likely to obtain a pitch accent to preserve

the expected rhythmicity of an utterance.

Actually, following Gussenhoven (2015), the finding that the word category is relevant for
the placement of pitch accents can be used as an argument in favour of morphosyntactic reasons
for pitch accent distribution (in English) and against a rhythmic or, more generally, phonological
approach. In his view, morphosyntax — next to the speaker’s intention to mark focus - is the most

important driving force for accent placement in an English sentence.

Such an approach does not seem to be highly compatible with the idea that prenuclear accents
are merely optional. In fact, there are some production studies which showed that prenuclear
accents are placed consistently, irrespective of differences in information structure. For example,
this has been found for textually given information in narrow focus contexts (Baumann et al.
2007; Féry & Kiigler 2008), as well as for topics in topic-comment structures (cf. Braun 2006).
Most interestingly, however, in these studies prenuclear accents displayed subtle changes in peak

scaling or peak alignment, which expressed meaning differences.

Féry & Kiigler (2008) investigated the prosody of given and new referents in pre- and postnuclear
position in a reading study on German, using utterances like ‘Weil der Hummer dem Léwen den
Rammler vorgestellt hat’ (Because the lobster introduced the buck to the lion). The authors show that
both given and new referents consistently carry prenuclear accents, and that given items (the
nucleus being on new information and in narrow focus) are realised with slightly lower accents
compared to prenuclear accents realised on items that were contextually new. That is, information
status had an influence on peak height and pitch range. Similarly, Braun (2006) found a slight
prosodic difference between contrastive and non-contrastive topics in German. In both realisations
of a target sentence such as In Armenien schreibt man Lateinisch (‘In Armenia the Latin alphabet
is used’) participants produced a prenuclear accent on the sentence topic Armenien (‘Armenia’).
Nevertheless, in the contrastive condition, the accent was produced with a later and higher FO

peak as opposed to an earlier and lower FO peak when realised in the non-contrastive condition.

A recent eye-tracking study on contrastive topics by Braun & Biezma (2019) provided
further evidence for the information structural relevance of prenuclear accents in German. The
investigation confirmed that a prenuclear L* + H accent (i.e. a rising accent with a low tonal target
in the accented syllable, following the annotation system GToBI; Grice, Baumann & Benzmiiller
2005), leads to the activation of focus alternatives (see next section). That is, participants fixated
more on a contrastive alternative when the subject of a target sentence was produced with an
L*+H accent (in comparison with another accent type), with the same effect size and timing as
reported for focus constituents. This result shows, the authors claim, that this type of prenuclear
accent functions like a nuclear focus accent, which in turn serves as evidence against the claim

that prenuclear accents are just ornamental.



1.2 Information structure, informativeness and prosodic prominence

Which information structural categories are we dealing with in the present paper? We follow
Krifka’s (2008) notion of (sentence) topic as an aboutness topic (along the lines of, e.g., Reinhart
1981), which may be contrastive or not. If it contrasts with another topic, it contains an element
marked as focus, which is defined — following Rooth’s (1985; 1992) Alternative Semantics — as that
part of an utterance that evokes alternatives that are relevant for the interpretation of linguistic
expressions (Krifka 2008: 247). Thus, contrast is to be understood (also in the present paper)
as the availability of (explicit) alternatives, which can either occur as a contrastive focus or as a
contrastive topic, depending on the position and role of an argument in an utterance. The latter
can be interpreted as a “focus within a topic” (a notion used by Braun & Biezma 2019), indicating
that both concepts are independent, unlike e.g. Biiring’s (2016) notion of contrastive topic, which
is an information structural concept in its own right (see the discussion in Braun & Biezma 2019).
We refer to the information status of nominal expressions when aspects related to their givenness

or novelty in discourse are concerned (see the overview in Baumann & Riester 2012).

We would like to introduce informativeness as a useful notion that relates to both the information
status of a referring expression and its role as part of a specific focus domain. It is thus meant to
account for the (fairly “objective”) level of newness of an item in the discourse as well as its pragmatic
role in a proposition (Lambrecht 1994: 323), i.e. the level of newsworthiness a speaker assigns to
the item. It is assumed that a referential expression is getting more informative the “newer” it is in
discourse and the more specific its focus domain is, i.e. the fewer alternatives are available. This is
tantamount to saying that an item is getting more informative from broad to narrow focus and from
narrow to contrastive focus (or topic), since in the latter case the alternatives are made explicit —
and thus reduced in number. Background elements can be considered to be least informative since
they are already available in the discourse (generally being conflated with givenness at the level of
information status). There is no (other) information structural concept which directly links these
two levels of information status and focus which we claim to be a relevant semantic-pragmatic
correlate of prosodic prominence (see also the usage of informativeness in Baumann et al. 2019 and
Baumann et al. 2020). In the present paper, we are using informativeness to describe the effects of

information status and contrast at a single level of analysis.

At least for German, but to some extent for other West Germanic languages as well (e.g. Ayers
1996 for American English), there is evidence that aspects of informativeness are mediated by
corresponding levels of prosodic prominence. For instance, it has been shown that smaller or more
specific focus domains are probabilistically marked by more prominent accent types in German
(Miicke & Grice 2014), as illustrated in Figure 1b. There is independent evidence for an increase in
perceptual prominence from no accents through falling pitch accents (GToBI type H + !H*) and high
accents (H*) to rising pitch accents (L+H*) in German (see Baumann & Rohr 2015). Figure 1b
shows that the highest percentage of rising accents could be found for contrastively focused items,



@ Questions: ® e
1. Will Norbert Dr. Bahber treffen? Does Norbert want to meet Dr. Bahber? Background no accent | HHH TR
2. Was gibt's Neues? What's new? H N
3. Wen will Melanie treffen? Whom does Melanie want to meet?
4. Will Melanie Dr. Werner treffen? Does Melanie want to meet Dr. Werner? Broad T — L+H* N
Answers: target word in:
Melanie will Dr. Bahber treffen.
L o background v i
2. [ Droeis broad focus
3. [ P narrow focus
4, [ P contrastive focus Contrastive m
(lit.: Melanie wants Dr. Bahber to-meet)
0% 20% 40% 60% 80% 100%

Figure 1: (a) Speech material of the production experiment and (b) Distribution of GToBI accent
types including schematic pitch contours in the vicinity of the (shaded) accented syllable (see
Miicke & Grice 2014: 52-53).

getting lower in narrow focus and even lower in broad focus (the elicitation setup with question-
answer pairs is displayed in Figure 1a). Backgrounded items are deaccented and thus prosodically

least prominent.

Not only focus but also information status (or level of givenness/newness) is expressed
by differences in accent type which in turn differ as to their level of prominence (again based
on the results of the perception study by Baumann & Rohr 2015). Both a corpus study of read
German (Baumann & Riester 2013) and a perception study (Rohr & Baumann 2011) in which
participants had to judge an item’s degree of givenness (without presenting them the context
in which the item was uttered) revealed a correspondence of newness with more prominent
accents (here: high accent types), semi-givenness (e.g. bridged referential expressions) with less
prominent accents (here: low and falling accent types) and givenness with prenuclear accents
or deaccentuation. The finding that a prenuclear accent makes a referent sound relatively
“given” in turn suggests that prenuclear accents are generally perceived as less prominent
than nuclear ones (all five accent types tested in Rohr & Baumann (2011) occurred in nuclear
position). This effect may also be supported by the listeners’ top-down knowledge that (at
least in West Germanic but also in many other languages) cognitively accessible referents are
often placed early in an utterance (see, e.g., Bock & Warren 1985 and, for a broader overview,
Wagner 2016).

Additional evidence for the interplay of prosodic prominence and position in an utterance
comes from another independent study in which naive listeners had to decide for all words
in a set of spoken excerpts whether they perceived a word as prominent or not (Baumann &
Winter 2018; using the Rapid Prosody Transcription method, see Cole & Shattuck-Hufnagel 2016).
Figure 2 indicates that prenuclear accents were judged as prominent to a much lower extent
than nuclear accents. The study further confirms the prominence ranking of accent types found

in Baumann & Rohr (2015) mentioned above.
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Figure 2: Results of accent position and accent type in a prominence judgment task on German
(Baumann & Winter 2018); ‘ip’ stands for ‘intermediate phrase’, i.e. a smaller intonation unit,
and ‘IP’ stands for ‘intonation phrase’, i.e. a larger intonation unit (see, e.g., Turk & Shattuck-

Hufnagel 1996).

However, the categorical criteria ACCENT TYPE and ACCENT POSITION are not the only relevant
factors for prominence perception. There are a couple of continuous-valued phonetic parameters
which have been found in previous studies to lend prominence, such as DURATION of syllables and
words (e.g. Turk & Sawusch 1996), INTENSITY (e.g. Kochanski, Grabe, Coleman & Rosner 2005)
and local pitch movement, i.e. tonal RANGE and SLOPE (e.g. Rietveld & Gussenhoven 1985). A
more recent prominence measure is the Tonal Center of Gravity (TCoG; Barnes, Veilleux, Brugos &
Shattuck-Hufnagel 2012), which is a holistic parameter that incorporates the shape of the contour
and the alignment or scaling of turning points. These aspects have been found to be relevant in
the studies by Féry & Kiigler and Braun mentioned above (and further discussed below), which

marked slight but potentially meaningful differences between prenuclear accents in German.

1.3 Hypothesis of the present study

In the light of the results of the (few) previous studies on the relation between form and function
of prenuclear accents in German the present production study examines whether differences in
the information structure of a sentence-initial argument (topic) influence its prosodic realisation.
Concretely, we expect a direct relation between informativeness (comprising information status
and contrast) and the prosodic prominence of sentence-initial (prenuclear) target words, i.e. we

can formulate the following hypothesis:

3) Hypothesis: The more informative a referent is, the more prominent is its
prosodic marking.



In terms of discrete categories, we expect the following probabilistic mapping between levels of

informativeness and accent types (based on the studies discussed above):

(€))] Increase in prosodic prominence
given accessible  new contrastive

no accent low accent high accent rising accent

As to continuous parameters, we expect to find longer durations, higher intensities and FO ranges,
and steeper slopes from given through accessible and new to contrastive target words.
In what follows, we first introduce our methodological procedure in sections 2.1-2.3. In

section 2.4 we present our results for the categorical and continuous parameters followed by a

discussion and conclusion of our findings in section 3.

2 Experiment

2.1 Material

In this experiment, we used 20 target words (nouns) with a trochaic syllable structure and
containing mostly sonorous material (cf. Table 1). Each of these words constituted the first

argument in the sentence, i.e. it was both the grammatical subject and the sentence topic. Target

sentences were integrated into a mini story, consisting of three sentences (see example in (5)).

Bauer Bruder Dame Diener Dingo
‘farmer’ ‘brother’ ‘lady’ ‘servant’ | ‘dingo’
Dogge Hase Heldin Junge Laie
‘Great Dane’ | ‘hare’ ‘heroine’ | ‘boy’ ‘amateur’
Lehrer Lehrling Maler Mama Meise
‘teacher’ ‘apprentice’ | ‘painter’ ‘mom’ ‘titmouse’
Nanny Nonne Rabbi Rduber Sammler
‘nanny’ ‘nun’ ‘rabbi’ ‘robber’ | ‘collector’

Table 1: Disyllabic target words with lexical stress on the first syllable.

(5) Nach dem langen Winter freuten sich alle auf ein paar sonnige Stunden im Freien.
Im Klostergarten bliihten die ersten Pflanzen.
Die Nonne hat einen Mandelbaum gegossen.

‘After the long winter everybody was looking forward to a couple of sunny hours
in the open. The first plants bloomed in the cloister garden. The nun watered an
almond tree.’



Context 1 Nach dem langen Winter freuten sich alle auf ein paar sonnige Stunden im Freien.
‘After the long winter everybody was looking forward to a couple of sunny
hours in the open.’

Context 2a | Die Nonne kiimmerte sich um den Klostergarten.
given ‘The nun was looking after the cloister garden.’

Context 2b | Im Klostergarten bliihten die ersten Pflanzen.
accessible ‘The first plants bloomed in the cloister garden.’

Context 2¢ Die Sonne schien schon den ganzen Tag und der Schnee war endlich
new geschmolzen.
‘The sun had been shining all day and the snow had finally melted.’

Context 2d | Der Monch hat einen Brombeerstrauch gegossen.
contrastive | ‘The monk watered a blackberry bush.’

Target Die Nonne hat einen Mandelbaum gegossen.
‘The nun watered an almond tree.’

Table 2: Mini stories for the target word Nonne (‘nun’).

The first context sentence within a story set was held constant introducing the setting for each
story version. This first sentence was then combined with one out of four second context sentences.
By varying the second context sentence, four conditions were designed rendering the subject in
the target sentence either given, accessible, new or contrastive.? In example (5) above, the referent
is accessible due to the mention of ‘cloister garden’ which sets the scenario for the occurrence of
a ‘nun’. Table 2 gives an example of all four mini stories for the target word Nonne (‘nun’), where
referring expressions that are assumed to have an immediate influence on the informativeness

of the target word (i.e. in the given, accessible and contrastive contexts) are printed in bold face.

These manipulations resulted in a total of 80 mini stories (20 target words * 4 conditions).

2.2 Participants and procedure

Twenty-nine native speakers of German (21 female, 8 male), aged between 19 and 30 years,
participated in this reading experiment. Twenty-three of them (79.3%) originated from North
Rhine-Westphalia, speaking a variety from the West of Germany.® All participants gave written
informed consent, and the experiment was performed in accordance with the Declaration of
Helsinki.

2 Note that our four conditions of informativeness comprise both information status (given, accessible, new) and type of
focus or topic (contrastive topic as opposed to background (context 2a) and broad focus (contexts 2b and 2c)).
3 Only two speakers came from the North (6.9%) and four speakers from the South West of Germany (13.8%).



Each participant was presented with 20 different mini stories on a computer screen, using
PsychoPy2 (Peirce & MacAskill 2018, version 1.82.01). The order of the stories was randomised
by generating different stimulus lists in R (R Core Team 2017, version 3.4.1) by means
of a randomisation script. For each participant an individual list was loaded into PsychoPy.
Within PsychoPy, participants passed through the instructions and the stimulus presentation
by themselves by pressing the right arrow button. Participants were instructed to first read
each story for themselves before reading it out loud. In order to reduce the workload for each
participant and since they should not familiarise themselves too much with the content of the
specific stories, each participant read only one mini story (i.e. one condition) per target word,

resulting in five realisations of each condition per speaker.

By advising the speakers to “tell the story to a friend”, we aimed at triggering a natural but
swift speech rate in the participants’ productions. The speech rate was further primed by two
preceding training items: for these items, two additional context sentences had been pre-recorded
by one of the authors and were then presented to participants both auditorily and visually. The
target sentence that participants had to read out loud was presented visually. Training items
were used to ensure a similar speech rate across speakers, in that participants adapt to the speech
rate they perceived in the pre-recorded sentences.

After each story, participants had to answer a content question on the second context
sentence, to ensure that they paid attention to what they read and hence parsed the underlying
information structure correctly. The questions were designed as in the following example: War
im Klostergarten der Winter eingebrochen? (‘Had winter begun in the cloister garden?’). Answers
were given by pressing the keys ‘y’ for ‘yes’ or ‘n’ for ‘no’.

The recording took place in a sound-proof booth using a head-mounted microphone (AKG
C 544 L) with a mouth-microphone distance of approximately five centimetres that was held
constant across speakers. Recordings were performed at a sampling rate of 44,100 Hz and 16-bit

resolution. Completion of the task took 30-45 minutes, and all subjects were paid for participation.

2.3 Data analysis

In total 580 utterances were recorded (29 participants * 20 target words). However, due to
wrong answers to the content question, hesitations or phrase breaks after target words, which
turn prenuclear accents into nuclear accents, 87 utterances (i.e. 15% of the data)* were excluded.

Hence, 493 utterances entered the analysis.

4 Out of these 87 utterances, 75 were excluded due to phrase breaks, with 17 cases in the given, 23 in the accessible,
20 in the new and 15 in the contrastive condition. Thus, the presence of phrase boundaries was not restricted to a
specific condition and can hence not be regarded as a strategy for marking a particular level of informativeness across
speakers.
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All utterances were annotated at the word level, adding the beginning and end of the stressed
syllable of the target word, prosodic boundaries and ACCENT TYPE in Praat (Boersma & Weenink
2018). The classification of accent types (and phrase breaks) followed GToBI and was based on

a consensus judgment of two trained phoneticians (see Figure 3).

Furthermore, several continuous-valued phonetic parameters were measured, including the
duration of target words (WORD DURATION), the duration of the stressed syllable (SYLLABLE
DURATION), the RMS amplitude (i.e. the INTENSITY) of the stressed syllable, as well as the TONAL
RANGE in semitones (st) and the FO SLOPE (in st per milliseconds) in the vicinity of the stressed
syllable. For calculating RANGE and SLOPE, we extracted the minimal and maximal FO values
within and surrounding the region of the stressed syllable (labelled as ‘1’ and ‘2’), excluding

perturbations due to micro-prosody.

In addition, the Tonal Center of Gravity (TCoG) was measured, following Barnes, Veilleux,
Brugos & Shattuck-Hufnagel (2012). The TCoG constitutes a holistic measure that incorporates
contour shape and ALIGNMENT or SCALING of turning points representing the balancing point
of the area under the curve (cf. Figure 4a & b). Thus, an accent with a convex contour shape
exhibits an earlier alignment point as opposed to an accent which is characterised by a rather
concave shape (illustrated by the coloured vertical dashed lines in Figure 4a & b). Similarly,
the center of gravity in the scaling dimension is shifted upwards, since the area density is more
concentrated in the higher pitch region under the curve, as is the case in convex contours.

Opposed to that, a concave contour would lead to a lower TCoG scaling point as the area

g p Y MRS ,. \H ‘B I I r | W'W
% ‘ ) | L
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gegossen
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Figure 3: Praat screen shot of the annotated target sentence Die Nonne hat einen Mandelbaum
gegossen (‘The nun watered an almond tree’). From top to bottom the screenshot displays the
oscillogram, the spectrogram and the FO contour, as well as annotation levels for all words, the
stressed syllable of the target word, low and high turning points in the target word (indicated by
‘1’ and ‘2’), GToBI accent types and — if applicable — phrase breaks (cf. Grice et al. 2005).



. TCoG alignment ® TCoG alignment
200 H 200
|
S 7%\ """""""" a / a
E ! )
2 k) & : &
w w
5 5
100 i = &
i
75 01 02 03 04 05 06 04 05 06
Time (s) Time (s)

Figure 4: TCoG alignment (x-axis) and TCoG scaling (y-axis) for (a) a convex FO contour coded
in red and (b) a concave FO contour coded in blue, both in relation to a symmetrical rising-falling
contour (in black; illustrations adapted from Barnes 2017). The x’s indicate the position of the
respective center of gravity.

density is higher in the lower pitch region (illustrated by the coloured horizontal dashed lines

in Figure 4a & b).

All inferential statistics were performed in R (R Core Team 2020, version 4.0.2). For the
discrete dependent variable ACCENT TYPE, we tested whether the presence or absence of a
specific accent type was affected by informativeness using logistic regression, employing the
glmer function of the Ime4 package (Bates, Maechler, Bolker & Walker 2015). The continuous
dependent variables were analysed with linear mixed-effects models, also employing the Ime4

package.

In the process of statistical modelling (both logistic and linear regression), we followed a
top-down approach, beginning with the most complex model, which we will call the full model.
The full model comprises a fixed effect for informativeness (i.e. the respective condition, with
given as the baseline level) as well as random effects: in order to account for individual behaviour
of both participants and target words, we included random intercepts for gender as well as
random slopes for both informativeness per speaker and informativeness per target word. In case
a full model did not converge, we stripped down our models, reducing the amount of random
slopes and using random intercepts instead. This led to a model with only one random slope for
informativeness per speaker and a random intercept for target word, since we are more interested
in the individual behaviour of participants than of target words. In case this single-slope model
did still not converge, we built even less complex models, employing only random slopes. This
process was repeated until the model converged. We evaluated the models’ goodness-of-fit by
performing likelihood ratio tests with a null model (i.e. comparison with a model that does not
contain the fixed effect), which computed a 2-value and a p-value. We will explicitly report
on the model that was found to be most likely to explain the data for each dependent variable

individually in the results section.

1
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Lastly, we followed two different approaches to evaluate the actual effects, depending on the
type of regression. For the categorical data, we calculated odds ratios, employing the standard
error, to evaluate effect sizes. The odds ratio indicates if and how the odds for a specific response
change when the input is systematically varied. For the continuous data, we performed post-hoc
Tukey tests® to assess which differences between the levels of informativeness were significant. One

major advantage of this test is that it automatically adjusts the p-value for multiple comparisons.

2.4 Results
2.4 Categorical parameters

As to the distribution of accent types, we hypothesize that given information will be deaccented,
accessible information will be marked by a low accent, new information by a high accent, and

contrastive referents by a rising accent (see (4) above).

The plot in Figure 5 summarizes the contours of all target sentences arranged by experimental
condition, including average pitch contours. The plot indicates that the target sentences were
produced very similarly across conditions, although the rise in contrastive items appears to be

shallower than the rise in the other three conditions.

Looking at the GToBI labels, we do not observe major effects of informativeness, however.
While there are hardly any cases of deaccentuation, 92% of the data is produced with a prenuclear
rise, comprising L*+H in 74.2% and L+H* in 17.8% of all cases (see Figure 6 and the average

contours in Figure 5). The logistic regression confirms that informativeness does not impact the
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Figure 5: Spaghetti plot showing the time-normalized intonation contours of the target sentences
in each of the four experimental conditions with the items superimposed on each other and with
average contours (in red). Note that the FO is computed relative to the mean of each utterance in
semitones, levelling the differences between male and female speakers.

5 Since we used Tukey tests, we report z-values instead of t-values which are usually returned by linear modelling.



presence of deaccentuation (¥%(2) = 0, p = 1),°L* (x3(3) = 0, p = 1),” H* (x*(3) = 3.8595,
p = .28),8 or L*+H (%*(3) = 2.0993, p = .55). However, we observe a trend that the presence
of L+ H* is impacted by the level of informativeness, decreasing the odds of an L.+ H*-accent in
the contrastive condition (compared to given) by 0.36 to 1. Still, this effect falls short of reaching
significance, since model comparison returns y¥*(3) = 7.4352 with p = .059.

Similarly, when concentrating on the direction of tonal movements, subsuming L*+H and
L+H* under the category ‘rise’, we only observe a trend for informativeness affecting ACCENT

TYPE (see Figure 7). The odds for a rising accent in accessible items increase by 1.65 to 1
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Figure 7: Distribution of accent types comprised as tonal movement directions across test conditions.

¢ Deaccentuation ~ condition + (1|target word) + (1|speaker).
7 L*-accent ~ condition + (1|target word) + (1 +condition|speaker) + (1|gender).
8 H*-accent ~ condition + (1|target word) + (1|speaker) + (1|gender).
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(compared to given items) and the odds for a rising accent in contrastive items decrease by 0.65
to 1 (compared to given items). In the case of new items, the odds for a rising accent increase
by even 2.46 to 1 (compared to given items) due to a lack of deaccentuation and low accents,
and fewer instances of high accents. However, we can merely speak of a tendency, since model

comparison,’ again, returned a non-significant value, with y%(3) = 6.8034 and p = .078.

We still report this pattern as a tendency, since a post-hoc power analysis, carried out with
G*Power (Version 3.1.9.6), revealed only little power for the categorical variables, yielding a
value of 0.53. Accordingly, it is possible that our results are due to a type 2 error, i.e. we might
find an effect of informativeness on accent type if we re-ran the experiment with an increased

sample size (with 54 subjects, e.g., we would yield a power of 0.80).

2.4.2 Continuous parameters

In contrast to the categorical parameters, we find a main effect of informativeness on many,
though not all, continuous parameters. For WORD DURATION, we find that the full model
(including random slopes for both informativeness per speaker and per target word)!° is suited
to explain the data, with ¥2(3) = 10.033, p = .018. Our results indicate that WORD DURATION
is affected by informativeness, with increasing duration as the informativeness of referents
increases (see Figure 8).

However, only the difference between the conditions contrastive and given was found to be
significant (p = .004) in a post-hoc Tukey test, with contrastive referents being produced about

12 ms longer than their given counterparts (see Table 3).
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Figure 8: Average word duration (in seconds) per condition.

° Rising accents ~ condition + (1|target word) + (1|speaker).
10 Word duration ~ condition + (1 +condition|target word) + (1 + condition|speaker) + (1|gender).



Estimate | Standard Error | z-value | p-value
accessible — given 0.008 0.004 1.989 0.188
new — given 0.008 0.004 2.063 0.162
contrastive — given 0.012 0.004 3.372 0.004*
new — accessible 0.001 0.005 0.108 0.999
contrastive — accessible | 0.004 0.004 1.107 0.681
contrastive — new 0.004 0.005 0.794 0.855

Table 3: Coefficients, standard error, z-values and p-values for WORD DURATION.
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Figure 9: Average syllable duration (in seconds) per condition.

Also for SYLLABLE DURATION, the full model!! was found to explain the data best, with
%%(3) = 11.613 and p = .009. Broadly speaking, we find that informativeness affects SYLLABLE

DURATION, showing a trend for more informative referents having longer stressed syllables (see

Figure 9).

However, the post-hoc Tukey test reveals that this effect is only significant if we compare

contrastive to given items, with the former being on average 7 ms longer than the latter (p < .001).

The results of the Tukey test are given in Table 4.

11 Syllable duration ~ condition + (1 +condition|target word) + (1 + condition|speaker) + (1|gender).
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Estimate | Standard Error | z-value | p-value
accessible — given 0. 006 0.003 2.293 0.098
new — given 0.003 0.003 1.318 0.549
contrastive — given 0.010 0.003 3.906 <0.001*
new — accessible —0.003 0.003 —0.934 | 0.785
contrastive — accessible | 0.004 0.002 1.511 0.428
contrastive — new 0.007 0.003 2.227 0.114

Table 4: Coefficients, standard error, z-values and p-values for SYLLABLE DURATION.
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Figure 10: Average intensity (RMS, in dB) per condition.

Regarding the INTENSITY of target words, we observe a trend that contrastive items were
produced more softly than given, accessible and new items (see Figure 10). However, this trend
failed to reach significance as the full model'? returned a value of ¥*(3) = 7.0464, p = .07.12

With regard to the TONAL RANGE on the target words, we observe an effect of informativeness:
the range slightly increases as a function of information status, but decreases when the focus

domain gets more specific (i.e. from broad focus to contrast; cf. Figure 11). The full model**

confirms the effect of informativeness, returning ¥*(3) = 17.697 and p = .0005.

12 Intensity ~ condition + (1 + condition|targetword) + (1 + condition|speaker) + (1|gender).
13 Similar to the categorical data reported above, a post-hoc power analysis with an assumed mediocre effect size

revealed a power of only 0.65 for our continuous data, thus increasing the likelihood of a type-2-error.
14 Range ~ condition + (1 + condition|target word) + (1 + condition|speaker) + (1|gender).
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Figure 11: Average tonal range (in st) per condition.
Estimate | Standard Error | z-value | p-value
accessible — given 0.629 0.369 1.705 0.315
new — given 0.589 0.311 1.892 0.227
contrastive — given —0.824 0.322 —2.559 | 0.050
new — accessible —0.04 0.265 —0.150 | 0.999
contrastive — accessible | —1.453 0.309 —-4.707 | <0.001*
contrastive — new —1.413 0.302 —4.680 | <0.001*

Table 5: Coefficients, standard error, z-values and p-values for TONAL RANGE.

However, the post-hoc Tukey test reveals that merely the difference in focus/topic type
reaches significance, with contrastive topics showing a narrower tonal range than accessible and
new items which are in broad focus (—1.4 st, p < .001). The difference between contrastive and

given items falls short of reaching significance (—0.8 st, p = .0502). The results of the Tukey test

are displayed in Table 5.

As to the SLOPE within target words, neither the full model nor the single-slope model for
target words converged. However, we observe a similar effect of informativeness on SLOPE as on
TONAL RANGE: with increasing newness the slope gets slightly steeper, but with the more specific
focus domain (contrastive) the slope gets shallower (see Figure 12; the slightly smaller range

and shallower slope are also visible in the contours in Figure 5). The full model®® confirms this

observation, returning ¥%(3) = 13.623 and p = .003.

15 Slope ~ condition + (1 + condition|target word) + (1 + condition|speaker) + (1|gender).
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Figure 12: Average slope (in st/ms) per condition.

Estimate | Standard Error | z-value p-value
accessible — given 0.001 0.002 0.361 0.983
new — given 0.001 0.002 0.661 0.908
contrastive — given —0.005 0.002 —-2.391 0.075
new — accessible 0.0004 0.001 0.339 0.986
contrastive — accessible | —0.006 0.002 - 3.564 | 0.002*
contrastive — new —0.006 0.002 —4.091 <0.001*

Table 6: Coefficients, standard error z-values and p-values for SLOPE.

However, this effect is only significant if we compare referents of the contrastive condition
against accessible and new referents, as indicated by the post-hoc Tukey test reported in

Table 6. All other differences between conditions do not reach significance.
With respect to the ALIGNMENT of the TCoG, we do not observe an effect of informativeness
(cf. Figure 13). The full model'® confirms this observation, returning ¥*(3) = 1.4876 and p = .69.
The SCALING of TCoG, however, is affected by informativeness, as indicated by the full
model,’” which returns ¥*(3) = 9.2115, with p = .027. However, there is no clear pattern

observable, as target words in the accessible and the contrastive condition display lower TCoG

16 TCoG alignment ~ condition + (1 + condition|target word) + (1 + condition|speaker) + (1|gender).
7 TCoG scaling ~ condition + (1 + condition|target word) + (1 + condition|speaker) + (1|gender).
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Figure 14: Average TCoG scaling (in Hz) per condition.

scaling values than target words in the given condition, whereas items in the new condition only
display marginally higher TCoG scaling values than items in the given condition (see Figure 14
and Table 7).

When inspecting the differences between conditions, the post-hoc Tukey test reveals that
only the differences between contrastive and given (p = .04) and contrastive and new (p = .03)
are statistically significant (cf. Table 7).

3 Discussion and conclusion

In this investigation we hypothesized a direct relation between informativeness and prosodic
prominence. Thus, with increasing informativeness a referent is expected to be realised with

longer word and syllable durations, higher intensity, wider range and steeper slope. Furthermore,
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Estimate | Standard Error | z-value | p-value
accessible — given —-3.973 4.383 —0.906 | 0.801
new — given 0.319 4.627 0.069 0.999
contrastive — given —11.736 | 4.422 —2.654 | 0.04*
new — accessible 4.292 4.902 0.876 0.817
contrastive — accessible | —7.763 4.322 —-1.796 | 0.274
contrastive — new —12.055 | 4.318 —2.792 | 0.027*

Table 7: Coefficients, standard error, z-values and p-values for TCoG SCALING.

we anticipated to find the position and type of an accent to be realised in accordance with
informativeness, as such that given topics would be rather deaccented and more informative

topics would receive more prominent accent types.

Our hypothesis could only be confirmed to a very limited degree: with respect to both accent
position and accent type, there is no effect of informativeness in that sentence topics are almost
always produced with an accent and that they are predominantly marked by rises. In other
words: sentence topics are consistently marked by rising prenuclear accents and, surprisingly,

not even given items are deaccented.

The latter observation might be caused by the so-called repeated-name penalty effect (Gordon
et al. 1993). This effect describes the finding that repeated, non-pronominalised subjects, either
proper names or, in our case, definite noun phrases, exhibit longer reading times than pronouns.
It is assumed that such repeated subjects rather impede local coherence, in contrast to pronouns,
which increase coherence. Thus, in the case of given topics, it might take the reader longer to
process a noun which was mentioned immediately before, resulting in placing an accent on this
noun, rather than deaccenting it due to the unexpected repetition of the noun. Probably the only
study to date that related the repeated-name penalty effect to prosody is Wagner (2016), who
investigated the realization of contextually given proper names and pronouns in coordinated as
well as single, i.e. uncoordinated structures (in English). His production data are comparable to
our data in that about two thirds of the uncoordinated proper names received an accent — which
is even more surprising, however, since they occurred as objects in sentence-final position and
were thus expected to be deaccented to a larger extent than our sentence-initial subjects. As an
explanation Wagner suggests that speakers might have chosen to use an accent since the presence
of the proper name (instead of a pronoun) led them to assume that a contrast to some other
referent was intended in the experimental setting. The same effect of processing alternatives

might have been the reason for the additional processing time found in the self-paced reading



studies when encountering a repeated full name. It is debatable whether this explanation also
holds for the given condition in our experiment, since one of the other conditions explicitly sets

up a contrast between elements.

The consistent placement of prenuclear accents in the present study can also be regarded as
being rhythmically induced. In German and English there are two positions in an utterance that
are predestined for prosodic prominence: one near the beginning and one near the end of the
utterance. This meets Bolinger’s (1989) idea of a tendency towards placing two major accents in
an utterance, the last one describing the accent which reveals the focal information, the so-called
accent of interest, i.e. the nuclear accent. Opposed to that, an accent placed at the beginning of
the same utterance, most probably on a content word, would be referred to as an accent of power.
Thus, both accents appear to contribute to the ‘rhythmical frame’ of a well-formed utterance (at
least in German or English). Such a structure is provided by our stimuli, but we have to be aware
that we are conflating prenuclear accents with sentence-initial accents here, since our target words
always represent the first accentable item in an utterance. Thus, a follow-up experiment will
have to show to what extent the rhythmical frame is restricted to accenting initial constituents
(even when they are given) or whether all accentable prenuclear constituents actually receive an
accent. A possible setup would be to compare the prosodic realization of the sentences in (6a)
and (6b). Intuitively, die Nonne ‘the nun’ in (6b) is less likely to be accented than in (6a), due
to its medial sentence position (instead, the sentence-initial gestern ‘yesterday’ will probably be
marked by an accent) supporting the idea of a rhythmical frame with the strongest positions at
the beginning and at the end.

(6) Context: Die Nonne kiimmerte sich um den Klostergarten.
(‘The nun was looking after the cloister garden.”)
a. Die Nonne hat einen Mandelbaum gegossen.
(‘The nun watered an almond tree.’)
b. Gestern hat die Nonne einen Mandelbaum gegossen.
(‘Yesterday the nun watered an almond tree.”)

Inherent in such a metrical approach (which is compatible with Calhoun (2010) mentioned
above) is the idea that prosodic prominence is relative in nature and that it may only partly
mirror an utterance’s information structure. As Wagner (2005) points out, an early accent on
a constituent — may it be given, as Nonne in (6a), or not — will already be perceived as less
prominent than a subsequent accent, especially if the subsequent accent is the final one in the
phrase. Thus, the initial accent does not need to be prosodically reduced, since it is secondarily

prominent in any case.

Although consistent placement of prenuclear accents seems to be due to rhythmic reasons,

we still find a few — more or less subtle — effects of informativeness on initial arguments when
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looking at continuous phonetic parameters. Above all, both word and syllable DURATION show a
significant increase (compared to given referents) when the referent is allegedly most informative,
namely a contrastive topic, which confirms the hypothesized direct relation at least in part.
Other parameters, especially tonal RANGE and SLOPE, show only slight (and statistically non-
significant) differences among the three levels of information status in the expected direction:
new items seem to be produced with a wider range and steeper rise than accessible and, in
turn, given items (cf. Figures 11 and 12). Unexpectedly, however, they also display significantly
higher values for referents in the background (given) and in broad focus (accessible and new) than
for contrastive topics.

Differences in pitch RANGE have also been found in the above-mentioned production study
by Féry & Kiigler (2008), who tested the influence of information structure (notably givenness,
newness and narrow focus) on pitch accent scaling in German. Similar to our study, the authors
kept the syntactic structure of their stimuli constant but varied the number of constituents as well
as their word order. Importantly, Féry & Kiigler’s data also showed exhaustive usage of rising
pitch accents on arguments in prenuclear position (and not just in initial position), even if they
were contextually given. This outcome corroborates our own results. Nevertheless, Féry & Kiigler
also found that the high tones of the prenuclear accents were produced considerably lower when

given, a result we could not (statistically) confirm in our data.

The observation that referents in the contrastive condition are marked with reduced prosodic
prominence is a rather surprising but nevertheless stable finding. It does not only hold for
tonal RANGE and SLOPE but is also true with respect to the related parameter TCoG SCALING:
contrastive items display a significantly lower TCoG than given and new target words. Moreover,
contrastive topics had a stronger tendency — although not reaching significance — to be produced
with an L*+H pitch accent (as well as H*) compared to L+H* (which is the perceptually
most prominent accent type in German, according to Baumann & Rohr 2015) than in given,
accessible and new items (cf. Figure 6). This tendency is also reflected in the lower TCoG SCALING
values for contrastive topics pointing towards rather concave FO contours as opposed to more
convex contours in the other conditions. Taken together, all continuous parameters (except for
DURATION) and the tendency for less steeply rising accent types, contribute to a less prominent

realisation of contrastive topics.

These results are only to some extent compatible with the production study by Braun (2006),
who found a general tendency for contrastive topics to be more prominent than non-contrastive
topics (which were composed of contextually accessible information). Nevertheless, as in our
study, all sentence topics, whether contrastive or non-contrastive, carried a rising prenuclear
accent — although in Braun (2006) with an equal distribution of L*+H and L+ H* accents.

That is, in terms of accent type, no difference in prosodic prominence between contrastive or



non-contrastive topics could be found. As to the continuous parameters, however, there was a
clear relation between an increase in prominence and contrastivity: contrastive topics were not
only marked by increased duration (as in our data) but also by later and higher FO peaks as well

as wider pitch range.

Interestingly, the eye-tracking study by Braun & Biezma (2019) suggests that contrastivity is
not primarily related to prosodic prominence (as triggered by continuous parameters) but by the
type of accent alone: L* + H leads to the activation of alternatives (i.e. functions as a contrastive
topic), whereas L+H* does not — while keeping their level of prominence (in terms of pitch
range) identical.’® Although our data support this view to some extent, since we found more
L*+H pitch accents in the contrastive condition compared to the other ones, we also found a
vast majority of this accent type across all conditions. In this respect, our results are in line with

Truckenbrodt (2002) who identified L* + H as the “neutral” prenuclear accent type in German.

Looking at the structure of the contrastive test stimuli in our data and the intonation contour
of the target sentences as a whole, we may find a possible explanation for the surprising pattern:
all contrastive items involve a double contrast (contrastive topic plus contrastive focus), in that
not only the initial argument but also the final one contrasts with the previously mentioned
referents (cf. Table 2, where ‘nun’ contrasts with ‘monk’ and ‘almond tree’ contrasts with
‘blackberry bush’ in context sentence 2d). This double contrast results in a flat hat pattern, i.e.
a prenuclear rise followed by a plateau and a nuclear fall, in which both the prenuclear and the
nuclear accents are marked as prosodically rather non-prominent. The reason for this relative
lack of prosodic prominence might be that the contrast is already expressed by the parallel
syntactic (and semantic-pragmatic) structure. That is, speakers do not have to put a particularly
strong accent on the contrasted item (as suggested e.g. by Miicke & Grice 2014, see Figure 1)
since another component of the linguistic system (i.e. syntax) takes over which achieves the
same function. Thus, the contrastive meaning is “robust” in that it is expressed by multiple cues
(see Winter 2014). Note that the contrastive stimuli in Braun (2006) displayed only a parallel
semantic-pragmatic structure but no parallel syntactic structure, i.e. there was a double contrast as
well but it was not expressed by using the same syntactic constituents (e.g. ‘The Georgians even
have their own writing system’ vs. ‘In Armenia the Latin alphabet is used’). This difference in the
setup might explain the slightly different marking of contrast in the two studies. Since our study
was not designed to investigate various levels of contrast marking, however, this hypothesis has

to be tested in another study.

18 Note that the rating study by Baumann & Rohr (2015) did find a difference in prominence between the two accent
types (although they also displayed identical pitch range values), with L +H* being judged as slightly more prominent
than L* + H (however in nuclear position). Thus, the finding by Braun & Biezma is against the intuition that the most
prominent accent type should be used for marking contrast.
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To conclude, the present investigation has shown no effects of informativeness on the
position and type of pitch accents as markers of sentence topics in German, as prenuclear rising
accents were placed consistently. Similarly, continuous phonetic parameters which are known
to be important cues for prosodic prominence — and, in turn, for marking information structure
— such as tonal range and slope, were shown to be only slightly influenced by a referent’s level
of informativeness. In fact, the type of topic (contrastive vs. non-contrastive) and its interaction
with syntactic structure seem to play a stronger role than differences in information status, at
least in the data set under investigation. In general, the results can be argued to support the view
of a somewhat stable “rhythmical frame” within an utterance on whose left-hand side prosodic

adjustments of the packaging of a referent’s informativeness only play a minor role.
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Supplementary material

The complete stimuli set, the processed data (.csv-tables) as well as the R scripts are available

via osf.io/4nxdp/.
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