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Duration of Vowels and Words: Apraxia of Speech vs. Aphasia 
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Abstract 
Background: Apraxia of Speech (AOS) is 
assumed to be caused by a timing deficit 
during the planning and control of speech 
movements which leads to prolonged segments, 
among other distortions and seems to 
distinguish AOS from Phonemic Paraphasia 
(PA), a disorder in the central speech system 
on the level of the phonological speech   
respect to vowel and word durations. The 
hypothesis is that the apraxic group will show 
longer mean vowel and word durations than 
the paraphasic group and a group of age-
matched controls. 
Method: 12 subjects (4 per group: Group AOS, 
group PA, Group NOM) completed a 
repetition task of 104 German, monosyllabic, 
monomorphemic words (50 % CVC, 50 % 
CCVC or CVCC). 
Results: Group AOS showed only significantly 
longer duration for /o/ than group PA. But the 
apraxic group produced significantly longer 
mean word durations than the paraphasic 
group. The results of this study partly 
confirmed the assumed timing deficit in AOS. 
 
Introduction 

This study focusses in two acquired 
disorders of speech production, apraxia of 
speech (AOS) and phonemic aphasia (PA). 
Both disorders are often caused by a stroke of 
the left speech dominant brain hemisphere 
(Huber et al., 2000; Ziegler, 2007) and can 
show similar symptoms.  

AOS is an acquired disorder of the motor 
planning and controlling of speech movements 
(Ziegler, 2007). Its main symptoms are 
phonetic distortions, phonological paraphasias, 
groping articulation, speech rate reduction, 
islands of correct speech production, incorrect 
attempts and attempts to self-correct (e. g. 
Darley et al., 1975; Ziegler, 2007). 

PA is an acquired disorder of the central 
speech system with the focus on the phonology 
of speech production. The main symptoms are 
phonological paraphasias, incorrect attempts 

and attempts to self-correct (Kohn, 1993; 
Cholewa & Corsten, 2010). 

Pure AOS is rare and AOS is often 
accompanied by aphasia (Ogar et al., 2005). 
Furthermore, both disorders share many 
symptoms (McNeil et al., 1997). Therefore it is 
often difficult to distinguish AOS from PA. 
However, for a successful speech therapy it is 
essential to correctly diagnose all disorders. 

Few studies have explored temporal 
aspects, for example, Voice Onset Time (VOT) 
(e. g. Itho et al., 1979; Ziegler & van Cramon, 
1986b) or articulatory gestures by EMG-
Activity (Hough & Kilch, 1998) in AOS. It 
seems that a timing deficit during the planning 
and controlling of speech movements is at the 
basis of AOS (Ziegler & von Cramon, 1986 
a,b; Hough & Kilch, 1998). For example, 
muscle activity for lip rounding lasts longer 
than for healthy controls (Hough & Kilch, 
1998), while the initiation of lip rounding is 
delayed (Ziegler & von Cramon, 1986 a; 
Hough & Kilch, 1998). 

Other studies found a temporal deficit in the 
coordination of laryngeal and supralaryngeal 
musculature which leads to deviant or 
overlapping VOT in AOS (e. g. Ithos et al., 
1979; Ziegler & van Cramon, 1986 b). 

Prolonged segments were also frequently 
observed in AOS (e. g. Odell et al., 1991) and 
can be explained by the timing deficit. 

Prolonged segments, transitions of 
segments and syllables (e. g. Odell et al., 1991) 
can lead to longer duration of words in AOS. 
Prolonged articulatory gestures can be 
perceived as added phonemes (Browman & 
Goldstein, 1992) and might also lead to longer 
word durations (e. g. Odell et al., 1991).  

Deviant VOTs or phonetic distortions are 
rarely observed in aphasia (e. g. Dittmann, 
1991, Odell et al., 1991) and no timing deficit 
has been proposed for PA (e. g. Cholewa & 
Corsten, 2010). Therefore, in this current study 
it will be investigated whether vowel and word 
durations can be used as diagnosticum to 
distinguish the two disorders. The hypothesis 
is that the apraxic group will produce longer 
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vowel and word durations than the paraphasic 
group. 
 
Method 

Three groups of four subjects each 
participated: Group AOS (no/mild aphasia), 
group PA (without AOS), group NOM 
(without any speech disorder). 

All subjects were monolingual, German 
native speakers from Berlin and the 
surrounding area. They all were tested with the 
Aachener-Aphasie-Test (Huber et al., 1983), a 
standardized German test to determine the 
presence of aphasia. The apraxic and 
paraphasic groups were also tested with the 
subtests 1 (Auditory Differentiation of 
Neologisms) and 30 (Verbal Naming) of 
“LeMo – Lexikon modellorientiert” (De Bleser 
et al., 2004). Subtest 1 tested the auditory 
analysis and the auditory input buffer (De 
Bleser, 2004), both of which had to be 
unaffected. All subjects had to have good 
auditory speech processing. Subtest 30 tested 
for a corollary naming deficit, and for deficits 
on the semantic and phonological levels (De 
Bleser et al., 2004). The apraxic and 
paraphasic groups were tested for apraxia of 
speech by using the German screening test 
“Hierarchische Wortlisten” (Liepold et al., 
2003). 

All subjects in the apraxic and paraphasic 
groups were beyond the acute phase (the stroke 
happened more than six weeks previously 
(Huber et al., 2000)), except for subject APH4 
(whose stroke occurred 5 weeks previously) 
and received speech therapy continuously after 
the stroke.  

The main test of this study was a newly 
developed repetition task of 104 German, 
mostly monomorphemic, monosyllabic nouns. 
Half of the nouns were simple (CVC) and half 
were complex syllables (CCVC, CVCC). Each 
of the following German monophthongs and 
diphthongs occurred in eight words during the 
repetition task: /a:/, /a/, /e/, /ɛ/, /i/, /ɪ/, /o/, /ɔ/, 
/u/, /ʊ/, /ɔɪ̯/, /aɪ̯/, /aʊ̯/. 

Each subject carried out the following 
procedure for the repetition task: Subjects wore 
a headset and a collar microphone. They 
listened to the previously recorded words (for 
maximum of three times) and repeated it 
immediately afterwards. Their speech was 
recorded on a Netbook with the program 

Audacity (Version 2.0.3, 1999-2013, Mazzoni, 
D.). 

The investigator segmented and labeled all 
evaluable test words by using the program 
Praat (Version 5.2.22, Boersma & Weenink, 
1992-2011). Mistaken attempts, perseverations 
and semantic paraphasia without phonemic 
similarity to the item were annotated as errors 
and excluded from further analysis (= 48 
errors). All other words were transcribed by 
the author. For each word the word length in 
phonemes was determined by counting the 
realized phonemes. 

Vowel and word duration were measured  
using Praat (Version 5.2.22, Boersma & 
Weenink, 1992-2011).  

The three groups were statistically 
compared by a linear mixed modeling (LMM) 
and an ANOVA to compare the LMMs. A 
pairwise t-test with Bonferroni p value 
adjustment was used for post-hoc analysis. The 
statistical analysis was completed with R (The 
R Foundation), within the R-Studio software 
suite (Version 0.98.1103, 2009-2014). 
 
Results 
Duration of vowels 

The three groups did not differ significantly 
for the duration of short monophthongs and of 
diphthongs, the interaction of vowel duration 
and vowel quality was also not significant 
(each ANOVA: p > 0.1).  

The three groups did differ in the duration 
of long monophthongs for some vowels as 
shown by the interaction of vowel duration and 
vowel quality (ANOVA: p < 0.05). The 
apraxic group (p < 0.001) and the paraphasic 
group (p < 0.01) produced long monophthongs 
that were significantly longer than group NOM 
(see Figure 1). The /o/ was the only long 
monophthong which was significantly longer 
in group AOS than in group PA and NOM 
(each p < 0.05).  
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Figure 1: Comparison: Duration of long 
monophthongs. APH = group/subject with PA, SAX 
= group/subject with AOS; NOM = group/subject 
NOM without speech disorder. 

Duration of words 

Only words consisting of three, four and 
five realized phonemes per word will be 
analyzed below, because words of two, six or 
seven phonemes were observed in just one of 
the three groups. 

The three groups differed significantly in 
word duration when the interaction of duration 
of word and number of phonemes per word 
was included in the model (ANOVA: p < 
0.001). The apraxic group produced 
significantly longer mean word duration for 
words of three, four and five phonemes per 
word than the paraphasic and typical groups 
(each p < 0.001) (see Figure 2). 

 

 
Figure 2: Duration of words. 3 = 3 phonemes/ 
word, 4 = 4 phonemes/word, 5 = 5 phonemes/word, 
APH = group PA, SAX = group AOS; NOM = 
group NOM. 

Discussion 
The hypothesis was not supported by 

duration of short monophthongs and 
diphthongs. Only the prolonged /o/ seems to be 
an indication to differ the AOS from the PA. 
This result partly confirms the results of 
Hough and Kilch (1998) and their assumption 
of a timing deficit in AOS. The groups PA and 

AOS produced longer mean duration of long 
monophthongs than the group NOM (Figure 
1). But the groups were too heterogeneous to 
confirm this result. 

The hypothesis that AOS will produce 
longer word durations than PA was supported. 
The apraxic group produced significantly 
longer word duration of three, four and five 
phonemes than the paraphasic and typical 
group. Therefore, prolonged duration of words 
seems a specific indication for an apraxia of 
speech. Previous studies found that the apraxic 
group produced a greater proportion of 
insertions and prolonged segments (e. g. Odell 
et al., 1991). Insertions and prolonged 
segments increase the duration of words and 
could be caused by a timing deficit during the 
planning and control of speech movements in 
AOS (e. g. Odell et. al, 1991; Hough & Kilch, 
1998). 

This study is limited by its small sample 
size. Due to the large intra- and interindividual 
variability the current results should be 
interpreted as tendencies. Physiological data 
(e. g. muscle activity or tongue movements) 
could potentially provide more systematic 
observations of the articulatory gestures and a 
difference in intergestural timing (see e. g. 
Browman & Goldsein, 1992).  
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Abstract 
We investigated the relative importance of two 
principles of syllabification in German 
speakers. In a word game we investigated 
whether the Maximal Onset Principle or the 
Syllable Contact Law drives syllabification in 
pseudowords. Speakers were presented with 
artificial words with two syllables with medial 
consonant clusters. Their task was to insert a 
vowel between syllables and to produce 
answers that provide insight into how subjects 
interpreted the syllable structure of the 
original two-syllable pseudoword. We found 
that Germans rely mostly on the Maximal 
Onset Principle. The Syllable Contact Law 
plays a much smaller role. 

Background 
We were interested in the activity of 

principles of syllabification in synchronic 
grammar. We investigated the influence of 
Maximal Onset Principle and of Syllable 
Contact in speakers of German – a language 
that allows for complex syllable structure. The 
Maximal Onset Principle (henceforth MO) 
refers to the tendency that onsets are preferred 
over codas (Selkirk, 1982). As a consequence, 
a C in words is preferably parsed as an onset 
rather than as a coda – even if doing so makes 
the onset complex. The second principle is the 
syllable contact law (henceforth SCL, 
Vennemann, 1988). It states that the best 
heterosyllabic consonants cross-linguistically  
prefer a falling sonority profile. There is 
evidence that German speakers – as compared 
to Finnish speakers – use a MO strategy (Berg 
& Niemi, 2000), but we do not know about the 
role of the SCL in German. Finley (2017) 
compares MO and SCL in English speakers in 
a learning study and finds that English are 
influenced by MO only. We tested the role of 
both principles in a nonce probe study with 
German adults, whose native language allows 

simplex and complex onsets and codas as well 
as falling and rising sonority across the 
syllable boundary (Wiese, 2000). German 
phonotactics allows both clusters that are in 
agreement and clusters that are in disagreement 
with MO and the SCL, see table 1. 
Table 1. Examples of clusters that agree and 
disagree with SCL and MO. 

 German example translation 

MO-conform Ko[n.tr]ast “contrast” 
MO-non-conform A[nt.l]itz “face” 

SCL-conform A[t.l]as “atlas” 
SCL-nonconform A[l.t]ar “altar” 

Research Question 

By providing German subjects with artificial 
words that contain word-medial clusters we 
can investigate whether they syllabify these 
clusters on the basis of MO or the SCL. In 
other words, we can answer the questions: Is it  
more important to syllabify according to the 
Onset Maximization Principle to ensure that 
more consonants are in the onset of a following 
syllable than in the coda of the first syllable? 
Or is it more important to syllabify according 
to the Syllable Contact Law to ensure that the 
more sonorous element is the coda of a syllable 
and the less sonorous element is the onset of 
the following syllable?  

Experiment 

In our experiment, participants were 
exposed to artificial language items with two 
syllables, which contained medial consonant 
clusters, e.g. VC.CV. The experiment was 
designed as a word game (Treiman, 1983; 
Pierrehumbert & Nair, 1995) in which 
participants were asked to insert a [ə] between 
the syllables of a given pseudoword. The idea 
was to interpret the participants’ answers as 
their evaluation of the given input forms. All 
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pseudowords contained of two vowels with a 
word-medial cluster. The first vowel was 
always lax to ensure a syllabification of the 
first post-vocalic consonant as a coda since in 
German lax vowels only occur in closed 
syllables (Wiese, 2000). In 50 filler items the 
medial cluster consisted of two consonants. An 
item like [al.to] would therefore always be 
answered with the production of [aləto].  Fifty 
target items contained a sequence of three 
word-medial consonants. We assume that the 
possible output forms VCCəCV and VCəCCV 
reflect the syllabification of the cluster: 
VC.CCV or VCC.CV. MO will favor a 
syllable boundary after the first medial 
consonant and SCL will favor a falling 
sonority at the syllable boundary. The first half 
of the target items contained clusters that first 
had a sonority fall followed by a rise (i.e. 
[altro]). The second consonant of the cluster is 
the least sonorous element. We used 
pseudowords with the clusters [lps], [lpn], [ltr], 
[mpl], [nkl], [ntr], [ftr], [str], [skl], [spl] and 
[ʃtr]. Both principles predict a preference for 
the answer VCəCCV for these types of clusters 
(called clusters of condition 1). The other half 
of the target items contained clusters that had a 
sonority rise followed by a fall (i.e. [akʃpo]). 
Here, the second consonant of the cluster is the 
most sonorous element. In this case, we used 
pseudowords with the clusters [pʃp], [pʃt], 
[pst], [psk], [tsk], [tʃp], [tst], [kʃt] and [ksp]. In 
all examples, the middle sound is a sibilant 
flanked by stops, and sibilants are cross-
linguistially argued to be more sonorous than 
stops (Jany et al., 2007; Parker, 2008).  For 
these types of clusters (called clusters of 
condition 2) MO predicts a preference for the 
answer VCəCCV, while SCL predicts a 
preference for the answer VCCəCV (see table 
2.) These items will help us to disentangle the 
relative role of MO and the SCL. The items 
were recorded by a phonetically trained 
speaker. 
Table 2. Examples of target items in the two 
conditions and their syllabification patterns 
predicted by the two theories. 

 Possible 
syllabification 

pattern 

SCL 
prediction 

MO 
prediction 

Condition 1  
[altro] (fall-rise) 

al.tro + + 

alt.ro - - 

Condition 2  
[akʃpo] (rise-fall) 

ak.ʃpo - + 

akʃ.po + - 

Procedure 

We tested 50 healthy German adults, 
students of the Heinrich-Heine University 
Düsseldorf, first year linguistic students or 
students with no background in linguistics. For 
the procedure we used additional visual 
support. Subjects were not explicitly told that 
they needed to insert a vowel. Instead, we 
paired the items with pictures of fantasy 
animals (van de Vijver & Baer-Henney, 2014). 
We presented one fantasy animal with the two-
syllable pseudoword and a picture of two of 
those fantasy animals was associated with the 
three-syllable answer, which was intended to 
be the plural form of the two-syllable nonce 
word. There were 15 practice items that were 
designed in the same way as the fillers. We 
showed the procedure with 10 of those items 
by providing the pseudoword and the 
suggested answer auditorily together with 
visual support. After this participants were 
presented with 5 practice items, which they 
had to answer on their own: The two-syllable 
pseudoword was presented and a picture of 
two fantasy animals was used to elicit the 
three-syllable plural answer. All participants 
performed well in this practice phase and the 
experiment began without changes to the 
procedure. All 100 items were presented over 
headphones in randomized order and had 3 
seconds to answer. This caused participants to 
answer quickly and without thinking about it, 
but it also resulted in  16,8% data loss for the 
main reason of timeouts. We used the 
experiment software PsychoPy (Peirce, 2007). 

Results 

The answers of the participants were 
recorded and the place of vowel insertion was 
analyzed. We counted each type of answer per 
participant and per target pseudoword. We 
collected the amount of both types of answers 
per condition (VCəCCV answers or VCCəCV 
answers.) They served as the categorical 
dependent variable. There was an overall 
preference for answers of the type VCəCCV 
(78.1%) over answers of the type VCCəCV 
(21.9%). In condition 1 there were more 
answers of the type VCəCCV (83.2%) than of 
the type VCCəCV (16,8%). In condition 2, 
there were also more answers of the type 
VCəCCV (73,1%) than of the type VCCəCV 
(26,9%), see table 3.  
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Table 3. Examples of target items in the two 
conditions and their observed syllabification 
frequencies. 

 SCL prediction MO  
prediction 

answers 
in % 

al.tro + + 83.2 
alt.ro - - 16.8 

ak.ʃpo - + 73.1 
akʃ.po + - 26.9 

 

All results have been analyzed by means of 
logistic regression using the R packages (R 
Development Core Team, 2016) lme4 (Bates et 
al., 2011) and languageR (Baayen, 2013). We 
present the model with the best fit as 
ascertained by backward modeling (Baayen, 
2013). We ran a generalized linear model with 
participant and item as random factors with 
type of answer as a dependent variable and 
cluster type was the binary independent 
variable. Random slopes were added for both 
random factors. There were three findings. The 
first is that the number of VCəCCV answers in 
condition 1 (83.2%) is significantly different 
from chance (β = 3.08; SE = 0.52; z = 5.92; Pr 
(>|z|) < 0.001). Second, the number of 
VCəCCV answers in condition 2 (73.1%) is 
significantly different from chance (β = 1.73; 
SE = 0.38; z = 4.58; Pr (>|z|) < 0.001). Third, 
there are fewer type VCəCCV answers in 
condition 2 items than in condition 1 (β = -
1.35; SE = 0.57; z = -2.37; Pr (>|z|) < 0.05).  

Discussion 
The results indicate that in condition 1 

clusters there is a clear preference (84%) for 
the output form, preferred by both MO and 
SCL. In clusters of condition 2 the majority of 
answers (73%) indicates a preference for 
syllabifying clusters on the basis of MO and a 
minority is syllabified as predicted by the SCL 
(see figure 1.) The advantage for type 
VCəCCV answers over type VCCəCV answers 
is larger in condition 1 than in condition 2 (see 
fig. 1.) This is evidence for an influence of MO 
in German. The clear preference for VCəCCV 
answers in condition 1 implies an influence of 
either MO or SCL on the performance of 
German speakers – as compared to a 
hypothetical result on the basis of a random 
choice. German speakers – as compared to a 
hypothetical result on the basis of a random  

 
Figure 1. Answers across conditions with ±1.96 SE. 

choice. The second finding helps us 
disentangle the influence of these two 
principles. Since VCəCCV answers are 
preferred participants syllabify in agreement 
with MO but not in agreement with the SCL 
(see table 2.) If they had syllabified in 
agreement with the SCL, they should have 
preferred VCCəCV answers. The third finding, 
however, indicates a difference between the 
two conditions: the number of VCəCCV 
answers is higher in condition 1 than in 
condition 2. This is evidence for an additional 
but smaller influence of the SCL. In condition 
1 this additional influence leads to significant 
more VCəCCV answers. To put it differently: 
The influence of the SCL ensures that there are 
even more VCəCCV answers in condition 1 
than those that are a consequence of MO. And 
in condition 2 items the influence of the SCL 
leads to a lower number of VCəCCV answers 
since the SCL would now show up as a 
preference for VCCəCV answers. In general 
we observe an overall preference for a 
syllabification on the basis of MO and the 
results imply a role of MO and a smaller role 
for the SCL. Our findings provide additional 
evidence for the importance of onset 
maximization in German speakers. Previous 
studies have studied syllabification strategies 
in Finnish, German and English. Berg & Niemi 
(2000) report an onset maximization strategy 
in German but not in Finnish speakers and 
Finley (2017a) investigates the role of onset 
maximization in English speakers. In their 
cross-linguistic study Berg & Niemi (2000) 
conclude that German speakers, but not 
Finnish speakers, make use of onset 
maximization strategies. Their subjects were 
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tested with similar word games, but with less 
complex items. Only a subset of three of their 
items consisted of three-consonantal clusters 
(only falling sonority across the whole cluster) 
that were to be split up in the game. The word 
games differed from ours in that one task 
involved changing the order of the two 
syllables (σ1σ2 – σ2σ1) and another task required 
subjects to duplicate the first syllable (σ1σ2 – 

σ1σ1σ2). While Finnish speakers fill their 
onsets with only one segment, German 
speakers tend to form maximal onsets (Finnish: 
[jans.ta], German: [jan.sta]). In two recent 
studies, Finley (2017a,b) investigated the role 
of MO in English speakers. She also finds a 
tendency to maximize onsets (2017a): In her 
artificial language learning studies with 
English speakers participants are more 
successful learners of a newly acquired 
metathesis when the resulting form has an 
improved syllable structure with maximized 
onsets as compared to a resulting syllable 
structure without. There is, however, no such 
advantage for a metathesis that improves the 
syllable contact in terms of SCL (Finley, 
2017a,b). In future we plan to investigate a 
possible influence of the German lexicon since 
we know that speakers of a language often 
mirror what they find in the lexicon (Albright 
& Hayes, 2003; Ernestus & Baayen 2003). 
Berg & Niemi (2000) also discuss the lexicon 
as a possible source of information. Although 
we have demonstrated that Germans use both 
MO and the SCL, it remains unclear to what 
extent a particular cluster is syllabified 
according to MO or the SCL. Some clusters we 
used occur in German words, some do not. A 
corpus analysis is under way.  
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Abstract 
Das Barossa-Deutsche, eine Sprachvarietät, 
die von Nachfahren deutscher Einwanderer in 
Südaustralien gesprochen wird, steht im 
intensiven Sprachkontakt mit dem austra-
lischen Englischen. Jedoch wurden bisher die 
meisten Abweichungen vom Standard-
deutschen in der Phonetik dem ostmittel-
deutschen Dialekt der Einwanderer zuge-
schrieben. Daher ist das Ziel dieser Studie 
einen Einfluss des australischen Englischen im 
Gebrauch des alveolaren Approximanten 
sowie den Diphthongen zu untersuchen. Dabei 
wurden die Sprecher des Barossa-Deutschen 
mit Sprechern des Ostmitteldeutschen sowie 
Sprechern des australischen Englischen in 
ihren spontansprachlichen Äußerungen ver-
glichen. Für den alveolaren Approximanten ist 
von einem Einfluss durch das australische 
Englische auszugehen. Bei den Diphthongen 
wird [ɔʏ] vermutlich beeinflusst. 

Einleitung 
Das Deutsche kam mit den großen Ein-

wanderungswellen Mitte des 19. Jahrhunderts 
nach Australien. Insbesondere Südaustralien 
wurde von deutschen Einwanderern, die über-
wiegend aus religiösen Gründen Deutschland 
verließen, besiedelt - wie auch das Barossa 
Valley, welches namensgebend für die sich 
dort etablierte Varietät des Deutschen ist (Paul 
1962, 1965). Die Einwanderer stammten aus 
verschiedenen deutschen Dialektgebieten, wo-
bei sich der ostmitteldeutsche bzw. nieder-
schlesische Dialekt im Varietätenkontakt 
durchsetzte. Auch der Einfluss des Standard-
deutschen auf das Barossa-Deutsche im Laufe 
der Zeit ist zu beachten, da das Standard-
deutsche die Bibelsprache ist und ebenfalls 
viele Pastoren oder Lehrer aus Deutschland 
kamen bzw. dort ausgebildet wurden (Riehl 
2017). 

Dennoch begann mit dem Aufkommen anti-
deutscher Gefühle in Australien der Sprach-
abbau, sodass sich das Barossa-Deutsche zu 

einer sog. Reliktvarietät entwickelt hat, die 
sich nun in Auflösung befindet (Riehl 2016). 
Das australische Englische verdrängte das 
Deutsche zunehmend. Eine aktuelle Schätzung 
von Prof. Riehl ergibt eine Anzahl von nur 
noch 40-50 Sprechern dieser Varietät. 

Das Barossa-Deutsche wurde überwiegend 
hinsichtlich lexikalischer und morphosyntak-
tischer Gesichtspunkte in jüngster Zeit unter-
sucht (z. B. Riehl 2016, 2017), weshalb eine 
phonetische Analyse umso interessanter er-
scheint. Die ersten Beschreibungen der Pho-
netik des Barossa-Deutschen finden sich bei 
Paul (1962, 1965), der Abweichungen vom 
Standarddeutschen feststellen konnte, diese 
jedoch auf den Ursprungsdialekt der Einwan-
derer und nicht auf einen Einfluss durch das 
australische Englische zurückführte. Auch 
Clyne (1981) beschreibt Auffälligkeiten wie 
die Entrundung vorderer Vokale oder Diph-
thongierung, welche er ebenfalls auf das Ost-
mitteldeutsche zurückführt. In seinen letzten 
Arbeiten erläutert Clyne (2003) jedoch, dass 
insbesondere die Verwendung des alveolaren 
Approximanten und die Diphthonge [aɪ] und 
[aʊ] im Barossa-Deutschen Einflüsse des aus-
tralischen Englischen aufweisen könnten, da 
die Diphthonge peripherer realisiert würden, 
also [ai] und [au]. 

Hypothesen 
Da die größten Auswirkungen beim alveola-

ren Approximanten /ɹ/ sowie den Diphthongen 
vermutet wurden, sollen diese mit der Frage-
stellung untersucht werden, welchen Einfluss 
das australische Englische auf diese Lautreali-
sierungen hat. Dabei wurden folgende Hypo-
thesen getestet: 

H1: Die Sprecher des Barossa-Deutschen 
weichen von den Sprechern des Ostmittel-
deutschen hinsichtlich der Verwendung des al-
veolaren Approximanten (H1a) sowie hinsicht-
lich der Diphthonge (H1b) ab. 

H2a/b: Diese Abweichungen sind durch das 
australische Englische erklärbar, da sich die 
Sprecher des Barossa-Deutschen in ihren Rea-
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lisierungen an die australischen Sprecher an-
nähern. 

Methode 
Um diese Hypothesen überprüfen zu kön-

nen, wurden drei Sprechergruppen verglichen 
und analysiert. 

Sprechergruppen 

Pro Sprechergruppe (Sprecher des Barossa-
Deutschen, des Ostmitteldeutschen und des 
australischen Englischen) wurden jeweils zwei 
weibliche und zwei männliche Sprecher aus 
verschiedenen Korpora ausgewählt. Da es sich 
bei den Daten der Barossa-Sprecher um spon-
tansprachliche Interviews handelte, welche im 
Rahmen von Projekten von Prof. Riehl im Jahr 
2014 durchgeführt wurden, wurden auch ent-
sprechende spontansprachliche Aufnahmen der 
Vergleichsgruppen verwendet. Bei den Sprech-
ern des Barossa-Deutschen wurde darauf ge-
achtet, dass sie im Barossa Valley geboren 
wurden und Deutsch als Erstsprache erworben 
haben. Da diese Varietät nur noch von der 
ältesten Generation gesprochen wird, haben die 
Sprecher bereits ein hohes Alter (Ø 78,5 Jahre; 
75, 76, 76, 87). Damit Alterseffekte vermieden 
werden, wurden die Vergleichssprecher in 
einem ähnlichen Alter ausgewählt.  

Die Daten der ostmitteldeutschen Sprecher 
(Ø 75,8 Jahre; 73, 76, 76, 78) wurden dem 
"OS--"-Korpus (Bellmann/Göschel 1970) ent-
nommen, da es die ältesten verfügbaren Audio-
aufnahmen von Sprechern aus dem ostmittel-
deutschen, genauer dem niederschlesischen 
Dialektgebiet beinhaltet, die den Sprachstand 
vor 1945 abbilden und somit möglichst nah an 
den ursprünglichen Dialekt der Einwanderer 
heranreicht. Jedoch ist hier ein Einfluss des 
Standarddeutschen nicht auszuschließen, da 
die Sprecher einige Jahre vor den Aufnahmen 
nach Westdeutschland umsiedelten. Dies ist 
aber akzeptabel, da auch ein gewisser Einfluss 
des Standarddeutschen auf das Barossa-
Deutsche anzunehmen ist. 

Um einen Einfluss durch das australische 
Englische feststellen zu können, wurden eben-
falls monolinguale Sprecher des australischen 
Englischen in die Analyse aufgenommen (Ø 64 
Jahre; 59, 63, 67, 67). Diese wurden aus dem 
"AusTalk"-Korpus (Burnham et al. 2011) aus-
gewählt, dessen Ziel es ist das australische 
Englische umfassend abzubilden, und es auch 
detaillierte Metadaten der Sprecher zur Ver-
fügung stellt. Daher konnten die Sprecher nach 

ihrem Geburtsort in Südaustralien ausgewählt 
und auch die Herkunft der Eltern berück-
sichtigt werden. Leider waren von älteren 
Sprechern entweder keine spontansprachlichen 
Daten vorhanden oder sie schieden aufgrund 
von physischen Beeinträchtigungen für die 
Analyse aus. 

In den Aufnahmen der Sprecher des 
Barossa-Deutschen befinden sich auch Ab-
schnitte, in denen die Sprecher ins Englische 
wechselten, welche ebenfalls in die Analyse 
aufgenommen wurden, jedoch getrennt von 
den deutschen Äußerungen. 

Annotation und Analyse 

Hinsichtlich der R-Realisierungen wurden 
vier Kategorien annotiert: Alveolarer Trill 
bzw. Tap (/r/ bzw. /ɾ/), uvularer Trill (/ʀ/), 
uvularer Frikativ (/ʁ/) und alveolarer 
Approximant (/ɹ/). 

Es wurden sieben Diphthonge, die von Paul 
(1962) für das Barossa-Deutsche sowie von 
Harrington et al. (1997) für das australische 
Englische beschrieben wurden, analysiert. 
Dabei wird anhand der Tab. 1 deutlich, dass 
sich die Diphthonge in ihren Vokalqualitäten 
unterscheiden. 
Tab. 1 Gegenüberstellung der Diphthonge des 
Barossa-Deutschen und des australischen 
Englischen 

Barossa-Deutsch Australisches Englisch 
eːɪ ӕɪ 

aɪ ɑe 

aʊ ӕɔ 

oːʊ əu 

ɔʏ oɪ 

ɪə ɪə 

ʊə ʊə 
 
Die Diphthonge wurden einer dieser sieben 

Kategorien zugeordnet und es wurden zwei 
Zeitpunkte in den Diphthongen markiert, zu 
denen die Formantverläufe von den Transi-
tionen der umgebenden Laute nicht mehr be-
einflusst wurden und damit die Vokalqualität 
der beiden Elemente im Diphthong am besten 
widergibt (vergleiche das Vorgehen bei Di 
Benedetto 1989). Die Formantwerte wurden 
nach Lobanov (1971) normalisiert. 

Zur Analyse wurde das emuR-Package 
(Winkelmann 2015) verwendet, mit dem eine 
EMU-Datenbank aufgebaut und abgefragt 
werden konnte. 
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Ergebnisse 
Zunächst ist zu erwähnen, dass die uvularen 

R-Realisierungen nur im geringen Maße pro-
duziert wurden (von allen untersuchten Reali-
sierungen waren nur 2.35 % mit uvularer Arti-
kulationsstelle). Hinsichtlich des Gebrauchs 
des alveolaren Approximanten [ɹ] konnte ein 
signifikanter Unterschied zwischen den 
Sprechern des Barossa-Deutschen und des 
Ostmitteldeutschen ermittelt werden (χ²[3] = 
789.7, p < 0.001) - dies liegt daran, dass nur 
sehr wenige [ɹ] von den ostmitteldeutschen 
Sprechern realisiert wurden. Im Vergleich 
zwischen den Sprechern des Barossa-
Deutschen und den australischen Sprechern 
zeigte sich kein signifikanter Unterschied, auch 
wenn es eine leichte Tendenz gab (p < 0.07). 
Zwischen den englischen Äußerungen der 
Barossa-Sprecher und den australischen 
Sprechern konnte kein signifikanter Unter-
schied ermittelt werden. Im Vergleich der 
deutschen und englischen Äußerungen der 
Barossa-Sprecher konnten individuelle Beson-
derheiten festgestellt werden: Zwei Sprecher 
zeigten sowohl im Deutschen als auch im Eng-
lischen einen sehr ähnlichen und häufigen Ge-
brauch des [ɹ], ein Sprecher einen ähnlich 
geringeren Gebrauch und ein Sprecher unter-
schied scheinbar zwischen dem Deutschen und 
dem Englischen, da im Deutschen ein gerin-
gerer Gebrauch und im Englischen dagegen ein 
häufiger Gebrauch des [ɹ]  festzustellen war. 

Bei den Diphthongen konnten nur sechs der 
sieben annotierten Diphthonge verglichen wer-
den, da von den australischen Sprechern kein 
[ʊə] realisiert wurde. Es wurden die eukli-
dischen Abstände und Werte der ersten beiden 
Formanten verglichen. Beim Vergleich der 
Sprecher des Barossa-Deutschen und des Ost-
mitteldeutschen ergaben sich signifikante Un-
terschiede für alle Diphthonge, jedoch fielen 
diese für [eːɪ] und [oːʊ] nur sehr gering aus. Im 
Vergleich der Sprecher des Barossa-Deutschen 
mit den australischen Sprechern zeigte sich 
dann auch, dass für [eːɪ] und [oːʊ] große Un-
terschiede festgestellt werden konnten, wes-
halb hier eher von keinem Einfluss des austra-
lischen Englischen auszugehen ist. Größere 
Unterschiede konnten in [aɪ], [aʊ], [ɔʏ] und 
[ɪə] zwischen den ostmitteldeutschen und den 
barossa-deutschen Sprechern festgestellt wer-
den. Da für die Diphthonge [aɪ], [aʊ] und [ɔʏ] 
ausreichend identische Kontexte vorlagen, 
wurde hier noch eine genauere Betrachtung 
vorgenommen, bei der die Unterschiede für 

[aɪ] und [aʊ] geringer ausfielen oder ganz ver-
schwanden, jedoch für [ɔʏ] deutlicher wurden. 
Im Vergleich mit den australischen Sprechern 
zeigte sich, dass bei [aɪ], [aʊ] und [ɪə] ebenfalls 
Unterschiede zu den Sprechern des Barossa-
Deutschen vorliegen. Jedoch konnten nur ge-
ringe Unterschiede für [ɔʏ] festgestellt werden, 
wonach diese eine sehr ähnliche Ausprägung 
haben und hier ein Einfluss durch das aus-
tralische Englische am wahrscheinlichsten und 
deutlichsten ist. 

Hinsichtlich der ermittelten Werte für die 
englischen Äußerungen der Barossa-Sprecher 
ist eine Nähe zu den australischen Sprechern 
zu erkennen ([aɪ], [aʊ], [eːɪ]), aber auch nicht 
immer, was möglicherweise als eine Art Über-
korrektur interpretiert werden könnte, da sich 
die Sprecher in der Aufnahmesituation im sog. 
monolingualen Modus (Soares/Grosjean 1984) 
befanden und die Sprache des Interviews 
Deutsch war.   

Abb. 1 Darstellung der Mittelwerte pro unter-
suchtem Diphthong für alle Sprechergruppen. 
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Diskussion 
In dieser Studie konnten Hinweise auf die 

Auswirkungen durch den Sprachkontakt im 
Barossa-Deutschen gefunden werden. Insbe-
sondere beim Gebrauch des alveolaren Ap-
proximanten scheint ein deutlicher Einfluss ge-
geben zu sein. Der alveolare Approximant 
wurde im Ursprungsdialekt, den die Einwan-
derer sprachen, beschrieben, jedoch realisierten 
die hier untersuchten Sprecher aus diesem 
Dialektgebiet kaum noch Approximanten. Dies 
kann durch den Einfluss des Standard-
deutschen, dem diese Sprecher ausgesetzt 
waren, entstanden sein, jedoch kamen auch die 
Barossa-Sprecher mit dem Standarddeutschen 
in Kontakt. 

Hinsichtlich der Diphthonge zeigt sich be-
sonders für den Diphthong [ɔʏ] eine deutliche 
Tendenz zum australischen [oɪ]. Jedoch neigen 
die Barossa-Sprecher in ihren englischen 
Äußerungen zu der deutschen Realisierung. 
Die Gründe dafür sollten in weiteren Unter-
suchungen ermittelt werden, insbesondere 
warum es nur diesen Diphthong betrifft. Bei 
den anderen Diphthongen ist tendenziell ein 
möglicher Einfluss des australischen Eng-
lischen festzustellen, dieser müsste aber noch 
in einer größeren Stichprobe sowie unter der 
Kontrolle möglicher Störfaktoren wie dem um-
gebenden Lautkontext analysiert werden. 
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Abstract 
Am Beispiel der polyfunktionalen Mehrwort-
einheit <was weiß ich> wird das Zusammen-
spiel von pragmatischer und phonetischer 
Ausdifferenzierung in Pragmatikalisierungs-
prozessen untersucht. Hierzu werden spontan-
sprachliche Belege aus dem Korpus „Deutsch 
heute“ analysiert. Die beobachtete phoneti-
sche Variationsbreite deutet auf eine komplexe 
Beziehung zu den jeweiligen pragmatischen 
Funktionen hin. 

Hintergrund 
Vormals kompositionelle Wortverbindungen 

wie ich mein, weißt du und guck mal können in 
der gesprochenen Sprache durch Univerbie-
rung den Status eigenstä diger Einheiten er-
langen, die als Diskursmarker spezialisierte 
pragmatische Funktionen übernehmen  („Prag-
matikalisierung“, Diewald 2011). Typischer-
weise wird angenommen, dass die Entstehung 
und funktionale Ausdifferenzierung solcher 
neuen sprachlichen Einheiten mit einer 
schrittweisen phonetischen Reduktion ihrer 
Spenderstruktur einhergeht (Auer&Günthner 
2005). Funktional stärker abstrahierte und 
deutlicher als eigenstän ige Einheit konsoli-
dierte Gebrauchsweisen sollten demnach 
stärkere Reduktionsmerkmale aufweisen als 
solche, die noch größ re Ähnlichkeit mit der 
syntagmatisch komplexen Ausgangsstruktur 
besitzen. Falls dem so ist, könnten phonetische 
Realisierungseigenschaften solcher Strukturen 
nützliche Hinweise auf mutmaßlich abgespal-
tene, als je eigenständige Konstruktionsvarian-
te konventionalisierte Verwendungsweisen 
solcher Ausdrücke liefern, die entweder zur 
Untermauerung oder aber als Korrektiv einer 
rein funktionsbasierten Systematisierung ihres 
Verwendunsgspektrums herangezogen werden 
können. Alternativ ist allerdings auch möglich, 
dass sich die Kopplung von funktionaler und 
formaler Spezialisierung in Pragmatikalisie-
rungsprozessen als weniger eng als angenom-
men erweist. 

Phänomen, Daten und Methode 
Untersucht wurden 355 Instanzen der prag-

matikalisierten Mehrworteinheit <was weiß 
ich> (Zeschel 2017; im Folgenden: <wwi>) im 
Korpus Deutsch Heute (Knöbl, Kleiner, 
Brinckmann & Berend 2007). Die Daten 
stammen aus sprachbiographischen Interviews 
mit 146 verschiedenen Sprechern (ein bis 22 
Instanzen pro Sprecher). Alle Vorkommen 
wurden von uns für ihre Funktion sowie für 
verschiedene phonetische Merkmale ausge-
zeichnet. Funktionsseits sind insgesamt vier 
verschiedene Verwendungstypen mit einer 
Frequenz von mindestens fünf Vorkommen im 
Korpus belegt: 

 
(A) Idiom (Spenderstruktur)  

<wwi> (+ w-Satz) 
was weiß ich, (was das soll) 
‚woher soll ich (das) wissen’ 

(B) Heckenausdruck/Vagheitsmarker  
<wwi> + w-Pronomen/-Adverb|XP  
waren ja irgendwie was weiß ich über 
dreißig Grad angekündigt oder so 
‚ich weiß nicht genau’ 

(C) Retraktives Gliederungssignal 
Wort|XP + (und|oder) + <wwi> 
Tanten und Onkels und was weiß ich 
‚und so weiter’ 

(D) Projektives Gliederungssignal 
<wwi> + Wort|XP  
wenn man jetzt was weiß ich Cocktails 
trinken war oder so 
‚beispielsweise’ 

 
Formseits wurden alle Instanzen für ihre 

Dauer, ihre Silbenzahl und eine mögliche 
Resilbifizierung (/vas vaɪ̯s ˀɪç/ > /vas vaɪ̯ sɪç/) 
ausgezeichnet. 

Untersucht wurde zum einen, ob die unter-
schiedenen Funktionstypen mit je eigenen 
Realisierungspräferenzen einhergehen. Zum 
anderen wurde überprüft, ob die funktional 
mutmaßlich am stärksten abstrahierten Ver-
wendungen als Diskursmarker tatsächlich am 
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stärksten von phonetischer Reduktion betroffen 
sind. Die gegenüber der epistemischen Quell-
bedeutung am deutlichsten ausgebleichte und 
auch syntaktisch am weitesten desintegrierte 
Funktion ist dabei die eines projektiven Glie-
derungssignals mit der Bedeutung ‚beispiels-
weise’ (Typ D). 

Ergebnisse 
Die Verteilung der Belege auf die vier Funk-

tionstypen stellt sich sehr heterogen dar (Abb. 
1): Der ganz überwiegende Anteil der Belege 
entfällt auf die beiden Diskursmarkerverwen-
dungen als retraktives (Typ C; 25%) bzw. pro-
jektives Gliederungssignal (Typ D; 56%). In 
17% der Belege fungiert <wwi> als Hecken-
ausdruck, die angenommene Spenderstruktur 
mit der idiomatischen Bedeutung ‚woher soll 
ich (das) wissen’ liegt in lediglich 2% der 
Verwendungen vor. 42 Belege konnten nicht 
eindeutig zugeordnet werden oder entfielen auf 
seltene weitere Funktionen mit f<5 (z.B. als 
Gradpartikel, vgl. was weiß ich wie umwelt-
schädlich ‚sehr umweltschädlich’) und wurden 
hier nicht weiter betrachtet. 

Abbildung 1. Belegzahlen der vier Funktionstypen. 

Hinsichtlich der Dauer (gemessen ohne um-
gebende Pausen) sind keine deutlichen Unter-
schiede zwischen den Funktionsvarianten zu 
erkennen (Abb. 2). Zwar wird <wwi> in seiner 
mutmaßlich am weitesten abstrahierten Funk-
tion als projektives Gliederungssignal (Typ D) 
typischerweise kürzer realisiert als im Fall der 
retraktiven Variante (Typ C). Unerwarteter-
weise nimmt die gemessene durchschnittliche 
Dauer von Typ A über B bis C in der Stichpro-
be jedoch zu. Auch wenn dieser Anstieg ange-
sichts der geringen Belegmenge insbesondere 
für Kategorie A nicht signifikant ist, gibt es in 
umgekehrter Richtung jedenfalls keinen Hin-
weis darauf, dass die Übernahme abstrakterer, 
gesprächsstrukturierender Funktionen von 

<wwi> generell mit einer verkürzten Realisie-
rungsdauer einhergeht. 

Abbildung 2. Durchschnittliche Dauerwerte für die 
vier Funktionstypen (Fehlerbalken: 95% Konfi-
denzintervall). 

Dessen ungeachtet sind auf phonetischer 
Ebene allerdings zwei offenbar parallel laufen-
de Prozesse beobachtbar: Reduktion von Laut-
segmenten bis hin zu ihrer Elision und Resilbi-
fizierungstendenzen. Die überwiegende Zahl 
der Instanzen weist noch eine klar dreisilbige 
Struktur auf, kann also als phonetisch wenig 
reduziert bezeichnet werden (je nach Funktion 
zwischen 71% und 100% der Belege, vgl. Abb. 
3):  

Abbildung 3. Anteile dreisilbiger (hellgrau), zwei-
silbiger (dunkelgrau) und einsilbiger (schwarz) 
Realisierungen der vier Funktionstypen. 

Dass es bei Typ A gar keine Realisierungen 
mit reduzierter Silbenzahl gibt, könnte an der 
sehr geringen Belegmenge für diese Kategorie 
liegen (n=6). Umgekehrt finden sich die am 
stärksten reduzierten einsilbigen Realisierun-
gen allerdings wie erwartet bei Typ D (3% der 
Belege, n=6).  

In den Daten sind verschiedene Reduktions-
strategien zu beobachten. In der Mehrzahl der 
reduzierten dreisilbigen Fälle (169 Instanzen) 
wird prioritär die Medialsilbe /vaɪ̯s/ reduziert 
(bis hin zum silbischen /s̩/), bei weitgehender 

Proceedings P&P13

14



 

 

Stabilität des initialen /vas/. Bei zur Zweisil-
bigkeit reduzierten Belegen (62 Instanzen) 
scheint es typologisch zur Verschmelzung /vas 
vaɪ̯s/ > /vəs/ zu kommen; eine eindeutige Zu-
ordnung der verbliebenen zu einer der beiden 
Ausgangssilben ist nicht möglich. Klar zur 
Einsilbigkeit reduzierte Belege sind selten (8 
Instanzen), auf den Verwendungstyp (D) be-
schrän t und zeigen zumeist die resilbifizierte 
Form /sɪç . Nur in einem Einzelfall konnte ein 
isoliert stehendes /ˀɪç  eindeutig als Relikt ei-
nes intendierten <wwi> identifiziert werden. 
Die Resilbifizierung betrifft insbesondere und 
am auffälligsten den finalen Frikativ von 
/vaɪ̯s/, der bei 108 Instanzen zum Silbenonset 
des /ˀɪç  (mit einhergehender Lenisierung) 
wird. Dieser Prozess ist nur bei Instanzen mit 
deutlicher Reduktion von /vaɪ̯s/ und weitge-
hender Stabilität des /vas/ zu beobachten (62 
Fälle). Den beobachteten Mechanismen bei der 
Dreisilbigkeit folgend können die zweisilbigen 
resilbifizierten Belege als Vertreter der /vaɪ̯s/-
Reduktion angenommen werden. Ein systema-
tischer Zusammenhang zwischen Funktion und 
Reduktionsform ist nicht erkennbar.  

Auch im Hinblick auf die Dauer stellt sich 
das Bild der phonetischen Reduktion und 
Resilbifizierung komplex dar: Die resilbifizier-
ten dreisilbigen Belege zeigen konstant gering-
fügig niedrigere Dauern als ihre regulären 
Pendants (durchschnittlich 450 ms gegenüber 
480 ms). Bei den zweisilbigen Belegen ist 
dieser Effekt nicht zu beobachten, sie sind 
zudem mit durchschnittlich 410 ms ebenfalls 
nur geringfügig kürzer als die Dreisilbler mit 
465 ms. Die durchschnittliche Dauer der resil-
bifizierten Einsilbler beträgt 273 ms; der singu-
läre nicht resilbifizierte Einsilbler muss mit 
516 ms als Ausreißer gelten. 

Diskussion 
Die Untersuchung zielte auf zwei Fragen ab: 

1.) Sind die unterschiedlichen Funktionstypen 
von <wwi> mit je unterschiedlichen phoneti-
schen Realisierungspräferenzen assoziiert? 2.) 
Ist die mutmaßlich am weitesten grammatikali-
sierte/pragmatikalisierte Variante (Typ D) am 
stärksten von phonetischer Reduktion betrof-
fen? 

Mit Blick auf Frage 1 gibt es – zumindest 
anhand der hier untersuchten Parameter – kei-
ne Hinweise auf eine enge direkte Kopplung 
von funktionaler und formaler Spezialisierung. 
Verwendungen, die sich in funktionaler Hin-
sicht aufgrund ihrer wechselseitig inkompatib-

len Paraphrasemöglichkeiten im Kontext in der 
Regel hinreichend klar voneinander unter-
scheiden lassen, weisen nicht notwendiger-
weise auch belastbare Kontraste bezüglich 
ihrer Realisierungdauer, ihrer Silbenzahl und 
ihrer Tendenz zur Resilbifizierung auf. Anders 
formuliert: Es besteht zwar durchaus Variation 
in der Realisierung von <wwi> in diesen drei 
Hinsichten, sie ist jedoch offenkundig nicht 
(oder nicht allein) funktional konditioniert. 

Mit Blick auf Frage 2 lässt sich jedoch zu-
mindest eine gewisse Tendenz in die erwartete 
Richtung feststellen: Übereinstimmend mit der 
Hypothese zeigen sich bei der funktional am 
stärksten abstrahierten Verwendung D die um-
fangreichsten phonetischen Reduzierungen. 
Diese treten allerdings auch hier nur vereinzelt 
auf, während der phonetischen Vollform nähe-
re Varianten hier wie in allen anderen Katego-
rien deutlich überwiegen. Da dieser Typus (D) 
in unserer Stichprobe die mit Abstand am 
stärksten belegte Funktion ist, kann es sich bei 
der angedeuteten Tendenz ggf. also auch um 
ein bloßes Artefakt der Stichprobenzusammen-
setzung handeln. Die gegenüber der Spender-
struktur proportional überraschend hohe Be-
legzahl der beiden Diskursmarkerfunktionen 
zeigt sich jedoch vergleichbar auch in Stich-
proben anderer Korpora, die bislang phone-
tisch noch nicht ausgewertet werden konnten. 

Insgesamt lassen die Ergebnisse mit Blick 
auf die Kopplung von Pragmatikalisierung und 
phonetischer Reduktion somit auf keinen hin-
reichend engen Zusammenhang schließen, um 
Beobachtungen zur phonetischen Realisie-
rungspräferenz direkt zur Überprüfung und 
ggf. Verfeinerung ansonsten rein funktionsba-
sierter Systematisierungen des konstruktio-
nellen Verwendungsspektrums heranzuziehen.  

Unklar ist, inwiefern das Auftreten der resil-
bifizierten Variante /sɪç/ auf den Einfluss des 
Maximum Onset Principle (und damit einen 
allgemeinen phonologischen Prozess) oder 
aber auf eine Reanalyse von <wwi> als holisti-
sche lexikalische Einheit mit eigener phonolo-
gischer Struktur zurückzuführen ist. Festzuhal-
ten ist allerdings, dass eine Resilbifizierung 
nur bei einem knappen Drittel der Belege (je 
nach Funktion zwischen 27% und 50%) zu 
beobachten ist, während bei der Mehrheit der 
Instanzen die morphologische Grenze der 
kompositionellen Spenderstruktur erhalten 
bleibt. Eine differenziertere Betrachtung der 
Resilbifizierungstendenz würde auch den Fak-
tor Region als Prädiktor einbeziehen, was hier 
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aus Gründen von Datenknappheit nicht syste-
matisch geleistet werden kann.  

Als bemerkenswert müssen die Dauerrelati-
onen sowohl zwischen regulären und resilbifi-
zierten Belegen als auch zwischen Drei- und 
Zweisilblern bezeichnet werden. Der Wegfall 
einer vollständigen Silbe (<was> resp. 
<weiß>) resultiert in einer Dauerreduktion von 
durchschnittlich nur 12%, bei zwei Silben 
(<was weiß>) sind es zumindest 41%. Die 
auch in der Spenderstruktur zumeist akzenttra-
gende finale Silbe /ɪç/ ist als Stammsilbe der 
Mehrworteinheit zu betrachten. Trotz ihrer 
unkomplexen Struktur beansprucht sie den 
Großteil der Realisierungsdauer, während die 
Silbe /vaɪ̯s/ trotz Diphthongs und zweier Frika-
tive auch bei unreduzierter Realisierung unter-
proportional wenig Artikulationszeit bean-
sprucht. 

Die hier vorgestellte Untersuchung stellt ei-
ne erste Pilotstudie zur Exploration phoneti-
scher Charakteristika polyfunktionaler Mehr-
worteinheiten dar. In weiteren Untersuchungen 
soll das Phänomen auf breiterer Datenbasis 
(u.a. unter Verwendung des FOLK-Korpus, 
vgl. Schmidt 2014) eingehender untersucht und 
multivariat analysiert werden. Hierbei sollen 
auch bislang unberücksichtigt gebliebene Fak-
toren wie Regionalität miteinbezogen werden. 
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Abstract 
Previous studies on sound symbolism have 
found evidence for the existence of an 
association between certain speech sounds and 
physical properties like shape or size: a 
phenomenon usually called bouba/kiki effect. 
Additionally, more and more experiments have 
attempted to find out exactly which phonetic 
features contribute to this effect. The present 
paper reports two experiments on a previously 
uninvestigated feature. The experiments show 
that short vowels are associated with 
small/short objects and long vowels with 
large/long objects for speakers of a language 
exhibiting a vowel length contrast (German). 
While the association between vowel length 
and object length seems to be very strong, the 
association between vowel length and object 
size seems to be weaker. 
 
Introduction 

A large body of evidence suggests that there 
exists a cognitive association between sounds 
and visual cues. This phenomenon is generally 
known as the bouba/kiki effect. Tasks showing 
such associations typically include a set of 
non-words, like bouba and kiki, and shapes 
that are depicted as either round or spiky. The 
findings of such studies are that non-words 
with rounded vowels and voiced consonants 
(bouba) are usually considered to correspond 
to round objects, while non-words without 
rounded vowels and with voiceless consonants 
(kiki) correspond to spiky objects (e.g., Köhler 
1929; Fox 1935; Ramachandran & Hubbard 
2001, 2005; Maurer, Pathman & Mondloch 
2006). It was not until recently that researchers 
tried to figure out exactly which phonetic 
features contribute to this effect. For example, 
D’Onofrio (2014) found that vowel backness 
plays a role in the sound symbolic effect (see 
also McCormick et al. 2015). The goal of the 
present study was to extend these insights to 
vowel length. To be more precise, the goal was 
to test the hypothesis that long/big objects are 
associated with long vowels, and short/small 

objects with short vowels. Although it is 
known that vowel quality is associated with 
object size (e.g. /o/ with bigness and /i/ with 
smallness) (e.g., Thompson & Estes 2011), the 
claim that vowel quantity could play a similar 
role, has, to the best of my knowledge, not 
been made and tested. 

Sapir (1929) was perhaps the first to show 
that back vowels, for example /u/, are usually 
judged to refer to big objects and front vowels, 
for example /i/, are judged to relate to small 
objects. Similar correspondences, namely that 
some speech sounds, such as /a, u, o, m, l, v, b, 
d, g/, are associated with large objects and 
other speech sounds, such as /i, e, t, k/, are 
associated with small objects, were also found 
in later studies (e.g., Newman 1933; Taylor & 
Taylor 1962; Vetter & Tennant 1967; Koriat & 
Levy 1977; Mauer, Pathman & Mondloch 
2006; Thompson & Estes 2011).1 Interestingly, 
it has been argued that the association between 
object size and speech sounds does not stem 
from the articulatory properties of these 
sounds, but from their acoustic properties. 
Ohtake & Haryu (2013) found that participants 
were faster in categorizing the size of an object 
when hearing a congruent vowel (e.g., hearing 
an /i/ when presented with a small object), 
however this effect disappeared when they 
held objects in their mouths that led to a mouth 
position similar to the oral cavity shape when 
producing vowels. This can be interpreted as 
evidence in favor of the idea that the effect is 
not caused by mouth position itself. 

The present paper reports two experiments. 
In Experiment 1, the claim that vowel length is 
associated with object length is tested. 
Experiment 2 is concerned with the presumed 
association between vowel length and object 
size. The results suggest that vowel length is 
                                                            
1A related idea, namely that the length of an 
expression is reflecting larger quantity, was 
famously put forward by Jakobson (1965) who tried 
to show that plural morphology iconically 
represents quantity. 
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Abstract 

The present paper investigates the variable 
phonetic realisation of accents in Egyptian 
Arabic by means of the Tonal Centre of Gravi-
ty (TCoG), a holistic measure that takes into 
account accentual shape in addition to turning 
points. Results from the TCoG indicate that 
this measure yields a more uniform picture of 
speaker-specific behaviour than the realisation 
of individual turning points (Cangemi et al. 
2016). Moreover, the TCoG is shown to be a 
robust measure for the overall distinction be-
tween accents produced under narrow and 
broad focus, enabling us to distinguish these 
conditions for four domains spanning different 
parts of the accentual movement. 

Introduction 

Tonal Centre of Gravity 

The Tonal Centre of Gravity (TCoG) as 
proposed by Barnes et al. (2012a,b) represents 
a time value characterising the centre point of a 
given F0 contour. It can serve to characterise 
F0 movements in a holistic way, taking into 
account not only the alignment and scaling of 
turning points (TPs), but also the shape of the 
contour.  

The TCoG has so far proven successful 
(more so than mere TP alignment) in distin-
guishing between the two rising pitch accents 
L*+H and L+H* in American English, a 
pragmatically motivated accent category dis-
tinction that is usually mirrored by differences 
in phonetic form. Part of this success has to do 
with the TCoG’s holistic characterisation of F0 
movement. For example, perceptual judgments 
of accents may be shifted along with changes 
in accent shape even if TPs remain unchanged. 
TCoG values change along with changes in 
shape, and can thus better account for such 
shifts in perception. 

The present paper will investigate whether 
the TCoG has similar success distinguishing 
accentual movements in a dataset which differs 
in terms of i) the language: Egyptian Arabic, 

and ii) the pragmatic function: the distinction 
between narrow and broad focus (cf. Hellmuth 
2006, El Zarka 2013 for further discussions of 
focus distinctions in Egyptian Arabic). 

Phonetic variability in accentual focus mark-
ing in Egyptian Arabic  

Cangemi et al. (2016) present details of the 
speaker-specific phonetic marking of accentual 
shapes in Egyptian Arabic (EA). They looked 
at phrase-initial words produced under narrow 
and broad focus, and specifically at the scaling 
and alignment of the F0 peak (H) and subse-
quent low elbow (L). 

While all speakers differentiated the two 
contexts by means of at least one of four pa-
rameters, no single parameter was consistently 
used by all speakers: i) speakers differed in the 
number and combinations of parameters used 
ii) some speakers used the same parameter, but 
in opposite directions (e.g. higher or lower 
scaling of peaks in accents under narrow fo-
cus). This gave rise to a highly complex pic-
ture in terms of accentual movement distinc-
tions.  

In light of this variability, it is not clear how 
the different constellations of parameter values 
conspire, on either a speaker-by-speaker or an 
utterance-by-utterance basis, towards an over-
all differentiation between narrow and broad 
focus. 

Rationale and research questions 

The present study investigates whether the 
TCoG methodology can unify the results of 
multiple cues and potentially reduce dimen-
sions of variability. 

Our first question addresses the possibility 
of making a distinction between different cate-
gories through this holistic approach to accen-
tual movements, even when faced with a high 
degree of within-category variability. The 
TCoG is especially well-suited to answer this 
question, since it incorporates multiple phonet-
ic parameters and as such has the potential to 
uncover any global similarities that may under-
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nificantly different values overall in the two 
conditions. This has both theoretical and prac-
tical implications.  

Theoretically, the similar results across dif-
ferent TCoG domains indicate that no particu-
lar part of the accentual movement is exclu-
sively responsible for the distinction between 
focus conditions. For example, both the rising 
and falling parts of the contour similarly reflect 
the focus distinction.  

Practically, the overall similarity of results 
among four TCoG domains highlights a meth-
odological advantage of using the TCoG, 
namely that it is robust against changes in the 
domain over which it is calculated (see also 
Barnes et al. 2012b). For the present data, a 
segmentally defined domain can at worst be 
considered to perform just as well as a prosod-
ically defined domain, and at best can be taken 
to preclude the need to identify individual turn-
ing points in the characterisation of F0 con-
tours. 

Finally, these results allow us to speculate 
about the perceptual relevance of the nar-
row/broad TCoG distinction. The magnitude of 
the distinction varied across the different 
TCoG domains. Differences involved 16-30% 
of the stressed syllable duration, which seems 
large enough to hold promise as reflecting 
perceptually salient differences.  

Conclusion 

The present study involved a holistic inves-
tigation of the phonetic properties of accentual 
movements on phrase-initial words in Egyptian 
Arabic by means of the Tonal Centre of Gravi-
ty. Specifically, our results yielded the follow-
ing insights, listed here as answers to our re-
search questions: 

Q1 The global accentual movements used in 
narrow and broad focus contexts in EA can be 
distinguished in terms of the TCoG. This indi-
cates that there is likely to be a perceptual dif-
ference distinguishing the accents produced 
under narrow versus broad focus.  

Q2 The TCoG results for the global accen-
tual movement highlight a degree of similarity 
between speakers not observed upon investiga-
tion of individual TPs. All speakers exhibit the 
same direction of change, viz. earlier aligned 
narrow focus TCoGs. While Cangemi et al. 
(2016) found that individual speakers used 
different phonetic strategies to distinguish 
narrow and broad focus, the TCoG as a holistic 
measure captures these strategies as rather 

homogeneous behaviour with individual 
speakers differing only in degree.  

Q3 Results of all four TCoGs discussed here 
showed a difference between accents produced 
under narrow and broad focus. Clearly, the 
accentual difference is reflected in separate 
parts of the F0 movement and in different 
segmental domains along it. The similarity in 
results also highlights that segmentally defined 
domains can perform as well as prosodically 
defined domains.  

The question still remains as to whether the 
differences captured by TCoG can be taken to 
indicate a phonological category difference. In 
line with results for German focus marking 
(Grice et al. 2017) small differences exhibited 
by some speakers may not be adequate for 
capturing a phonological distinction, whereas 
larger differences by other speakers modulate 
the signal enough to trigger a category change. 
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Abstract 
The varieties of Spanish show a wide range 

of realizations of word-final /d/. While in 
Castilian standard it is realized as [ð], we find 
devoicing in Madrid ([θ]), devoicing in 
Barcelona ([t]) and elision in Seville. This 
article investigates the realizations of final /d/ 
in the varieties of Madrid, Barcelona and 
Seville. Our corpus consists of elicited and 
spontaneous speech data of 39 L1 speakers of 
Spanish (13 speakers of each location), which 
we conducted in the framework of the project 
FEC (Pustka/Gabriel/Meisenburg 2016). Our 
study shows that in elicited speech, the most 
common realization of word-final /d/ 
corresponds to the respective regional 
standard, while in spontaneous speech, the 
most common realization is elision. 
Additionally, our data suggest that elision is 
the most common realization in all contexts 
except before vowel in Madrid, where we most 
frequently find the regional standard [θ]. 
Lastly, we found lexical frequency effects. 

Introduction 
It is well known that there are a number of 

different realizations of word-final /d/ in the 
varieties of peninsular Spanish. While in 
Castilian standard the final /d/ in a word such 
as salud ‘health’ is realized as [ð], we find 
devoicing in Madrid ([θ]), devoicing in 
Barcelona ([t], as a result of language contact 
with Catalan) and elision in Seville (cf. Hualde 
2014: 140-141, Navarro Tomás 2004: 102-
103). However, not only do we find substantial 
differences between the varieties but also 
within each variety depending on medium and 
context. 

State of the Art 
Mostly, word-final /d/ is dealt with in 

manuals in the form of general overviews of 
Spanish phonology. Thus, the most common 
realizations in peninsular Spanish are [ð] in 

high register speech and elision in colloquial 
speech (cf. Hualde 2014: 140). 

Additionally, according to Navarro Tomás 
(2004: 103), speakers in Madrid produce the 
voiceless fricative [θ]. 

In Catalonia we tend to find the realization 
[t]. This results from language contact with 
Catalan, where devoicing of final obstruents 
occurs, e.g. Cat. salut ‘health’ [sa'ɫut] vs. Cat. 
saludable ‘healthy’ [saɫu'dapɫə] (cf. Serrano 
Vázquez 1996-1997: 378, Wheeler 2005: 145-
149). 

Speakers of Andalusian Spanish elide final 
/d/ not only in colloquial speech but also in 
conscious language use, making elision the 
default pronunciation across different registers 
(cf. Narbona/Cano/Morillo 2003: 196). Estrada 
Arráez 2012 finds the same distribution across 
the Iberian Peninsula in her corpus-based study 
of the Atlas Lingüístico de la Península Ibérica 
(ALPI) containing data which were collected 
in the 1930s. 

So far experimental research on word-final 
/d/ has mainly focused on the varieties of 
Central and North-Central Spain, e.g. Madrid 
and Basque Country (cf. Antón 1998, 
González 2006, Pérez Castillejo 2012) and 
Valladolid (cf. Hualde/Eager 2016). However, 
its realizations in the varieties of Barcelona 
and Seville has so far been investigated in less 
detail. 

Hualde/Eager (2016) investigate contextual 
and lexical frequency effects in spontaneous 
speech in Valladolid. Their major findings are 
that context determines realization. While, 
regardless of the context, elision is the most 
common realization of word-final /d/, it is [θ] 
before pause and vowel. Additionally, 
according to their data, lexical frequency has 
no effects on the realization. González (2006), 
acoustically analyzing read speech, comes to 
the same conclusion. However, in her data, 
position of word-final /d/ in the sentence 
influences the duration of sonority. 
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Hypotheses 
Based on the current state of the art, our 

hypotheses are the following: 
− H1: The most common realization of 

word-final /d/ in elicited speech 
corresponds to the respective regional 
standard (i.e. [θ] in Madrid, [t] in 
Barcelona, elision in Seville), while the 
most common realization in all 
spontaneous speech is elision (cf. Antón 
1998, Hualde/Eager 2016). 

− H2: The most common realization of 
word-final /d/ before vowel and pause in 
spontaneous speech corresponds to the 
respective regional standard, whereas 
before consonant it is elision (cf. Pérez 
Castillejo 2012, Hualde/Eager 2016). 

− H3: The realization of word-final /d/ does 
not depend on the frequency of the specific 
lexical item (cf. Hualde/Eager 2016). 

Methodology 

FEC 

Fonología del Español Contemporáneo FEC 
(Pustka/Gabriel/Meisenburg 2016) is a corpus 
project intending to document and analyze the 
pronunciation of Spanish in the world. 
Collecting elicited speech via a reading task (a 
word list of 125 words including minimal pairs 
and a text) as well as spontaneous speech via a 
semi-structured interview, it allows for a high 
degree of comparability and authenticity. The 
informants are ideally distributed evenly 
regarding gender and age. The FEC corpus has 
been orthographically transcribed with the 
Praat software (Boersma/Weenink 2016). 

Data Collection 

Following the FEC protocol, we recorded 39 
local L1 speakers (13 each in Madrid, 
Barcelona and Seville; see Table 1) who have 
not lived in another location for more than one 
year. These recordings now form part of the 
FEC corpus. 
Table 1: Distribution of informants regarding 
location, gender (female (f) and male (m)), and age 
range. 

 Madrid Barcelona Seville 
f m f m f m 

18-30 2 2 2 3 4 2 
31-65 3 2 2 2 3 2 
>65 2 2 2 2 1 1 

The FEC protocol for the semi-structured 
interview includes culture- and language-
related questions such as ¿Puedes contarme 
algo sobre tu ciudad? ‘Can you tell me 
something about your city?’ or ¿Dónde se 
habla mejor el español? ‘Where do they speak 
the best Spanish?’. 

Our Corpus 

For our corpus we analyzed both the data 
from the word list and the semi-structured 
interview. That way it is possible to contrast 
the two extremes on the spontaneity scale of 
speech: on the one hand an isolated word that 
is out of context (salud ‘health’), on the other 
hand contextually integrated words in natural 
speech. We investigated the words Madrid, 
Valladolid, ciudad ‘city’ and verdad ‘truth’, 
which occur in almost every interview. 

The total duration of the interviews is 
8h35m11s (Madrid: 2h19m57s, Barcelona: 
4h18m51s, Seville: 1h56m23s). In total, we 
found 394 occurrences 1  with the following 
distribution: 193 occurrences in the Madrid 
interviews (Madrid: 127, Valladolid: 7, 
ciudad: 26, verdad: 33), 117 occurrences in the 
Barcelona interviews2 (Madrid: 21, Valladolid: 
18, ciudad: 54, verdad: 24) and 84 occurrences 
in the Seville interviews (Madrid: 18, 
Valladolid: 7, ciudad: 34, verdad: 25). 

The total amount of occurrences of salud 
from the word list is 39, namely one 
occurrence per person. 

Data Analysis 

We both analyzed and coded all occurrences 
(word lists and interviews) individually, 
supported by the Praat software. We then 
compared our analyses and discussed the 
discrepancies. Those cases in which we did not 
come to a consensus (22/433 occurrences, i.e. 
5.1%), were then analyzed by another trained 
labeler (not an author). The occurrences were 
labelled as the categories elision, [θ], [ð], [d], 
[d], [t] and [t], which are the expectable 
realizations according to the literature. All 
other realizations ([n], [h], [st], [l], [b]) were 
labelled as the category others. 

                                                            
1 Due to the impossibility of segmenting /d#d/ (e.g. 
ciudad dormitorio) and /d#t/ (e.g. Madrid también), 
we excluded those cases from our corpus, namely 
26 occurrences. 
2 One occurrence of ciudad was discarded from the 
Barcelona corpus due to unsatisfying sound quality. 
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Results 

Hypothesis 1 

Table 2 shows the percentages of the 
distribution of realizations of word-final /d/ in 
both word list and interviews regardless of the 
context in the recordings of all three locations. 
Table 2: Percentages of realizations of word-final 
/d/ in word list (WL) and interview (IV) in all 
contexts. 

Reali-
zation 

Madrid Barcelona Seville 
WL IV WL IV WL IV 

Elision - 52.9 15.4 55.6 69.2 88.1 
[θ] 61.5 35.8 - 1.7 7.7 3.6 
[ð] 7.7 6.7 - 11.1 - 3.6 
[d] 30.8 1.6 - 5.1 7.7 - 
[d] - - 15.4 0.9 7.7 1.2 
[t] - - 69.2 23.1 - - 
[t] - - - 1.7 - - 
Others - 3.1 - 0.9 7.7 3.7 
Number 
of items 13 193 13 117 13 84 

 
The results show that the majority of 

realizations of word-final /d/ in the word list 
corresponds to the pronunciation that is 
expectable for the respective region (i.e. [θ] in 
Madrid, [t] in Barcelona and elision in Seville). 
However, in the interviews elision is the most 
frequent realization in all three locations, with 
by far the highest percentage in Seville (88.1% 
vs. 52.9% and 55.6%). Thus, according to our 
data, we cannot reject H1. 

Hypothesis 2 

Figure 1 shows the different realizations of 
word-final /d/ before a vowel (e.g. la verdad es 
‘the truth is’). 

 
Figure 1: Number of occurrences of realizations of 
word-final /d/ before vowel. 

While in Madrid the most common 
realization before vowel is [θ] (30/55), it is 
elision in Barcelona (14/27) and Seville 

(23/26). Before pause, however, the most 
common realization is elision in all three 
locations, as shown in Figure 2 (Madrid: 
18/34, Barcelona 17/29, Seville: 12/14). 

 
Figure 2: Number of occurrences of realizations of 
word-final /d/ before pause. 

Before a consonant, we also find elision as 
the most common realization, i.e. 64/103 in 
Madrid, 34/61 in Barcelona and 41/44 in 
Seville (see Figure 3). 

 
Figure 3: Number of occurrences of realizations of 
word-final /d/ before consonant. 

In conclusion, our data shows that elision is 
the most common realization in all contexts 
except before vowel in Madrid, where we find 
the regional standard [θ] as the most frequent 
realization. For that reason, we have to refuse 
H2. 

Hypothesis 3 

According to the word frequency list of the 
Corpus de Referencia del Español Actual 
(CREA), the rankings of the four words are the 
following: Madrid (140th), ciudad (187th), 
verdad (285th) and the far less frequent 
Valladolid (3418th). Indeed, in our data the 
realizations of Valladolid differ to a substantial 
degree from the others. On the one hand, we 
find much lower elision rates (see Table 3). 
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Table 3: Elision rates in the realizations of Madrid, 
Valladolid, ciudad and verdad. 

 
On the other hand, speakers in Barcelona 

and Seville produce [θ] only in Valladolid and 
in none of the other words. Consequently, 
based on our results, we refuse H3. 

Conclusion and Discussion 

Our study shows that in elicited speech, the 
most common realization of word-final /d/ 
corresponds to the respective regional 
standard, while in spontaneous speech the most 
common realization is elision (H1). 
Additionally, our data suggest that elision is 
the most common realization in all contexts 
except for before vowel in Madrid, where we 
find the regional standard [θ] as the most 
frequent realization (H2). Lastly, comparing 
the four words Madrid, Valladolid, ciudad and 
verdad, we found lexical frequency effects, as 
can be seen, for example, in the elision rates 
(H3). 

While at first sight, our results regarding 
word frequency (H3) seem to be fairly 
straightforward, the question arises whether it 
is necessary to include factors such as the 
prestige of the variety spoken in Valladolid. 
This could lead to speakers pronouncing the 
word-final /d/ in Valladolid as [θ], regardless 
of their own regional standard. Thus, a 
desideratum for future research into lexical 
frequency effects could be the inclusion of 
neutral words that are equally infrequent as 
Valladolid. 

Additionally, apart from focusing only on 
frequent single lexical items, it could be worth 
analyzing frequent combinations of lexical 
items, such as the very frequent sequence es 
verdad que ‘it is true that’. We can assume that 
such sequences are used as set lexical units 
with invariant realizations, whereas there is 
more variation among the other cases. 

Finally, it might be beneficial to include 
speaker-dependent variables like age, sex, 
education etc. to gain insights into extra-
linguistic factors. For this, the framework of 
FEC is particularly suitable since these details 
are included in the sociodemographic 

questionnaire which is part of the FEC 
protocol. 
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Abstract 

Wie in großen Teilen des Mitteldeutschen fal-
len im Luxemburgischen post-alveolares /ʃ/ 
und palatales /ç/ zu alveolopalatalem /ɕ/ zu-
sammen. Das Frikativsystem wird hierdurch 
um ein Phonem reduziert. Die spektrale Analy-
se (spectral peak) von fünf Minimalpaaren 
(etwa /fʁæç/ ‚frech‘ vs. Fräsch /fʁæʃ/ 
‚Frosch‘) von 48 SprecherInnen aus drei Ge-
nerationen und zwei Regionen zeigt, dass die-
ser Sprachwandel bereits weit fortgeschritten 
ist. Alle untersuchten Personen unter 53 Jah-
ren artikulierten ausschließlich [ɕ], während 
in der älteren Generation im Zentrum noch 
labialisierte [ʃw] sowie palatale [ç]-Lautungen 
zu finden sind. Die ältere Generation im Süden 
des Landes äußerte hingegen bereits zahlrei-
che alveolopalatale Laute, was als Hinweis auf 
den Ursprung der Neutralisierung im südli-
chen Ballungsraum mit erhöhtem romanischen 
Sprachkontakt interpretiert werden kann. 

Phonetisch-phonologische Kontextuali-
sierung 

Der Zusammenfall des CH- und des SCH-
Phonems zu /ɕ/ wird als Alveolopalatalisierung 
(etwa Hall 2013; früher auch Koronalisierung, 
etwa Herrgen 1986, Gilles 1999) bezeichnet. 
Der Artikulationsort des post-alveolaren Frika-
tivs wird dabei rück-, derjenige des palatalen 
Frikativs vorverlagert. [ʃ] verliert das sekundä-
re Merkmal der Lippenrundung, das dorsale [ç] 
wird koronalisiert. Durch Verlust dieser mar-
kierten Merkmale entsteht ein sprachökono-
misch leicht zu artikulierenden „minimaler 
Konsonant“ (Herrgen 1986: 12-13). Dies wird 
häufig als sprachinterner Grund für den Laut-
wandel angeführt (etwa Herrgen 1986, Gilles 
1999, Hall 2013). 

Areale Distribution 

Der Zusammenfall ist in zahlreichen Dialek-
ten insbesondere des Mitteldeutschen doku-
mentiert (etwa in Speyer, Wittlich, Leipzig; 
Details bei Herrgen 1986 und Hall 2013). Nach 

Hall (2013: 10) sind vier unterschiedliche 
Etappen zu differenzieren.  

In Luxemburg, Leipzig und Speyer ist laut 
Hall die vierte Etappe und somit der Abschluss 
des Lautwandels erreicht, während etwa Köln 
sich (noch?) in der dritten Etappe befindet.  

Alveolopalatalisierung im Luxemburgischen 

Im Luxemburgischen wird der Zusammen-
fall bereits in Texten aus den 30er und 50er 
Jahren des 20. Jahrhunderts erwähnt (Bertrang 
1936, Bruch 1954). Das Luxemburger Wörter-
buch (1950-1977) spricht von einer „Trübung 
und Vermengung“ von /ʃ/ und /ç/ insbesondere 
im Süden und Nord(Osten) des Landes. Gilles 
(1999: 236-242) hat das Phänomen bei drei 
jungen SprecherInnen aus drei verschiedenen 
Dialektgebieten auch spektral nachweisen 
können, während Gilles & Trouvain (2013: 68-
69) allgemein von einem Fortschreiten dieses 
Lautwandels bei einem „increasing number of 
speakers“ sprechen. 

Methodologie 
Vorliegende Untersuchung erforscht den 

Zusammenfall erstmalig aus soziophonetischer 
Perspektive. Jeweils fünf Frikativpaare von 48 
SprecherInnen aus verschiedenen soziodemo-
graphischen Gruppen werden miteinander ver-
glichen, um Verteilung, Entstehung und Fort-
schreiten des Wandels näher zu bestimmen. 

Personen- und Wörtersample 

Tabelle 1 zeigt das Personensample im 
Überblick (Aufnahmen aus dem Jahr 2012). 

Abbildung 1: Die vier Etappen der Alveolopalatali-
sierung in Mitteldeutschland, nach Hall (2013: 10).
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dungshintergrund gefunden. Auch die experi-
mentellen (Vorlesung, Übersetzung) und voka-
lischen (phonologische Umgebung vor dem 
Frikativ) Kontexte spielen keine Rolle.  

Impressionistische Analyse aus dem Norden 
und Osten des Landes zeigen, dass die älteren 
Männer beide Frikative in den meisten Regio-
nen noch unterschiedlich artikulieren. Die Da-
ten der älteren Männer aus dem Süden (Zu-
sammenfall) lassen folglich vermuten, dass der 
Lautwandel dort seinen Ursprung hat. Ende 
des 19. bis in die Mitte des 20. Jahrhunderts 
blühte in diesem durch großes Eisenerzvor-
kommen gekennzeichneten Ballungsraum die 
Eisenindustrie. Ein Großteil der Arbeiter 
stammte aus Italien, Frankreich und Belgien 
und somit aus romanophonen Ländern. Eine 
Entstehung durch Sprachkontakt mit der Ro-
mania, die den palatalen Frikativ nicht kennt, 
kann daher als plausibel gelten, wenn auch ein 
polyzentrischer Ursprung nicht ausgeschlossen 
werden kann (siehe Gilles 1999, Newton 
1993). 
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Abstract 
The aim of this study was to investigate vowel 
centralizations in a highland variety of 
Peruvian Spanish. Vowel weakening processes 
in unstressed syllables, including shortening, 
devoicing, centralization and elision, are a 
scarcely studied feature of only a few varieties 
of  Latin American Spanish. They can be found 
in some highland areas (tierras altas), 
particularly in the central Valley of Mexico 
and the Andes, but they are non-existent in 
coastal, lowland areas (tierras bajas), where 
consonant weakening processes can be found 
(aspiration and elision of /s/ in particular). It 
has been claimed that vowel weakening 
processes are the consequence of language 
contact with indigenous languages spoken in 
these highland areas: Nahuatl in the Valley of 
Mexico and Quechua in the Andean highlands. 
The present study is based on an analysis of 
acoustic data from 50 informants, including L1 
and L2 speakers from the highlands and the 
lowlands of Peru’s southern state of Arequipa. 
Surprisingly, the results show that vowel 
centralizations are not only a feature of the 
highland areas, but are also characteristic of 
the lowlands. These findings are not consistent 
with the assumption that centralization is a 
result of contact with Quechua.  

Introduction 
It is generally assumed that in Spanish 

vowel centralizations, apart from minimal 
acoustic centralizations in unstressed syllables, 
are non-existent, just like other vowel 
weakening processes like shortening, 
devoicing and elision (cf. Delattre 1969, 
Navarro 1968, Quilis/Esgueva 1983). This is 
one of the reasons why in modern 
phonological research Spanish is still 
considered to be a prime example of a syllable-
timed language (cf. Szczepaniak 2009). 
Concrete measurements of F1 and F2 mostly 
confirm this assumption: vowel formant 
frequencies of stressed and unstressed vowels 

scarcely differ from one another in Peninsular 
Spanish as well as in Latin American Spanish 
(for Peninsular Spanish cf. Almeida 1990, 
Martínez Celdrán 1995, Ortega-Llebaria & 
Prieto 2007, for Latin American Spanish cf. 
Vaquero & Guerra de la Fuente 1992, Delforge 
2009).  

These findings are at variance with vowel 
weakening processes that have been observed 
in some highland areas (tierras altas) of Latin 
American Spanish (particularly in the central 
Valley of Mexico and the Andes). Alongside 
well studied devoicing and elision processes 
mainly in unstressed final syllables (e.g. casas 
[ka.sås]/[kas]), there have been – especially 
impressionistic – reports about schwa-like 
realizations of unstressed /a/ (e.g. casas 
[ka.səs]; cf. Boyd-Bowman 1952, Lope Blanch 
1963). However, whereas concrete formant 
measurements corroborate the assumption of 
centralizations in Mexico (cf. Butragueño, 
Poch-Olivé & Harmegnies 2008), the situation 
in Peru seems to be unclear. While Hundleys 
(1983) data confirm centralizations of /a/ to 
[ə], such processes are absent in Delforge's 
(2009) study. As vowel weakening processes 
seem to be only a feature of some highland 
areas where Spanish is in contact with 
indigenous languages (e.g. Nahuatal in Mexico 
and Quechuan languages in Peru), it has been 
claimed that they are the consequence of 
language contact (cf. Canellada & Zamora 
1960, Delforge 2009). From a dialectological 
(and typological) viewpoint, vowel weakening 
in the tierras altas is in contrast with 
widespread consonant weakening in the 
coastal, lowland areas or so-called tierras 
bajas (mainly aspiration and elision of coda /s/, 
e.g. casas [ka.saʰ][ka.sa]). 

The aim of the present study is to return to 
the question of centralization in Peruvian 
Spanish. Is centralization a feature of Peruvian 
Spanish in the highlands? Is there evidence for 
the assumption that centralizations are a result 
of language contact with the Quechuan 
language family in the Andes? 
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Method 

Informants 

For this purpose three different speech 
groups were analysed. Informants in the first 
group are indigenous, monolingual L1 Spanish 
speakers living in a small highland village 
called Yanque in Peru’s southern state of 
Arequipa (see Figure 1). Spanish was acquired 
in a (still ongoing) process of language shift 
from Quechua to Spanish. That is to say, we 
are dealing with a typical situation where we 
can expect interference at the phonetic level 
through imperfect learning of the Spanish 
target language resulting in a stable contact 
variety (cf. Thomason 2001). Two other 
groups served as control groups: one group 
consists of bilingual speakers from the same 
village whose L1 is Quechua, speaking 
Spanish as L2. The other group includes white 
descendants of former Spanish colonial 
immigrants, living in a coastal village called 
Punta de Bombón in the same state of 
Arequipa (see Figure 1). They are also L1 
Spanish speakers but are not considered to 
speak a contact variety since white 
immigration to the area took place after the 
indigenous genocide and settlers lived in 
relative isolation from the indigenous 
population until only recently (cf. de Crignis 
forthcoming).  

 
Figure 1: Field location: Yanque and Punta de 
Bombón in the state of Arequipa, Peru 

Informants from three age groups (15 to 99 
years old) and both sexes1 were included in the 
study. In total, 50 informants were 
interviewed, 30 (15 female, 15 male) are 
residents of Punta de Bombón, 20 (10 female, 
10 male) are residents of Yanque. In Yanque 7 

                                                            
1 As no major differences could be found between 
age groups and sexes, I will not refer to them in 
this study. 

informants are L1 Spanish speakers and 13 are 
L2 Spanish speakers. 

Data 

Acoustic data was recorded during  
fieldwork in 2011 in the course of a larger 
project on vowel weakening in Peruvian 
Spanish (cf. de Crignis forthcoming). A 
picture-naming task was used to elicit 53 
words containing between two and five 
syllables2 (e.g. casa, cereza, calabaza, etc.). 
The recordings were carried out with a Zoom 
H4 mobile audio recorder sampled at 44,1 
kHz. All of the data were transcribed, 
segmented and labelled manually in PRAAT 
(cf. Boersma & Weenink 2017). The first two 
formant frequencies were calculated 
automatically using the EMU Speech Database 
System (cf. Tcl. Core Team 2013). Subsequent 
manual readjustments were made whenever the 
system could not detect the formant 
frequencies correctly. The analysis was carried 
out via interface to the programming language 
R (cf. R Development Core Team 2017), 
measuring the formant frequencies at the 
temporal midpoint of the vowels, where the 
formants normally are least influenced by 
consonantal context (cf. Harrington 2010). 

A total of 6253 vowels were analysed in this 
study including 2074 stressed and 4179 
unstressed vowels. As /i/ and /u/ are extremely 
rare in final unstressed syllables in Spanish 
(e.g. taxi, tribu), results for those vowels are 
only representative for unstressed initial and 
medial syllables. In this study I only refer to 
unstressed /e/, /a/ and /o/. 

Results 
As I could not find any differences in vowel 

quality between the unstressed initial and 
medial syllables in any of the speech groups, I 
decided to summarize them as non-final 
syllables in one plot. Figure 2 shows the vowel 
quality for stressed (in majuscules) and 
unstressed vowels (in minuscules) in non-final 
(on the left) vs. final syllables (on the right) of 
L1 Spanish speakers in the tierras altas.  

 

                                                            
2 Syllable length does not seem to be a major cause 
of the vowel weakening process. It is rather 
associated with consonantal context, in particular 
with the alveolar sibilant /s/ (cf. Delforge 2009).  
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Figure 2: Vowel quality of stressed and unstressed 
vowels in non-final vs. final syllables: L1 Spanish 
speakers in the tierras altas 

In non-final syllables /a/ is only slightly 
centralized, and the upper mid vowels (/e/, /o/) 
become slightly centralized and raised. But in 
final syllables /a/ appears clearly centralized as 
it is located near the formant values of acoustic 
schwa (F1 500 Hz, F2 1500 Hz). /o/ becomes 
more centralized and raised as well (cf. Figure 
2). 

As for the control group from the tierras 
bajas (L1 speakers), the picture is the same: 
whereas in unstressed initial and medial 
syllables /a/, /e/ and /o/ are only slightly 
centralized/raised, in unstressed final syllables 
we can observe a schwa-like pronunciation of 
/a/ and a clearer centralization and rising of /e/ 
and /o/ towards [ɪ] and [ʊ] (cf. Figure 3).  

 
Figure 3: Vowel quality of stressed and unstressed 
vowels in non-final vs. final syllables: L1 Spanish 
speakers in the tierras bajas 

These results are quiet surprising for two 
reasons: firstly, the centralizations in the 
tierras altas are in contradiction to the results 
of Delforge (2009), who could not find any 
centralizations in her data from the tierras 
altas. Secondly, and even more remarkable, is 
the fact that the control group from the tierras 
bajas showed the same centralization 
processes as the group from the tierras altas. 
As there is no evidence that the control group 
from the tierras bajas speaks a contact variety, 
the assumption of a contact-induced change 
seems to be inappropriate.   

Interestingly, the results of the L2 control 
group differ in several aspects from those of 
the L1 speakers, as we can see from Figure 4: 

 
Figure 4: Vowel quality of stressed and unstressed 
vowels in non-final vs. final syllables: L2 Spanish 
speakers in the tierras altas 

The L2 Spanish speakers have a more 
compact vowel space than the L1 Spanish 
speakers of both groups. This may be due to 
the fact that Quechua has a smaller, triangular 
system of vowel quality contrasts consisting of 
/i/, /a/ and /u/ only, whereas Spanish has a five 
vowel system (/i/, /e/, /a/, /o/, /u/). Other 
languages with triangular vowel systems, like 
some indigenous Australian languages, show 
smaller vowel spaces as well. It is assumed 
that such languages need less space to keep the 
distinctiveness of the vowels (cf. Butcher 
1994). It has also been observed that the 
restricted vowel space is transferred into 
English by L2 speakers of indigenous 
Australian languages (cf. Butcher & Anderson 
2008).  

What is more, in unstressed final position /a/ 
becomes centralized, while /e/ and /o/ appear 
more raised in the direction of [i] and [u]. This 
well-known phenomenon is widely described 
as inestabilidad vocálica in the literature and 
usually explained by the fact that /e/ and /o/ are 
not part of the phoneme inventory of Quechua 
(cf. O’Rourke 2010). It is very striking to 
observe that this phenomenon appears only in 
final syllables: in non-final syllables there is 
hardly any difference between stressed and 
unstressed /e/, and unstressed /o/ and /a/ seem 
to be even hypercorrectly strengthened (cf. 
Figure 4). As L2 speakers are able to articulate 
/e/ and /o/ in non-final syllables, interference 
from Quechua cannot be the appropriate 
explanation for vowel raising in final syllables. 
It seems more plausible that L2 speakers 
perceive the centralized and raised vowels [ɪ] 
and [ʊ] of the L1 speakers as [i] and [u] 
(“parsing error by the listener”; Ohala 1993: 
263).  

a

e

i

o

u

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

B.L1: nicht final

F2 (Hz)

F1
 (H

z) a

o
e

i

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

B.L1: final

F2 (Hz)

F1
 (H

z)

A

E
O

I
U

A

E
O

I
U

non-final: tierras altas, L1 final: tierras altas, L1 

a

e

i

o

u

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

K.L1: nicht final

F2 (Hz)

F1
 (H

z)

a

oe

i

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

K.L1: final

F2 (Hz)

F1
 (H

z)

OE

A

I

U

OE

A

I

U

non-final: tierras bajas, L1 final: tierras bajas, L1 

a

e

i

o

u

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

B.L2: nicht final

F2 (Hz)

F1
 (H

z)

a

i
o

e

3000 2500 2000 1500 1000 500

80
0

70
0

60
0

50
0

40
0

30
0

20
0

B.L2: final

F2 (Hz)

F1
 (H

z)

O

A

E

I

O

A

E

I

non-final: tierras altas, L2 final: tierras altas, L2 

Proceedings P&P13

35



 

Conclusions 
In this study we have seen that vowel 

centralization, and particularly centralization 
of /a/ to [ə], is not only a feature of the 
Peruvian highland areas (tierras altas) but 
surprisingly can also be found in coastal areas 
(tierras bajas). As there are no indications that 
a contact variety has developed in the coastal 
areas, the hypothesis of a contact-induced 
change becomes quite implausible. 
Furthermore, the results from L2 Spanish 
speakers point in another direction. In the case 
of /e/ and /o/, it seems that L2 speakers 
reanalyse the slightly centralized and raised 
realizations of the L1 speakers ([ɪ] and [ʊ]) as 
[i] and [u], producing raised variants. These 
findings conflict with previous studies 
assuming that vowel weakening and vowel 
raising processes in Latin American highland 
Spanish are best explained in terms of 
language contact with Quechua. Further 
research should focus on the examination of 
centralization processes in indigenous contact 
languages as well.  
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Abstract 

This study investigates the timing of speaker 
changes and the occurrence of overlapping 
speech in task-oriented dialogue in Roman 
Italian. Italian is said to tolerate a high degree 
of overlap in conversation (see Agliati et al. 
2005), but a study by Stivers et al. (2009) on 
polar questions failed to find evidence of this 
claim. The present study extends the analysis 
of speaker change intervals in Italian questions 
to all types of turn transitions and also 
considers cases of overlap which do not 
involve a change in speaker. Findings show 
that overlap is most frequent where there is a 
change in speaker. In this context, overlap is 
shown to occur less frequently in Roman 
Italian than in other languages, thus 
confirming and extending the findings of 
Stivers et al. (2009). 

Introduction 

Much work in the field of Conversation 
Analysis (CA) has focused on the intricacies of 
turn-taking, that is, how speakers manage 
taking and yielding the floor in conversation 
(see Sacks et al. 1974). More recently, 
phoneticians have become interested in 
measuring the precise timing of turn transitions 
(e.g. Heldner & Edlund 2010). In this paper, 
we investigate the timing of speaker changes in 
Roman Italian dialogue and characterize the 
occurrence of overlapping speech, both in the 
context of speaker changes and where overlap 
occurs independently of a change in speaker. 

Previous studies in CA note two tendencies 
in the organization of conversation which are 
particularly relevant for the present study. 
First, one speaker tends to speak at a time, that 
is, there is a tendency to avoid overlapping 
speech (see Sacks et al. 1974 and Schegloff 
2000).  Second, where there is a change in 
speaker, speakers tend to minimize both gap 
(where both speakers are silent) and overlap 
(where both speakers are speaking) between 
them, with the target being no-gap-no-overlap 
(see Sacks et al. 1974). 

There is some disagreement as to whether or 
not these tendencies apply uniformly across 
languages. Specifically with reference to 
Italian, there are conflicting findings regarding 
the frequency and acceptability of overlapping 
speech. Agliati et al. (2005) found that overlap 
was more frequent in Italian than Icelandic 
conversation, in particular in the context of 
turn transitions. However, a study by Stivers et 
al. (2009) on response times to polar questions 
across ten languages, including Italian, found 
no support for this claim. In contrast, Italian 
displayed slightly longer than average 
response times, and presented a proportion of 
responses produced in overlap (17%) which 
was comparable to the other languages in the 
study (see also Heldner 2011).  

With regard to the second key CA principle, 
the prevalency of no-gap-no-overlap, Stivers et 
al. (2009) present evidence that turn-taking is 
universally organized in such a way as to 
minimize gap and overlap in speaker changes. 
The distribution of response times pooled 
across the ten languages in the study was found 
to peak at 0 ms, with language-specific modes 
ranging from 0 to 200 ms, suggesting that no-
gap-no-overlap is in fact a viable target in 
speaker changes (just as proposed by Sacks et 
al. 1974). 

Heldner & Edlund (2010) and Heldner 
(2011) disagree. They argue that the very fact 
that response times are distributed renders the 
idea of a universal tendency toward no-gap-no-
overlap untenable. Furthermore, when speaker 
changes are subdivided into the three 
categories gap, overlap, and no-gap-no-
overlap, Heldner & Edlund (2010) and 
Heldner (2011) show that no-gap-no-overlap is 
much less frequent than the other two 
categories, despite the fact that these explicitly 
violate the two key CA principles of one-
speaker-at-a-time and no-gap-no-overlap. This 
observation holds across a number of 
languages, and for both strictly defined 
acoustic categories and perceived speaker 
change categories (see Table 1). 

In Heldner (2011), no-gap-no-overlap is 
redefined as a non-detectable period of gap or 
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overlap between speakers (i.e., one that is 
under the detection threshold for gap and 
overlap, determined to be 120 ms), rather than 
as an acoustic silence of 0 ms. Gap, then, 
becomes a detectable gap (lasting longer than 
120 ms), and overlap a detectable period of 
overlap (again, lasting longer than 120 ms). 
Using this categorization, Heldner (2011) 
shows that gap is the most frequently 
occurring interval in speaker changes, followed 
by overlap, for Scottish English, Dutch, and 
Swedish, as well as for nine of the ten 
languages in Stivers et al. (2009), including 
Italian. 
Table 1. Perceived speaker change categories from 
Heldner (2011).   

Perceived category Acoustic definition 

Gap silence > 120 ms 
Overlap overlap > 120 ms 
No-gap-no-overlap overlap or silence < 120 ms 

 
Both in the analysis by Stivers et al. (2009), 

and in the subsequent reanalysis of the same 
data by Heldner (2011), there is little evidence 
in support of an increased occurrence of 
overlap in Italian compared to other languages 
(contra Agliati et al. 2005). However, these 
results are based only on overlap occurring in 
the context of speaker change, and more 
specifically, on a single subtype of speaker 
change, namely polar questions. Although 
Stivers et al. (2009) confirmed that question 
responses did not differ from turn transitions 
involving non-questions in Dutch, this was not 
checked for the other languages in the study, 
including Italian. Questions may or may not be 
representative of turn transitions on the whole 
in Italian. Additionally, it is possible that 
overlap occurs more frequently without a 
change in speaker – this was not considered in 
Stivers et al. (2009). 

Furthermore, the total number of questions 
previous analyses are based on is rather small. 
For Italian, only 181 questions went into the 
analyses (see Table S4 in Stivers et al. 2009). 
In contrast, Heldner & Edlund (2010) included 
minimally 2060 (for Swedish) and maximally 
43,374 turn transitions (for Dutch) in their 
study of speaker change categories in these 
languages. 

In the present study, we seek to expand the 
quantitative analyses on turn-taking in Italian 
by Stivers et al. (2009) and Heldner (2011) to a 
larger corpus of speech. Specifically, we 

examine overlapping speech and the timing of 
turn transitions in Roman Italian task-oriented 
dialogue. We consider both overlap with and 
without a change in speaker and include turn 
transitions of all types in the analysis, with the 
goal of obtaining a more complete picture of 
overlapping speech in Italian. 

Methods 

In order to analyze overlapping speech in a 
number of different contexts and to obtain 
various types of turn transitions for analysis, 
we utilized four Roman Italian Map Task 
dialogues from the CLIPS corpus. The 
dialogues contain a total of 70.5 minutes of 
speech from eight native speakers of Roman 
Italian (4 male, 4 female, in pairs). For two of 
the dialogues, speakers were matched for 
gender (F-F, M-M), while the other two 
dialogues featured mixed-gender (M-F) pairs. 
There was no visual contact between speakers; 
communication was limited to the verbal 
channel only. 

Annotation of the dialogues was carried out 
in Praat (Boersma & Weenink 2011) and 
automated using Praat scripts written by the 
author. For all dialogues, we annotated turns, 
turn transitions, between-speaker intervals, and 
type of overlap.  

Turns were annotated using automatic 
silence detection in Praat. For the purpose of 
this study, turns were defined as interpausal 
units, or IPUs (see Koiso et al. 1998), i.e., 
stretches of a single speaker’s speech bounded 
by silence longer than 180 ms (following 
Heldner & Edlund 2010). The threshold of 180 
ms of silence as delimiting a turn was adopted 
in order to maintain comparability with 
Heldner & Edlund (2010) and Heldner (2011) 
and to avoid that closures for voiceless 
geminate stops were mistakenly taken to signal 
a turn boundary.  

Turn transitions were then marked for each 
turn. Following Caspers (2003), a turn which 
follows a turn from the same speaker is marked 
as a hold, while a turn from a different speaker 
is marked as a change. 

Between-speaker intervals represent “joint 
states” of speakers in conversation (see 
Heldner & Edlund 2010). We included three 
between-speaker intervals in our annotation: 
gap, where both speakers are silent, overlap, 
where both speakers are speaking, and single 
speaker speech, where one speaker is speaking 
while the other speaker is silent.  

Proceedings P&P13

38





are both lower than the mean, at 176.7 ms and 
144.2 ms, respectively, which are again very 
similar to the values in Stivers (2009): 200 ms 
(median) and 100 ms (mode) 1. 

 

 
Figure 3. Histogram (bin size = 100 ms) showing 
the distribution of between-speaker intervals in 
speaker changes in the four Map Tasks. Positive 
intervals (white) represent gaps; negative intervals 
(gray) represent overlaps. 

Classifying the speaker change intervals 
according to the perceived speaker change 
categories gap, overlap, and no-gap-no-
overlap, we see that gaps are by far the most 
frequently occurring speaker change category 
in Roman Italian (see Table 3). Overlaps and 
no-gap-no-overlaps occur at comparable rates, 
each in close to 20% of speaker changes. 
Compared to Swedish, Dutch, and Scottish 
English (see Heldner 2011 and Table 3), 
Roman Italian shows a higher relative 
frequency of both gaps and no-gap-no-
overlaps, but a lower relative frequency of 
overlaps. 
Table 3. Relative frequency of perceived speaker 
change categories for Roman Italian compared to 
three other languages (from Heldner 2011). 

Language Gaps Overlaps No-gap-no-
overlaps 

Roman Italian 56.4 % 22.5 % 21.2 % 

Swedish 51.4 % 32.8 % 15.8 % 
Dutch 49.2 % 33.8 % 17.0 % 

Scottish English 49.5 % 34.1 % 16.4 % 

Conclusion 

The present study has shown that, also in 
Roman Italian, there is a strong tendency for 
one speaker to speak at a time (see Sacks et al. 

																																																													
1	Note that response times in Stivers et al. (2009) 
were rounded to 100 ms.	

1974). Overlapping speech, where present, 
occurs primarily in the context of speaker 
change. Here, however, gaps are much more 
common than overlaps, and the frequency of 
overlap is less than that for other languages. 
This finding is in line with the results of 
Stivers et al. (2009) for Italian polar questions. 

The most frequently occurring between-
speaker interval in speaker changes in Roman 
Italian is a slight, just noticeable gap of 144 
ms. This suggests that, although no-gap-no-
overlap may not be, strictly speaking, the 
target for speaker changes, there is a clear 
tendency for Roman Italian speakers to 
minimize gap and overlap in turn transitions. 
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Abstract 
We address the Voice Onset Time (VOT) of 
voiceless stops, produced by multilingual ado-
lescents who speak Russian or Turkish as a 
heritage language (HL) along with German 
and either learn English and French as foreign 
languages (FL) or take English and Russian 
classes at school. Control data produced by 
monolingually raised German learners are 
taken into account. Our analyses yielded the 
following results: (1) Both groups of bilinguals 
produce lower VOTs in German than monolin-
guals do. (2) In English, all learners produce 
VOTs roughly within the target range. (3) In 
French, the bilinguals perform more target-
like than the monolinguals. (4) In Russian, the 
bilinguals who attend Russian classes get clos-
er to the L1 Russian target values than those 
who do not receive formal instruction in their 
HL; the German monolingual learners clearly 
show (negative) L1 transfer. By and large, our 
results show cross-linguistic influence (CLI) in 
the sense of both positive and negative transfer 
from the HLs, which may constitute a multilin-
gual advantage depending on the characteris-
tics of the interacting languages. 

Introduction 
While recent studies in L3 phonology focus 

on consecutive FL learning (Llama et al. 2010; 
Wrembel 2014), still little is known about the 
acquisition of L3 phonology in learners who 
acquired more than one language in early 
childhood. This particularly holds for the 
learning of FLs in migrant children who speak 
a HL (Valdés 2000) in addition to their domi-
nant language, which is also the surrounding 
language and the language of instruction at 
school (cf. Gabriel et al. 2016 for an over-
view). Research is even sparser when consider-
ing the acquisition of VOT patterns in a FL. To 
our knowledge, only few studies have investi-
gated this property of consonant production by 
multilingual learners; cf. Tessmann Bandeira 
& Zimmer (2012) for bilingual learners of 

English who speak Pomeranian, a variety of 
Low German, along with Brazilian Portuguese, 
and Gabriel et al. (2016) for German-Chinese 
learners of FL French. The present paper aims 
to fill this research gap by investigating the 
VOT patterns of voiceless stops in three FLs: 
English, French, and Russian. Our subjects are 
young multilingual learners who speak either 
Russian or Turkish as their HL along with 
German. To determine the effects of the learn-
ers’ plurilingual background, the materials 
produced by the two experimental groups are 
compared with data from a monolingually 
raised German control group. All of the learn-
ers’ languages, i.e. German, their HL, and the 
FLs they learn, are taken into account. 

The paper is structured as follows: In Sec-
tion 2, we provide general information on the 
VOT patterns of the languages of our sample. 
Section 3 introduces the participants and the 
methodology, presents the results of our study 
and discusses them. Section 4, finally, offers 
some concluding remarks. 

Voice Onset Time 
VOT, which is considered the most salient 

feature that differentiates the language-specific 
realizations of plosives, refers to the time that 
elapses between the release of the stop and the 
voicing onset (Lisker & Abramson 1964: 389, 
Cho & Ladefoged 1999). Three types of VOT 
are commonly distinguished: (a) voicing lead 
or pre-voicing (voicing onset (VO) before the 
release), (b) short lag (VO with or shortly after 
the release), and (c) long lag (VO late after the 
release). Most languages show a two-way pho-
nological (fortis-lenis) contrast which is cross-
linguistically associated with different VOT 
types (cf. Table 1). 

In English and German, the voiced stops 
/b d ɡ/ are produced with a short lag (b), while 
their voiceless counterparts /p t k/ display a 
long lag (c). In contrast to the latter, the former 
are commonly produced without aspiration, 
which does not occur in consonant clusters and 
is strongest before stressed vowels (for Ger-
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man cf. Wiese 1996: 270, for English Lisker & 
Abramson 1964: 394f). The VOT values for 
English reported in the literature range from 62 
to 75 ms for /p/, from 70 to 85 ms for /t/, and 
from 79 to 90 ms for /k/ (Caramazza et al. 
1973, Neary & Rochet 1994, Llama et al. 
2017). For German /k/, where VOT is highest, 
older research has reported VOT durations of 
37–67 ms (Stock 1971, Fischer-Jørgensen 
1978), but these values might have been influ-
enced by dialectal variation and methodology, 
e. g. the non-consideration of the distinction 
between unstressed vs. stressed syllables (cf. 
Lein et al. 2016 for discussion); recent studies 
such as Van de Weijer & Kupisch (2015) de-
tected higher VOTs, so that it can be assumed 
that English and German largely pattern alike. 
Table 1. VOT characteristics in five languages. 

 (a) pre-voicing (b) short lag (c) long lag 

French, 
Russian 

[b d ɡ] 
<b d g>,  
<б д г> 
voiced 

[p t k] 
<p t k>,  
<п т к> 

voiceless 

 

Turkish 
[b d ɡ] 
<b d g> 
voiced 

 [p t k] 
<p t k> 

voiceless 

 

German, 
English 

 [b̥ d̥ ɡ̊] 
<b d g> 
voiced 

[ph th kh] 
<p t k> 

voiceless,  
aspirated 

 
French /b d ɡ/ are characterized by a voic-

ing lead with negative VOTs (a), while /p t k/ 
show a short voicing lag (b). Lein et al. (2016), 
who summarize the outcomes of ten previous 
studies, report a range of 14–32 ms for /p/, 18–
35 ms for /t/, and 32–49 ms for /k/, which sug-
gests that the VOT values for French voiceless 
stops are substantially lower than those report-
ed for English and German. For Russian, two 
recent studies, Ringen & Kulikov (2012) and 
Dittmers (2017), report comparable VOT val-
ues, i.e. 18 ms for /p/ and ranges of 20–22 ms 
for /t/ and of 34–38 ms for /k/. Turkish, final-
ly, patterns with French and Russian regarding 
the pre-voiced production of /b d ɡ/, but differs 
from these languages in presenting greater 
VOT values for the voiceless stops (/p/: 41 ms, 
/t/: 50 ms, /k/: 69 ms, Öğüt et al. 2006). Table 
1 provides a schematic representation of the 
VOT characteristics of the five languages. 

Empirical study 
Based on the VOT patterns outlined so far 

and given that FL and HL data provide a fruit-
ful testing ground for the analysis of CLI, we 
aimed to test four hypotheses. H1: In German, 

Russian-German and Turkish-German bilin-
guals produce shorter VOTs than German 
monolinguals do. H2: Russian-German and 
Turkish-German learners of English as a FL 
produce /p t k/ in a less target-like way than 
monolingual German learners do. H3: Rus-
sian-German and Turkish-German learners of 
French as a FL produce /p t k/ in a more tar-
get-like way than monolingual German learn-
ers do. H4: Monolingual German learners of 
Russian produce /p t k/ in a less target-like 
way than Russian-German bilinguals do. 

We collected our data using a picture nam-
ing task and recorded items with the stop in the 
onset of the stressed initial syllable followed 
by /a i u/ (9–10 items/language; for Russian 
only 7, the sequence stop+/i/ being excluded 
because of palatalization). 49 subjects (ages: 
15–17) took part in the experiment; all partici-
pants were tested in all of their languages. The 
data collection was carried out in different 
German federal states (Jun–Nov 2016). Table 
2 provides an overview of the participants. 
Table 2. Number of participants for each group. 

 English (first FL) 
French (second FL) 

English (first FL) 
Russian (second FL) 

monolingual 
German 

10 (recorded in Ger-
man, English and 
French) 

9 (recorded in Ger-
man, English and 
Russian) 

bilingual 
Russian/German 

10 (recorded in Ger-
man, Russian, English 
and French) 

10 (recorded in Ger-
man, Russian and 
English) 

bilingual 
Turkish/German

10 (recorded in Ger-
man, Turkish, English 
and French) 

no data1 

 
VOT was measured using Praat (Boersma & 

Weenink 1992–2017). Based on the observa-
tion that Russian-German bilinguals who re-
ceive formal instruction in their HL behave 
differently from those who do not take Russian 
classes at school, we divided this group in 
subgroups A (‘Russian-German’) and B (‘Rus-
sian-German+Russian’), i.e. participants with-
out vs with formal instruction in their HL. Our 
results are summarized in Table 3. Note that 
the participants from group B do not take 
French classes due to specific constraints of 
the German school system (obligatory choice 
of either French or Russian as a second FL). 

As becomes clear from the results given in 
Table 3, Russian-German and Turkish-German 
bilinguals produce longer VOTs in their HLs 
than monolingual Russian and monolingual 
Turkish speakers do, presumably under the 

                                                            
1 Due to lack of potential participants, Turkish-German 
bilinguals learning Russian as a FL were not included. 
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influence of German (transfer from the sur-
rounding language). In turn, transfer from the 
HLs shows up in their production of German 
VOT values, which are lower than those pro-
duced by monolingual German speakers. This 
largely confirms H1. 
Table 3. VOT values: Median (Me) and mean inter-
quartile ranges (QD; in brackets); L1 reference 
values (arithmetic means (Am)) from the literature. 
 German
 /p/  /t/ /k/ 
German (monolingual) 70 (15) 79 (16) 94 (13)
Russian/German (A) 56 (11) 81 (11) 90 (13)
Russian/German+Russian (B) 51 (12) 70 (11) 73 (6) 
Turkish/German 51 (8) 69 (9) 76 (10)
 English as a FL
 /p/  /t/ /k/ 
German (monolingual)  69 (15) 88 (16) 91 (17)
Russian/German (A)  64 (27) 90 (18) 100 

(15) 
Russian/German+Russian (B)  46 (19) 71 (14) 84 (16)
Turkish/German  52 (16) 77 (18) 75 (13)
L1 reference value  Am (interval) 62–75 70–85 79–90 
 French as a FL
 /p/  /t/ /k/ 
German (monolingual)  96 (19) 80 (15) 84 (11)
Russian/German (A)  71 (14) 72 (14) 86 (21)
Turkish/German  70 (17) 64 (15) 78 (15)
L1 reference value  Am (interval) 14–32 18–35 32–49 
 Russian as a FL/HL
 /p/  /t/ /k/ 
German (monolingual)  67 (17) 85 (14) 80 (22)
Russian/German (A)  47 (18) 51 (12) 63 (19)
Russian/German+Russian (B)  34 (14) 25 (8) 45 (13)
L1/monoling. reference value  Am 18 20 38 
 Turkish as a HL
 /p/  /t/ /k/ 
Turkish/German  71 (11) 74 (14) 87 (17)
monoling. reference value  Am 41 50 69 

 
The following figures depict the boxplots 

for the VOT values of /p/ in the different FLs. 
Regarding English, Turkish-German and Rus-
sian-German learners from group B show low-
er VOTs than monolingual German learners 
and Russian-German learners from group A 
(Fig. 1). The difference between the groups is 
highly significant (p=0,001); results for /t/ and 
/k/ show similar tendencies (p/t/=0,016, 
p/k/=0,000). H2 is thus confirmed. It has to be 
pointed out, however, that all learner groups 
produce values near or around the target range 
(62–75 ms). For French, Fig. 2 shows that all 
participants overshoot the target range of 14–
32 ms, but both bilingual learner groups show 
values closer to it. The difference between the 
groups is highly significant for /p/ and /t/ 
(p/p/=0,001; p/t/=0,007); the results for /k/, 
however, show no significant differences (p/k/= 
0,807). H3 is thus partially confirmed. For 
Russian, finally, Fig. 3 shows that the Rus-
sian-German bilinguals from group B perform 
more target-like than those from group A, 

while monolingual German learners clearly 
overshoot the target. The difference between 
the groups is highly significant (p/p/=0,000); 
the same holds true for /t/ and /k/ (p/t/=0,000, 
p/k/=0,000). H4 is thus confirmed. Further-
more, a considerable difference between the 
two Russian-German bilingual groups was 
noticed. 

 

Fig. 1. VOT values in ms for /p/ in English as a FL. 

 

Fig. 2. VOT values in ms for /p/ in French as a FL. 

 

Fig. 3. VOT values in ms for /p/ in FL/HL Russian. 
 

According to Flege’s (1995) Speech Learn-
ing Model, the cross-linguistically different 
surface realizations of the fortis-lenis contrast 
qualify as ‘similar sounds’, which constitute a 
source of negative transfer and thus a chal-
lenge for learners. In addition, its gradual na-
ture favors convergence of phonological cate-
gories across languages in HL speakers. This 
shows up in the production of the voiceless 
stops in both German and Russian/Turkish by 
the HL speakers from our sample. 

Turning to FL learning, the slightly lower 
VOT values produced by the Russian-German 
learners (group B) and the Turkish-German 
learners in English evidence negative transfer 
from the respective HLs. Regarding French, 
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the positive effect of transfer from Russian and 
Turkish in the bilingual learner groups is 
smaller than expected, possibly due to influ-
ence from German in both groups (cf. Table 3). 
However, their VOTs are still closer to the 
target range than those of the monolingual 
German learners. As for Russian (as a HL and 
FL), our results show a clear advantage for the 
Russian-German bilinguals from group B, 
whose VOT values are closer to the L1 Rus-
sian reference values than those produced by 
the Russian-German bilinguals from group A 
and the German monolinguals. 

Concluding remarks 

We have shown that instances of both posi-
tive and negative transfer from the HLs occur 
in learner data, depending on the VOT patterns 
of the interacting languages. Furthermore, the 
more target-like VOT values produced by the 
Russian-German bilinguals (group B) suggest 
a positive effect of formal instruction. Howev-
er, further generalizations of our results must 
be treated with due caution given the high in-
terspeaker variability we observed in the data. 
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Abstract 
In Zande, a Niger-Congo language, there is a 
phonological process of vowel harmony that 
resembles to the process of vowel harmony 
found in many languages of West Africa. In 
these languages this phonological process is 
controlled by the feature Advanced Tongue 
Root (±ATR). The present study examines, 
whether the feature Advanced Tongue Root 
controls vowel harmony in Zande as well. One 
native speaker of Zande was examined using 
UTI (ultrasound tongue imaging) while he 
produced the vowels of Zande in isolation. The 
tongue contours were compared pairwise to 
detect areas of significant deviation using 
functional t-tests. The results show that the 
tongue contours deviate regularly in the area 
of the tongue dorsum and only occasionally in 
the area of the tongue root. This might be 
interpreted in a way that vowel harmony in 
Zande is not controlled by the feature ATR but 
by the feature Tongue Height.  

Introduction 
The phonetic manifestations of phonological 

features are still poorly investigated in many 
languages outside of Europe. The phonological 
feature Advanced Tongue Root (±ATR) is a 
common feature in the vowel systems of many 
languages in West Africa. In these languages 
vowels may occur pairwise with +ATR 
and -ATR contrast (Ladefoged & Maddieson 
1996). Based on its definition, ±ATR reflects a 
forward versus backward movement of the 
tongue root. However, the actual articulatory 
realization of this feature, be it a difference in 
the position of the tongue root, a difference in 
tongue body height or a combination of both, 
is disputed and may vary from language to 
language (Dalton 2011, Hudu 2014).  

In the present investigation we focus on the 
vowel system of the African language Zande 
(classification: Niger-Congo, Atlantic-Congo, 

Volta-Congo, North, Adamawa-Ubangi, 
Ubangi, Zande) spoken in the tri-border area 
Central African Republic, the Democratic 
Republic of Congo and South Sudan. 

Phonological analyses of Zande led to 
different solutions regarding its vowel system, 
claiming that either eight or ten non-nasal 
vowel phonemes exist in it (Tucker & Hackett 
1959, Kumbatulu 1982, Boyd 1997). These 
analyses are mainly influenced by 
morphonological reasoning, because Zande 
exhibits a rather complex vowel harmony, 
stretching over the whole word or even a 
whole utterance. Rather undisputed is the fact, 
that on the phonetic level there are five pairs of 
vowels which commute under the vowel 
harmony resulting in ten phonetically 
distinguishable vowels, even from proponents 
of the eight vowel solution (Tucker & Hackett 
1959, p. 39). 

 

Figure 1. Due to vowel harmony, either only vowels 
from class 1 (blue; assumed +ATR) or vowels from 
class 2 (red; assumed -ATR) are found in a word or 
an utterance. 

If arranged in a vowel triangle the phonetic 
vowel inventory of Zande would look like Fig. 
1, where there is a clearly visible height 
difference between class 1 (closed: blue) and 
class 2 (open: red) vowels. On the other hand 
descriptions of the vowel quality of the class 1 
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vowels as being “cavernous” as compared to 
the class 2 vowels being “hard” (Tucker & 
Hackett 1959) may also lead to the impression 
that the distinguishing (phonological) feature 
could be ±ATR (and not tongue height), as it is 
in many West African languages. So the aim of 
this investigation is to shed some light on the 
phonetic realization of this distinctive vowel 
feature of Zande, i.e. whether class 1 vowels 
are produced with advanced tongue root 
(+ATR) and class 2 vowels are produced with 
retracted tongue root (-ATR). 

Methods 
For the investigation of the articulatory 

manifestation of the assumed ±ATR feature in 
Zande we used ultrasound tongue imaging 
(UTI). UTI is a noninvasive method which 
offers the possibility to observe the midsagittal 
tongue contour shape and position as a whole. 
It might be argued, that due to the shadow of 
the hyoid bone, the critical region of the 
tongue root is not completely visible in 
ultrasound images, but e.g. Hudu (2014) could 
observe a clear ±ATR tongue root distinction 
in all of his 5 speakers of Dagbani (a language 
of Ghana) in his UTI investigation. 

We recorded the tongue shape of one male 
native speaker of Zande in 10 vowels with 3 
tones uttered 6 times in isolation, that is, we 
recorded 18 tokens for every vowel and 180 
tokens altogether. 

We used a 'Micro' ultrasound system 
(Articulate Instruments Ltd.) which allows for 
fixing the transducer beneath the jaw of the 
speaker with an ultrasound stabilization 
headset. This headset fixes the transducer, so 
that its distance to the rear pharyngeal wall and 
the hard palate remains constant during one 
complete recording session. Despite the fixed 
position of the transducer, opening of the jaw 
is still possible and it will push the transducer 
slightly inside tissues of the chin. We used a 2-
4 MHz / 64 element 20 mm radius convex 
ultrasound transducer with 92° field of view at 
82 fps. The midsagittal tongue contours were 
traced manually in the center of each vowel - 
as deduced from the simultaneously recorded 
audio signal - using APIL’s web app for 
tongue tracing in UTI images 
(http://apil.parsertongue.com/). 

For the inferential statistical analysis of the 
tongue contours we used Functional Data 
Analysis (FDA) (see e.g. Ramsey et al. 2009). 
Instead of comparing the position of specific 

points on the tongue contour (e.g. “the highest 
point in the midsagittal arc” or “the lowest 
angle at which the tongue root was visible for 
all tokens of a vowel pair” (Hudu 2014, p.42)) 
FDA allows to evaluate the tongue shape as a 
whole, and to determine the areas where the 
tongue contour pairs differ.  

To be comparable in the framework of FDA 
the continuous tongue contours have to be 
“digitized”, i.e. evaluated at certain points 
resulting in a vector pair of x- and y-
coordinates. For this digitalisation a polar 
beam grid was applied. The origin of the beam 
grid, which was the same for all of the vowels, 
was placed inside the tongue and the angular 
distance between two beams was set to 4 
degrees (Fig. 2). 

 
Figure 2. Tongue contours of /e/ (blue) and /ɛ/ 
(red), with polar beam grid. 

The evaluation of the contours was 
restricted to an angular arc, where there was a 
value for every token of the vowel pair in 
question (Fig. 3).  

 
Figure 3. Digitized tongue contours of /e/ (blue dots 
on the beams) and /ɛ/ (red dots on the beams). 

The visible area of the tongue contours 
differs from vowel pair to vowel pair, since the 
tongue tip is protruded e.g. in the case of the 
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a/ʌ-vowel pair, or the hyoid bone is high as 
e.g. in the u/ʊ-vowel pair (see Fig. 7).  

Using this angular beam arrangement, the 
tongue contours were “digitized” (Fig. 3). In 
this way average tongue contours of the 
vowels can be calculated by averaging the 
distance from the origin for every angle of the 
coordinate system (Fig. 4) and expressed in 
“distance form origin” (y-axis) as a function of 
angle (x-axis), i.e. in polar coordinates (Fig. 5). 

 
Figure 4. Averaged tongue contours of the vowels 
/e/ (blue) and /ɛ/ (red). 

 
Figure 5. Transformation of the averaged tongue 
contours of the vowels /e/ and /ɛ/ into polar 
coordinates (x-axis = angle; y-axis = distance from 
origin). 

Each vowel pair was compared statistically 
using the functional t-test as described in 
Ramsey et al. 2009. The test statistic of this 
test is the maximum value of the multivariate t-
test at each point. The critical value for this test 
statistic is generated by a permutation test.   

For the analysis we used the FDA-package 
for R, where this test is implemented (Ramsey 
et al. 2017). The plot in Fig. 6 is automatically 
produced by the functional t-test routine of the 
FDA package. We chose the preset value of 
p=0.05 as critical value (Fig. 6). All regions of 

the contour pairs were judged to be 
significantly different, where the observed 
statistic curve is above the maximum 0.05 
critical value line. 

Figure 6. Result of the functional t-test for the 
opposition /e/ versus /ɛ/ based on 18 tongue 
contours each. We take the zones of the tongue 
contours to be significantly different, for which the 
observed statistic is above the maximum 0.05 
critical value, i.e. the zones from -50° to -29° 
(“tongue root”) and from -5° to +22° (“tongue 
tip”). 

Results 
We compared the members of each of the 

five vowel pairs with FDA (Fig. 7). 

 

Figure 7. Areas of significant (p<0.05) differences 
(green zones) between the tongue contours of the 
vowel pairs. 

For all pairs there was a significant 
difference in the frontal and/or medial region 
of the tongue contours, i.e. in the region of the 
tongue tip and the tongue dorsum respectively 
(Fig. 7). In all of these regions the class 1 
(blue), i.e. the assumed +ATR vowels showed 
higher position of the contour as opposed to 
their class 2 (red), i.e. the assumed -ATR 
counterparts (Fig. 7). However the pharyngeal 
region of the contour (i.e. the tongue root) was 
only found to be significantly different in the 
case of the front mid-open pair /e/ versus /ɛ/. 
As expected, in this case, the class 1 (blue) 
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variant /e/ exhibited an advanced tongue root 
as opposed to its class 2 counterpart /ɛ/ (see 
Fig. 5). 

Discussion 
In the present study we addressed the 

question, whether the feature ±ATR controls 
vowel harmony in Zande by the use of UTI. 
According to our results, in all but one cases 
the main difference between the corresponding 
tongue shapes in the claimed ±ATR pairs was 
found in the frontal-medial region of the 
tongue, implying that the vowels of Zande are 
not regularly distinguished by the ±ATR 
feature, but tongue body elevation. The only 
exception found was the front mid-open pair 
/e/ and /ɛ/, as these vowels showed an 
additional difference of the contours in the 
pharyngeal/tongue root region beyond the 
elevation of the tongue body. 

In the analysis of tongue positions, the UTI 
technique has a severe disadvantage compared 
to magnetic resonance imaging (MRI) or 
cineradiography technique, since in UTI it is 
not possible to record the entire shape of the 
tongue root (due to the shadow of the hyoid 
bone). In spite of this disadvantage, however, 
in the present paper we argue that we can draw 
reliable conclusions from UTI data regarding 
the issue of the phonetic implementation of the 
claimed ±ATR feature. 

There is evidence from previous studies, that 
the tongue root shows a high degree of 
independence from the rest of the tongue body 
for languages using the ±ATR feature, thus (i) 
in this case the position of the tongue root is 
not predictable from the position of the dorsum 
(see Whalen et al. 1999), and (ii) its 
advancement does not cause further positional 
differences (e.g. dorsal elevation) in the tongue 
body by default. Studies using 
cineradiographic techniques (Ladefoged 1968, 
Lindau 1974) and MRI (Tiede 1996) showed 
that the ±ATR feature causes a forward-
backward movement of the tongue root, but no 
(or only a slight) additional upward-downward 
movement of the tongue dorsum. 
Consequently, a potential difference in tongue 
height may not be considered to be the 
articulatory correlate of the ±ATR feature. 

Our results, however, do show a clear 
difference in tongue height for all of the vowel 
pairs studied (Fig. 7). Therefore, even if we 
assume that in our UTI data the position of the 
tongue root may not be evaluated readily, we 

must conclude that the phonetic 
implementation of the assumed ±ATR 
opposition in Zande is different from those 
found in other languages using this feature 
(and includes an additional tongue body 
elevation gesture). 

Although the present data were obtained 
from isolated Zande vowels spoken by one 
speaker only, our findings suggest, that the 
linguistic feature responsible for the vowel 
harmony in Zande is correlated primarily with 
a difference in tongue height and not with a 
movement of the tongue root in the phonetic 
domain.  
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Abstract 

Analyses of learners’ spoken English reveal no 
substantial advantage for bilinguals in 
acquiring a further language. The examination 
of accurate affricate pronunciation by 
monolingual German and bilingual Turkish-
German speakers show no preference to use 
either language as major source for transfer 
effects. As affricates are used phonemically in 
Turkish but not in German, multilinguals can 
be expected to have established phonemic 
categories which could facilitate the 
acquisition process of the foreign phoneme 
system. Although this resource is not available 
to the monolingual German learners, their oral 
skills don’t differ significantly from bilinguals’ 
production. On the contrary, in early stages of 
the acquisition process, monolinguals tend to 
produce more target-like affricates, while 
bilinguals substitute this sound with fricatives 
more often. From this observation it is 
assumed that speakers don’t store and process 
languages separately. Instead, several 
languages are organised cognitively as one 
complex system. The greater the amount of 
linguistic elements in this system, the more 
complex the cross-linguistic influence is and 
subsequently the longer it takes to divide the 
shared phoneme space into appropriate 
categories.  

Conditioning Factors for Cross-
Linguistic Influence 

That existing linguistic structures in the 
minds of learners do indeed have an effect on 
the learning processes of further languages is 
beyond dispute at this stage (Tavakol & 
Jabbari 2014: 107, Drier 2004: 117). The exact 
mechanisms and workings of cross-linguistic 
influence (CLI)1, though, are to a great extent 

                                                            
1 CLI is understood here as a cover term for transfer, 
interference, avoidance and borrowing through cognitive 
interlanguage contact (Cenoz et. al. 2001: 1). 

not fully understood yet (Hufeisen & Marx 
2005: 179). Determining influencing factors 
for favouring one language to serve as source 
for transfer effects is especially crucial in the 
case of bilingualism. The greater linguistic 
repertoire allows for more complex transfer 
possibilities, which need to be identified in 
terms of quality and quantity. 

Quite a lot of studies have been carried out 
on CLI in multilingual’s acquisition of a 
further language and many models and theories 
have been proposed to account for transfer 
effects (for an overview see e.g. Falk & Bardel 
2010: 185ff.). Some researchers stress the 
importance of the L1 and see transfer 
predominantly coming from the native 
language (Hermas 2014, Leung 2009), just as 
others rely heavily on the second language (L2 
Status Model Falk & Bardel 2010). Likewise, 
theories inferring CLI to work in all possible 
directions, with transfer being possible even 
from L32 to L1, can be found as well (Dynamic 
Model of Multilingualism Herdina & Jessner 
2002). As specially adapted to phonological 
development in second language acquisition 
and thus trying to account for 
mispronunciations, Flege’s (2003) Speech 
learning model (SLM) needs to be mentioned. 
In this, native and foreign languages don’t 
exist in isolation, but mutually influence each 
other to form a “common phonological space” 
(Flege 2003: 468). In cases where the L3 
sound is similar to one in L1, no new category 
will be formed; instead, the foreign entities 
will be integrated in the category and merge 
with the already existing members. A new 
category will only be established for utterly 
foreign sounds; the process being sped up the 
more dissimilar the new sound is, compared to 
L1 structures. 

                                                            
2 Following Hammarberg’s (2001: 22) concept of the 
differences between L2 and L3, the target language is 
treated as third language, although it might not be 
language number three in order of acquisition.  
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The present study is designed to work out 
quality and quantity of influence from 
background languages in additional language 
learning. For this, oral performance of Turkish-
German bilinguals is examined for target-like 
deployment of English affricates and compared 
to that of a monolingual German control group. 

Current Study 

Hypotheses 

Affricates are well suitable for an analysis 
of phonological CLI between the languages 
English, Turkish and German as affricates /d͡ʒ/ 
and /t͡ ʃ/ are used phonemically in Turkish and 
English, but not in German3. The phonemic 
character is exemplified by the minimal pairs 
in example 1 (Sauer 2006: 13, Milani 2006: 
70). 

If the L1 should prove to be the main 
source for transfer effects, differences between 
the groups of bilingual Turkish-German and 
monolingual German learners should become 
quite obvious. Positive Transfer from Turkish 
would lead to a facilitated acquisition process 
for the bilinguals. Likewise, it would be 
expected that acquiring and producing 
affricates poses more problems for 
monolingual learners. Further, it can be 
expected that problems will be greater in 
deploying voiced /d͡ʒ/, as this sound occurs 
only rarely in loanwords and is thus even less 
often used than /t͡ ʃ/ in German. More input 
would be needed for target-like deployment of 
this particular phoneme.  

No differences between the groups are 
expected if the influence of the L2 should be 
greater. Turkish-German bilinguals would then 
be so attuned to the German phoneme 
inventory that possibly facilitating transfer 
from Turkish will be overridden.  

Tracking the phonological development in 
time is essential to account for the Speech 
Learning Model as underlying mechanism. 
Adopting this view, both groups of learners 
would have diverging ways to cope with FL 
sounds. English affricates would be merged 

                                                            
3 For an overview of the ongoing debate about the status 
of affricates in the German phoneme inventory refer for 
example to Wiese (2000: 13).  

with already existing categories from Turkish 
in bilinguals’ minds. Monolinguals, lacking 
this kind of knowledge, would detect affricates 
as foreign from early on and create new 
categories once a sufficient amount of input 
has been received.  

Data and Methods 

Data examined here are recordings of 
spontaneous speech that was gathered in a sub-
study for the quasi-longitudinal research 
project Mehrsprachigkeitsentwicklung im 
Zeitverlauf (MEZ)4. Participants were tested 
for abilities in their FL English by telling a 
story in response to a certain set of pictures. In 
total, the data pool comprised 2h25m of 
spoken language uttered by 36 bilingual 
Turkish-German pupils, evenly distributed 
over class 7 and 9, and 35 monolingual 
German learners, 18 in class 7 and 17 in class 
9. Examined were words which include /d͡ʒ/ 
and /t͡ ʃ/ initially in Standard English 
pronunciation. In total, 212 tokens (117 from 
bilingual and 95 from monolingual speakers) 
were analysed phonetically5. Spectrograms of 
the respective words were retrieved from the 
computer program praat (Boersma & Weenik 
2016) and inspected for initial bursts as signals 
of plosives, as well as friction noise that can be 
attributed to the articulation of fricatives. Only 
if both these features were noticeably present, 
the token was categorised as being an affricate. 
An additional phonetic criterion was voicing, 
indicated by the voice bar in the spectrogram, 
to differentiate between the two variants. As 
relying solely on voicing is problematic, due to 
possible devoicing phenomena, the further 
variable of length was added, which was 
obtained by marking respective areas in the 
waveform/spectrogram after setting boundaries 
at the zero crossings. As duration of the 
friction is considerably shorter in voiced 
affricates, compared to the voiceless 
counterparts (see e.g.: Lavoie 2015: 105f.), 
even devoiced elements can be correctly 
identified as targeting the voiced alveolar 
affricate by shorter duration of friction times. 
Having measured these parameters for the four 
groups separately, statistical analyses, aided by 
                                                            
4 Many thanks to Prof. Dr. Dr. h.c. Gogolin et al.: MEZ – 
Mehrsprachigkeitsentwicklung im Zeitverlauf; 2014-
2019; Projektkoordination: Prof. Dr. Dr. h. c. Ingrid 
Gogolin, Universität Hamburg; © MEZ 2017. 
5 To exclude cases of coarticulation, instances of 
connected speech as combination like  <much cheese> 
were discarded.  

(1a) English: chin / t͡ʃɪn/ vs. gin / dʒɪn/ 
(1b) Turkish: köz / t͡ʃɵz/ ‘burning coal‘  
 vs. göz / dʒɵz/ ‘eye’ 

Proceedings P&P13

54



the computer program SPSS, followed. 
Mainly, the Chi2 –test was used to determine 
statistical significance.  

Results 

Overall, pupils mastered this particular 
aspect of English phonology well; target-like 
affricates are used in the majority of cases. As 
can be seen in table 1, only fricatives serve as 
substituting sounds6. Differences between the 
groups prove to be not significant with a p-
value of 0.209 (X-squared 1.577, df 1). 
Table 1 Token counts and percentage of target-like usage 
of affricate and non-target-like occurrences of fricatives, 
split by number of background languages. 
 affricate fricative  

monolingual 74 (77,9%) 21 (22,1%) 

bilingual 99 (84,6%) 18 (15,4%) 

total 173 (81,6%) 39 (18,4%) 

 
Differences between the groups become 

apparent though, when inspecting variants of 
the affricate separately. Numbers in table 2 
display diverging accurateness from the groups 
in producing /d͡ʒ/ and /t͡ ʃ/ respectively.  

Focussing on the voiceless affricate first, 
figures show that the bilingual Turkish-
German group deploys /t͡ ʃ/ correctly in 82% of 
all cases already in class 7, getting even closer 
to Standard English pronunciation in class 9. 
German monolinguals on the other hand, show 
less target-like pronunciation overall and 
substitute the affricate with a fricative in 
roughly 1/3 of the cases in early stages of 
acquisition. Although differences between the 
groups decrease in class 9, monolinguals don’t 
quite reach multilinguals’ performance level.  

Taking /d͡ʒ/ into account, differences 
between groups continue to exist but closeness 
to target language shifts from one group to the 
other. Unexpectedly, German monolinguals 
outperform the bilingual Turkish-German 
participants. Comparing earlier to later stages 
of the acquisition process, the bilingual group 
displays an accuracy of 87% in class 7, 
whereas monolinguals achieve more than 94%. 
Adjustment to the English phoneme system 
with increasing input is surprisingly not 
conveyed. Across all participants, more 
substitutions are used in class 9. In addition, 
differences between the groups, that were 

                                                            
6 Devoiced instances of /d͡ʒ/ were counted as being target-
like. 

present in the earlier data collection point, are 
evened out. Thus, the decrease is more 
dramatic for monolinguals. 
Table 2 Token counts and percentages of accurate 
affricate articulation, split by class and language. 
 voiceless voiced  

7       monolingual 
         bilingual 

22 (66,0%) 
29 (82,0%) 

16 (94,1%) 
20 (87,0%) 

9       monolingual 
         bilingual 

24 (77,4%) 
28 (84,8%) 

12 (85,7%) 
22 (84,6%) 

Discussion 

Summarising the results it gets clear that 
neither L1 nor L2 can be made out as serving 
as major source for phonological CLI. Turkish-
German bilinguals are obviously not using 
their knowledge from Turkish for positive 
transfer and are thus not advantaged in 
learning this particular area of English 
phonology. German monolinguals are not 
disadvantaged either and can, especially in the 
case of the voiced affricate, in fact outperform 
their peers. To account for the complex 
workings of phonological CLI shown here, it is 
appropriate to refer to the SLM.  

Better performance from the bilingual 
group in using the voiceless affricate is then 
due to their deployment of existing categories 
which facilitate affricate production and lead to 
a more target-like pronunciation. German 
monolinguals, on the other hand, still have to 
become attuned to the fact that the plosive-
fricative sequence is used with meaning-
differentiating function in English. To form a 
new mental phoneme category in the common 
linguistic space, more input is needed, which is 
why oral FL skills improve from the first to the 
second data collection point.  

Other mechanisms are involved in 
acquiring the voiced affricate for both groups. 
The SLM postulates that the speed with which 
categories are formed correlates with the 
foreignness of the sound in question, meaning 
that a sound that doesn’t resemble any existing 
category can hardly be merged and is detected 
as being in need of a new phonemic category 
from early on. Results presented here support 
this assumption. German monolinguals, being 
not as familiar with /d͡ʒ/, recognise this as 
being foreign and consequently a new category 
is formed. Exactly because a merge with L1 
sounds is not possible, there are fewer 
substitutions, leading to target-like oral 
performance from early on. The phoneme /t͡ ʃ/, 
on the contrary, is more similar to L1 sounds, 
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which makes differentiating and dissecting 
more complicated. The improvement in the 
older cohort shows that more time is needed to 
achieve the goal of implementing the English 
system into the shared phoneme space. This 
also explains the somewhat astonishing 
findings in regard to their better performance 
when compared to the other group of learners.  

Turkish-German bilinguals are somewhat 
disadvantaged by being familiar with both 
phonemes. While monolinguals have to 
categorise only two languages in the FLA 
process, bilinguals’ task is unequally harder as 
they have to do the same with three languages. 
As it is postulated in the SLM that sounds in 
the shared phoneme space mutually influence 
each other, cognitive organising of a space that 
comprises three languages is a more 
demanding task. An increase of possibilities 
for CLI between the respective languages is 
the result of the greater linguistic repertoire. In 
the case of affricates, Turkish, German and 
English send mixed cues as to where category 
boundaries should be drawn and bilingual 
learners need more FL input that allows them 
to dissect the differing phoneme systems. This 
leads to the delayed phonological development 
of bilinguals conveyed in this study. Once this 
has been obtained, accuracy in producing 
affricates increases. In later stages of the 
acquisition process, all learners perform 
equally well in L3 pronunciation, irrespective 
of background languages. 

Results from this study on bilinguals’ 
acquisition of English affricates suggest that 
transfer effects can’t ultimately be traced back 
to a particular language in speakers’ minds. A 
shared cognitive linguistic system is assumed 
and CLI working in all directions inferred. 
Future research needs to investigate this 
common phonological space further; especially 
by examining sounds which are utterly foreign 
to both monolingual and bilingual learners.  
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Abstract 

This paper provides an overview of the dialectal 
variation existing in the prosody of Clitic Left- 
and Clitic Right-Dislocations in Spanish from 
Spain, Peru, and Argentina. The results show 
that CLLDs typically create a prosodic unit of 
their own (both at the ip and IP level). Differ-
ences occur with respect to prosodic restructur-
ing (only possible in Argentinian Spanish) and 
phrasing with preceding material (only possible 
in Peruvian). CLRDs also create a prosodic unit 
of their own (both at the ip and IP level). Differ-
ences occur with respect to accentedness (deac-
cented short CLRDs in Spain, always accented 
in Peru) and type of edge tone (low in Spain, 
high in Peru). Our findings suggest that dialec-
tal variation must be taken into account as a de-
cisive factor involved in the variation of the pro-
sodic realization of dislocations in Spanish. 

Introduction and Background 

Despite the large number of studies on the 
syntax and information structure of dislocations 
in Spanish (e.g. Contreras 1976, López 2009), 
only very few detailed prosodic studies on this 
topic exist as of yet (e.g. Feldhausen 2016a, 
Pešková 2015). While these studies contribute 
fundamentally to our knowledge of the prosody 
of clitic left-dislocations (CLLD), they do not 
consider clitic right-dislocations (CLRD) at all. 
Furthermore, these studies deal with CLLDs in 
a non-comparative manner and thus offer little 
insight into dialectal (or diatopic) variation. 
This type of variation, however, has been shown 
to be a relevant factor in intonation (e.g. Frota 
& Prieto 2015) and information structure (e.g. 
Vanrell & Fernández 2013). The present paper 
aims to address these two issues (i.e. (i) dialectal 
variation, and (ii) CLRD) by considering three 
different varieties of Spanish: Porteño (Argen-
tina), Cusco (Peru), and Murcia (Spain). 

Syntax and Information Structure (IS) 

CLLD and CLRD are syntactically charac-
terized by the presence of a phrase in the left or 
right periphery of a clause (such as la mama-

dera ‘baby bottle’ in (1) and (2)), which is  
connected with the clause by means of a weak 
pronoun (the clitic la in (1) and (2)). Research 
on their IS properties has shown that both 
CLLD and CLRD are expressions of topicaliza-
tion (e.g., López 2009, Sedano 2006). The IS 
function of CLLD and CLRD is not completely 
the same nor is their frequency of use (Villalba 
2011). Still, both exist, are contextually given, 
and do not represent new information. 

(1) La mamadera, la lavó Barbara. 
 ‘The baby bottle, Barbara washed (it).’ 
(2) La lavó Bárbara, la mamadera. 
 ‘Barbara washed (it), the baby bottle’ 

Methodologies 

The data presented here stem from two 
sources: (a) previous research and (b) newly 
conducted production studies. All data are 
based on scripted speech. The data taken from 
previous research comprises CLLDs in Murcia 
(Feldhausen 2016a, b) and Porteño Spanish 
(Feldhausen 2014); Murcia: 8 native speakers 
[7f, 1m; 27-32 yoa], 288 tokens; Porteño: 25  
native speakers [14f, 11m; 17-41 yoa], 100  
tokens. More details on the methodology can be 
found in the original work. 

The newly gathered data comprises CLLDs 
and CLRDs in Cusco Spanish and CLRDs in 
Murcia Spanish. We recorded a homogenous 
group of native speakers (Cusco: 4 speakers [2f, 
2m; 26-37 yoa]; Murcia: 3 speakers [1f, 2m; 31-
37 yoa]). The Cusco speakers uttered 8 CLLD 
and 8 CLRD sentences (4 speakers x 16 target 
sentences = 64 tokens) each. The dislocated 
constituent consisted of either one prosodic 
word (ω) (see (1), (2)) or two ω (see (3)) and 
occurred in both non-embedded (1) and embed-
ded contexts ((3); indicated by [CP …]). The 
CLRD sentences were the same for Cusco and 
Murcia. We gathered a total of 24 tokens for 
Murcia (3 speakers x 8 sentences). 

(3) Bárbara piensa [CP que la lámpara de 
 Mérida la regalamos a unos vecinos.] 
 ‘Bárbara thinks that we offer the lamp of 
  Mérida to some neighbors.’ 
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All target sentences were introduced by a 
context guaranteeing the givenness of the dislo-
cated element (4) (= context for (3)). 

 (4) ¿Qué hacemos con la lámpara que me  
  compré en Mérida? 
 ‘What do we do with the lamp which I  
  bought in Mérida?’ 

All speakers were recorded at their homes by 
means of different recording equipment (Cusco: 
Philips DVT4000 digital recorder, .mp3-files, 
44.1 kHz, 16 bits; Murcia: Samsung S7, .wav-
files, 16kHz, 16bits). The stimuli were pre-
sented in a pseudo-randomized order on sheets 
of paper. The subjects were told to read the 
stimuli aloud at a normal rate of speech only  
after having silently read and understood the 
context (question) and the answer. This proce-
dure was especially important to prevent 
prompting the subjects to realize a prosodic 
break automatically, as the test sentences lacked 
the orthographically typical commas normally 
found immediately behind LD and before RD 
constituents. The recording session started with 
a small practice session. 

In line with Sp_ToBI (Hualde & Prieto 
2015), we assume two prosodic levels above the 
prosodic word (ω), namely the intermediate 
phrase (ip) and the intonational phrase (IP). 
Boundary cues are tonal events (edge tones) and 
pauses. Only when an edge tone is accompanied 
by a pause do we consider it to be located at the 
IP level (details in Feldhausen 2016a). 

Clitic Left-Dislocation (CLLD) 

Murcia (Spain) 

Feldhausen (2016a, b) investigated CLLDs in 
embedded (3) and non-embedded (1) contexts 
and multiple CLLDs (6). The results of Feld-
hausen (2016a) show that CLLD constituents 
have an obligatory right boundary (97%), both 
in embedded and non-embedded contexts. The 
boundary is typically marked by high edge 
tones (H- [67%] or H% [23%]). If any, only 1ω 
CLLDs phrase with following material. In em-
bedded contexts, the matrix clause (Bárbara 
piensa in (3)) is obligatorily separated from the 
embedded clause containing the CLLD by a 
prosodic break at the ip level (97%), see Fig. 1 
(n.b. que ‘that’ proclitizises to the prosodic 
group of the CLLD). The relation between pro-
sodic and syntactic structure is given in (5); in-
dicated by ( ) and [ ], respectively. 

Feldhausen (2016b) investigated multiple 
left-dislocations, i.e. utterances in which two 
different constituents are left-dislocated. His re-
sults show that a high right ip boundary usually 
occurs in multiple LDs (N=18, 1 unclear case, 1 
case without a boundary; p.170); see (6). These 
data show that prosodic restructuring is not a 
relevant option in Murcia Spanish. 

 
Fig 1. F0 contour and waveform for the sentence 
[Bárbara supone [que el águila de Málaga, la vendió 
su hermano]] ‘Barbara assumes that the eagle of 
Málaga, her/his brother sold (it)’; Murcia. 

(5) (             )(         )(        ) 
 [CP           [CP         ]] 
 B. piensa  que el á.d.M. la vendió su h. 
 ‘B. thinks that the e.o.M. her brother sold’ 

(6) (         )(               )(       ) 
 En los jardines  manzanas   come ella. 
 ‘She eats apples in the gardens.’ 

Cusco (Peru) 

Our results for Peruvian Spanish show that 
CLLDs are always separated from following 
material by a prosodic break, both in embedded 
and non-embedded contexts. A high edge tone 
marks the right edge of the CLLD (100%, 
N=32). The break may be accompanied by a 
pause (if so, IP boundary; 28%, N=9). Since the 
dislocations also consisted of one ω, our data 
clearly show that restructuring with following 
material is not possible in Cusco Spanish. As for 
the left edge, the prosodic separation of the  
matrix clause from the embedded clause is  
optional. In 31% of the cases (N=10) there is no 
boundary at either the ip or IP level (Fig. 2),  
resulting in a mismatch between syntactic and 
prosodic structure (7). The boundary after the 
matrix subject as in Fig. 2 is optional. 

(7) (                      )(        ) 
 [CP           [CP         ]] 
 B. piensa  que el á.d.M. la vendió su h. 
 ‘B. thinks that the e.o.M. her brother sold’ 
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Fig 2. F0 contour and waveform for the Peruvian 
sentence [Bárbara supone [que el águila de Málaga, 
la vendió su hermano]] ‘Barbara assumes that the 
eagle of Málaga, her/his brother sold (it)’. 

Porteño Spanish (Argentina) 

Feldhausen (2014: 116ff.) studies CLLDs 
consisting of one ω in non-embedded contexts 
and in structures with multiple LDs.1 His results 
show that CLLDs do not have an obligatory 
right boundary. Non-multiple LDs display a 
boundary in 80% (N=20) of cases; in multiple 
LDs a boundary is displayed after each individ-
ual LD only in 67% (N=50) of the cases (Fig. 
3). In 23% (N=17) of cases there is a boundary 
only after the second LD constituent; in 8% 
(N=6) of cases the boundary occurs only after 
the first constituent; two instances do not show 
any boundary at all. If there is a prosodic break, 
it is marked by a high edge tone (at the ip level). 
The optional boundary indicates that restructur-
ing with following material is possible. 

 
Fig 3. F0 contour and waveform for the Argentinian 
sentence [María]LD1 [en el kiosco]LD2 compró el dia-
rio ‘Mary bought the newspaper at the kiosk’. 

Clitic Right-Dislocation (CLRD) 

As far as we know, no detailed studies cur-
rently exist on the prosody of CLRD in Spanish. 
Only Zubizarreta (1998) and Alfano (2016) 
have provided some prior empirical data on this 

                                                            
1 The experiment was carried out as part of the research project H9 “The Intonation of Spanish in Argentina” of the SFB 538 
“Multilingualism” (University of Hamburg, Germany), financed by the German Research Foundation (DFG). Our gratitude 
goes to the team with whom the first author recorded the data: C. Gabriel and A. Pešková. 

topic. Zubizarreta considers right-dislocatded 
objects (as in (2)) and concludes that they (a) 
constitute an IP of their own, (b) bear their own 
nuclear accent; since the pitch range is subordi-
nate to that of the preceding phrase, the CLRD 
nuclear accent is perceived as less prominent 
than the nuclear accent in the core clause 
(154ff.), i.e. the one on Bárbara in (2). Alfano 
(2016) discusses seven cases of CLRD in inter-
rogative sentences and concludes that the con-
tour on the CLRD copies the contour of the core 
clause. We thus investigate whether our study 
supports Zubizarreta’s (1998) findings. 

Murcia (Spain) 

CLRDs can be accented or deaccented, but 
there is a clear distribution: Short CLRDs are 
deaccented (100%, N=12); Fig. 4. Long CLRDs 
typically are accented and show a reduced pitch 
range (75%, N=9), but they can also be deac-
cented (25%, N=3). If accented, the typical con-
figuration is L+H* L* L% (with a reduced pitch 
range); Fig. 5. A low edge tone occurs between 
the main clause and the dislocated element (L-; 
100%, N=24). This separation is rarely marked 
by pauses (8.3%, N=2, length ~130ms). 

 
Fig 4. F0 contour and waveform for the sentence Se 
la comió Damasco, la pachamanca ‘Damasco ate it, 
the Pachamanca’;Murcia. 

 
Fig 5. F0 contour and waveform for the sentence La 
vendió Rómulo, el armario de Lima ‘Rómulo sold it, 
the wardrobe from Lima’; Murcia. 

5050

90

130

170

210

250

Fu
nd

am
en

ta
l f

re
qu

en
cy

 (H
z) 0 0.5 1 1.5 2 2.5 3 3.5

L+H* !H- H+L* L+H* L+H* !H- !H* L* L%

3 1 1 3 1 4

Bárbara supone que el águila de Málaga la vendió mi hermano

Matrix CLLD

5050

120

190

260

330

400

Fu
nd

am
en

ta
l f

re
qu

en
cy

 (H
z) 0 0.5 1 1.5

L+H* H- L+H* H- L+H* L+H*+L L-L%

3 3 1 4

María en el kiosco compró el diario.

CLLD1 CLLD2

5050

90

130

170

210

250

Fu
nd

am
en

ta
l f

re
qu

en
cy

 (H
z) 0 0.5 1 1.5

L+H* L+H* L- L%

Se la comió Damasco la pachamanca

CLRD

5050

74

98

122

146

170

Fu
nd

am
en

ta
l f

re
qu

en
cy

 (H
z) 0 0.5 1 1.5

L+H* L+H* L- L+H* L+H* L%

1 3 1 4

Lo vendió Rómulo el armario de Lima

CLRD

Proceedings P&P13

59



 

 

Cusco (Peru) 

CLRDs are accented and have a reduced 
pitch range (100%, N=32). The typical configu-
rations of CLRDs with 1ω and 2ω are L* L% 
and L+H* L* L%, respectively. CLRDs are al-
ways separated from the preceding material by 
a prosodic boundary, which is typically high 
(90.6%, N=29). One speaker uttered three in-
stances of a low tone (9.4%, N=3). The edge 
tones can be accompanied by a pause (high 
tone: N=13; low tone: one out of three; average 
pause duration: 247ms). It must be noted that 
the speakers from Peru have a considerably 
slower speech rate than those from Murcia and 
that they produce more and longer pauses. 

 
Fig 6. F0 contour and waveform for the Peruvian 
sentence Se la comió Dámaso, la pachamanca 
‘Dámaso ate it, the Pachamanca’. 

Discussion and Conclusion 

The paper investigated the prosody of 
CLLDs and CLRDs in three different varieties 
of Spanish. Despite many similarities, diatopic 
differences could be attested. In all varieties, 
CLLDs are accented and the right boundary (at 
the ip or IP level) is obligatory, as in other  
Romance languages (see Patin et al. 2017 for a 
comparison). Only Porteño Spanish allows for 
restructuring – like Italian, Portuguese, French 
(see Feldhausen 2016a for references). Due to 
the close relationship between Italian and 
Porteño Spanish (Colantoni & Gurlekian 2004), 
the question arises as to whether the restructur-
ing could be an influence from Italian. The left 
CLLD edge is obligatory in Murcia Spanish, but 
optional (to a certain degree) in Cusco Spanish, 
resulting in a mismatch between syntactic and 
prosodic structure. This shows that dislocations 
are not minimally and exclusively contained in 
an IP (contra Frascarelli 2000); merely referen-
cing to the right boundary is sufficient for ex-
plaining the data (Feldhausen 2016a, Patin et al. 
2017). CLRDs create a prosodic unit of their 
own, mainly at the ip level (contra Zubizarreta 

1998). Diatopic differences occur w.r.t. accent-
edness and the preceding edge tone. While the 
edge tone is always low in Murcia Spanish, it is 
almost always high in Cusco Spanish. CLRDs 
in Cusco Spanish are also always accented, 
while only long CLRDs are accented in Murcia 
Spanish. Accented CLRDs display a reduced 
pitch range (in line with Zubizarreta 1998). The 
accentedness can be detected by the clear pitch 
movement on the metrically strong syllables: 
while there is no relevant movement in Fig.4 
(Murcia), there is a clear fall in Fig.6 (Cusco). 

In conclusion, these findings suggest that di-
alectal variation must be taken into account as a 
decisive factor involved in the variation of the 
prosodic realization of dislocations. While IS 
and the syntactic properties of dislocations are 
the same across the varieties, their prosodic 
manifestations differ. This phenomenon is re-
miniscent of dialectal variation in focus realiza-
tion strategies (e.g. Vanrell & Fernández 2013). 
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Abstract 
This work investigates acoustic correlates of 
interpersonal speaker characteristics. Previous 
research has studied the effects of speech 
parameters on listeners impressions of e.g. 
attractiveness, charisma, and personality. 
Differently, we have derived five new factors of 
perceived speaker characteristics by 
employing the newly compiled Nautilus 
Speaker Characterization Corpus, of 300 
German speakers. These factors are warmth, 
attractiveness, confidence, compliance, and 
maturity. Analyses of feature importance have 
revealed that pitch and other spectral features 
directly extracted from the signals correlate 
most with the target factor scores. With the 
gained knowledge of relevant features for each 
speaker trait, prediction models will be trained 
and tested in future work pursuing satisfactory 
speaker characterization performance.         

Introduction 
Prosodic features play a crucial role in 

evoking impressions of speakers' traits and 
states, such as personality or emotion. These 
paralinguistic aspects affect communication, 
behavior and relationship development. To 
identify prosodic features relevant for the 
attribution processes on the listeners' side, the 
relationship between acoustics and subjective 
perceptions has to be studied. 

Previous investigations examining the 
acoustic cues influencing listeners’ perceptions 
of speakers have either manipulated voice 
parameters, e.g. fundamental frequency (F0) 
(Apple et al. 1979), F0 variance (Brown et al. 
1974), formant dispersion (Feinberg et al. 
2005), intensity (Robinson and McArthur 
1982), or speech rate (Brown et al. 1974); or 
employed own speaker recordings, as Collins 
(2000) and Zuckerman and Miyake (1993). 
Most of these studies have concentrated on 
impressions of vocal attractiveness 
(Zuckerman and Miyake 1993), likability, 
charisma, or personality (Apple et al. 1979). 

Commonly, the two-dimensional personality 
aspects – Competence/Dominance and 

Warmth/Benevolence – of the well-known 
inter-personal circumplex have been examined 
(Brown et al. 1974 and Ray 1986). It has been 
shown by McAleer et al. (2014) that perceived 
attractive male speakers are also seen as 
competent and warm (likeable and 
trustworthy) while, for female speakers, 
attractiveness correlates with warmth but not 
with dominance judgements. 

In our research, we address the relations 
between acoustic speech features and novel 
perceptually assessed human traits. We have 
employed speech data and labels from the 
Nautilus Speaker Characterization (NSC) 
Corpus1 (Fernández Gallardo and Weiss2018); 
a newly recorded speech database of 300 
German speakers (126 males and 174 females). 
By conducting factor analyses, we have 
identified dimensions of perceptive speaker 
attributions that encompass those of the 
interpersonal circumplex, attractiveness, and 
others. Based on factor scores of these 
dimensions, the importance of speech features 
for the automatic detection of speaker traits has 
been determined. 

Delving into the relationship between 
speech signal parameters and perceived 
speaker characteristics provides valuable 
insights that contribute to automatic speaker 
characterization. There is a recent interest in 
predicting users’ traits by analyzing their 
voices for e.g. call centers or personal 
companions. The human-machine speech 
dialog systems can then be adapted to the 
inferred user’s preferences and behaviors to 
generate higher user acceptance (Berg 2014).  
 
NSC Corpus 

NSC Speech Recordings 

The NSC corpus was recorded in 2016/2017 
at the Quality and Usability Lab of the 
Technische Universität Berlin, Germany. 
Clean microphone recordings were made in the 
                                                            
1 freely available for scientific research at the 
CLARIN repository: hdl.handle.net/11022/1009-
0000-0007-C05F-6 
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“Nautilus” acoustically isolated room, which 
gives name to this database. Conversational 
speech was elicited from 300 German speakers 
(126 males and 174 females, aged 18 to 35 
years, no marked accent). Additionally, 
spontaneous neutral and emotional speech 
utterances and questions were produced by the 
speakers interacting with their interlocutor (a 
recording assistant). Further details are given 
in (Fernández Gallardo and Weiss2018). 

Four scripted and four semi-spontaneous 
dialogs were elicited from the speakers, 
simulating telephone call inquiries where the 
speakers played the client's role and the 
interlocutor the agent's role. These 
conversational scenarios were extracted and 
adapted from the Short Conversation Tests of 
ITU-T Recommendation P.805 (2007).  

NSC Labels: Speaker Characteristics  

One of the semi-spontaneous dialogs, in 
which the speakers’ task was to order a pizza, 
was labeled for each speaker by external raters 
according to 34 interpersonal speaker 
attributions, such as likable, attractive, 
competent, childish, etc.  

A semantic differential scale questionnaire 
(the Speaker Characteristics (SC)-
Questionnaire (Fernández Gallardo and 
Weiss2018)) was employed to this end. The 
questionnaire items are based on previous 
research on interpersonal traits (Wiggins et al. 
1988 and Jacobs and Scholl 2005); the three-
dimensional evaluations valence, activity, 
potence (Osgood et al. 1957); frequent social 
and physiological attributions (Weiss et al. 
2017); and aspects of longer-term interpersonal 
attraction (Aronson et al. 2009). A first version 
of this questionnaire was validated by Weiss 
and Möller (2011), and later applied by 
Fernández Gallardo and Weiss2018 (2017) 
employing only a small set of 15 male voices 
(from the NSC corpus).  

In all, 114 naïve and normal-hearing 
individuals (70 males, 44 females) have 
participated in the rating procedure. They wore 
Shure SRH240 headphones (diotic listening, 
frequency range 20-20,000 Hz). The stimulus 
files had 44.1 kHz sampling frequency and a 
mean duration of 23.0 s, standard deviation 3.3 
s. On average, each of the raters completed the 
SC questionnaire for 23.2 female and 16.4 
male speakers. As a result, each speaker has 
been rated, on average, 15.1 (SD = 1.2) times 
on 34-dimensional continuous scales of 
interpersonal characteristics.  

Factor Analysis 
Using the NSC corpus labels of speaker 

characteristics, an exploratory factor analysis 
has been conducted for male and for female 
speakers separately. The number of factors was 
determined by Horn's parallel analysis. The 
oblimin rotation and minimum residual 
factoring method have been applied using the 
psych package in R. 

Items were retained when main loading <= 
.5 & (main loading - cross-loading) <= .2. An 
additional factor analysis of the remaining 
items explains 58% and 56% of variance for 
male and for female speakers, respectively. 
Cronbach's alphas have been examined and 
some items have then been removed to reach 
the maximum internal consistency possible for 
each factor. The final Cronbach's alpha values 
range from .89 to .71. 

Five factors (speaker attributes) have been 
found, which are named (for male speech): 

1. warmth 
2. attractiveness 
3. confidence 
4. compliance 
5. maturity  
For female speech, the same dimensions are 

found although in a slightly different ordering: 
compliance and confidence are, respectively, 
the 3rd and the 4th dimension for female 
speakers. 

The final items and corresponding main 
loadings are presented in Table 1 and Table 2, 
for male and female speakers, respectively. 

The factor scores for each dimension, used 
for the analysis of feature importance of this 
work, have been obtained by an average across 
raters of the z-scored ratings, weighted by the 
loadings for each retained item (Fernández 
Gallardo and Weiss2018). 

Feature Importance 
The extended Geneva Minimalistic Acoustic 

Parameter Set (eGeMAPS) (Eyben et al. 2016), 
of 88 numeric features, have been extracted 
using the openSMILE toolkit (Eyben et al. 
2013). The eGeMAPS set has been compiled 
by a group of experts in paralinguistics. This 
minimalistic feature set has been shown to 
offer an emotion classification performance 
comparable to that obtained with larger (6373 
features) brute-force parameter sets. 

In the following, the analyses of feature 
importance have been conducted separately for 
male and for female speakers. 
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By employing the caret package in R, the 
features were preprocessed with a Box-Cox 
transformation, centered, and scaled. 
Afterwards, collinear features were excluded 
based on the variance inflation factor (VIF) 
(Naimi et al. 2014) calculated with the vifstep 
function of the usdm package in R and the 
recommended threshold value of 10. 

Different filter methods to calculate feature 
importance have been explored using the R 
package mlr. This can be seen as a previous 
step to the automatic detection of the factor 
scores that represent perceived speaker 
attributes. The computation of feature 
importance enables feature ranking and the 
selection of a feature subset for the regression 
task (beyond the scope of this paper).  

We chose linear correlation values as 
reliable indicators of feature importance. These 
values are also straightforward to interpret: the 
Pearson correlation between feature and factor 
scores of speaker attributes. The most 
important features are: 

Male Speakers  

- Contributing to higher warmth: Higher F0 
range (ρ=.52), higher mean spectral slope 0-
500Hz (ρ=.27), lower sd of F1 (ρ=-.23) and 
F2 (ρ=-.23) frequencies. 

- Contributing to higher attractiveness: Higher 
F0 range (ρ=.35), higher sd of Hammarberg 
Index (ρ=.23), lower mean length of 
unvoiced segments (ρ=-.22), higher sd of F0 
(ρ=.21), lower median F0 (ρ=-.20). 

- Contributing to higher confidence: Lower 
median F0 (ρ=-.29), higher F0 range (ρ=.25). 

- Contributing to higher compliance: Lower sd 
length voiced segments (ρ=-.24), lower sd of 
F1 frequency (ρ=-.23), lower sd of falling 
slope for loudness (ρ=-.20), higher F1 
(ρ=.19) and F2 (ρ=.19) bandwidth. 

- Contributing to higher maturity: Lower 
median F0 (ρ=-.42), higher sd of F3 (ρ=.33), 
higher sd of F3 bandwidth (ρ=-.31). 
 
Currently, we do not have explanations for 

many of the relationships found, since features 
are viewed in isolation. Further analyses of 
feature combinations can presumably offer 
more conclusive justifications of our results. 

That notwithstanding, there are some clear 
observations that corroborate previous research 
on voice characteristics. Lower and highly 
variable F0 seems to play a major role 
displaying attractiveness and confidence in 
male speech, as also shown by Zuckerman and 

Miyake (1993) and Jones et al. (2010). The 
melodious voice resulting from variable pitch 
also indicates higher warmth (a friendly 
attitude). Related to these findings, Brown 
et al. (1974) showed that decreased intonation 
and increased F0 caused the speakers to be 
rated as less benevolent and less competent. 
Also, Apple et al. (1979) indicated that males 
with high-pitch voices are perceived as less 
truthful, less persuasive, weaker, and more 
nervous. Lower median F0 also correlates with 
maturity, as also found by Collins (2000). The 
correlation between the sd of Hammarberg 
Index and attractiveness suggests that the 
dynamics in the energy distribution in the 
spectrum contributes to high perceived 
attractiveness. 

Female Speakers 

- Contributing to higher warmth: Higher F1 
(ρ=.43), higher F0 range (ρ=.37), higher sd of 
F2 bandwidth (ρ=.29), higher sd of spectral 
flux (ρ=.22), lower sd of F1 (ρ=-.21), higher 
median F0 (ρ=.21). 

- Contributing to higher attractiveness: Higher 
F1 (ρ=.38), higher sd of F2 bandwidth 
(ρ=.30), lower sd of F1 (ρ=-.23), higher F0 
range (ρ=.22), lower mean spectral slope 0-
500Hz (ρ=-.20). 

- Contributing to higher compliance: Lower sd 
of F1 (ρ=-.34), higher F1 (ρ=.31), lower 
loudness range (ρ=-.30). 

- Contributing to higher confidence: Higher sd 
of falling slope for loudness (ρ=.33), higher 
F0 range (ρ=.32). 

- Contributing to higher maturity: Lower 
median F0 (ρ=-.47), higher mean mfcc4 
(ρ=.46), lower F1 (ρ=-.38), higher mean 
mfcc2 (ρ=.34). 
 
For female speech, warmth, attractiveness, 

compliance, and “lower” maturity are cued by 
higher F1, which is also an indicator of a more 
careful and precise articulation. As also found 
for male speakers, higher F0 range signals 
higher warmth, attractiveness and confidence. 
With respect to these outcomes, Zuckerman 
and Miyake (1993) detected that female 
attractiveness correlated positively with 
articulation and negatively with 
monotonousness. Finally, lower pitch signals 
maturity, which is coherent with the decrease 
of females’ F0 with age (Nishio and Niimi 
2008). 
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Conclusions 
Five speaker factors that are similar for both 

genders have been identified by employing the 
NSC database. These dimensions are: warmth, 
attractiveness, confidence, compliance, and 
maturity. They can be seen as perceptual 
dimensions that represent subjective 
attributions measured from observers' first 
impressions of speakers based on their voices.  

Our following analysis suggests that F0 and 
spectral features such as formants and mfccs 
are related to the perceived speaker traits to a 
larger extent than the other eGeMAPS 
features, in line with previous literature. 

Future work will concentrate on examining 
different regression techniques combined with 
feature selection that yield the best automatic 
speaker characterization performance.  
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Abstract 
An English blogger corpus was used to 
investigate letter replication as a phenomenon 
of prosodic emphasis in analogy to spoken 
language. All letters were selected that 
occurred at least three times in successive 
order. Our findings show that some letters, in 
particular vowels and sonorants, are favored 
while letters corresponding to stops were less 
frequently replicated. In most data the number 
of replications did not go beyond 10 letters. 
Letter replication was also affected by the age 
of the blogger. Younger bloggers up to 20 
years show a greater number of replications 
than older bloggers. Finally, most replications 
were found in interjections. We suggest that 
social media are an interesting testbed to 
investigate language change, in particular the 
influence of spoken language on written texts. 

Introduction 
In the last decade written language 

underwent tremendous changes due to the 
digitalization of communication in social 
media and its increasing impact in our daily 
life. These developments have gone hand in 
hand with technological progress (e.g. smart 
phones, tablets) and social media platforms 
(e.g. twitter, facebook, chats, whatsapp, blogs). 
Social media platforms provide a great 
opportunity to investigate the dynamics and 
creativity in the use of written language in 
social networks (e.g. Kaye et al., 2017).  

Here we will focus on a particular 
phenomenon of written texts, letter replication. 
It is sometimes even used in business, for 
example in advertisement of products (Figure 
1). 

 
Figure 1. Example for letter replication in 
advertisement at a Berlin super market.  

Letter replication has often been associated 
with “word lengthening” or “vowel 
lengthening”. It has already been reported to 
occur in twitter corpora and microblogs (Brody 
& Diakopoulos, 2011). Brody & Diakopoulos 
(2011, p. 563) suggest that word lengthening 
due to letter replication is a “substitute for 
prosodic emphasis (increased duration or 
change in pitch)”. It is pervasive in twitter 
corpora and used to emphasize “important 
words” that may be involved in the expression 
of sentiment. We may also consider letter 
replications as prosodic amplifiers (e.g. 
bbbbaaaaaacccckkk). Amplifiers “open up a 
window onto a speaker’s individual evaluative 
stance and thus express a subjective 
viewpoint” (Feyaerts et al. 2017, p. 486). They 
can also be seen in light of the recent debates 
about iconicity and sound symbolism. It is 
commonly assumed that form-meaning 
associations are arbitrary in language. 
However, small scale correspondences 
between form and meaning have been found in 
spoken language. For instance, Knoeferle et al. 
(2017) show that when subjects hear a syllable 
with a certain duration (and specific spectral 
properties), they judge the size of an object 
according to the acoustic properties, with 
longer duration corresponding to larger 
objects, among other factors.  

We assume that the lengthening phenomena 
in social media have its origin in spoken 
language, where prosody can mark emphasis 
and show the speaker’s individual stance. In 
spoken language, two lengthening aspects need 
to be distinguished: its scope and its amount. 
The SCOPE, i.e. the lengthened stretch of an 
utterance, is determined by the underlying 
prosodic event - a phrase boundary, a phrase-
level accent, or a word stress. White (2014) 
gives an exhaustive literature review over these 
mechanisms: phrase-final lengthening extends 
from the nucleus of the final stressed syllable 
to the phrase end (e.g. Turk and Shattuck-
Hufnagel, 2007). Lexical stress is marked by 
lengthening of the stressed syllable and therein 
mainly by the vocalic nucleus (e.g. Klatt, 1974; 
Oller, 1973). Finally, phrase-level accent 
affects the accented word, above all its stressed 
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syllable but also its boundaries (e.g., Turk and 
Sawusch, 1997). 

The AMOUNT of lengthening is 
constrained by phoneme-intrinsic and co-
intrinsic properties that are reflected in the 
respective average duration and variances. 
Several of these properties are listed in Klatt 
(1976), e.g. high vowels being shorter than low 
ones, and vowels being shorter preceding 
unvoiced obstruents than preceding voiced 
ones. The lengthening capability of a phoneme 
can be expressed in terms of its elasticity 
(Campbell & Isard, 1991), its restoring force 
against being lengthened. This elasticity can be 
inferred from the phoneme's duration variance. 
Stops for example show a lower variance than 
vowels and thus can be lengthened to a lesser 
extent. In order to generally account for such 
phoneme-dependent duration behaviors, 
Möbius & van Santen (1996) propose a 
category tree for German subdividing 
phonemes into broad classes defined in terms 
of phonological categories and syllable 
constituents. Each leaf of this tree represents a 
subset of phonemes as part of a certain syllable 
constituent. For each of these subsets a 
separate duration model (sum of products; van 
Santen, 1992) applies. In the proposed work, 
we will investigate letter replication in a 
blogger corpus and focus on the following 
questions: 

Research questions 

1.) Is letter replication a phenomenon of 
vowels or also of consonants? 

2.) If replications occur also in consonants, 
are these only sonorants or also voiceless 
obstruents? Is lengthening also found in stops?  

3.) How often are letters replicated? Are 
some cases particularly long? 

4.) In which words do replications occur? 
5.) How much are replications affected by 

social factors? 

Methodology 
The Blog Authorship corpus (Schler et al., 

2006) was analysed. It is a freely available 
corpus of blogs posted in 2004 from 19320 
English speaking bloggers. It consists of ca. 
140 Mio. words and includes an information 
for age (13-48 years with a median value of 17 
years), educational background (40 different 
professions), sex (male vs. female), and star 
constellation (12) of the bloggers.  

Every blog has an xml-like structure. Only 
letters were selected (i.e. no numbers, emojis, 
symbols or replications of punctuation land-
marks). All data were pre-processed to lower 
case. They were taken into account when they 
included at least 3 replications of the same 
letter. In some cases the replication of 3 letters 
may have been a typo, so that one may them 
with caution. However, many data consist of 
more than 3 letters (see Figure 2). For www, 
we checked the database and excluded all 
cases with following punctuation marks that 
could refer to a weblink. Moreover, some letter 
replications may not be a word in the English 
lexicon, but may have specific meanings, such 
as “xxx” which stands for kisses (see 
https://www.internetslang.com/XXX-meaning-
definition.asp). Hence, in comparison to 
previous work (e.g. by Brody & Diakopoulos, 
2011) we did not map the selected words with 
canonical word forms, because that may 
eliminate some data which occur only in social 
media, but not in the English lexicon. Data 
were pre-processed using Python (2.7) and 
graphical explorations were carried out using R 
(3.4.1.). Two parameters were calculated on 
the basis of the dataset: Frequency of 
Occurrence, i.e. how often one can find a 
particular letter replication in the database and 
Number of Replication, i.e. how often is a 
certain letter repeated.  

Results 

Letter replications: Where do they occur? 

Replications occur generally in all letters 
(Figure 2). However, there is clearly a 
preference for some letter replications over 
others. Out of 150147 cases with letter 
replication, 26.58% occur in “o” and 16.08% 
in “m”. Moreover, 75.05 % of all data consist 
of replications of “o, m, h, a, e, w”. 

Figure 2. Occurrence of letter replications in 
different letters, ordered by letters with the highest 
(left) to the lowest count (right). 

Except from “h” all other letters are 
sonorant and many of them are vowels. “h” 
may be an exception, because it occurs in 
many cases after a vowel letter (e.g. Aaaahhhh 
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in Figure 1) and may be interpreted with 
respect to a breathy voice quality. Figure 2 also 
reveals a clear disadvantage of non-
continuants, i.e. stops, for letter replications. 
They are least frequently repeated, which is 
congruent with their limited lengthening in 
spoken language. If replications occur, then 
they are often part of a general amplification 
with replications of almost all letters in the 
word (like in bbbbaaaaaacccckkk). 

How often are letters replicated? 

In Figure 3 an exploration of frequency of 
occurrence and number of letter replication is 
displayed. Different colors correspond to 
different letters. It can be seen that most letter 
replications occur frequently up to 10 letters 
(e.g. soooooooooo). For “o” the numbers are 
slightly higher than for all other letters. There 
are also extreme cases, which are very rare. 
For example “o” has been repeated 4480 times 
(since this is out of the range of the y-axis 
here, it has not been included in the figure to 
focus on the main observations). 

 
Figure 3. Frequency of occurrence (y-axis, limited 
to 1000) in relation to number of replications (x-
axis, limited to 30) of letter replications. Different 
letters are given in colors.  

In which words do replications occur? 

The analysis so far is limited to 1000 words 
which were randomly selected. They were fed 
into a tool displaying a word cloud 
(https://www.jasondavies.com/wordcloud/). 
The results are displayed in Figure 4.  

The most frequent cases are interjections 
(e.g. hesitations like hmmm, exclamations like 
ahhh, ohhh, grrrrrr), few are nouns (e.g. 
looove), particles (e.g. soooo), adjectives (e.g. 
loooooong), adverbs (e.g. tooo), pronouns (e.g. 
meeee), onomatopoetics (e.g. pffft). 

 

 
Figure 4. Top: Word cloud plot based on 1000 
randomly selected words including letter 
replications. The larger the font of the word, the 
higher its frequency (log scaled) in the selected 
dataset. 

Letter replication and social variables 

Since social information are available for 
the blogger corpus, we took them into account. 
Figure 5 reveals an effect of age on letter 
replications. It is evident that younger bloggers 
(<20 in the data) increasingly use replications 
up to the age of about 20. Between 20 and 30 
years the occurrence of replications is 
decreasing and it is rather stable with older 
age. Furthermore, younger bloggers produce 
replications with greater amplifications 
(soooooooooooo) than older ones (sooooo), in 
particular as adolescents.  

Figure 5. Top: Frequency of occurrence of letter 
replications as a function of age; Bottom: Number 
of letter replications as a function of age (x-axis)  

Note that for some age groups no data are 
available in the corpus, which corresponds to 
the empty spaces in Figure 2. Males and 
females show comparable distributions. The 
corpus also includes profession, but since 
profession included 40 levels, we did not 
further investigate these in detail.  
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Discussion and conclusion 
The results of our study reveal a clear 

preference for the replication of certain letters 
and avoidance of others. Letter replication was 
specifically found in vowels and sonorants, 
except “h”. However, the replication of “h” 
occurs in most cases after a vowel (ohhh!) and 
we assume that it marks a lengthening of the 
vowel with a breathy voice. Lengthening of 
stops is rather limited. This result is in 
agreement with spoken language where a 
continuous air stream is disrupted by the oral 
closure in stops.  

The number of repeated letters varies 
considerably, but we found that most data are 
within the range between 3-10 letters, 
depending on the specific letter. We suppose 
that in spoken language an extreme 
lengthening (5-10 times of the intrinsic 
segment duration) would not be realized, 
because other audio-visual cues could be taken 
to express prosodic emphasis and a personal 
stance. However, further work is needed to test 
this assumption. 

We further found that letter replications do 
not occur to the same extent in all word 
classes. In an initial inspection, we saw that 
interjections are most frequently used. Many of 
them are related to an expression of sentiment 
and would confirm the results by Brody & 
Diakopoulos (2011), even if we have not 
carried out a sentiment analysis. 

Finally, the age of the blogger had an effect 
on the number of the replicated letters, with a 
higher number for the younger bloggers. We 
interpret this finding with respect to the 
expressiveness of the younger generation. It 
may however, also be that the younger 
generation grew up earlier with computer 
technology and uses the specifics of digital 
communication, while the older bloggers may 
still be more formal. An interesting future 
work could be to analyze whether specifically 
the emotional interjections are more and more 
replaced by emojis, which enjoy a greater 
popularity in comparison to the time when the 
blogger corpus was recorded. 
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Abstract 

Previous research has shown vast differences 
in the way that non-native and native speakers 
perceive foreign accents, whether authentically 
produced by second language (L2, henceforth) 
speakers or imitated by native (L1, henceforth) 
speakers of the language in question. Such 
differences in the way speakers from different 
languages perceive foreign accents probably 
results from the fact that perceptual cues from 
distinct acoustical dimensions are weighted in 
language-specific ways to match the statistical 
distribution of the different acoustical cues. 
Here results are presented for a pilot study in 
speech perception in which it was asked 
whether native speakers of American English 
can discriminate imitated and authentic 
foreign accents in Spanish better than L1 
Spanish listeners in a task that included stimuli 
produced by (1) L1 Spanish speakers using 
their normal accent, (2) an L1 Spanish-speaker 
imitating a prototypical English accent, and 
(3) an L1 North American English speaker 
speaking with his authentic foreign accent. 
Preliminary results confirm that the L1 
English-speakers are better judges of foreign 
accent authenticity than the L1 Spanish 
subjects.  

Perceiving accents in speech 
A number of studies have revealed that 

native speakers are acutely capable of 
identifying a range of accents (both native and 
non-native) in their native language. Vieru-
Dimulescu and Boula de Mareüil (2006), for 
example show that French speakers are able to 
correctly identify foreign origins of non-native 
speakers of French on the basis of vowel 
characteristics. Munro, Derwing, and Burgess 
(2003) demonstrate that native speakers are 
capable of doing this even when reversed 
stimuli (i.e. words are presented backwards) 
are presented. Tate (1979) showed that, in a 
substantial number of cases, speakers of 
American English can identify imitated 

dialectal accents from their native language. 
However, Markham (1999)‘s study of the 
perception of imitated foreign accents in 
Swedish showed that, even with phonetic 
training, there was high variability in the 
participants ability to discern imitated versus 
authentic accents in their native language. 

Less research has addressed cross-linguistic 
perception of foreign accent authenticity. 
Neuhauser and Simpson (2007) tested whether 
subjects could distinguish imitated and 
authentic foreign accents in German. 
Importantly, this study revealed that imitated 
accents reflect the stereotypical patterns that 
L2 speakers produce, but not perfectly. That is, 
not all of the acoustic characteristics that L2 
speakers produce are reflected in the imitated 
voice. The results of the perception tests 
showed that German speakers were generally 
capable of discerning between the imitated and 
authentic accents, but as stimuli for the 
experiment involved entire sentences, it is not 
clear which perceptual cues the listeners 
focused their attention on in order to 
distinguish the accents. Schoonmaker-Gates 
(2012) performed a series of perception 
experiments using L1 and L2 Spanish stimuli 
(i.e. Spanish produced by native speakers and 
Spanish produced by native American-English 
speaking subjects) to solicit the degree of 
perceived foreign accent based on VOT values 
for stops. This study found that native and non-
native listeners do not perceive foreign accents 
in the same way, implying that non-native 
listeners do not focus their attention on the 
same acoustic parameters that native speakers 
do when perceiving accents.  

No study to our knowledge has examined 
whether non-native speakers of a language can 
accurately discriminate between an imitated 
and authentic foreign accent when presented 
with stimuli in which the authentic foreign 
accent and imitated accent are from the 
listeners’ L1 (i.e. L1 English speakers speaking 
Spanish versus L1 Spanish imitating an 
English accent in Spanish), and whether they 
can do this on par with their L1 Spanish-
speaking correlates. This is especially 
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interesting in light of the fact that a growing 
body of evidence suggests that not all 
perceptual cues provide equally reliable 
information with which to distinguish 
linguistic categories, and that different 
languages weight acoustic cues in dissimilar 
ways (Toscano & McMurray, 2010). For 
example, native English speakers may utilize a 
combination of first and second formant values 
(F1 and F2, respectively) in order to correctly 
distinguish /i/ from /ɪ/, but not necessarily the 
third formant (F3), given there is no contrast in 
high front vowels based on lip settings in 
English. Native French speakers, however, will 
likely focus perceptual attention to F3, in 
addition to F1 and F2, since lip rounding is a 
viable cue to distinguish /i/ and /y/. 

It is supposed that cue weight is learned 
from the distributional statistics in the acoustic 
signal during phonological development. Thus 
when a speaker produces an L2, the relative 
weighting of cues from their L1 will influence 
the different phonetic parameters of their L2 in 
a natural way. However, in imitated speech, 
the speaker is not transferring the relative 
weighting of perceptual cues from his/her L1, 
but rather producing a version of the accent 
which he/she perceives, which has been 
filtered through their native weights. Hence, 
what a speaker produces when imitating an 
accent may vary greatly from the accent of an 
authentic foreign accent because the speaker is 
producing the accent as he/she perceives it, and 
it stands to reason that L1 speakers of the 
language being imitated are able to pick up on 
this. It is supposed that more experience and 
knowledge of the phonological system of the 
foreign language whose accent is being 
imitated will yield an imitated production that 
is closer to the authentic foreign accent, though 
to our knowledge, this has not been tested. In 
this context, it stands to reason to ask whether 
non-native speakers of a language can 
discriminate imitated versus authentic foreign 
accents in an L2 (when the accent being 
imitated is from their L1) more or less 
accurately than L1 speakers, since L2 speakers 
could be more sensitive to the fine phonetic 
details of the different phonetic parameters of 
the accented stimuli. 

Aims and scope of present study 
The global objective of the following 

perception experiment is to compare how 
native and non-native speakers perceive 

imitated and authentic foreign accents. The 
object of the perception tests was vowels. 
Vowels were chosen specifically for the two 
languages under study (Spanish and English) 
because the English vowel system is 
characterized by a relatively high number of 
vowel categories as well as by high intra-
categorical variation with regard to first, 
second and third formant values and inter-
categorical overlap, while Spanish vowels are 
characterized by high intra-categorical stability 
and low (if any) inter-categorical overlap. 

This renders a couple of interesting 
possibilities with regard to perception. In the 
first scenario, it is possible, given the reduced 
space between vowel categories (and even 
overlapping in some cases), that English 
speakers focus more attention on the minute 
parameters of the different acoustic dimensions 
to distinguish vowel categories because they 
are crucial to lexical access (for example in the 
English words ‘bad’, ‘bed’, ‘bead’, ‘bide’ and 
‘bid’, capturing the precise acoustical 
parameters of the vowels is necessary for word 
discrimination). This sensitivity to the fine 
grained details of the acoustic cues for vowels 
could lead to the hypothesis that native English 
speakers are better conditioned to perceive 
authentic versus imitated accents, when those 
accents being imitated pertain to their L1, 
because they would weight the cues pertaining 
to vowels high in order to discriminate words. 
The opposite hypothesis would then imply that 
since intra-categorical variation in Spanish 
vowels is lower, and there is low inter-
categorical overlap between the vowels, then 
native Spanish speakers would not necessarily 
have to focus as much attention on the fine 
grained details of the specific acoustic cues for 
lexical access. 

The second scenario, on the other hand, 
would be that high intra-categorical variation 
and inter-categorical overlap in English leads 
to a decrease in attention on the acoustic 
parameters of vowels since they do not provide 
robust enough cues with which to discriminate 
categories in certain cases. That is, English 
speakers may use different acoustic cues, or 
combinations of different cues, as well as high 
level structural cues for lexical access and 
discrimination. Take, for example, the final 
vowel ‘e‘ in the English token ‘listed’. Native 
speakers can realize this vowel as either [ə] or 
[ɪ] (and probably anything in between) with no 
rupture in communication. Thus one could 
hypothesize that this would translate to a 
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decrease in sensitivity to the fine grained 
acoustic cues needed to discriminate imitated 
versus authentic foreign accents in an L2 , 
because in some cases, the precise acoustic 
target may be trivial, or less reliable than other 
perceptual cues in the phonetic environment. 

Perception experiment 

Speakers and stimuli 

For the stimuli, 3 male subjects of similar 
ages were recorded. All three subjects read the 
same texts in Spanish. The first speaker 
(Speaker 1) was a native North American 
English-speaking male with a C2 level of 
Spanish and was recorded at the Speech 
Laboratory at the Universidad de Navarra. 
Speaker 2, a native Spanish speaking male 
with a C1 level of English was recorded at the 
Phonetics Laboratory at the Universitat de 
Girona. Speaker 3, a native Spanish speaker 
was recorded as well at the Speech Laboratory 
at the Universidad de Navarra.  

Speaker 1 was instructed to read the text to 
make it sound as natural as possible using his 
‘normal’ accent. Speaker 2 was instructed to 
read the text imitating a typical English accent 
in Spanish. Speaker 3 was instructed to simply 
read the text at a comfortable speed using his 
normal accent. Stressed vowels in open 
syllables were isolated and extracted from the 
sound files to serve as stimuli for the 
perception tests. Only /a, e, i, o/ were used as 
stimuli since there were not enough cases of /u/ 
in stressed open syllables in the texts. 

Twenty vowels were selected from each 
speaker (/a/ = 5, /e/ = 5, /i/ = 5, /o/ = 5, 20 total) 
for the tests, yielding a total of 60 stimuli. Three 
repetitions were programmed for each vowel, 
yielding a total of 180 test stimuli. Vowels were 
presented randomly to the perception subjects 
using a forced multiple choice design in the E-
Prime 2.0 software suite. 
 
Acoustic analysis of vowels 

 
An acoustic analysis of the vowels was 

performed before the perception tests to define 
potential stimuli. All the vowels from the text 
were labelled by hand using Praat. To avoid 
possible effects of diphthongization, only the 
stable centers of the formants were extracted 
for analysis, though future studies hope to 
remedy this by looking at dynamic formant 
movements for the individual vowels (see 
Elvin, Williams & Escudero, 2016). No 

normalization of the vowels was performed 
because the speakers were the same sex and of 
similar ages. Statistical analyses of the formant 
values of the vowels were performed using 
linear mixed effects models in R Studio. 
Tongue height (F1, henceforth TH), tongue 
anteriority (F2, henceforth TA), and lip 
rounding (F3, henceforth LR) were continuous 
variables. Repetition (two per speaker) was 
modelled as a random effect, while accent type 
(real_spanish, L1_english, fake_english) was 
modelled as a predictor. A main effect (χ²[1, 
N=561] = 560, p < 0.01) was found for accent 
type though effects varied according to the 
tongue height and anteriority of the individual 
vowels (see Table 1).  

A single factor ANOVA comparing f0 
values shows significant (p=0.039) differences 
between speakers (see Figure 1), though a 
Games-Howel post-hoc analysis reveals 
significance only for the native Spanish 
speaker using his normal accent and the native 
Spanish speaker imitating an English accent. 
Differences in f0 between the native English 
speaker and the Spanish speaker imitating an 
English accent were insignificant (p=0.819), as 
were differences between the English native 
speaker and the native Spanish speaker using 
his authentic Spanish accent (p= 0.17). 

As noted in Neuhauser and Simpson (2007), 
the imitated accent exhibited all of the 
stereotypical patterns for vowels reported in 
previous studies: diphthongization, reduction 
to schwa in unstressed syllables, and 
lengthening of stressed vowels. Nevertheless, 
the imitated accent was typified by very high 
variation (standard deviations for the imitated 
accent were even higher than for the L1 
English speaker’s authentic foreign accent). So 
although the stereotypical patterns were more 
or less reflected in the imitated speech, there 
was little consistency in how those patterns 
were applied (i.e. some vowels were quite 
close to authentic Spanish vowels whereas 
others seemed to exaggerate characteristics of 
English-influenced vowels) See Table 1 for 
means and standard deviations: 
 
Table 1. Mean formant values (Hz) and standard 
deviations by speaker and vowel. 
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Perception participants 
 

Eighty participants took part in the 
perception study (40 native North American 
English speakers with B2 level Spanish, and 40 
native speakers of Standard Peninsular Spanish 
with a B2 level in English).  

The speakers were told that they would hear 
three different types of stimuli: (1) vowels 
from a native Spanish speaker imitating an 
English accent, (2) vowels from a native North 
American English speaker speaking with his 
normal accent in Spanish, and (3) a native 
Spanish speaker speaking normally in Spanish. 
They were asked to distinguish the three types 
of accents by pressing the appropriate key on 
the keyboard. Accuracy scores for each 
participant were collected and used for the 
statistical analyses (single factor ANOVA). 

 
Results of the perception tests 
 

The results of the perception tests were, in 
general, surprising. The native Spanish 
speaking subjects had no problem 
distinguishing the vowels of the native Spanish 
speaker using his normal Spanish accent from 
the native English speaker and the imitated 
English accent, yet scored no better than 
chance (p=0.57) in distinguishing the imitated 
accent from the authentic English foreign 
accent (see Table 2). However, the native 
English speaking subjects, besides being able 
to distinguish the natural Spanish accent from 
the imitated and authentic English accents, 
were also able to significantly distinguish 
(p<0.05) the authentic English accent and the 
imitated accent. In some cases and speakers, 
accuracy scores in distinguishing the imitated 
and authentic English accents were between 
70%-80%, with the mean being 62% accuracy 
for pooled means (see Table 2). Accuracy 
scores are offered in Table 2 for each subject 
group. 

 
Table 2. Accuracy (%) scores by group.  
 

 

Conclusion and Discussion 

The results of the pilot tests provide good 
preliminary evidence to suggest that native and 
non-native speakers perceive foreign accents 
differently. However, it is not clear at this 
point which perceptual cues the native English 
speakers utilize to identify the authentic and 
imitated accents. Although the acoustic 
analyses revealed significant differences for 
the three speakers, the results cannot indicate 
which (or any) of the cues was prominent in 
determining accent authenticity. Presently, we 
are amplifying our study to include vowels 
from both stressed and unstressed conditions, 
and analyzing the dynamic trajectories of the 
different formants with the hope that this will 
shed further light on the issue. Additionally, 
we are also investigating the role that language 
proficiency plays (both for listeners, and 
proficiency of the speakers) in the detection of 
accent authenticity. 
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Abstract 

Results are reported for a series of hypotheses 
related to overlap patterns in Spanish clusters. 
In line with past findings for French and other 
languages, significant interplateau intervals 
exist between the articulatory plateaus in all 
C1C2 clusters. In contrast with French, 
however, it was found that the voicing 
specification of the C1 affects the timing 
between gestures, though results are not 
consistent for all speakers. Finally, /Cɾ/ 
clusters show longer interplateau intervals 
than /Cl/. We attribute this to the presence of 
an anticipatory tongue-body retraction 
movement for the rhotic tap /ɾ/ which is 
lacking in the liquid /l/. 

Patterns of inter-articulatory timing 

Articulatory Phonology [1,2] maintains that 
high-level structural information related to 
syllables is embodied in the dynamic actions of 
the speech gestures that constitute these 
syllables. Finding the systematic patterns of 
inter-articulatory timing as well as identifying 
the sources of variation in timing patterns is 
thus crucial to understanding the phonological 
constraints that combine to produce language 
specific timing patterns in a temporally based 
model of the phonology. Variation in inter-
articulatory timing, in particular, has proven 
nettlesome in teasing apart the phonologically 
encoded constraints that act on the dynamic 
actions of the different articulators and the low 
level mechanical constraints that affect inter-
articulatory timing. 

Little is known about articulatory timing in 
Spanish clusters. A number of studies have 
reported the presence of a vocoid-like element 
between the consonants in clusters [3-7], 
which Bradley [7], based on Gafos [8], claims 
falls out from the temporal relation between 
the gestural plateaus of the consonants in 
clusters, producing an open transition between 
the articulatory plateaus. To date, however, no 

study has reported articulatory data confirming 
this specific articulatory configuration for 
Spanish. 

In the absence of relevant prior works on 
Spanish, one research area from which we can 
extract relevant hypotheses for Spanish 
clusters is previous studies on overlap patterns 
in languages similar to Spanish, which have 
found that both the voice specification and the 
constriction location (place of articulation) of 
the gestures affect gestural overlap. For 
example, in a recent study of French and 
German stop-liquid clusters, it was shown that 
the underlying voice specification for C1 
conditions articulatory overlap in German, but 
not in French [9]. Whereas in German, a 
voiced C1-liquid cluster is substantially more 
overlapped than a voiceless C1-liquid cluster, 
in French both cluster types show low overlap. 
Specifically the degree of overlap in both types 
of French clusters mirrors that of the German 
voiceless C1-liquid clusters. Assuming 
Spanish can be likened to French, then one 
would expect low overlap also in Spanish 
voiced/voiceless clusters. 

Concerning effects of place, a number of 
studies have found that the anterior/posterior 
ordering of the different articulators in clusters 
has an effect on patterns of gestural overlap, 
producing what has become known as a place 
order effect (POE, henceforth) [10-14]. C1C2 
sequences in which C1’s constriction is 
anterior to C2’s, also known as Front to Back 
sequences (e.g., labial-coronal) have been 
found to exhibit more overlap than sequences 
with the opposite order (e.g., velar-labial), also 
known as Back to Front sequences. 

Another main source of variation affecting 
overlap patterns is segmental composition [15-
22]. Hence, in addition to /Cl/ clusters, our 
study addresses also /Cɾ/ clusters. The 
divergent behavior of /l/ and /ɾ/ in Spanish 
C1C2 clusters (where the lateral and rhotic 
occupy the C2 position of the cluster) has been 
extensively discussed in acoustic studies of 
both Peninsular and American varieties of 
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‘glauben’    

 
 
Figure 3. Representative production of /ɡl/ in 
German. The time lag between the plateaus 
(constriction phases) of the two consonants, shown 
by the separation between the dark boxes in the 
lower two rows of each panel, is substantially 
shorter in German than in Spanish (shown in 
Figure 1). In each panel, shown from top to bottom, 
are the audio signal, spectrogram, a trace of the 
movement of the tongue body (TB) receiver, and a 
trace of the movement of the tongue tip receiver 
(TT). For each articulatory trace, its up-down and 
front-back movements are shown as a function of 
time (x-axis in ms). 
 

Pooled means show a main effect for 
voicing on articulatory overlap (χ2[1, N=561] = 
20.21, p<0.001), IPI being longer in mixed 
voiced clusters than in uniform voiced clusters. 
Figure 4 plots IPI (ms) as a function of voice.  
 

 
Figure 4. Mean IPI (ms) as a function of C1 
voicing. 
 
Means and standard deviations for IPI as a 
function of voice appear in Table 1. 
Table 1. Mean IPI (ms), SD (ms) in /Cl/ clusters 
Cluster Mean (ms) SD (ms) 
/kl/ 40.8 24.3 
/ɡl/ 34.6 22.9 
/pl/ 42.9 18.9 
/bl/ 33.8 17.8 

No main place order effect (POE) in /Cl/ 
was found (χ2[1, N=561] =9.18, p=0.14), 
though a POE did emerge for one speaker in 
the /Cl/ clusters. For /Cɾ/, in contrast, a main 
effect was found for the place ordering of the 
gestures on articulatory overlap (χ2[1, N=440] 
=15.71, p=0.009), with labial+/ɾ/ more 
overlapped than velar+/ɾ/, though this result 
only obtained for three speakers. Mean IPI 
(ms) are illustrated by cluster for both /Cl/ 
(right panel) and /Cɾ/ (left panel) clusters in 
Figure 5.  

 

 
Figure 5. Pooled means for IPI as a function of 
place order. 
 

As for segmental variation, a strong main 
effect was found for IPI as a function of C2, /l/ 
vs. /ɾ/ (χ2[1, N=440] =23.52, p<0.001). Mean 
IPI in /Cɾ/ was approximately 22 ms longer 
than in /Cl/, a pattern that holds for all 
speakers. Means and standard deviations for 
IPI by cluster are provided in Table 2. 
 

Table 2. Mean IPI (ms) and SD (ms) by cluster 
Cluster Mean (ms) SD (ms) 
/kl/ 40.8 24.3 
/pl/ 42.9 18.9 
/kɾ/ 65.5 13.5 
/pɾ/ 60.4 21.4 

 
Given the differences in C2 behavior in /Cl/ 

and /Cɾ/ clusters described in previous studies 
[3-7, 15, 23], this effect is expected. For the 
tap, /ɾ/, our articulatory data show an 
anticipatory phase where the tongue body first 
moves in the opposite direction from the 
ultimate anterior point of tongue tip contact so 
as to subsequently allow the tongue tip to hit 
the target at a high velocity as is typical of 
taps. The tap is essentially a sequence of two 
movements; a first retracting movement of the 
tongue body followed by the very fast forward 
and up, hit-and-run (in Catford’s terms) 
movement of the tongue tip. This sequencing 
between an anticipatory movement and the 
subsequent hit-and-run movement results in 
the longer IPIs for /Cɾ/ than for /Cl/. The liquid 
as well as its corresponding non-lateral stop /t/ 
lack this anticipatory phase. For /l, t/, instead, 
tongue body and tongue tip both move in sync 
forward and up (and subsequently down and 
away) in a single movement to (and fro) the 
required constriction.  

Conclusion and Discussion 

In the Spanish consonant-liquid and 
consonant-rhotic clusters investigated in our 
data, our results clearly indicated the existence 
of an open transition for all speakers. The 

g 
l 
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duration of the open transition is modulated by 
voicing of the C1, but effects of place 
specifications on IPI were only significant in 
/Cɾ/ clusters. 

The most systematic source of variation in 
the C1C2 clusters was the C2 segment. /Cɾ/ 
clusters had substantially less overlap than /Cl/ 
clusters for all speakers. We attributed this to 
the articulatory complexity of the rhotic 
compared to the lateral. Whereas the liquid 
consists (mid-sagitally) of a single movement 
of the entire tongue towards the alveolar target, 
the rhotic tap consists in a sequence of two 
movements. In a preparatory movement for the 
tongue tip’s hit-and-run path towards the 
alveolar constriction, the tongue body for the 
rhotic first retracts and lowers; a second 
movement to effect the alveolar constriction 
then follows this preparatory movement. This 
sequencing of two movements clearly affects 
coordination of /ɾ/ with the surrounding 
consonant gestures in such a way that /Cɾ/ 
clusters exhibit less overlap than /Cl/.  
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Abstract 
In diesem Beitrag werden drei quantitative Studien 
vorgestellt, mit deren Hilfe untersucht wird, ob 
neben dem robusten Längenunterschied auch 
Qualitätsunterschiede für die deutschen <a>-Laute 
vorhanden sind (z.B. <Saat> versus <satt>). Auf 
Basis von ausgewählten Korpora und instrumental-
phonetischen Messungen kann dieser 
Zusammenhang bestätigt werden. Zudem zeigen 
sich signifikante Unterschiede in den dynamischen 
Verläufen der beiden Vokale. 

Einleitung 
Minimalpaare des Deutschen wie Schrot – 

Schrott, Ruhm – Rum, Saat – satt sind durch 
eine Reihe korrelierender phonetischer 
Unterschiede hinsichtlich der Vokalqualität, 
Vokaldauer und Silbenstruktur gekenn-
zeichnet. Phonologische Studien stützen die 
Annahme einer einheitlichen binären 
Opposition: sowohl das Neutralisations-
verhalten wie auch die Evidenz bezüglich 
Paradigmenuniformität indizieren eine durch-
gehende Qualitätsopposition (Raffelsiefen 
2016). Dieses Ergebnis steht im Einklang mit 
artikulatorischen Studien, die Qualitätsunter-
schiede für alle Paare zeigen (Bohn et al. 1992, 
Hoole/Mooshammer 2002), nicht aber mit 
Perzeptionsstudien, in denen für tiefe Vokale 
keine Qualitätsunterschiede festgestellt wurden 
(Weiss 1976).  

In dem vorliegenden Beitrag werden 
quantitative Analysen vorgestellt, mit deren 
Hilfe Qualitätsunterschiede für die deutschen 
<a>-Laute nachgewiesen werden können. 
Hierzu werden <a>-Laute in hauptbetonten 
Silben auf Basis des robusten Längen-
unterschieds in zwei Klassen unterteilt (im 
Folgenden: <Saat>-Typ-Vokal vs. <satt>-Typ-
Vokal). Es soll der Frage nachgegangen 
werden, ob die auf diese Weise unter-
schiedenen Vokalklassen korrelierende Quali-
tätsunterschiede, bzw. Unterschiede in den 
dynamischen Verläufen zeigen. 

Datengrundlage 
Als Datengrundlage für die Studien dienen 

verschiedene Korpora: das Kiel Korpus 
(Kohler 1992), das „Deutsch heute“ Korpus 
(Brinckmann et al. 2008), das Oldenburger 
Logatome Speech Corpus (Wesker et al. 2005) 
und ein projektinternes Korpus, das Nonsens-
Minimalpaare einschließt, die von 29 
(14m/15f) standardnahen Sprechern realisiert 
wurden. Die Untersuchung ist auf Wörter 
beschränkt, in denen <a>-Laute in 
hauptbetonten Silben erscheinen. Es wurde 
überprüft, dass in allen Fällen <Saat>-Typ-
Vokale und <satt>-Typ-Vokale aufgrund von 
Längenunterschieden in den Annotationen 
angemessen unterschieden waren (vgl. hierzu 
auch die obere Grafik in Abb. 1). 

Akustische Analyse 

Die Formantwerte (F1, F2, F3) wurden mit 
PRAAT (Boersma et al. 2016) automatisch 
extrahiert. Dazu wurde der Burg-Algorithmus 
mit den Standardeinstellungen verwendet (5 
Formanten im Suchraum bis 5500 Hz für 
Frauenstimmen und bis 5000 Hz für 
Männerstimmen). Die Messzeitpunkte liegen 
für unsere Auswertung bei 25%, 50% und 75% 
der akustischen Vokaldauer.  

Neben den Formantwerten (von Hertz in 
Bark transformiert) werden außerdem Maße 
für den dynamischen Verlauf der jeweiligen 
Vokale errechnet. Es werden die Euklidischen 
Distanzen (in Bark) der F1xF2 Trajektorien 
von 25% bis 75% der Vokaldauer berechnet 
(Erläuterung (1)) sowie die Steigung (= slope) 
innerhalb der Formantverläufe F1 und F2 (vgl. 
Erläuterungen (2) und (3)).  
 

(1) Euklidische Distanz zwischen 25%-
75%: √(((F125% - F175%)2) + ((F225% - F275%)2)). 

(2) F2 slope: F275% - F225% / 0.5 * 
Vokaldauer. 

(3) F1 slope: F175% - F125% / 0.5 * 
Vokaldauer.  
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Außerdem wird ein weiteres (nicht 
dynamisches) Maß erhoben, das die 
Peripheralität operationalisiert: ein zweites 
Euklidisches Distanzmaß (im Folgenden: 
Euklidische DistanzPER genannt), berechnet 
aus der Distanz der F1 Werte und F2 Werte in 
der Vokalmitte zu den F1 Mittelwerten und F2 
Mittelwerten (in Bark) aller Männer bzw. 
Frauen für das jeweilige Korpus. Somit ist die 
Berechnung der Mitte jeweils spezifisch für ein 
bestimmtes (Sub)korpus (z.B. die 26 
SprecherInnen des Kielkorpus). 

Es geht uns insbesondere darum zu 
untersuchen, ob für die Unterscheidung der 
deutschen <a>-Laute neben als robust 
vorausgesetzten Dauerunterschieden weitere 
qualitative Unterschiede in F1, F2, F3 (in der 
Vokalmitte) und bezüglich der Peripheralität 
des Vokals sowie darüber hinaus dynamische 
Unterschiede in der Euklidischen Distanz und 
in F1 slope und F2 slope eine Rolle spielen. 

Statistische Analyse 
Um zu überprüfen, ob Qualitätsunterschiede 

und Unterschiede in den dynamischen 
Verläufen zwischen den beiden Vokalklassen 
(<Saat>-Typ-Vokal vs. <satt>-Typ-Vokal) 
vorliegen, werden mehrere gemischte Modelle 
berechnet, die es erlauben, die interindividuelle 
SprecherInnenvariation als Zufallsfaktor zu 
kontrollieren. 

Im Rahmen der ersten Studie wird in 
mehreren gemischten linearen Modellen (Bates 
et al. 2017) der Einfluss des Vokaltyps (als 
Prädiktorvariable) auf die folgenden 
Kriteriumsvariablen getestet: ‚F1‘, ‚F2‘, ‚F3‘, 
‚Euklidische Distanz‘, ‚Euklidische 
DistanzPER‘, ‚F1 slope‘ und ‚F2 slope‘ sowie 
zu Kontrollzwecken auch ‚Vokaldauer‘. Um 
weitere Einflüsse kontrollieren zu können, 
werden außerdem das Geschlecht der 
SprecherInnen, der nachfolgende Laut im 
betreffenden Wort und die Information, ob es 
sich bei dem betreffenden Wort um ein 
sinnhaftes oder nicht sinnhaftes Wort handelt, 
als Prädiktorvariablen in das statistische 
Modell aufgenommen.  

In der zweiten Studie werden mit Hilfe von 
logistischen Regressionsmodellen (Dobson 
1990, Hastie/Pregibon 1992, 
McCullagh/Nelder 1989) die Einflüsse der 
Faktoren ‚F1‘, ‚F2‘, ‚F3‘, ‚Euklidische 
Distanz‘, ‚Euklidische DistanzPER‘ sowie ‚F1 
slope‘, ‚F2 slope‘ und - zu Kontrollzwecken - 
,Vokaldauer‘ (als Prädiktorvariablen) auf den 

Vokaltyp (als Kriteriumsvariable) überprüft 
und hierarchisiert.  

Die dritte Studie befasst sich zusätzlich mit 
regionalen Einflüssen auf die Vokalqualität 
und den dynamischen Verläufen.  

Ergebnisse 
Um zunächst regional bedingte Variation 

auszuschließen, werden in der ersten Studie 
nur folgende SprecherInnen berücksichtigt: 
SprecherInnen aus dem Deutsch heute Korpus 
aus Nord-West Deutschland und dem Standard 
zugeordnete SprecherInnen aus dem Olden-
burger Logatome Speech Corpus. In beiden 
Korpora können signifikante Einflüsse des 
Vokaltyps auf F1 (t=6.65; p<.001), F2 (t=-
18.54; p<.001), F3 (t= 14.09; p<.001), F1 slope 
(t=3.75; p<.001), F2 slope (t= 7.76; p<.001) 
und die Euklidischen Distanzwerte (-11.14; 
p<.001 und für Euklidische DistanzPER 
t=13.49; p<.001) festgestellt werden. Zu 
Kontrollzwecken wurde außerdem der Einfluss 
des Vokaltyps auf die Dauer überprüft (t= 60; 
p<.001). Vokale des Typs <Saat> sind 
signifikant länger als <satt>-Typ-Vokale. Die 
F1 Werte und die F3 Werte sind bei <Saat>- 
im Vergleich zu <satt>-Vokaltypen signifikant 
höher, während die Werte für F2 deutlich 
niedriger sind. Die Werte für F1 slope und 
Euklidische DistanzPER sind signifikant höher 
für <Saat>-Vokaltypen und signifikant 
niedriger für F2 slope und die Euklidische 
Distanz (vgl. z.B. die Darstellung der 
Mittelwerte mit Standardfehlern für Dauer, 
Euklidische DistanzPER und F2 in Abb. 1).  

Mit Hilfe von logistischen Regressions-
modellen werden in der zweiten Studie die 
Einflüsse der Faktoren ‚F1‘, ‚F2‘, ‚F3‘, 
‚Euklidische Distanz‘, ‚Euklidische Distanz-
PER‘, ‚F1 slope‘ sowie ‚F2 slope‘ und - zur 
Kontrolle - ‚Vokaldauer‘ auf die 
Unterscheidung des Vokaltyps überprüft und 
die Faktoren (hier als Prädiktorvariablen) 
hierarchisiert. Hierzu werden mehrere 
statistische Modelle berechnet und log-
likelihood-Werte als Parameter zur Modellgüte 
verglichen. Es werden jeweils die Werte 
zwischen dem komplexesten Modell mit allen 
Prädiktorvariablen und den weniger 
komplexen Modellen, in denen jeweils eine 
Prädiktorvariable ausgelassen wird, verglichen. 
Je größer die Differenz zwischen dem 
komplexesten Modell und dem jeweils weniger 
komplexen Modell ist, desto mehr Varianz 
wird durch die weggelassene Variable erklärt. 
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Vokaltypen finden. Außerdem werden 
regionale Unterschiede bestätigt. Vor allem im 
hoch- und höchstalemannischem Raum sowie 
in Luxemburg unterscheiden sich die Werte in 
Abhängigkeit des Vokaltyps. Bei den 
SprecherInnen aus Luxemburg liegen die F1 
Werte und die F2 Werte sowie die Euklidische 
DistanzPER für die beiden Vokaltypen 
insgesamt weiter auseinander (für F1 
Vokaltyp*Region: t=.01, p<.05; für F2 
Vokaltyp*Region: t=.0002, p<.005; für 
Euklidische DistanzPER Vokaltyp*Region: 
t=.03, p<.05). Die Qualitätsunterschiede sind 
hier im Vergleich zu den anderen Regionen 
größer. Im hoch- und höchstalemannischen 
Raum liegen die Werte für F1 und die 
Euklidische DistanzPER näher beieinander (für 
F1 Vokaltyp*Region: t=.02, p<.05; für die 
Euklidische DistanzPER Vokaltyp*Region: t= 
.008, p<.01) Die Qualitätsunterschiede sind in 
dieser Region geringer. 

Zusammenfassung 
Es lässt sich zeigen, dass neben dem 

phonetischen Merkmal der Quantität auch 
robuste qualitative Unterschiede für die 
Vokalopposition der deutschen <a>-Laute 
festzustellen sind. Des Weiteren könnten 
dynamische Faktoren bei der Unterscheidung 
eine Rolle spielen, wenngleich eher 
untergeordnet.  
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Abstract 

In modern standard German, /s/≠/z/ contrast 
between vowels, but only the [z] category, not 
fortis [s], can natively occur word-initially. 
W.r.t. voicing, this is a highly unnatural 
distribution. It is therefore proposed that 
where [s] does not occur in German, /s/ is 
neutralized not with the phoneme /z/ but with 
the phoneme /ʦ/, and thereby this distinction 
matters even for pure phonotactics. There 
could not be any natural language that 
distributed /s z/ like German but did not also 
have /ʦ/. 

In any process-based concept of phonology, 
this analysis is impossible: That is because /s/ 
occurs where it is preferred over /ʦ/ – but even 
there, /ʦ/ occurs as well and contrasts with it. 
In Optimality Theory (OT), however, there is a 
way a long time not taken seriously that 
permits precisely this analysis. It is here held 
that if OT is judged to be more adequate in 
categorizing occurring phonological data, then 
discovery procedures and descriptive notions 
had better be adjusted so as to accord with 
those categories, rather than with the 
categories derived from the process based 
approach. 

Introduction 

An important aspect of a theoretical 
framework is how it makes divisions between 
conceptual categories, and different theories 
make those divisions somewhat differently. In 
the case of a phonological theory, this can lead 
to a difference in discovery procedures and in 
what phonetical naturalness is expected to 
explain. 

A problematic pattern 

This point is here made regarding 
Optimality Theory (OT) and the well known 
distribution in German of /s/ against the other 
two anterior sibilant phonemes /z ʦ/ and in 
what positions the contrasts between them are 
neutralized. 

In modern standard German (cf. Kohler 
1977; Wiese 1996), the voiceless alveolar 
sibilant fricative [s] can occur in two kinds of 
environments. The first of these is positions in 
which German categorially devoices – i.e. 
chiefly obstruent clusters. Here, [z] cannot 
occur (1, 2). This also includes cases with 
initial [sk] (3) if the latter are synchronically 
counted as native. 

 (1) ˈaksəә “axle” ‹Achse› 
 (2) ˈkɪstəә “crate” ‹Kiste› 
 (3) skɑt “(card game)” ‹Skat› 
 (4) ˈʀajsəәn “tear” ‹reißen› 
 (5) ˈʀajʦəәn “irritate” ‹reizen› 
 (6) ˈʀajzəәn “travel” ‹reisen› 

The second kind is after a vowel or semivowel 
(4), excluding devoicing environments. Here it 
contrasts with the other two phonemes of the 
same place of articulation (5, 6). Fortis /s/ is 
relevantly excluded, in the native vocabulary, 
when initial in the phonological word. This is 
also true immediately following a sonorant 
other than a vowel. 

 (7) ʦawn “fence” ‹Zaun› 
 (8) zant “sand” ‹Sand› 
 (9) ˈvʊʀʦəәl “root” ‹Wurzel› 
 (10) ̍ hɪʀzəә “millet” ‹Hirse› 

The other two phonemes under discussion, 
however, freely occur in those environments 
(7‒10). It must be pointed out that in loans, /s/ 
can in fact be found here, cf. [sɛnt] “cent”, 
[sɛks] “sex”, [faʀsəә] “farce”, resulting in 
straightforward contrast. Older generations of 
speakers occasionally substituted it by [ʦ] or 
[z] (Wagner et al. 2012; Wiese 1996: 12, 176). 
Younger generations rarely do so (Wagner et 
al. 2012), but there likely remain other criteria 
by which to establish those words as loans 
even with regard to their speech. 

In the native vocabulary – not including the 
loans mentioned –, this results in a distribution 
of fortis [s] and lenis [z] that cannot be 
motivated phonetically in terms of obstruent 
voicing: after all, voicing is expected to be 
disfavored in initial position, and to be favored 
medially (cf. Ohala & Solé 2010). This pattern 
of phonetic preferences is crosslinguistically 
widely attested, cf. the allophonic distribution 
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of [s∼z] in Italian. It is even evident in the 
phonetic tendencies found in standard German: 
P-word-initial lenis [z] is most commonly 
largely devoiced – more narrowly to be 
transcribed [ ̜z̥] –, whereas if any amount of 
voicing is found in /s/, it is after a stressed 
vowel (in part already noted by Kohler 1977). 
So why does the (native) phonological 
distribution in German appear to show the 
opposite tendency? 

Proposed regrouping 

The solution for German is in considering 
the opposition [s] vs. [ʦ], for it is immediately 
following vowels or semivowels in which [s] 
occurs in opposition with [z] – those are the 
positions that most favor spirantization (cf. 
Ohala & Solé 2010), in this case of the 
affricate /ʦ/. Most importantly, where /s/ does 
not occur, it is neutralized with /ʦ/ rather than 
with /z/, and this is what controls the purely 
phonotactic pattern of where it does occur 
(Table 1). 
Table 1. Distribution of German /s z ʦ/, not 
showing environments where obstruent voicing is 
categorially neutralized. Hatching here highlights 
the conditional contrast that controls the overall 
distribution of /s/. In loans, the systematic gaps are 
filled (indicated by L; R=sonorant) 

 #_V V_V R_V 

ʦ ✓ ✓ ✓ 

s L ✓ L 

z ✓ ✓ ✓ 

 
If this analysis can be formalized, it 

relevantly predicts that a distribution of 
phonemes /s/≠/z/ like in standard German is 
impossible in a language that does not also 
have /ʦ/. Formalization is outlined below. 

Formal analysis 

Impossibility in process paradigm 

For a long time, the phonological system of 
a language has been – and largely still is – 
established by the discovery procedure of first 
identifying phonemes and then the rules for 
positionally neutralizing their oppositions (e.g. 
Hall 2011). This is the information processing 
paradigm of phonology: Harmony, e.g. what is 

phonetically natural, is represented by 
processes, and under no circumstances can an 
underlying form – representing what is 
idiosyncratic in a lexical item – control its 
effect. This means that the analysis that in 
German, [s] basically occurs in spirantization 
environments for /ʦ/ cannot be formally 
expressed: In the same environments, /ʦ/ still 
occurs and contrasts with /s/, but if a 
spirantization process has applied, no [ʦ] 
should remain there. 

OT solution  

Possibility space is partitioned slightly 
differently in OT (Kager 1999; Prince & 
Smolensky 2004): Control by the underlying 
form is represented by faithfulness constraints, 
improving harmony is represented by 
markedness constraints, and the phonological 
outcome is negotiated between them 
simultaneously. Languages differ in the order 
in which they rank all of them, i.e. which have 
priority over which. 

Relevant faithfulness here is the IDENT(f) 
family of constraints, which are violated by 
each instance in which the distinctive feature f 
differs in value from the underlying 
representation, here in particular 
IDENT(voiced), IDENT(continuant). Marked-
ness relevant here includes the general 
prohibition, here abbreviated *DZ, against 
voiced affricates, and V_V⇒CONT. The latter 
represents the constraint that demands 
intervocalic spirantization, as an outcome. The 
placeholder “*S/Z” represents whichever 
constraint1 militates – irrespective of context – 
against [s] and [z] but not against [ʃ] with its 
different place of articulation or against [ʦ] 
with its different manner. This is one part of 
enhancing the distinction by [±cont], in 
sibilants, by a distinction in place of 
articulation2. 

A crucial ingredient to the present analysis 
is the proposal that the IDENT constraints be 
differentiated by positive and negative value of 
a distinctive feature: Thus there exists no 
symmetrical IDENT(cont). Rather, there is one, 
IDENT(+cont), violated by mapping a positive 
underlying value onto a negative one, and 
conversely another, IDENT(−cont), violated by 
mapping a negative onto a positive value, for 
                                                        
1 Or set of constraints ranked among each other in a 
particular way, jointly having the effect specified. 
2 Much like in Spanish, which has only /s ʧ/, but the 
other way around /ʦ ʃ/, and with exceptions. 

Proceedings P&P13

82



that feature. More concretely, IDENT(−cont) is 
violated by changing an underlying affricate 
/ʦ/, which has a [−cont] component, into an 
output [s], all of which is [+cont]; 
IDENT(+cont) is violated by the converse 
mapping. The fundamentals of how OT deals 
with contrast are still true: Faithfulness ranked 
above markedness results in contrast (Table 2), 
with markedness above faithfulness, contrast is 
neutralized (Table 3). 
Table 2. /ʀajʦəәn/ withstands spirantization, because 
ID(−cont) has priority over it. 

 /ʀajʦəәn/ ID(−cont) V_V⇒CONT 

→ ʀajʦəәn  * 
 ʀajsəәn *!  

 
Table 3. /s/ is output as [ʦ], because “*S/Z” has 
priority over ID(+cont). 

 /sɛnt/ “*S/Z” ID(+cont) 

→ ʦɛnt  * 
 sɛnt *!  

 
If, in particular, context dependent 

markedness is ranked above context 
independent markedness with both, in turn, 
being above faithfulness, the result of that 
neutralization is an allophonic alternation. 

If, however, such a constellation among 
markedness is sandwiched between 
faithfulness to the positive and faithfulness to 
the negative value of the same distinctive 
feature that the former makes demands on, this 
has an effect not traditionally considered: The 
value whose faithfulness is ranked below 
occurs only under particular circumstances: 
Not only must it be underlying, but it must at 
the same time better satisfy markedness. As a 
result, it is possible for a context dependent 
markedness constraint also to create additional 
contrast, as in Table 4. As seen in Table 2 
(showing only the relevant section), if /s/ is not 
in the input, neither is [s] in the output. 
Table 4. /ʀajsəәn/ survives not due to faithfulness but 
because it better satisfies spirantization. The 
outcome for input /ʀajʦəәn/ has been demonstrated 
in Table 2. 

 /ʀajsəәn/ ID(−vd) ID(−cont) V_V⇒CONT “*S/Z” ID(+cont) 

 ʀajʦəәn   *!  * 
→ ʀajsəәn    *  

 ʀajzəәn *!     

 

This effect has been discovered by Prince 
(1998; 1999: ¶45). However, his consequence 
was to argue against separating faithfulness to 
positive and to negative values, because his 
understanding erroneously was that such 
patterns do not occur in natural language 
phonology. Conversely, this is the kind of 
pattern descriptively elaborated above for 
German [s], for that consonant only occurs 
where spirantization prefers it over [ʦ], with 
which it contrasts. Therefore, it is here argued 
that it is, in fact, necessary to assume such a 
separation in faithfulness constraints: The 
effects which it predicts have been overlooked 
in this and presumably other cases; and they 
have had no place in traditional terminology. A 
proposal for accordingly adjusting the notion 
of contrast is made in the following section. 

[z] in German has a rather wide distribution 
because German does not allow voiced 
affricates under any circumstances but [z] 
occurs instead. Put another way, *DZ as 
posited earlier is ranked above anything that 
contradicts it. In particular, it is ranked above 
IDENT(+voiced) or above IDENT(−cont), for 
those two constraints jointly contradict *DZ 
whenever there is any /ʣ/ in the input. It is 
also necessary that IDENT(+voiced) be ranked 
above “*S/Z”, or /z/ will surface as [ʦ] word 
initially3. 

As concerns integrating this fragment with a 
complete phonological grammar of German, it 
should be noted that “*S/Z” is not violated by 
/f/ or /ʃ/, and the remaining constraints 
discussed are ranked appropriately also to 
allow [f ʃ] even word initially. This is an 
advantage over certain other analyses that 
might be proposed: One might be tempted to 
posit the converse “CONT⇒V_V” of 
spirantization and rank that above a 
symmetrical IDENT(cont). Such an analysis 
cannot explain that /f/ does not suffer the same 
restrictions that /s/ does, among other 
problems. 

Extending the descriptive terminology 

Phonological discovery procedures and 
purely descriptive statements are often thought 
to be theory-neutral when they are actually 
                                                        
3 A ranking summary, also from the descriptive 
section but skipping explanations, is: (ID(−vd)≫ 
“ASSIMILATE(vd)”≫ID(+vd), *[−cont][−cont]≫
ID(−cont)≫V_V⇒CONT, ID(+ant), IDloan(+cont))≫
“*S/Z”≫ID(+cont),*AFFRICATE, adding *DZ≫
ID(+vd) or *DZ≫ID(−cont). 
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designed to feed into a particular theoretical 
paradigm. In the present case, this concerns the 
traditional notion of phonemic contrast. 

Possibilities for contrast are limited by 
considerations of harmony, such as phonetic 
naturalness (all the cases considered here) or 
cognitive simplicity. Easiest to put in 
traditional terms are cases in which improving 
harmony leads to neutralization of some 
contrast. This can be characterized as harmonic 
pressure: A contrasting item fails to occur 
wherever it is harmonically worse than 
alternatives, by a certain measure. Here we 
have encountered an effect which is dual to 
that: an item which contrasts only where it is 
harmonically preferred to a certain alternative. 
The proposal here is to name this notion 
harmonic pull. In such a situation, that item 
contrasts only as an exception and dependent 
on the alternative dispreferred in that place – it 
occurs as harmonic shadow of that alternative. 
Its status is comparable to that of a contrast 
only found exceptionally, e.g. in particular 
word classes. In the case at hand, /s/ occurs in 
opposition as a shadow of /ʦ/ specifically in 
spirantization environments. It does also occur 
in some other environments; but those, as well, 
are environments in which [−cont] is 
dispreferred, e.g. by dissimilation with stop 
consonants. 

Evaluation 

To sum up, a modification to formal theory 
in the guise of OT has been proposed which 
made it somewhat more general – less 
restrictive – in the way it handles phonological 
contrast. That, however, has in return made 
possible a much more strictly motivated 
account in terms of phonetic naturalness of at 
least one prominent dataset. That dataset might 
possibly be but one example of a more 
extensive class. 

In the present case, to be concrete, that 
modification allows us to describe the 
distribution of German /s/ as being neutralized 
with /ʦ/, where it cannot occur, not with /z/. 
That has, in turn, led to the relevant prediction 
that the enigmatic distribution between 
German /s z/ comes about only indirectly and, 
moreover, that it is impossible in a language 
that does not also have /ʦ/. 

Possible applications to other data 

If the present argumentation holds up to 
scrutiny, we should expect many more cases of 

that kind in the world’s languages. Those cases 
are yet to be identified, but two kinds of likely 
examples are to be pointed out here. One of 
them involves intervocalic obstruent voicing: 
In West Middle German dialects, intervocalic 
voicing neutralizes oppositions and thus is an 
example of harmonic pressure. A pattern 
involving harmonic pull is a contrast in 
obstruent voicing only between vowels. Such 
patterns have been reported from English with 
/θ ð/ in nouns (Raffelsiefen & Brackhane 
2015), from Kyrgyz involving /t d/ 
(Trubetzkoy 1939: 212), and from Totontepec 
Mixe (Steriade 1997: 52 for more references). 
Another kind of these cases is likely to be 
found wherever a constraint is formulated as 
an implication but the converse implication has 
controversially been proposed to be a 
constraint, as well. As noted above, harmonic 
pull has similar effects, albeit only w.r.t. 
phonological contrast. The search has but 
begun. 
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Abstract 
In order to demonstrate that lexical items in 
spoken languages favor or disfavor particular 
sounds for certain meanings, I have gathered 
and analyzed morphemes from 66 
genealogically unrelated languages, 
representing 100 meanings that are least likely 
to be represented by loanwords. The results 
demonstrate that some meanings tend to be 
represented with certain sounds, including 
‘small’ (sibilants), ‘hard’ (coronal stops), and 
‘to blow’ (labial stops and rounded vowels). 
This study is another step towards recognizing 
that the lexicons of spoken languages, like 
those of sign languages, are not fully arbitrary 
connections between form and meaning. 

Introduction 
Previous studies have shown that some 

lexical meanings tend to be represented with 
certain sounds in spoken languages. Words for 
‘lips’ tend to have labial sounds and those for 
‘nose’ nasal sounds (Urban, 2011); Proximal 
deictic terms tend to have higher vowels than 
distal deictic terms (Johansson & Zlatev, 2013; 
Tanz, 1971; Woodworth, 1991); and 1st and 2nd 
person pronouns prefer nasal sounds (Gordon, 
1995; Nichols & Peterson, 1996). 

Recently, Blasi et al. (2016) have 
investigated phonosemantic correlations of 100 
lexical terms of the Swadesh List (Swadesh, 
1971 [2017]). Among the Swadesh List items 
collected in their database, 40 were represented 
by 6,447 word lists (representing 4,298 
languages), and the remaining 60 by 328 word 
lists. Based on their results, we see that 30 out 
of 100 lexical terms show positive or negative 
correlations with certain phonemes: for 
example, rounded body parts (‘breast’ and 
‘knee’) show preference for rounded vowels, 
which is supported by previous experimental 
studies that have shown cross-modal 

correspondence between rounded vowels and 
roundness (Ozturk et al. 2012).  

In this study, I extend the findings of Blasi 
et al. (2016) with a different word list: the 
Leipzig-Jakarta List (Tadmor, 2009). This list 
contains 100 basic lexical terms, 62 of them 
overlapping with the Swadesh List items. 
Unlike the Swadesh List, which Swadesh 
created based on his intuition, the Leipzig-
Jakarta list consists of basic lexical terms that 
were empirically selected out of a sample of 41 
languages based on several factors, one of 
them being resistance to borrowability 
(unlikelihood to be represented by loanwords). 
Using this list has thus three advantages: first, 
it minimizes the influence of cognates. 
Secondly, the 62 items shared by the two lists 
allow us to cross-check and further support 
Blasi et al.’s results. Lastly, the remaining 38 
items not present in the Swadesh List provide 
us new data on lexical iconicity.  

Methodology 
The Leipzig-Jakarta list minimises the 

influence of loanwords, but it is also necessary 
to control for the influence of cognates in 
related languages. To do so, I selected the 
largest language (based on the number of 
native speakers) from a list of the 66 largest 
language families (based on the number of 
speakers from Ethonologue (Simons & Fennig, 
2017)), excluding pidgins, creoles, mixed 
languages, unclassified languages, sign 
languages, and the constructed language 
Esperanto. Language isolates were treated as a 
language family with a single language 
member. An example of the selection 
procedure is shown below: 

(1) Indo-European (the largest language 
family)  Spanish (the largest Indo-
European language) 

Sino-Tibetan (the 2nd largest language 
family) Mandarin (the largest Sino-
Tibetan language)  
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The areal distribution of the sample 
languages is shown below. 

 
Figure 1. Distribution map of sample languages. 
Longitude and latitude of each language were 
retrieved from Glottolog 3.0 (Hammarström et al., 
2017). Map created with Microsoft Excel 2016. 

I have only listed morphemes, excluding 
grammatical affixes, and have not listed 
polymorphemic words. If a language has no 
corresponding morpheme for a meaning, the 
slot was left empty. In some cases, a language 
has more than one morpheme to express one 
meaning (synonymy). I have listed up to three 
morphemes for each meaning per language.  

I classified the sounds into featural 
categories rather than into specific phonemes 
(as Blasi et al. 2016 have done). A “sound” 
refers to any one of the following ten 
categories: 

(2) a. Labial stops 

b. Coronal stops 

c. Dorsal stops 

d. Nasals (consonants and ◌̃) 

e. Sibilants 

f. Liquids 

g. Rounded vowels and glides 

h. i (/i j ɪ/) 

i. a (/a ɶ ɑ ɒ æ ɐ/) 

j. Front high vowels and high tone (/i j 
y ɥ ɪ ʏ H/) 

For (2a-c), the “stop part” of an affricate is 
also counted as a stop (e. g. /t/ in the affricate 
/ts/). 

The classification was designed in a way 
that all (or most of) the 66 languages have at 
least one phone that belongs to each of the ten 

categories. For example, all 66 languages have 
at least one coronal stop as a phone. 

The proportion of sound S in morphemes 
for given meaning in a given language is 
calculated as follows: ∑ 	 	μ	 	μ| | |μ|  

where µ = Morpheme that stands for the 
meaning. 

This calculation method is effective 
because it controls for morpheme length and 
the number of morphemes each language has, 
and also reflects the number of sounds within a 
morpheme. The longer a morpheme is, the 
more likely that it contains a given sound by 
chance, so a longer morpheme should be given 
less credit for containing that sound. Similarly, 
a language can have more than one morpheme 
that expresses a given meaning, whereas 
another language has only one, which could 
lead to a disproportionately large influence of 
the language with more morphemes if we do 
not control for the number of morphemes. 
Moreover, we can also give more credit to 
morphemes which contain more than one 
instance of a given sound, which arguably 
reflects the degree of iconicity better than a 
binary distinction between those that have a 
given sound and those don’t. 

With the proportions, I conducted a Z-test 
(p < 0.004) for every S, the sample being the  
proportions of a sound for a given meaning, 
and the population being all the proportions of 
a sound for all 100 meanings. 

As an illustration, suppose that 0.1 is the 
average proportion of nasals in all the existing 
morphemes for 100 meanings, and 0.05 the 
standard deviation. And suppose that 65 out of 
66 languages have a morpheme for  ‘nose’, and 
the average proportion of nasals in all 65 
morphemes for ‘nose’ is 0.15. In this case, the 
Z-test for nasals in ‘nose’ is calculated as 
follows: = 0.15 − 0.10.05√65 ≈ 8.06 

z is higher than 2.88, the threshold for p < 
0.004, so the proportion of nasals in 
morphemes for ‘nose’ is significantly high (It 
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would have been significant low if it was under 
-2.88). 

Results 
The results below are based on data that is 
approximately 98% complete.  

Table 1. Results. “Positively correlated” terms are 
terms that have significantly high proportions of the 
sound on the left, and “negatively correlated” 
terms are terms that have significantly low 
proportions.  

Sounds Positively 
correlated  

Negatively 
correlated

Labial stops to blow 
navel 
thigh 
wing 

– 

Coronal stops hard 
to hit/beat 
stone/rock 
to suck 

sand 

Dorsal stops to bite 
to hide 

– 

Sibilants salt 
small 
to suck 

in 

Nasals breast 
to eat 
I 
in 
nose 
not 
this 
you (sg.) 

to blow 
leaf 
skin/hide 

Rounded to blow 
breast 
navel 
neck 

this 

Liquids to run 
star 

I 
this 

i fire – 

a not breast 
knee 
navel 
to suck 

High front vowels 
and high tone 

– 
 

– 

 

Discussion 
Some iconic correlations discovered in the 

present study are discussed below (cf. Joo (to 
appear) for full analysis).  

First, I found a number of correlations 
between linguistic articulations and oral 
actions. ‘To blow’ is positively correlated with 
labial stops and rounded vowels, perhaps 
because we protrude our lips and open them 
when we blow out air. ‘To suck’ tends to have 
sibilants, perhaps because sucking things 
causes oral friction, which happens when 
producing sibilants. ‘Nose’ is related to nasals, 
arguably because we vibrate our nasal cavity 
when articulating nasal sounds. 

Coronal stops seem to be associated with 
hardness, presumably because when 
articulating a coronal stop, the tongue tip 
touches the hard palate, the alveolar ridge, or 
the teeth, which all share hard texture. They 
are positively correlated with ‘hard,’ 
‘stone/rock,’ and ‘to hit/beat’ (when we hit 
something, it results in a hard contact with our 
body and the object). Blasi et al. have also 
found that /t/ is a positive symbol for ‘stone.’  
On the other hand, ‘sand,’ a smooth substance, 
is negatively correlated with coronal stops. 

Rounded vowels appear frequently in 
morphemes that refer to round body parts, be it 
circular (‘navel’), spherical (‘breast’), or 
cylindrical (‘neck’). Blasi et al. also discover 
/o, u/ to be positive symbols for ‘knee’ and /u/ 
for ‘breast.’ They did not find any positive or 
negative symbol for ‘neck,’ however. 

Moreover, some correspondences found 
seem to match with our everyday gestures. 
‘Not’ may be positively correlated with nasals 
because we commonly use nasal sounds to 
respond to yes-no questions (mm for yes, m-m! 
for no). The reason why ‘to eat’ also prefers 
nasals might be found in the fact that the vocal 
expressions of pleasant eating are remarkably 
similar cross-linguistically, sharing nasal 
sounds: English yum yum, Korean nyam-nyam, 
French miam-miam, Spanish ñam ñam, Italian 
gnam gnam, Russian nyam nyam, Vietnamese 
măm măm, Thai màm màm, Indonesian 
yumyum, Swedish namnam, Finnish nam-nam, 
and so on. 

Lastly, results from previous experimental 
studies on sound symbolism of size (also 
known as “magnitude symbolism”) seem to be 
absent in my results. Experiments have shown 
that small size is correlated with high front 
vowels (Shinohara & Kawahara, 2010) and 
high tones (Lapolla, 1995), but we see no 
significantly high or low proportions of the 
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category of high front vowels and high tones in 
this study. On the other hand, this concurs with 
Bauer (1996), which confirms that vowel-size 
correspondence is not significantly reflected in 
evaluative morphology (diminutives and 
augmentatives). 

Conclusion 
I have shown, in line with previous 

findings, that, crosslinguistically, certain 
meanings tend to be represented (or not 
represented) by certain sounds. Although my 
sample of 66 languages is smaller than that 
reported by Blasi et al. (2016), I find support 
for a number of their findings. My approach 
provides further support to the use of this type 
of methodology to a range of new meanings, 
and by using a featural analysis for sounds 
(rather than the atomic ASJP notation used by 
Blasi et al.), I have demonstrated a number of 
associations that are obscured by their 
analyses. Although my statistical correction for 
multiple comparisons is not as rigorous as 
Blasi et al., the data presented here further 
support the proposal that the lexicons of the 
world’s languages are not entirely arbitrary 
connections between form and meaning.  
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Abstract 
In this corpus study, we investigated the proso-
dic differences between prototypical right dis-
location (RD_proto) on the one hand and pre-
senting right dislocation (RD_pres) on the 
other hand, and compared both structures to a 
third construction at the right sentence peri-
phery, i.e. afterthought (AT). In contrast to 
previous research, we do not define RD and 
AT solely on the basis of syntax, but also take 
into account discourse functional differences. 
This approach leads to the identification of two 
distinct subtypes of RD and, in turn, to the 
expectation that these subtypes may differ with 
respect to the modulation of pitch range. Exa-
mination of a corpus of German spontaneously 
produced right-peripheral structures shows 
both reduction and expansion of pitch range 
for all constructions but reveals significant dif-
ferences between RD_proto, RD_pres and AT 
only in the amount of expansion. Crucially, the 
modulation of pitch in RD_pres does not only 
differ from the modulation in AT but also from 
the modulation in RD_proto. Thus, our fin-
dings emphasize the role of information struc-
ture when investigating RD, as syntax alone 
does not reliably predict its prosodic realisa-
tion. 

Introduction 
In a variety of languages, a sentence structu-

re called ‘dislocation’ can be identified at both 
sentence peripheries. Dislocation structures are 
characterized by a verbal argument or adjunct 
that occurs outside the clause containing the 
predicate but whose role as an argument is un-
dertaken within the clause by a coreferential 
pronoun (cf. Lambrecht 2001). At the right 
sentence periphery in German, we can diffe-
rentiate between Afterthought (AT, (1)) and 
Right Dislocation (RD, (2)). 

  

(1) AT (source: Fokus-DB) 
Felix jetzt mit der sechsten Kiste. Thomas 

sitzt auf der zehnten. Noch eine Minute. Siebte 
Kiste jetzt bei [Felix] Sturm. [...] Noch vier-
unddreißig Sekunden. Also das wär natürlich 
der Oberknaller, wenn er hier zu lange gewar-
tet hätte. Der Thomas. 

Lit. ‘Felix with the sixth box now. Thomas 
is sitting on the tenth. One minute left. Seventh 
box now for [Felix] Sturm. […] Thirty-four 
seconds left. Well, this would be the ultimate 
sockdolager if he had waited here too long. 
The Thomas.’ 

 
(2) RD (henceforth: RD_proto (see below); 

source: Fokus-DB) 
A: Hast du den neuen Romeo und Julia 

gesehen? – B: Nein. Ich geh in keine Filme mit 
Leonardo di Caprio […] – A: Der ist geil, der 
Film! 

Lit. ‘A: Have you seen the new Romeo and 
Juliet? – B: No. I don’t watch movies with 
Leonardo di Caprio. […] – A: It is awesome, 
the movie!’  

 
Although AT and RD appear rather similar 

at first glance, there is a consensus that they 
differ substantially with respect to their func-
tion: while AT repairs a defective reference in 
the discourse, RD uses a comment-topic order 
to emphasize the importance of the comment. 
Depending on this information structural1 dif-
ference, AT and RD are further assumed to dif-
fer in their prosodic realisations. In fact, AT 
elements are claimed to constitute a separate 
intonation phrase (IP) carrying a strong accent, 
whereas RD elements are usually unaccented 
and integrated into the IP of the matrix sen-
tence (evidence for these assumptions has been 
found, among others, in Kalbertodt & Bau-
mann (accepted)). 
                                                             
1 We use the term information structure to subsume 
both referential and topical givenness. 
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Another distinctive criterion is pitch range, 
which is said to be reduced in the RD phrase 
but not in the AT phrase (cf. Lambrecht 2001). 
So far, studies investigating this issue have 
shown diverging results: Kalbertodt (2016) 
found a significant difference in the degree of 
pitch range reduction in a reading experiment, 
where the RD phrase was reduced by 4.3 semi-
tones (st) on average while the AT phrase near-
ly remained unreduced (−0.8 st); in contrast, a 
reading experiment by Kalbertodt, Primus & 
Schumacher (2015) did not find such a diffe-
rence (RD: −4.2 st, AT: −3.5 st); the corpus 
study by Kalbertodt & Baumann (2015) did 
not find a significant difference in the amount 
of pitch range reduction either (RD: −3.4 st, 
AT: −4.3 st). 

However, recent research has, to our know-
ledge, neglected a subdivision within the con-
struction of RD. Focussing on information 
structural criteria, there are actually two types 
of RD: the first one can only be used if the 
referent has already been introduced as the dis-
course topic (its prototypical use according to 
Lambrecht (2001), hence RD_proto, see (2)); 
the second one, in contrast, is used in a highly 
stylized and cataphoric way as it presents a dis-
course-new referent as the new topic (hence 
RD_pres, see (3)). In addition, both types of 
RD differ from AT (see (1)) in that the AT 
referent is, although discourse-given, not un-
ambiguously established as a topic. 

 
(3) RD_pres (source: Fokus-DB) 
Die BBC hat ihn zum Newcomer des Jahres 

2012 gekürt, obschon das Jahr gerade erst an-
gefangen hat. Und obwohl es noch nicht mal 
erschienen ist, das Album dieses jungen aus 
Uganda stammenden Engländers […]. 

Lit. ‘BBC elected him newcomer of the year 
2012, although the year has just started. And 
although it hasn’t even been released yet, the 
album by the young Englishman who descends 
from Uganda […].’ 

 
Besides this three-way distinction in infor-

mation structure, Kalbertodt & Baumann (ac-
cepted) also found a three-way distinction re-
garding the phrasing of RDs and AT: both AT 
and RD_proto show variability while still pre-
ferring different phrasing patterns (2-IP for 
AT, 1-IP for RD_proto), whereas RD_pres 
does not show much variability but is virtually 
restricted to a 2-IP-realisation. Similarly, as to 
prominence, RD_pres more closely resembles 
AT rather than RD_proto, since the former two 

constructions often display strong prominen-
ces. Based on these findings and the given dif-
ferences in information structure, we expect 
similar differences between RD_proto, AT and 
RD_pres regarding the reduction of pitch 
range, with a decrease in reduction from 
RD_proto through AT to RD_pres. 

Method 

Classification of test items 

In our corpus study, we investigated German 
RDs and ATs in the database Fokus-DB, which 
contains 53 ATs and 155 RDs. We further sub-
divided RDs by their information structure, re-
sulting in 56 observations of RD_pres and 99 
observations of RD_proto. In order to avoid a 
circular line of argumentation, we defined and 
classified AT, RD_pres and RD_proto entirely 
on the basis of information structure, using the 
reftop-scheme2. In contrast to other annotation 
systems that only capture the givenness of the 
referent and/or its lexical expression, reftop in 
addition evaluates whether the respective refe-
rent is currently the discourse topic. This 
aspect of combining referential and topical gi-
venness is especially useful for our purpose, 
since AT and the subtypes of RD differ with 
respect to both linguistic levels. 

Measurement 

For this study, the differences in pitch range 
modulation between the first and the second 
syntactic phrase were measured. We extracted 
the absolute frequency extrema (manually cor-
recting for microprosody) within each syntac-
tic phrase and calculated the pitch range in se-
mitones (st). The range value of the first phrase 
was then subtracted from the value of the se-
cond phrase in order to determine the exact 
amount of modulation as well as its direction 
(expansion, reduction, no change). As a further 
measure, we counted the instances of expan-
sion, reduction and non-modulation per con-
struction. 

Due to bad sound quality, three items had to 
be excluded from analysis (all RD_proto). 

Statistical analysis 

As the categorical parameter ‘modulation di-
rection’ consisted of counts, we used loglinear 

                                                             
2 Unfortunately, there are no guidelines or other re-
ferences available yet; see the acknowledgements. 
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modelling to investigate whether differences 
between the constructions were systematic. For 
the continuous parameter ‘pitch modulation’, 
we employed linear mixed effects modelling. 
Statistical analysis was done with R (R Core 
Team 2017), using the MASS- (Venables & 
Ripley 2002) and the lme4-package (Bates et 
al. 2015). 

Results 
Our results show that all three constructions 

display a high variability in the modulation of 
pitch range; yet, RD_pres differs from 
RD_proto and AT in that its pitch range in the 
second phrase is nearly unreduced on average 
(Fig.1). The reason behind this apparent dif-
ference lies in the fact that AT and RD_proto 
predominantly reduce the pitch range (in about 
70 % of items each), whereas RD_pres shows 
a more two-tailed pattern in that it uses both 
reduction (in 50 % of items) and expansion of 
pitch range (in 30 % of items; see Fig.2). 

 

 
Figure 1. Average change of pitch range (in st) to-
wards the second phrase as a function of condition. 
Bars display standard errors. 

 
For a statistical analysis of the averaged 

change in pitch range we ran linear mixed ef-
fects models with random intercepts for spea-
ker sex and a fixed effect for condition. 
Modelling confirmed an effect of condition 
(χ2(2) = 16.12, p = .000315) on the amount of 
reduction when comparing RD_pres on the one 
hand with AT and RD_proto on the other hand, 
but it did not show a significant difference 
between RD_proto and AT (χ2(1) = 0.7738, 
p = .379). 

 

 
Figure 2. Relative number of modulation types as a 
function of condition. 

 
Regarding the amount of expansion as oppo-

sed to reduction, we used loglinear modelling 
with condition as factor. Analysis returned a fi-
nal model with χ2(4) = 9.94, p = .04151, revea-
ling an effect of RD_pres on the amount of 
pitch range expansions.  

These results seem to indicate that RD_pres 
may be different from RD_proto and AT but 
that there is no difference between the latter 
two. However, if we take a closer look at the 
data, we observe that the amount of expansion 
differs between all conditions, whereas the 
amount of reduction appears to be rather si-
milar (Fig. 3). 

 

Figure3. Mean negative and positive change of 
pitch range (in st) towards the second phrase as a 
function of condition. Bars display standard errors. 
Dark dots indicate an expansion of pitch range, 
light squares indicate reduction of pitch range. 

In fact, linear modelling disproves an effect 
of condition on the amount of pitch range re-
duction (χ2(2) = 2.3941, p = .3021) but con-
firms that the amount of expansion differs sig-
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nificantly between conditions (χ2(2) = 10.742, 
p = .00465). 

Discussion 
Our data show that the two types of RD dif-

fer with respect to their prosodic realisations: 
(i) RD_pres is less reduced than RD_proto on 
average (−0.8 st as opposed to −3.5 st) and (ii) 
RD_pres displays significantly more cases of 
pitch range expansion than RD_proto (30.4 % 
vs. 13.5 %). Furthermore, (iii) the amount of 
expansion is higher in RD_pres than in 
RD_proto (5.4 st as opposed to 3.6 st). Interes-
tingly, and somewhat unexpectedly, RD_proto 
and AT behave similarly with regard to pitch 
modulation, as both constructions clearly show 
a reduction of pitch range towards the second 
syntactic phrase (about 70 %) and also reduce 
the average range by a similar amount. 

As both RD_proto and AT add information 
to an already known referent while RD_pres 
introduces a new referent as a topic into the 
discourse, the preference for reduction in AT 
and RD_proto as well as the preference of ex-
pansion in RD_pres seem to point towards the 
function of pitch range modulation as part of a 
more global discourse structuring mechanism 
rather than a distinctive feature of RD and AT. 
However, the fact that RD_pres does not clear-
ly favour either expansion or reduction may be 
a result of conflicting demands: a new topic re-
quires a pitch range reset (cf. Wichmann 2000) 
but the coreference relation between pronoun 
and dislocated phrase requires prosodic inte-
gration.  

Our results thus suggest two things: first, 
AT and RD_proto pattern rather similarly with 
regard to the modulation of pitch range, poin-
ting towards a discourse structuring mecha-
nism rather than a distinctive criterion. This 
finding challenges the wide-spread assumption 
that RD and AT differ with respect to pitch (cf. 
Lambrecht 2001, among others). Second, we 
find significant differences in the modulation 
of pitch between RD_proto and RD_pres, al-
though both structures share the same syntax. 
The latter finding is in accordance with the re-
sults yielded in Kalbertodt & Baumann (ac-
cepted) who also found differences between 
the two RD constructions in terms of phrasing 
and accentuation. 

On the basis of these findings we conclude 
that future research on RD in German should 
not operate solely on the basis of syntax but 
needs to tease apart different subtypes of RD in 

order to explain the prosodic differences. If we 
want to achieve a better understanding of the 
features that constitute RD and AT, as well as 
the aspects that separate them, we need to take 
information structure into account. 
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Abstract 
Studies of phonetic convergence traditionally 
compare speech patterns observed in interaction 
or experimental conditions with baseline-data 
collected in a reading task. The baseline 
assumingly represents the speaker’s neutral, 
unaccommodated speech. However, such an 
assumption is unjustified, and different studies 
show that speech collected in reading task can 
also be accommodated to virtual listeners or 
otherwise implied environmental conditions. 
Furthermore, in the context of exemplar models 
such as Pickering and Garrod’s influential 
Interactive Alignment Model, the notion of 
neutral speech is conceptually contradictory. 
Three alternative designs avoiding the use of 
baseline data will be presented.  

Introduction 

Phonetic convergence currently refers to a 
phenomenon researched since the 1950’s, where 
speakers are observed converging their own 
speech to a perceived speech signal in an 
interactional context. There are currently two 
main positions accounting for the phenomenon. 

The somewhat traditional position is 
presented by the Speech Accommodation 
Theory (SAT, [5]). According to SAT, phonetic 
convergence is motivated by speakers’ need to 
express social solidarity with their interlocutors. 
At the same time, SAT predicts speakers to 
diverge from their partners, when wishing to 
express distance from their partners. 

SAT was supported by multiple studies of 
convergence on the phonological level (e.g. 
when speakers of different regional varieties 
converge towards or diverge from each other in 
interaction according to their changing 
communicational goals. See [3,4,19]. However, 
when investigating phonetic rather than 
phonological variability in interaction, results 
are often mixed and contradictory, showing 
speakers converging some characteristics while 
diverging others [16], often calling for 
(re)interpretation of the social and 
communicative context to confirm the 

predictions regarding the observed shift (see the 
discussion in [14]). 

Phonetic convergence was however observed 
in non-interactional conditions in close 
shadowing experiments, accompanied by a 
priming effect reflected in decreased Reaction 
Time (RT) for repeated tokens [6,7]. It was 
consistent even when semi-social conditions 
were presented to the subjects [1]. This supplied 
evidence for an exemplar models such as the 
Interactive Alignment Model [17] predicting 
convergence as affecting and reflecting 
processes of conceptual alignment between the 
interacting parties by increasing predictability 
and facilitating processing in interaction through 
reducing variability in the immediate perceptual 
environment [17,18]. 

The Interactive Alignment Model makes 
stronger hypotheses than SAT. While not 
necessarily excluding the hypotheses of the SAT 
on the local level, the Interactive Alignment 
Model predicts convergence over time as a 
default trend and assumes an automatic process, 
motivated by neuro-cognitive needs. 

Different premises demand different designs 

Despite the ever-increasing influence of the 
Interactive Alignment Model (and other 
exemplar models) on the contemporary studies 
of phonetic convergence, certain elements 
fundamental to the design and analysis seem to 
have changed very little with the years, if at all. 
The fact that the Interactive Alignment Model 
lays down very different premises from those of 
SAT seems to be mostly ignored. This is 
especially true for studies of speech in 
interaction. 

For instance, while shadowing experiments 
indeed show subjects to converge towards a 
target stimulus relatively quickly, there is no 
reason to assume that the same is valid in the 
relatively noisy environment of natural 
interaction, where interactants don’t normally 
aim at immediately repeating every word of each 
other. Furthermore: shadowing experiments find 
clear effects for word frequency, as less frequent 
words converge faster than frequent ones [7]. 
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Consequently, words that are expected to show 
fast convergence are exactly those that are less 
likely to be recorded in uncontrolled interaction. 

Indeed, the Interactive Alignment Model 
assumes a continuous process of sensorimotor 
adaptation, as the converging parties constantly 
experiment and correct their articulation to 
match the targeted acoustic signal [18]. This 
process requires much longer interactional 
experience than the one allowed in the mostly 
20-40 minutes of interaction between unfamiliar 
speakers. Thus, there seem to be growing interest 
in investigating interaction between well 
acquainted speakers [11,13,15].  

The use of a baseline 

An even more problematic element hardly 
ever questioned is the use of baseline data, 
usually recorded in a reading or naming task 
prior to the observed interaction, to evaluate the 
direction and degree of convergence by 
comparing it to tokens produced in the recorded 
interaction.  

Reading speech is not neutral speech 

The baseline is regarded as reflecting the 
neutral speech of the observed speaker, serving 
as a departing point for accommodation. The 
notion of neutral speech (i.e. independent of any 
specific interactional context) is however 
conceptually contradictory to the Exemplar 
Theory. Any illusion of stereotypical patterns is 
regarded in this framework as a statistical by-
product resulting from clustering similar 
exemplars [10]. Furthermore, reading speech is 
also affected by a possible addressee [2]. 

As such, no recorded pattern can be 
considered a priori as more typical to the 
recorded speaker than data collected in any other 
context, and the different interactional 
conditions and potential addressees in the 
baseline and the experimental condition or the 
observed interaction might consequently activate 
different speech patterns irrelevant to each other 

Actively creating an exemplar 

Furthermore, reading and naming tasks are 
used in studies of interaction at least partly with 
the goal of priming certain words to increase 
their chances to be produced in the observed 
interaction. Consequently, the baseline stage 
actively – even if not intentionally – creates an 
exemplar associated with the experimental 
context (see also [8,9] for the long-term effect of 
the experimental context on subjects). Thus, one 

cannot exclude that a certain degree of 
convergence will occur already during the 
collection of the baseline, as the subjects 
converge not necessarily to each other but 
towards the same third party that collects the 
baseline data from them. 

The interpretation of the initial distance 

A further problem results from defining the 
distance between the baseline-data of the 
interacting parties as the initial distance between 
them. The assumption that convergence is 
absolute, i.e. that a shift is always necessary to 
indicate convergence, may be relevant within the 
framework of SAT, where the perceived gesture 
is sometimes more important than the actual 
result [19]. The Interactive Alignment Model 
however, predicts convergence only to a degree 
sufficient not to bare too high processing costs. 
A certain tolerance range must always be 
expected to account e.g. for the difference in 
perception of own speech and speech from others 
[18]. Thus, convergence can only be expected if 
the initial distance between the interacting 
parties is greater than such a (subjectively 
defined) tolerance range. Moreover, if the initial 
distance is significantly smaller than the 
tolerance range, some divergence within the 
tolerance range might occur that could 
consequently be misinterpreted. 

Measuring convergence without a baseline 

Undoubtedly, the inability to collect relevant 
and reliable phonetic data from the observed 
speakers for comparison poses challenges for the 
researcher. Unlike e.g. the lexical level, which 
allows for direct and transparent observation of 
the negotiation process between the speakers in 
interaction, phonetic features, usually measured 
on a continuous scale, show much subtler 
changes and are subject to a lot of perturbations. 
Consequently, much more comparable data is 
needed for a reliable analysis of directed shifts. 
The much stronger predictions of the Interactive 
Alignment Model however allow overcoming 
those difficulties. In the following, I suggest 
three designs aimed at investigating different 
concrete predictions of the model, avoiding the 
use of a baseline. 

Long-term vs. short-term convergence efforts 

One of the predictions already mentioned is 
the necessity of time and experience between the 
interacting parties for successful convergence. 
Speakers with greater mutual interactional 
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experience are expected to show greater 
convergence when interacting with each other 
than speakers relatively unfamiliar with each 
other. 

Both [11] and [13] looked at differences in the 
degree of convergence between well acquainted 
and unacquainted speakers. [13] used a Hidden 
Markov Model to evaluate similarities of French 
vowels quality within dyads in a speech domino 
game. A baseline was collected from a reading 
task and compared to the vowels produced by the 
respective speakers in the interactive game, 
showing inconsistency between speakers and 
dyads regarding the direction of the shift. 
However, the Hidden Markov Model showed 
much greater similarity between well acquainted 
speakers compared to unacquainted speakers.  

[11] observed four well acquainted speakers in 
two group interactions one year apart and in 
interaction with a relatively unfamiliar speaker 
as a third-party target speaker. In addition, a 
reading task was recorded after the second group 
session. The overall distances between the four 
speakers in all three conditions were compared 
to each other with respect to voicing in Standard 
High German voiced consonants, F0 
characteristics, vowel formants and VOT. 
Convergence was clearly greater and more 
consistent between the observed speakers in the 
two group sessions than in the other conditions, 
as seen in fig. 1, illustrating the percentage of 
voiced realization of Standard High German /z/. 

Although both studies cited above compared 
data collected in a reading task to the data 
collected in the interactive sessions, the 
comparison between well acquainted dyads and 
unfamiliar ones did not necessitate a baseline and 
could stand on its own. 

      
Figure 1: voiced realization of Standard High 
German /z/ in group sessions I and II (GI, GII), in 
Interaction with an unfamiliar speaker (INT) and in a 
reading task (TXT). One speaker (EC) was not 
available for the reading task [11]. 

intra-speaker speech variability 

Another prediction made by the Interactive 
Alignment Model refers to the emergence of 
distinct patterns resulting from long-term 
learning and encoding processes in reoccurring 

interactional experience with the same speakers. 
This should lead to interlocutor-dependent intra-
speaker speech variability, as the observed 
speaker varies his/her speech patterns to 
converge to the speech of a current interlocutor 
relative to speech demonstrated in interaction 
with other interlocutors. 

In an unpublished study, the author of the 
current paper recorded a single speaker of 
Modern Israeli Hebrew in natural interaction 
with four different interlocutors well acquainted 
to her. The mean syllable duration per utterance 
was measured for the observed speaker as well 
as for her four interlocutors in 20 utterances 
extracted for each speaker in each session, 
controlling for syllable count and temporal 
distribution over the one-hour sessions. 
Although the degree of convergence between the 
main speaker and her respective interlocutors 
varied (see table 1), her speech rate positively 
correlated with the mean speech rate of her 
interlocutors (r=.321, p=.004), as she spoke 
slower with slower interlocutors and faster with 
faster ones (F(3,76)=3.1, p=.031). 
Table 1: mean syllable duration of a single speaker 
(M) and four different interlocutors (S) for each 
speaker n=20 

Session M S 
1 107ms (±14)  121ms (±16) 
2 106ms (±16) 120ms (±14) 
3 95ms (±23) 103ms (±16) 
4 95ms (±13) 96ms (±18) 

In many aspects, the above-mentioned design 
reminds the one used in [4], with the distinction 
that it investigates dialectally neutral speech.  

Learning processes in reoccurring interactions 

The studies discussed above define 
convergence by the relative distance between the 
speech patterns observed between a single 
speaker and different interlocutors. Another line 
of research is interested in the process of 
converging over time. The soon to be publicly 
accessible Zurich Tangram Corpus [12] offers a 
possibility for such an investigation. The Corpus 
currently includes recordings of 29 dyads of 
Swiss Standard High German freely interacting 
in a tangram figures ordering task. Each dyad 
was recorded 3 times with a one-week interval 
between the recording session. In each session, 
the speakers were given four tasks, in which one 
speaker instructed his partner about a given order 
to be reconstructed. The speakers alternated their 
roles in each task. 

The structure of the corpus allows comparison 
between subsequent sessions (see fig. 2), 
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between different stages within the same session 
and between parallel stages of different sessions. 
Since learned speech patterns are not only 
encoded but also forgotten [20], the learning 
process is not necessarily expected to be linear. 
Consequently, speakers are expected to show 
greater convergence in parallel stages of 
subsequent sessions, but the degree of 
convergence at the beginning of e.g. the second 
session might be smaller than the degree of 
convergence at the end of the first session. 

        
Figure 2: VOT for /k/ in /kopf/ in three sessions of 
interaction between two speakers, IL and IM. 

Conclusions 

The current paper criticizes the traditional use 
of baseline measures in the study of phonetic 
convergence. It argues that this approach 
contradicts different assumptions of the ever 
more influential Interactive Alignment Model 
(as well as other exemplar models), therefore 
being unsuitable to examine its predictions. 

It offers three alternative research designs: 
Each design aims at the investigation of different 
aspects of phonetic convergence, as assumed by 
the Interactive Alignment Model, giving 
concrete examples supporting their validity. 
Further experiences with these basic designs 
should allow their further development in order 
to increase their robustness. 
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Abstract 
Recently, child L3 phonological acquisition 
has gained increasing interest even though 
larger scale studies especially with younger 
learners are still scarce (Cabrelli Amaro & 
Wrembel, 2016). The present study focuses on 
the acquisition of phonology in English in 184 
primary school children who learn English as 
an additional language and have very 
heterogeneous prerequisites: They speak a 
variety of L1s that differ from the language of 
school instruction at variable degrees of 
attainment, vary in their socio-economic and 
cognitive (e.g., phonological awareness) 
background and in institutional (school, 
quality of input) variables which need to be 
taken into account. Pupils’ phonological 
performance will be compared based on 
language background and linked to other 
aspects of foreign language acquisition 
(vocabulary/grammar) as well as to cognitive, 
linguistic and social background factors. 
Results show no significant group differences 
between monolingual and bilingual 
performance in terms of correct pronunciation 
in picture naming tasks. Interestingly, 
bilinguals seem to depict different learning 
strategies than their monolingual peers as they 
make use of their phonological knowledge 
when faced with unknown vocabulary Results 
moreover show significant correlations of 
production scores with linguistic, cognitive, 
social and institutional factors. 

 
Introduction 

Research on L3 acquisition with a focus on 
phonological aspects has received increasing 
attention in the last decade. Nevertheless, 
large-scale studies, particularly in early 
acquisition stages remain scarce. It has been 
suggested that certain universal tendencies and 
strategies in phonetic and phonological 
development exist, including the delayed 
acquisition of certain marked features 
(Antoniou et al, 2015). However, when 
acquiring the phonology of a third language, 

learners have already established a broader 
phonetic repertoire since they have existing 
knowledge of more than one language. This 
results in a complex acquisition process with 
multiple possible sources of transfer and 
different theories regarding choice of transfer 
have been proposed in the past (for an 
overview see Cabrelli Amaro & Wrembel, 
2016).  

In addition to such language-specific 
factors, it has been suggested that bilingual 
learners possess a general cognitive advantage 
due to e.g. enhanced metalinguistic awareness 
(Marx & Mehlhorn, 2010; Gut, 2010). The 
existence of a general bilingual advantage in 
foreign language learning has received 
immense attention. Multiple large panel studies 
have investigated the acquisition of English in 
a formal setting with very heterogeneous 
results: some find comparable competences for 
both groups, some find advantages for either 
monolinguals or bilinguals (e.g. Wilden & 
Porsch, 2013; Elsner 2007; Maluch et al. 
2015). However, recent research suggests a 
more differentiated picture showing that 
differences in English competences are 
actually influenced by a number of individual 
and social background factors and that not all 
bilingual subgroups perform comparably (e.g. 
Maluch et al., 2015; 2016; Wilden & Porsch, 
2016). Therefore, it seems that it is not 
bilingualism itself that affects foreign language 
acquisition but rather a combination of 
different factors. So far a majority of studies 
investigating the acquisition of English in a 
formal setting have focused on secondary 
school level. Therefore, the present study 
which is part of the project “Linguistic and 
cognitive resources of multilingualism in the 
acquisition of English in elementary school”1 
(MEG-SKoRe) investigates the acquisition of 
English on a primary school level.  

 
                                                 
1 Funded by the Bundesministerium für Bildung 

und Forschung, Forschungsinitiative Sprachliche 
Bildung und Mehrsprachigkeit, Förderkennzeichen 
01JM1401.   
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The present study 
Against this backdrop, the present study 

focuses on the acquisition of English 
phonology on a primary school level and asks 
the following research questions: 

1) Is there a global difference between 
monolingual and bilingual students in 
early stages of English phonological 
acquisition?  

2) (How) does English pronunciation in 
grade four correlate with linguistic 
(proficiency in vocabulary and 
grammar), cognitive (e.g. 
metalinguistic awareness), social 
(SES) and institutional factors?  

 
Methodology 

The sample consists of pupils from 6 public 
primary schools in Germany (N=184, 102 
male, 82 female, Mage: 10,26 years). Herein, 
81 were monolingual and 103 multilingual 
speakers (mean contact with German 9,34 
years). Background languages from bilingual 
speakers included: Afghan, Albanian, Arabic, 
Bosnian, Bulgarian, Chinese, French, Greek, 
Italian, Croatian, Kurdish, Persian, Polish, 
Roma, Romanian, Russian, Serbian, Spanish, 
Tamil, Turkish, Hungarian and Vietnamese. 
The largest subgroups were speakers of 
Turkish (N = 40), Kurdish (N = 11), Albanian 
(N = 10) and Italian (N = 8). The proportion of 
bilingual students varied between the 
individual schools, ranging from 22% to 87% 
(M = 0.56; SD = 0.27). All pupils had received 
English lessons starting at grade 1 for two 
hours a week and data collection was 
conducted at the end of grade four.  

The dependent variable is English 
production which was administered with a 
digit naming and a picture naming task. Target 
words included a variety of phonetic features 
which were selected based on proficiency level 
and production data previously recorded at the 
end of grade three. Pupils saw the digits 1-13 
and 23 pictures on a computer screen and had 
to name those items in English. In addition, a 
number of other variables were collected. 
Linguistic measures included English receptive 
(BPVS3; Dunn et al., 2009) and productive 
(Fluency Task; after Delis, Kaplan & Kramer, 
2001) vocabulary and receptive grammar 
(TROG-2; Bishop, 2003). Fluency tasks were 
moreover administered in German and the 

respective L1s of the bilingual children. 
Cognitive data collected were phonological 
awareness (phoneme manipulation task; after 
Weber, Marx & Schneider, 2007), general 
cognitive abilities (CFT 20-R; Weiß, 2006), 
working memory (digit span, from HAWIK-
IV; Petermann & Petermann, 2010), and 
executive control (Simon task; Simon, 1969). 
Social variables such as SES were collected 
via a detailed parental questionnaire. Tests 
were administered in individual sessions as 
well as in group settings within the classroom. 
Individual sessions were held in a quiet room, 
lasted about 30-45 minutes and were audio 
recorded.  

For all participants each item from the 
naming tasks was put into one of five 
categories. If the target item (example: 
‘mouth’) was produced, this was either rated as 
‘correct production’ ([maƱɵ]) or ‘incorrect 
production’ ([moƱt]). If the target item was not 
produced, one of the following categories 
applied. Either the participants produced no 
output at all or the German word both of which 
was scored as ‘no output’. If the target item 
was substituted by another item, i.e. German 
vocabulary was used as a basis and then 
adapted to English pronunciation [maƱnt], this 
was categorized as ‘substitution’. All other 
instances were counted as ‘missing’ data.  

 

Results 
For the following results, scores from both 

naming tasks were added and the categories 
“correct production” as well as “substitution” 
will be of interest. First of all, we measured the 
overall correct produced items using a t-test 
comparing the groups of monolingual and 
bilingual speakers. Both groups did not differ 
significantly in their means of correctly 
produced items (see figure 1). In addition, we 
compared the use of substitution items in both 
groups. Here, bilingual speakers produced 
significantly more substitution items than their 
mononolingual peers (t(180) = -2.756, p = 
0.006), see figure 2).  

 

 

 

Proceedings P&P13

98



 

 

 
Fig. 1. Group comparison means correct 
productions.  
 

 

Fig. 2. Group comparison means substitution items. 
 
Next, we performed an ANOVA comparing 

both correct productions and substitutions 
between the different schools. Both means for 
overall correct pronunciations (F(5, 182) = 
2,305 , p = 0.046) as well as for number of 
substitutions (F(5, 180) = 4.399 , p = 0.001) 
differed significantly between schools. In 
addition, a post hoc Scheffé-Test showed that 
schools with lower percentages of migration 
background produced slightly more correct 
items although this difference did not reach 
significance. In contrast, when comparing the 
amount of substitution items, schools with 
higher percentages of migration background 
performed significantly better. Further, when 
looking at the class level, some classes from 
the same school ranked under the lowest 
means of correct pronunciations while others 
showed very high percentages of correct 
pronunciations in a comparison to all classes.  

Moreover, we correlated the two dependent 
variables with other values collected in this 
study. As for linguistic variables, the number 
of correct pronunciations correlated positively 
with both productive (r = .277, p = 0.000) and 
receptive vocabulary (r = .296, p = 0.000) and 
with grammar scores (r = .354, p = 0.000) in 
English. No correlations between production 
scores and any German or L1 constructs could 
be found.  

As for cognitive variables, the mean of 
correct productions correlated positively with 
both the level of phonological awareness (r = 

.241, p = 0.001) and working memory (r = 

.257, p = 0.000). Overall number of 
substitution items correlated negatively with 
general cognitive abilities (r = -.230, p = 
0.002).  

Lastly, social background variables were 
correlated with the two dependent variables. 
Parental education correlated positively with 
correct pronunciations (r = .194, p = 0.017), 
while number of substitutions correlated 
negatively with all social background factors 
such as the SES (r = -.305, p = 0.000).  

 
Discussion  

Firstly, no significant difference between 
monolinguals and bilinguals with respect to the 
means of correct production of target stimuli 
could be found. This means that both groups 
show comparable results in terms of correct 
pronunciation in the picture naming tasks. This 
is an interesting finding since initial group 
comparisons in other linguistic domains 
(grammar, vocabulary) in the context of the 
same project have revealed significant 
disadvantages for bilingual pupils before 
controlling for background factors. It therefore 
seems that proficiency manifests itself 
differently on different linguistic levels. 
Moreover, although all participants revealed 
problems producing the target items in the 
naming task due to low general proficiency in 
English and a restricted lexicon size, bilinguals 
used more substitution items than their 
monolingual peers. In other words, 
monolinguals were more likely to give no 
output at all when faced with an unknown 
item, while bilinguals tried to solve the 
problem by “creating” the item using their 
knowledge about English phonology. This 
might show that due to their prior experience 
with more than one language, bilinguals have 
different language learning strategies and are 
less hesitant to experiment with language than 
their monolingual peers. Furthermore, the 
significant differences in terms of production 
between schools and classes show that 
language input seems to play a crucial role in 
the acquisition of English phonology, a factors 
which will be further investigated in the 
context of this study by using collected teacher 
data. In addition, significant correlations 
between correct pronunciation and number of 
substitutions in different direction exist and the 
exact impact of the multitude of different 
background factors will be analyzed using a 
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mixed effects model. Lastly, since no 
significant differences with respect to global 
pronunciation proficiency could be found 
between monolingual and bilinguals, the study 
will henceforce take a closer look at specific 
features and trace possible transfer effects from 
different L1 subgroups.  
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Abstract 

This study investigated the production and 
perception of the rare three-way /s, ç, ʃ/ 
contrast in Standard German which has been 
reduced to a two-way contrast in a number of 
German varieties. All three fricatives differed 
in their spectral properties with /ç/ taking up 
an intermediate position and featuring a 
higher F2-transition. In perception, listeners 
used spectral cues more categorically to 
distinguish between /s/ and /ʃ/ than they used 
the F2-transition for the /ç, ʃ/-distinction. Cues 
were weakened in perception when listeners 
saw pictures of a neutralizing dialect. Such cue 
weakening may be related to diachronic 
changes by which /ç/ merges with /ʃ/. 

Introduction 

Standard German features a three-way 
contrast between alveolar /s/, postalveolar /ʃ/, 
and palatal /ç/ with the latter being rare in the 
world’s languages and even more so as a 
contrasting sound to /ʃ/ (Jannedy & Weirich, 
2016). The /ç, ʃ/ opposition has merged to /ʃ/ 
or /ɕ/ in many Central German varieties (Hall, 
2014), e.g. Hessian. This merger may display 
similarities to other mergers in sibilant 
contrasts as observed e.g. for Polish. Bukmaier 
and Harrington (2016) argue that the instability 
of Polish retroflex /ʂ/ might come about 
because it shares acoustic characteristics with 
the other two sibilants (low formant frequency 
transition with dental /s/ and lower center of 
gravity with alveolo-palatal /ɕ/), while /s/ and 
/ɕ/ have unequivocal acoustic characteristics 
(/s/: high center of gravity; /ɕ/: high formant 
frequency transition). Jannedy and Weirich 
(2016) acoustically analyzed all five German 
voiceless fricatives (i.e. the above mentioned 
plus /f/ and /χ/) in German speakers of a 
neutralizing (i.e. where /ç, ʃ/ have merged) and 
a non-neutralizing variety and found that 
speakers of the neutralizing variety realized the 
contrasts between a number of fricative pairs 
to a lesser extent than speakers from the non-
neutralizing variety (though not necessarily /ç, 

ʃ/). Additionally, they noted that the Discrete 
Cosine Transformation (DCT, and here 
especially DCT2, i.e. the curvature of the 
spectrum) best captures the /s, ç, ʃ/ opposition 
(cf. also Bukmaier & Harrington, 2016), but 
that it remains difficult to quantify the /ç,ʃ/ 
contrast even in speakers of a non-neutralizing 
variety. That is, generally greater overlap in 
the fricative noise may make this contrast less 
salient. Apart from these, however, acoustic 
investigations of the German fricatives are 
sparse (e.g. Jannedy & Weirich, 2014), which 
is why this study aims at further contributing to 
a better understanding of (1) the phonetic 
implementation of this contrast in production 
by Standard German speakers and (2) the role 
as well as (3) the stability of these cues in the 
perception of Standard German listeners.  

While Polish listeners have been found to 
use formant transitions in vowels adjacent to 
fricatives to distinguish between /ɕ/ and /ʂ/ 
(Nowak, 2005), German listeners are said to 
exploit vocalic cues to fricative contrasts to a 
much lesser extent (Lipski  & Mathiak, 2007; 
Wagner, Ernestus & Cutler, 2006). To 
investigate this further and to achieve our 
second aim we therefore tested the perceptual 
role of both the energy distribution within the 
fricative noise and that of formant transitions 
that are likely to differ in the vicinity of palatal 
/ç/ vs. (post)alveolar /s, ʃ/.  

Our third aim is motivated by sound change 
theories that see the source for diachronic 
change in the waning of certain perceptual 
cues (Beddor, 2009) and by the study of 
Jannedy and Weirich (2014), who found that 
older more than younger listeners from Berlin 
rated identical acoustic stimuli differently as a 
function of co-presented information that could 
be associated with speakers who either 
neutralize the contrast or not. They interpreted 
this finding as being indicative of a sound 
change in progress by which /ç/ and /ʃ/ merge. 
The present study partly replicates this earlier 
study but tests it with Standard German 
participants of the same generation who were 
primed with pictures of different varieties. 
Such priming studies allow for an indirect 
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simulation of language contact as a trigger for 
change. 

Speech Production 

Method 

Acoustic data were collected from ten 
female native speakers of Standard German 
(aged 18 to 27, mean age = 21.6) using the 
SpeechRecorder Software (Draxler & Jänsch, 
2004, version 3.4.21) with a 44.1 kHz 
sampling rate and a 16-bit resolution in a 
sound-attenuated booth at the Institute of 
Phonetics at LMU Munich. All participants 
were students of Phonetics who had been 
living in Munich, Germany, for at least six 
months at the time of the recording and who 
had no speaking or hearing deficits. 

The participants were asked to produce the 
words wissen (/vɪsən/ ‘to know’), wichen 
(/vɪçən/ ‘to give way’ 3PL PRETERITE), and 
wischen (/vɪʃən/ ‘to mop’) three times each 
along with 40 other filler words in randomized 
order. The words were presented one at a time 
on a computer screen and participants were 
asked to read the word out loud at a normal 
pace. A total of nine single-word utterances per 
speaker was available for analysis. 

All recordings were first segmented 
automatically using WebMAUS (Kisler et al., 
2016) and subsequently all segments were 
checked in Praat (version 6.0.16, Boersma & 
Weenink, 2016) and corrected according to 
standardized IPS criteria. The on- and offset of 
the vowel coincided with a clearly visible 2nd 
formant frequency (F2) and the on- and offset 
of the fricative (the fricative’s onset being 
identical with the vowel’s offset) were set to 
the beginning and end of aperiodicity in the 
signal. All data were then converted into an 
EMU format to allow for acoustic analyses in 
R using the emuR package (Winckelmann & 
Raess, 2014).  

F2 at 80% of the preceding vowel and the 
2nd (curvature) mel-scaled DCT coefficient 
(hereafter mel-DCT2; cf. the methodology in 
Bukmaier & Harrington, 2016) were the 
dependent variables in two separate repeated 
measures ANOVAs with fricative (/s/ vs. /ç/ 
vs. /ʃ/) as the fixed factor and speaker as the 
random factor.  

Results 

Commensurate with Figure 1 Standard 
German speakers distinguish all three 

fricatives by means of mel-DCT2 
(F[1,9]=83.3; p < .001) with /ç/ taking up an 
intermediate position between /s/ and /ʃ/. 

 
Figure 1. Mel-DCT2 separately for palatal /ç/, 
alveolar /s/, and postalveolar /ʃ/. 

 

Figure 2. F2 trajectory over the entire /ɪ/ vowel 
separately for alveolar /s/ (green, dotted), palatal 
/ç/ (black, solid), and postalveolar /ʃ/ (red, dashed).  

Figure 2 shows that F2 is another important 
cue that sets /ç/ apart from the other two 
fricatives. From the very beginning and 
throughout the entire vowel, F2 is considerably 
higher in the former fricative compared to the 
latter two which, in turn, do not differ in that 
parameter. In addition to a significant effect for 
fricative on F2 (F[1,9]=137.8), post-hoc tests 
revealed significant differences between /ç/ 
and /ʃ/ as well as /ç/ and /s/ but not between /s/ 
and /ʃ/. The next section thus asks among other 
things whether listeners use this cue to separate 
the palatal from the postalveolar fricative.  

Speech Perception 

Method 

A different set of 26 speakers (aged 20 to 
28, mean age = 23.8; five male) of Standard 
German, of which the majority came from the 
Munich area and two from the state of North-
Rhine Westphalia, participated in the 
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from more /ç/-responses in the group presented 
with Hessian primes. This finding suggests that 
this group was less confident in giving /ç, ʃ/-
responses. 

 
Figure 5. Response curves to the vocalic continuum 
from Wicht to wischt separately for the two groups 
presented with Hessian (solid line) and Northern 
German primes (dashed line), respectively. 

Judgments of the vocalic continuum, on the 
other hand, turned out less categorical, in 
particular with respect to the middle part of the 
continuum (cf. Figure 5). The endpoints, 
however, were predominantly rated as Wicht 
(Stimulus 1) and wischt (Stimulus 8), 
respectively, i.e. the vocalic cue F2 indeed 
enables listeners to distinguish between /ç/ and 
/ʃ/. In this continuum, priming affected 
listeners’ responses such that Northern German 
primes triggered a better perceptual separation 
than Hessian primes. 

Discussion and Conclusion 

Three main findings arise from this study: 
(1) Standard German speakers distinguish /s, ç, 
ʃ/ by means of mel-DCT2 whereby /ç/ takes up 
an intermediate position but is, in turn, 
additionally cued by a significantly higher F2. 
(2) Listeners use this vocalic cue to a greater 
extent than the spectral cue to identify /ç/. (3) 
Perception was in general less categorical in 
response to the F2 continuum compared to the 
spectral continuum and even more so when 
listeners saw Hessian primes. No such obvious 
priming effect was found for the /s, ʃ/ 
distinction along the spectral continuum except 
for a tendency towards greater /ç, ʃ/ confusion. 

The first two findings clearly show that 
vocalic cues play a role in the identification of 
the rare palatal fricative and that listeners make 
use of this vocalic cue, if only in tandem with 
secondary cues. Our third finding demonstrates 
that listeners are affected by their (implicit) 
knowledge of dialectal differences and it adds 

to the existing evidence that perceptual 
boundaries are flexible (Jannedy & Weirich, 
2014). Most importantly, the ability of listeners 
of a non-neutralizing variety to differentiate 
the three-way contrast is weakened in the 
presence of visual primes associated with 
contrast neutralization. Such perceptual cue 
weakening in a contact situation may be 
related to diachronic changes by which /ç/ 
merges with /ʃ/.  
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Abstract 
In this study, we investigate real-time 
perturbation of Russian fricative spectra 
employing a bidirectional perturbation design 
where the same segment is shifted in opposing 
directions depending on the stimulus. This 
manipulation causes the center of gravity 
(CoG) to increase or decrease in the 
experimental stimuli. We found that about 30% 
of speakers were able to consistently 
compensate for bidirectional shifts and adjusted 
their CoG accordingly. However, the rest of the 
speakers consistently increased or decreased 
the CoG independently of the applied shift 
direction. In comparison to previous studies 
examining formant perturbation, current results 
suggest that the articulatory-to-acoustic 
mapping in fricatives is less flexible compared 
to vowels. 

Introduction 
A growing body of research demonstrates 

that speakers actively employ online auditory 
feedback to monitor their own speech 
production. Studies which perturbed acoustic 
properties of speakers’ speech such as vowel 
formants (F1 and/or F2) or fundamental 
frequency (f0) show that speakers correct 
immediately for occurring acoustic errors (e.g., 
Burnett et al. 1998, Percell and Munhall 2006). 

These results suggest that participants’ 
internal representations of the articulatory-to-
acoustic mapping of vowels are highly flexible 
which begs the question of whether the same is 
true for consonants. A recurrent hypothesis in 
this respect is that auditory feedback plays a 
minor monitoring role during the production of 
consonants since in this case speakers rely more 
strongly on tactile and proprioceptive feedback. 
However, previous studies employing 
mechanical vocal tract perturbations to change 
speakers’ acoustics during the production of 
sibilants provide rather inconclusive answers to 
this question (Jones and Munhall 2003, Brunner 
et al. 2011). Auditory perturbation, on the other 
hand, was almost exclusively employed in the 
context of vowels due to technical limitations.  

More recent attempts to study auditory 
perturbations of fricative spectra include Shiller 
et al. (2009) and Casserly (2011). In the first 
study, English speakers produced words starting 
with /s/ or /ʃ/ sounds. Their responses were 
pitch-shifted in real-time by -3 semitones and 
fed back via headphones. The pitch-shifting 
reduced the spectral center of gravity (CoG) of 
the fricative on average by 1430 Hz. In reaction 
to the shift participants raised their CoG on 
average by 529 Hz. However, it is not clear 
whether the observed compensation effects are 
solely attributable to the fricative perturbation 
since the whole response, including following 
segments, was affected by the pitch shift. That 
means that the observed effects might be a 
consequence of a general f0 compensation, an 
effect that was frequently demonstrated in the 
literature before. 

By perturbing specifically fricative segments, 
Casserly (2011) improved in her study on the 
holistic perturbation approach. During her 
experiment, English speakers produced /VʃV/ 
pseudowords. Simultaneously to participants’ 
production of the fricative, synthetic noise was 
mixed into participants’ feedback raising the 
CoG by about 700 Hz. Casserly (2011) found 
that some speakers raised the CoG (“following 
the perturbation”) and others lowered the CoG 
(“compensating for the perturbation”). Despite 
methodological improvements, Casserly’s 
(2011) perturbation solution has several 
potential problems such as asynchronous start 
of the produced fricative and the synthetic 
noise, and duration and amplitude mismatches 
between the two. These problems can result in 
undesired acoustic artifacts which might 
influence participants’ behavior. 

Below, we report results of a study where 
fricative spectra were pitch-shifted in real-time 
either such that the CoG of the fricative was 
raised or lowered depending on the 
experimental stimulus. In contrast to Shiller et 
al. (2009), we targeted only the final fricative 
segment within CVC words leaving the two 
preceding segments unaffected by this 
manipulation. 

Proceedings P&P13

105



Method 

Participants 

19 native speakers of Russian (14 female) 
without reported speech, language, or hearing 
disorders participated in the study. The mean 
age of the group was 24.7 years. Participants 
have spent on average 2.8 years in Germany at 
the time of the recordings. 

Equipment 

Each experimental session was recorded in a 
sound attenuated booth. Participants were 
seated in front of a computer monitor which 
served to display the stimuli (Figure 1, left 
panel). Participants’ speech was recorded with a 
Beyerdynamic Opus 54 neck-worn microphone. 
The speech signal was perturbed in near real-
time and fed back via foam tipped EARTONE 
3A insert earphones (Figure 1, right panel). 

For the perturbation of the spectral frequency 
of the target segments, they were identified 
online and pitch-shifted employing 
AUDAPTER, which is a C++ real-time signal 
processing application compiled for MATLAB 
(cf. Cai et al. 2008). The original and perturbed 
signals were digitized and saved with a 
sampling rate of 32 kHz. 

 

        

Figure 1: (Left panel) Schema of the 
experimental set-up. (Right panel) Sound 
attenuating earphones. 

Stimuli, procedure, and acoustic manipulations 

During the experiment, participants produced 
six different CVC words containing one of the 
three voiceless sibilant fricatives /s/, /sj/, and /ʃj/ 
in their final position (Table 1). Both /s/ and /sj/ 
are alveolar consonants which are produced by 
a narrowing which is formed in the center, front 
part of the oral cavity between the tongue tip 
and the region of the upper incisors and the 
alveolar ridge. In contrast to /s/, /sj/ is 
palatalized which means that the tongue body 
moves further forward in this sound. Finally, /ʃj/ 
is a palatal consonant which is produced by a 
narrowing of the tongue dorsum which forms a 
gap along the medial line of the palate (Bola, 
1981).  

Table 1: The experimental stimuli. 
[les] ‘wood’ [lesj] ‘climb’ [leʃj] ‘bream’ 
[ves] ‘weight’ [vesj] ‘whole’ [veʃj] ‘thing’ 

 
The experimental session included 210 trials 

and lasted for about 30 minutes. After a 
baseline phase, where no perturbation was 
applied, three shift phases followed during 
which participants had to produce the two 
words [lesj] and [vesj]. During the fricative 
portions, pitch was shifted by 5 semitones in the 
word [lesj] which caused the CoG to rise in this 
particular word, and by -5 semitones in the 
word [vesj] which caused the CoG to lower in 
this particular word (Figure 2). 

 
 

Figure 2: Example power spectra of the original 
(solid lines) and shifted (dashed lines) /sj/ segments. 

Data analysis 

The CoG values were extracted from the 
fricative portion of each response by utilizing 
the RMS curve of the recorded signal. After 
identifying the center of a fricative, the speech 
signal was high pass filtered at 1 kHz and low 
pass filtered at 12 kHz with a 6th order 
Butterworth filter. Then, power spectral 
densities (PSD) were computed with 
MATLAB’s pwelch() function over a 100 ms 
window around the identified fricative center. 
The CoG was computed for the accumulated 
and time averaged power spectra. All shift trials 
on which AUDAPTER was not able to track the 
fricative and to successfully deliver perturbation 
were discarded from the analysis (7.5% of the 
shift trials).  

Results 
First, we take a look at average CoG values 

produced by all participants during the baseline 
phase (no perturbation). To that end, we first 
collapsed the data of the six CVC words into 
three sound categories according to the final 
segment ([les] and [ves] into /s/, [lesj] and [vesj] 
into /sj/, and [leʃj] and [veʃj] into /ʃj/). The 
results of this data aggregation step are 
summarized in Figure 4 split by gender. 
Subsequently, we fitted a linear-mixed model 
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with CoG as dependent variable and fixed terms 
for the sound category and the interaction 
between sound category and gender as well as 
random intercept for each participant. 
 

 

Figure 4: Averaged CoG produced for the three 
sound categories by all participants (split by gender) 
during the baseline phase (no perturbation). 
 

The model suggested that CoG was 
significantly different between /s/ and /sj/ with 
average difference of 838 Hz (t = -10.43, p < 
0.001) and between /sj/ and /ʃj/ with average 
difference of 3076 Hz (t = -38.28, p < 0.001). 
Male speakers produced on average lower CoG 
values for all three categories, however, the 
interaction between the sound category and 
gender was significant only for /s/ where the 
average difference between male and female 
speakers amounted to 1025 Hz (t = -2.5, p = 
0.021).  

For the analysis of the compensation effects, 
we investigated the average change of CoG in 
the stimuli, where pitch shift was applied 
throughout the three shift phases ([lesj] and 
[vesj]). To pool data across participants, all 
CoG values were normalized by subtracting the 
average CoG produced by each participant for 
the respective syllable during the baseline 
phase.  

We fitted a generalized additive mixed model 
with normalized CoG as dependent variable 
which also included random smooths for each 
participant by trial number and a factor smooth 
for trial number with intercept difference for the 
shift direction. The compensatory effects are 
summarized in Figure 5A. The model suggested 
that on average the CoG significantly differed 
between the trials with upward and downward 
shifts (-62 Hz, t = -3.47, p < 0.001). In the 
course of the experimental session, the 
difference reached about 150 Hz (Figure 5B). 
However, there was a high degree of 
compensation variability between participants 
as revealed by individual smooths fitted by the 
model (Figure 5C). 

 

Figure 5: (a) Effect of the perturbation direction. (b) 
The difference between upward and downward 
perturbation. The thick black line denotes the region 
of significance. (c) Random smooths for each 
participant. 
 

Among our participants, we identified three 
subgroups, which we call symmetrical learners 
(n = 6), uppers (n = 9), and downers (n = 4). 
These results are graphically summarized in 
Figure 6. As can be seen, all 19 participants 
reacted to applied auditory shifts during the 
shift phases of the experiment. However, while 
symmetrical learners counteracted the opposing 
shifts as expected (Figure 6A), uppers and 
downers either increased or decreased their 
CoG independent of the applied shift direction 
(Figure 6B and 6C). 
 

 
Figure 6: Baseline-normalized CoG values of the 
three subgroups for the baseline phase and three 
shift phases split by the perturbation direction (up 
[lesj] vs. down [vesj]). 

Discussion and conclusion 
In this paper, we presented results from a 

bidirectional perturbation study of Russian 
fricative spectra. Consistent with Casserly’s 
(2011) observations, who investigated speech of 
English speakers, our results show a split 
among the participants concerning their reaction 
to auditory perturbation in fricatives. These 
findings further support the idea that the 
consistent compensatory effects observed by 
Shiller et al. (2009) among their participants are 
not solely attributable to spectral shifts in the 
fricative segments, but are rather caused by a 
general f0 shift of the whole response. To this 
end, let us recapitulate the point that in Shiller’s 
et al. study the pitch shift was applied not 
exclusively to the fricative segment but to the 
whole response including the following vowels 
and consonants. 
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Nevertheless, the interpretation of our 
experimental findings is different from 
Casserly’s (2011) conclusions for two reasons. 
First, since we employed a bidirectional 
perturbation design in our study, and CoG was 
shifted in opposing directions for different 
stimulus words, we cannot describe the 
behavioral split in our participants as 
“following” or “counteracting” the perturbation. 
In the context of our experiment, this would 
mean that uppers and downers followed the 
perturbation in one word but counteracted it in 
the other (Figures 6B and 6C). As we cannot 
formulate obvious reasons for such behavior, 
this explanation seems rather implausible. A 
second reason to doubt Casserly’s interpretation 
is the fact that we observed six participants, 
who consistently counteracted the fricative 
shifts in two opposing directions depending on 
the applied perturbation direction (Figure 6A). 
That means that these participants were 
producing the perturbed segment [sj] differently 
depending on the experimental stimulus in 
which it was embedded. 

A straightforward interpretation of the 
“following” and “counteracting” behavior in 
our study is the idea that participants indeed 
perceived the spectral perturbations and as a 
consequence tried to change their articulatory 
configuration. However, despite the effort, only 
six participants were able to identify the 
articulatory adjustments needed to achieve the 
intended acoustic output and to consistently 
apply them. This interpretation is in line with 
articulatory data presented by Brunner et al. 
(2011) in the context of articulatory 
perturbation of German sibilants with artificial 
palates. When the production of the fricatives 
was perturbed, the authors observed high 
variability in relevant articulatory parameters 
such as constriction location, tongue grooving, 
and the jaw height. 

Overall, our results demonstrate that, to a 
varying degree, all participants modified their 
initial articulatory-to-acoustic mapping in 
fricatives due to the applied auditory 
perturbations. This observation means that 
current data does not support the hypothesis that 
auditory feedback plays generally a minor role 
during the production of consonants compared 
to vowels.  

If we compare our data to previous formant 
perturbation studies (e.g., Purcell and Munhall 
2006) significantly less participants in the 
current study were able to consistently use 
different articulatory configurations to 

compensate for spectral shifts in fricatives 
(about 30% compared to 80-90% in vowels). 
We suggest that this discrepancy is due to a 
higher degree of articulatory complexity which 
is entailed by compensatory movements for 
spectral shifts in fricatives compared to formant 
shifts in vowels. While the latter mainly require 
adjustments of the jaw opening (F1) or the 
horizontal displacement of the tongue (F2), 
compensatory articulations in fricatives 
encompass the coordination of the three 
parameters of constriction location, tongue 
grooving, and the jaw height. 

Taken together, our findings hint at the idea 
that, compared to vowels, the articulatory-to-
acoustic mapping is less flexible in fricatives 
(and probably in consonants in general). To 
evaluate this hypothesis, we plan to investigate 
speakers’ articulatory behavior in response to 
auditory perturbations by means of 
articulographic data. 
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Abstract 
Bisher wurde, basierend auf Pfalz (1913), für 
das Mittelbairische angenommen, dass auf 
lange Vokale nur kurze Konsonanten und auf 
kurze Vokale nur lange Konsonanten folgen 
können. 
Dass diese These bei C1V1C2V2-Sequenzen zu-
treffend ist, haben einige Studien belegen kön-
nen. Jüngere Studien konnten jedoch zeigen, 
dass diese Timingverhältnisse nicht (mehr) so 
stabil sind wie zu Pfalz‘ Zeiten angenommen 
wurde. Die vorliegende Studie zielt darauf ab, 
durch hypoartikulierte Sprechweise die (In-) 
Stabilität der Timingverhältnisse genauer zu 
betrachten. Dafür wurde die Produktion von 
C(C(C))V(ː)C(C))-Wörter durch SprecherInnen 
der Wiener Standardvarietät und des Wiener 
Dialekts untersucht. Die Ergebnisse legen nahe, 
dass sich Wiener Dialekt und Wiener Stan-
dardvarietät hinsichtlich der Vokal- und Konso-
nantinteraktion unterscheiden und dass die Ti-
mingverhältnisse im Mittelbairischen detaillier-
ter betrachtet werden müssen. 

Einleitung 
Beschreibungen zur (West-) Mittelbairischen 

Phonologie basierten für lange Zeit auf den Be-
obachtungen von Pfalz (1913), in welchen er 
festhält, dass entweder ein Langvokal einem 
kurzen Konsonanten (VːC) oder ein kurzer Vo-
kal einem langen Konsonanten (VCː) vorange-
hen muss. Dieser strikten Distinktion folgend, 
geht Bannert (1976) von einer komplementären 
Länge von Vokal- und Konsonantenquantität 
aus. Er schlussfolgert eine Interaktion zwischen 
Vokal- und Konsonantenquantität, die dazu 
führt, dass der vorangehende Vokal (bzw. des-
sen Dauer) in Abhängigkeit zum folgenden 
Konsonanten steht und, im Falle eines langen 
Konsonanten, eine Kürzung erfährt. Daraus 
folgt, dass die Vokalquantität im Mittelbairi-
schen nicht distinktiv ist. 

Phonetische Belege für die komplementäre 
Verteilung konnten bspw. von Ronneberger-Si-
bold (1999), Moosmüller (2007), Moosmüller 
und Brandstätter (2014) gefunden werden. 

Scheutz (1984) sowie auch die Studien von 
Moosmüller (2007), Moosmüller und Brand-
stätter (2014) haben jedoch aufgezeigt, dass die 
von Pfalz (1913) beschriebenen Verhältnisse 
nur in C1V1C2V2-Sequenzen zutreffend sind – 
für monosyllabische Wörter, oder Wörter mit 
Konsonantenclustern sind die Beschreibungen 
von Pfalz nicht ausreichend. 

Weiter haben Moosmüller und Brandstätter 
(2014) und Klingler et al. (2017) gezeigt, dass 
es mindestens eine weitere Kombinationsmög-
lichkeit gibt, nämlich Langvokal + Langkonso-
nant. Darüber hinaus konnten Cunha und Hoole 
(2017) in einem Perzeptionsexperiment nach-
weisen, dass SprecherInnen der Wiener Stan-
dardvarietät die Vokaldauer als cue nutzen, um 
Minimalpaare zu unterscheiden, die Vokaldauer 
demnach distinktiv zu sein scheint. 

Diese Studien deuten darauf hin, dass die von 
Pfalz postulierten komplementären Quantitäts-
verhältnisse nicht (mehr) so stabil sind, wie zum 
Zeitpunkt seiner Studie. 

Die vorliegende Studie schließt an die Studie 
von Klingler et al. (2017) an und erweitert sie 
um den Faktor der Sprechgeschwindigkeit, da 
wie in einigen Studien dargelegt, diachroner 
Wandel mit synchroner Variation, Spracher-
werb und internen und externen Faktoren zu-
sammenhängt (Ohala 1993). 

Die vorliegende Studie beschränkt sich dabei 
auf interne Faktoren. Untersucht wird hypoarti-
kulierte Sprache, die die phonetischen Prozesse 
innerhalb der Vokal + Konsonantsequenzen 
verstärken soll. 

Sprechgeschwindigkeit als interner Faktor 

Eine erhöhte Sprechgeschwindigkeit führt zu 
phonetischen Kürzungen der Dauer, die jedoch 
keine phonologische Relevanz haben, da Höre-
rInnen diese in der Perzeption kompensieren. 
Ohala (1993) folgend, kann durch erhöhte pho-
netische Variation jedoch ein Sprachwandel 
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entstehen, falls die phonetische Variation pho-
nologisiert wird.  

Wie bereits beschrieben, wurde, aufbauend 
auf Pfalz (1913), angenommen, dass es in den 
mittelbairischen Varietäten keine phonologi-
sche Distinktion zwischen langen und kurzen 
Vokalen gibt, da diese in einer Korrelation zum 
nachfolgenden Konsonanten stehen. Somit ist 
zu erwarten, dass die Variabilität der Vokaldau-
ern höher ist und mit der Konsonantendauer 
korreliert. 

Andererseits konnten Cunha und Hoole 
(2017) zeigen, dass jüngere SprecherInnen der 
mittelbairischen Standardvarietät in Wien die 
Vokaldauer als cue zur Differenzierung von Mi-
nimalpaaren heranziehen. Diese Ergebnisse 
deuten, gemeinsam mit den Ergebnissen von 
Klingler et al. (2017) darauf hin, dass die Vo-
kalquantitäten innerhalb der Sprechgeschwin-
digkeiten und auch über die Sprechgeschwin-
digkeiten hinweg eine klare Distinktion zwi-
schen phonologischen Lang- und Kurzvokalen 
aufweisen sollten. 

Methode 

SprecherInnen 

Für die vorliegende Studie wurden vier Spre-
cherInnen der Wiener Standardaussprache und 
zwei SprecherInnen des Wiener Dialekts ausge-
wählt, welche die Stimulussätze in zwei Sprech-
geschwindigkeiten eingesprochen haben.1 

Die hier aufgenommenen SprecherInnen 
sind, wie mindestens ein Elternteil, in Wien ge-
boren und aufgewachsen. Zur Unterteilung in 
Wiener Dialekt (WD) und Wiener Standardva-
rietät (WS) wurde der Kontakt zur geschriebe-
nen, normierten Standardvarietät herbeigezo-
gen (±Matura; nach Moosmüller (1991)). 

Stimuli 

Die Stimuli umfassen monosyllabische Test-
wörter, mit initialen und finalen Konsonanten-
clustern (C(C(C))V(ː)C(C)). Alle Testwörter 
wurden in zwei Sprechgeschwindigkeiten elizi-
tiert. 

Die SprecherInnen haben die Sätze von ei-
nem Bildschirm in zwei Sprechgeschwindigkei-
ten vorgelesen. Zur Erhebung der Sätze wurden 

                                                           
1 Hierbei handelt es sich um ein Subset der Daten, die im Rah-
men des D-A-CH Projekts „Typologie der Vokal- und Konso-
nantquantitäten in süddeutschen Varietäten“ aufgenommen wur-
den. 

die SprecherInnen instruiert normal bzw. 
schnell zu sprechen.2  

Die Aufnahmen wurden mit MAUS (Schiel 
et al. 2011) automatisch segmentiert und die 
Grenzen mit EMU (Winkelmann et al. 2017) 
und STx (Noll et al. 2007) kontrolliert und ge-
gebenenfalls korrigiert. Die Auswertung wurde 
mit R, bzw. dem emuR Package durchgeführt. 

Für die vorliegende Studie wurden die Test-
wörter schieß[ø|t|(ə)n], spieß[ø|t|(ə)n] und 
sprieß[ø|t|(ə)n] (n=18 pro SprecherIn) mit 
Langvokal den Worten stick[ø|t|(ə)n], 
stick[ø|t|(ə)n] und strick[ø|t|(ə)n] (n=18 pro 
SprecherIn) mit kurzem Vokal gegenüberge-
stellt. 

Statistik 

Für die Analyse wurden Linear Mixed Effect 
Models (Satterwhite Approximation, Bates et 
al. 2015) mit den fixed factors: „Lang- oder 
Kurzvokal (LV vs. KV)“, „Anzahl finale Kon-
sonanten (C vs. CC)“, „Dauer der finalen Kon-
sonanten (-cluster, Durfin)“, „Alter“, „Ge-
schlecht“, „Sprechgeschwindigkeit“ und den 
random factors „Sprecher“ und „Wort“ berech-
net. Korrelationen (Pearson’s product-moment 
correlation) und Post-Hoc Tests (Tukey) wur-
den durchgeführt. 

Ergebnisse 

Absolute Wortdauer 

Die absolute Wortdauer unterscheidet sich 
hinsichtlich der Sprechgeschwindigkeit 
(p<0.001) für die WS-SprecherInnen. Dies gilt 
sowohl für LV als auch für KV. Darüber hinaus 
zeigt sich, dass Wörter mit phonologischem LV 
signifikant länger sind als Wörter mit phonolo-
gischem KV. 

Auch bei den WD-SprecherInnen hat die 
Sprechgeschwindigkeit einen signifikanten Ein-
fluss (p<0.001) auf die Dauer der Testwörter. 
Und auch hier ist erkennbar, dass die Testwörter 
mit phonologischem LV signifikant länger sind, 
als die Testwörter mit phonologischem KV. 
Darüber hinaus haben auf die Wortdauern von 
sowohl den WS-, als auch den WD-SprecherIn-
nen die absoluten Vokaldauern (p<0.001) einen 
signifikanten Einfluss. 

2 Die Sprechgeschwindigkeit wurde nachträglich durch die Rela-
tion an produzierten Vokalnuklei zur Artikulationsdauer über-
prüft (Praat-Skript (de Jong und Wempe 2008)). Diese Erhe-
bungsmethode führte zu signifikant unterschiedlichen Sprechge-
schwindigkeiten (p<0.001). 
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Die beiden Varietäten unterscheiden sich je-
doch hinsichtlich des Einflusses der finalen 
Konsonanten. Während Durfin einen signifikan-
ten Einfluss (p<0.001) auf die WS-Wortdauern 
hat, scheint die Anzahl (ein vs. zwei finale Kon-
sonanten) zumindest einen tendenziellen Ein-
fluss (p<0.1) zu haben. Bei den WD-Daten hin-
gegen hatte nur Durfin einen signifikanten Ein-
fluss auf die Wortdauer (p<0.001), die Anzahl 
der finalen Konsonanten hatte keinen signifi-
kanten Einfluss auf die Wortdauern (p>0.1).  

Einfluss der finalen Konsonanten und der 
Sprechgeschwindigkeit auf die Vokaldauer 

Die Daten der WS-SprecherInnen zeigen, 
dass die Vokaldauer von der Sprechgeschwin-
digkeit (p<0.001), der Anzahl der finalen Kon-
sonanten (p<0.001), sowie einer Interaktion 
zwischen der Anzahl der finalen Konsonanten 
und der Sprechgeschwindigkeit (p<0.05) beein-
flusst wird. Außerdem hat Durfin tendenziell ei-
nen Einfluss (p<0.1) auf die Vokaldauer (vgl. 
Abb. 1). Korrelationen zwischen der Vokal- und 
Konsonantendauer, die auf eine Kürzung des 
Vokals und somit auf eine Interaktion zwischen 
diesen beiden Größen hindeuten würden, konn-
ten nicht gefunden werden.  

 
Abbildung 1: Vokaldauer der SprecherInnen des WS 
in Abhängigkeit zur Sprechgeschwindigkeit und zur 
Anzahl der finalen Konsonanten. 

In den Abbildungen 1 und 2 zeigt sich, dass 
die Anzahl der Konsonanten einen Einfluss auf 
die Vokallänge hat. Dieser Einfluss ist in den 
Daten der WS-SprecherInnen höher als bei 
WD-SprecherInnen (Abb. 1, Abb. 2).

 
Die Dauer der finalen Konsonanten(-cluster) 

hat ebenfalls einen Einfluss auf die Dauer des 
vorangehenden Vokals. Im Gegensatz zu den 
Daten der WS-SprecherInnen, zeigt sich bei den 
Daten der WD-SprecherInnen allerdings ein 
signifikanter Einfluss (p<0.01).  

Die Vokaldauer der Kurz- und Langvokale 
nimmt sowohl in schneller als auch in normaler 
Sprechgeschwindigkeit ab, wenn mehr als ein 
finaler Konsonant hinzutritt, wobei die Ergeb-
nisse durch das sehr kleine Sample von nur zwei 
SprecherInnen beeinflusst wurden. Für beide 
WD-SprecherInnen wurden separate Korrelati-
onen zwischen der Vokaldauer und der Dauer 
der finalen Konsonanten berechnet. In normaler 
Sprechgeschwindigkeit zeigte sich dabei eine 
tendenzielle Korrelation zwischen der Vokal- 
und Konsonantendauer für die WD-Sprecherin, 
bei schneller Sprechgeschwindigkeit sogar eine 
signifikante negative Korrelation. Jedoch sind 
beide Korrelationen nicht sehr stark (corr.<-
0.5). Für den WD-Sprecher ergaben sich keine 
signifikanten Korrelationen, die auf eine Kür-
zung der Vokaldauern in Bezug zur Konsonan-
tendauer hinweisen würden. 

Diskussion 
Die Ergebnisse zeigen, dass die Sprechge-

schwindigkeit einen Einfluss auf die Timing-
verhältnisse der Vokal- und Konsonantsequen-
zen hat. Eine schnelle Sprechgeschwindigkeit 
führt zu deutlich kürzeren Wort- und Vokaldau-
ern. Dabei scheinen die WS-SprecherInnen 
stärker von der variierenden Sprechgeschwin-
digkeit beeinflusst zu sein als die WD-Spreche-
rInnen. So wurde in den WS-Daten auch eine 
Interaktion zwischen der Sprechgeschwindig-
keit und der Anzahl der finalen Konsonanten 
gefunden. Diese Interaktion hat einen stärkeren 
kürzenden Effekt auf die Vokaldauer als die ab-
solute Dauer der finalen Konsonanten.  

Abbildung 2: Vokaldauer der SprecherInnen des WD 
in Abhängigkeit zur Sprechgeschwindigkeit und zur 
Anzahl der finalen Konsonanten. 
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Trotzdem hatte auch die Dauer der finalen 
Konsonanten in beiden Varietäten einen Ein-
fluss auf die Dauer des vorangehenden Vokals, 
allerdings in unterschiedlichem Ausmaß. Die 
Daten der WD-SprecherInnen zeigen einen 
hochsignifikanten Einfluss der Dauer der fina-
len Konsonanten (p<0.01) wohingegen die WS-
Daten nur einen tendenziellen Einfluss (p<0.1) 
aufweisen. 

Dies zeigt, dass sich die beiden Varietäten 
durchaus unterscheiden und sich diese Unter-
schiede durch die wechselnde Sprechgeschwin-
digkeit verdeutlichen lassen.  

Darüber hinaus konnte in den Daten der WD-
Sprecherin eine signifikante, negative Korrela-
tion zwischen der Vokal- und Konsonanten-
dauer in schneller Sprechgeschwindigkeit ge-
zeigt werden. Das bedeutet, je länger die Kon-
sonantendauer ist, desto kürzer ist der vorange-
hende Vokal und unterstützt somit die Beobach-
tungen von Pfalz (1913). Da es sich hierbei al-
lerdings nur um eine Sprecherin handelt, und 
der männliche WD-Sprecher diese Korrelatio-
nen nicht aufweist, ist es fraglich, ob die vorlie-
gende Studie Pfalz‘ Beobachtungen bestätigt 
oder ob es sich um einen Einzelfall handelt. 

Fazit 
Die vorliegende Studie behandelte den Ein-

fluss der Sprechgeschwindigkeit auf die Pro-
duktion von Einsilbern mit initialen und finalen 
Konsonantenclustern in zwei Varietäten Wiens. 
Dabei lag der Fokus auf der Interaktion der 
Konsonantendauern und der Dauer des voran-
gehenden Vokals. 

Es konnte gezeigt werden, dass sich die Da-
ten der zwei Varietäten unterschiedlich verhal-
ten: die Daten der WS-SprecherInnen weisen 
stärkere Dauerkürzungen hinsichtlich der 
Sprechgeschwindigkeit auf, waren jedoch in ih-
rem Vokal:Konsonanttiming stabiler als die Da-
ten der WD-SprecherInnen. Die Daten der WD-
SprecherInnen zeigen dagegen eher die Timing-
verhältnisse, die Pfalz (1913) beschrieben hat, 
da die Vokaldauern – wenn auch in unterschied-
lichem Maße – durch die Dauer des folgenden 
Konsonanten beeinflusst wurden. 
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Abstract 
We investigate correlates of voice attractiveness in 
spontaneous mixed-gender dialogs, as perceived 
by raters in an independent perception study. 
Multiple voice samples of 20 speakers (ten of which 
were female) engaged in 29 female-male dialogs 
were extracted from the extended German 
Conversations (GECO2) database of spontaneous 
speech and rated on attractiveness by 20 test 
subjects (twelve female). Several linear mixed 
models were fitted with the perception ratings of 
attractiveness as the dependent variable (again, 
only for mixed-gender speakers-raters), and both 
acoustic and social data as predictors. The model 
including the social scores shows a significant 
effect of success, mediated by an interaction with 
speaker gender, and an effect for cheerfulness. The 
acoustic model demonstrates a significant 
influence of pitch slope variation, including and 
interaction with speaker gender, and an effect of 
mean intensity on perceived voice attractiveness. 

Introduction 
    Voice attractiveness (VA) and its influence are 
well documented phenomena in speech. Some of 
the findings for attractive female voices mention 
the absence of shrillness and extreme pitch 
modulations as favorable (for American English 
speakers; Zuckerman & Miyake, 1993). When it 
comes to attractive male voices, women tend to 
choose such signaling dominance, as in those 
bearing a lower mean F0 (Puts et al. 2007, Feinberg 
et al. 2006, Collins 2000). Anolli & Ciceri (2002) 
have identified two voice types in male speakers, 
they tend to use as part of a (successful) seduction 
strategy: the exhibition voice and the self-
disclosure voice. The former is characterized, a.o., 
by more modulation, higher pitch and intensity, 
and a higher speaking rate for most male speakers 
in the study. The latter voice, on the other hand, has 
decreased pitch variability, lowered mean F0 and a 
softer voice for most male subjects.  
    In this study, we focus on German and compare 
perceptual ratings of VA from male and female 
third party listeners, and a range of social 
attractiveness ratings the recorded speakers 
obtained directly from their dialog partners after a 
25min conversation. Acoustic parameters such as, 

e.g. mean pitch, pitch variation and slope, intensity, 
and shimmer and jitter serve as a means of 
investigating the acoustic correlates of VA. The 
first goal of the study is to determine any common 
denominators between a first impression VA rating 
from our independent listeners based on voice 
information only, and the more refined social 
ratings delivered after a real interaction with the 
speaker including visual contact. The second goal 
is to find the acoustic underpinnings that may favor 
positive or negative VA ratings in both female and 
male speakers. 

Methods 
    Voice samples for the perception study were 
extracted from 20 German native speakers (ten 
female) of the newly expanded GECO2 database 
(Schweitzer et al. 2015), who were engaged in 29 
mixed-gender dialogs of approx. 25min length. All 
dialog participants declared themselves as 
heterosexual and did not know each other 
beforehand. The dialogs took place in a sound-
attenuated booth with visual contact and free 
choice of topics. Three random voice samples have 
been selected for every speaker, ranging in length 
from 1.0s to 3.9s (mean: 2.3s). We did not select 
stimuli of equal length or manipulate the durations, 
as duration does not seem to affect the perception 
of VA in natural samples (Ferdenzi et al. 2013). 

Social ratings 

    After the recording session, every participant 
filled in a questionnaire with ratings of the 
conversation and the respective partner, on a 5-
point Likert scale. The features used answered the 
questions how likeable, friendly, successful, self-
confident, relaxed, intelligent, competent and 
social the partner was. An additional rating used 
did not concern the partner directly but the 
cheerful/fun atmosphere during the dialog. From 
all ratings, we calculated mean social scores per 
speaker. Except for cheerfulness, which was taken 
into the mixed models separately, we formed three 
composite scores, to avoid possible collinearity 
issues: agreeableness = likeable + friendly + 
social; knowledge = intelligent + competent; 
success = successful + self-confident. 
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Acoustic parameters 

    Preprocessing and all acoustic measurements 
were performed with Praat (Boersma & Weenink, 
2016). All dialogs have been segmented into 
consecutive utterances of a given speaker by first 
identifying silence intervals within which the local 
maximum intensity was at least 45dB below the 
global maximum and which had a duration of at 
least 0.5s. Louder intervals shorter than 50ms were 
also treated as silence. We define all utterances 
between such silence intervals as turns. Intensity 
has been computed with Praat taking into account 
the minimum pitch value, which in this case has 
been set to 80Hz for males and 140Hz for females 
(with manual adjusting where necessary). Finally, 
all turns have been verified auditorily, correcting 
the boundaries manually. In order to compute pitch 
(F0), individual minimum and maximum values 
have been determined following Hirst (2007). 
These pitch contours were used to extract turn-wise 
minimum, maximum, mean values, and pitch 
slope. Taking into account the individual F0 
minimum, intensity was computed directly from 
the speech signal. The harmonics-to-noise ratio 
(HNR) is usually computed for vowels but the 
employed GECO2-data does not provide 
annotations at the phone-level, yet. We therefore 
extracted maximum HNR for each turn which was 
estimated to correspond to vocalic segments. In 
order to compute local jitter and shimmer, the pitch 
onsets have been determined by a PointProcess in 
Praat taking into account the individual F0 minima 
and maxima, and default parameters. 

Participants 

    Twenty subjects have been recruited to take part 
in the perception test (twelve female, eight male), 
which had different first language (L1) 
backgrounds (ten German native speakers). The 
age of our subjects ranged from 20 to 35, and most 
were graduate level students of an international 
degree program in computational linguistics, who 
received course credit for their participation. The 
perception subjects were assigned to two groups, 
with randomized sample order. Sexual orientation 
of raters was not assessed, and only ratings for the 
respective opposite sex were used for analysis to 
ensure comparability with the social ratings. 

Perception test 

    Each participant heard 60 voice samples, from a 
total of 20 speakers, through high-quality 
loudspeakers in a room with minimal reverberation 
                                                           
1 The data structure does not allow for fitting random 
slopes. 

and filled out a form with VA ratings on a 5-point 
Likert scale, and answered the control question (“Is 
the speaker male or female?”). 

Analyses 

    All categorical variables were centered and all 
continuous ones were z-scored. Data manipulation 
and exploration were performed using the dplyr 
function set (Wickham & Francois, 2016) within 
the tidyverse package (Wickham, 2017) of R 
version 3.3.2 (R Core Team, 2016). All statistical 
analyses were conducted using the lme4 (Bates et 
al. 2015) and the afex package (Singmann et al. 
2016) and plotted with ggplot2 (Wickham, 2009). 
No significant effect of group/presentation order 
was found with respect to the VA ratings (χ2= 
0.0621, p=0.8032) and rater and speaker as random 
intercepts1, hence the group variable was 
disregarded in future models. A model comparison 
with anova for the fixed factors rater language and 
rater/speaker gender did not yield any significant 
effects either (χ2=0.1791, p=0.6721 for rater 
language; χ2=0.3797, p=0.5378 for rater gender). 
    The fitting of linear mixed models with social 
and acoustic predictor variables proceeded with 
mean values per speaker, while information on 
rater language background was retained in the data 
set. Both models were initially fitted with the 
interaction of speaker gender, and with rater 
language as an additional fixed factor. The VA 
ratings from the perception test served as the 
dependent variable, and speaker as the random 
factor. After the best random structure was 
determined by a number of anova model 
comparisons, a maximal model with all parameters 
was fitted, which was subsequently checked for 
collinearity with the vif.mer function for lmer 
objects (Austin, 2014). Factors with a variance 
inflation factor ≥4 were eliminated from the model, 
in a step by step fashion. The resulting reduced 
model was inspected with respect to model fit, by 
conducting stepwise backward selection. 

Results 
    The winning models fitted for the social and 
acoustic data are: (1) social model: attractiveness 
~ cheerful_c + success_c*gender+ (1|speaker) 
and (2) acoustic model: attractiveness ~ 
intensityMean.z + pitchSlopeSD.z *gender + 
(1|speaker) 
    The data were checked for normality and a visual 
inspection of residual plots did not show any 
obvious deviations from homoscedasticity. All  
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p-values were calculated with the mixed function in 
the afex package in R, outputting significance 
levels for all factors of an lmer object (Tab. 2 and 
3). 
Table 2: Fixed effects in linear mixed model for social 
data, with gender(m) corresponding to speaker gender 
male. 

Parameter Estimate SE t p 
(Intercept) 3.4817 0.1159 30.04 * 
success 0.3277 0.0918 3.57 .002* 
gender(m) -0.0930 0.1713 -0.54 .59 
cheerful -0.3428 0.1502 -2.28 .03* 
success: 
gender(m) 

-0.4576 0.1317 -3.48 .002* 

 

Table 3: Fixed effects in linear mixed model for acoustic 
data. All acoustic variables were z-scored. 

Parameter Estimate SE t p 
(Intercept) 3.2412 0.0865 37.48 * 
intensityMean 0.1452 0.0623 2.33 .03* 
pitchslopeSD -0.4284 0.1030 -4.16 .0004* 
gender(m) -0.0692 0.1227 -0.56 .057 
pitchslopeSD: 
gender(m) 

0.4555 0.1292 3.52 .002* 

Voice attractiveness and social scores 

    As shown in model (1), the social parameters 
that proved to have an effect on rated voice 
attractiveness were success and cheerfulness. 
Success increased the VA ratings for female 
speakers, however, lowered it by -0.4576 (p=.002) 
for male speakers, as can be seen in the interaction 
between success and speaker gender (male) (see 
Fig. 1). The effect of cheerfulness did not interact 
with speaker gender: here we observe a small 
negative effect for all voices2. 

 

Figure 1: Effect of the composite social score success on 
perceived voice attractiveness. 

                                                           
2 The Kenward-Rogers and the LRT method in the 
mixed function delivered diverting p-values in this case 
(p in KR was not significant). 

Voice attractiveness and acoustic parameters 

    In the acoustic model mean intensity increases 
the VA ratings by 0.145 (p =.03) per z-scored unit 
and the standard deviation of pitch slope decreases 
it by -0.4284 (p=.0004), albeit only in the case of 
female speakers (see Fig. 2 and Tab. 3).  For male 
voices this effect is not present: men score slightly 
higher on the voice attractiveness scale with 
increasing pitch slope variation. The effect of mean 
intensity is less pronounced than that of F0 slope 
variation and we do not observe any gender 
differences. 

 
Figure 2: Effect of pitch slope SD on perceived VA. 

Discussion 
    In terms of acoustic features, a negative effect of 
pitch slope variation for female speakers and a 
slight positive tendency for male speakers was 
found. This result supports previous findings 
(Aronovitch 1976, Zuckerman & Miyake 1993), in 
showing that strong changes in pitch variation are 
rather undesirable in female voices, and might be 
associated with being less intelligent or childish. 
On the other hand, slight variance in the intonation 
of males speech seems to be a positive attribute 
which describes them as more energetic and 
healthier (Aronovitch, 1976) and could also point 
to the successful usage of the exhibition voice by 
male speakers, as described in Anolli & Ciceri 
(2002). Higher mean intensity had a positive 
impact on voice VA in both genders, confirming 
the statement of Babel et al. (2014) that female and 
male ratings of VA are often unified in their 
judgments. Higher intensity in male speakers may 
again be an indication for flirty behavior, as 
suggested by Anolli & Ciceri (2002). 
    Although the speakers received their social 
scores after a 25min conversation (including the 
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possibility to judge one another’s appearance), 
some of the social dimensions still seem to map 
well onto the rating of voice and speaking manner 
in our perception study. Men rated high on the 
composite score success, were judged as 
considerably less attractive by our female raters. It 
seems as if the impression of success and self-
confidence, and possibly dominance (Puts et al. 
2007), made during a conversation, could have 
come across as rather arrogant or bumptious, when 
only judged on the basis of short speech snippets. 
In contrast, self-confidence and success expressed 
in female voices might take a more positive effect. 
As to the rather counterintuitive negative impact of 
cheerfulness for both genders, the perception of 
laughter or an elated voice might not necessarily 
make a positive impression on listeners, without 
further available context. Avery and Liss (1996) 
speculated that men speaking “with a smile” might 
sound less-masculine (a.o. due to higher formant 
frequencies), which in turn might have led to lower 
VA ratings. For female speakers a similar negative 
impact as for higher pitch slope variation 
(Zuckerman & Miyake, 1993) might be at play. As 
the effect, however, is on the verge of significance, 
it is to be treated with caution and should be looked 
into again with a greater number of raters. 

Conclusions 
    Attractiveness ratings for German speakers 
obtained from third party listeners can be partially 
related to the social attractiveness scores received 
from direct dialog partners. Especially perceived 
success seemed to correlate with the rating of voice 
attractiveness, however in opposite directions for 
male and female speakers. Acoustic correlates of 
perceived voice attractiveness were variation of 
pitch slope and mean intensity. 
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Abstract 
It is known that phonological context highly in-
fluences the phonetic realisation of single pho-
nemes, e.g. word-final stops. However, when 
the phonological context is experimentally con-
trolled for, an impact of other factors influenc-
ing a reduction or deletion of word-final /t/ can 
be investigated. The aim of the present study is 
a detailed sub-segmental analysis of word-final 
/t/ in pairs of homophonous words. The 576 in-
vestigated items were produced by speakers of 
Standard Austrian German (SAG) and Standard 
German German (SGG). The analyses revealed 
that whenever /t/ is realised, its duration mainly 
depends on the type of realisation (with or with-
out burst), the articulation rate and whether the 
target word is stressed and/or followed by a 
pause. When /t/ is deleted, the durations of the 
preceding and the following consonants are 
longer, indicating a compensation for the de-
leted phoneme. A morpheme boundary preced-
ing the /t/ was found to have no influence on the 
realisation or deletion of the stop. 

Introduction 
Word-final alveolar stops were subject of 

several studies which unanimously concluded 
that the phonological context is the main factor 
influencing a reduction or deletion of these 
stops. The studies revealed either an influence 
of especially the following segmental context 
(Tagliamonte & Temple, 2005; Temple, 2014; 
Zimmerer et al., 2014), an influence of both the 
preceding and the following context (Naka-
mura, 2015), or an influence of homorganic pre-
ceding consonants (Neu, 1980). Schuppler et al. 
(2009) showed that deletions of /t/ are more fre-
quent within consonant clusters than between 
vowels. 

Other variables influencing the realisation of 
word-final /t, d/ were reported as well: Word 
frequency has been found to have an influence 
on the reduction or deletion of /t, d/ (Guy et al., 
2008; Schuppler et al., 2009, 2012). Concerning 
an influence of morphology, the results are 

mixed: Some acoustic studies (e.g. Guy, 1991; 
Neu, 1980; Schuppler et al., 2012) showed that 
word-final /t, d/ are more often deleted in mono-
morphemes than in inflected verbs in American 
English and Dutch. In contrast, acoustic as well 
as articulatory studies (Nakamura, 2015; Ta-
gliamonte & Temple, 2005) revealed that the 
morphological status of a word-final coronal 
stop has no influence on its realisation in British 
English. Equally, for German and Standard 
Austrian German, no influence of the morpho-
logical status of word-final /t/ was found (Ley-
kum et al., 2015; Zimmerer et al., 2014). 

Additionally, some external factors influence 
the realisation of word final /t, d/: age (Guy, 
1991), gender (Byrd, 1994; Neu, 1980), speak-
ing rate (Guy et al., 2008) and speaking fluency 
(Tagliamonte & Temple, 2005).  

The aim of the present study is to keep the 
phonological context as constant as possible in 
order to investigate the influence of other varia-
bles on the realisation and deletion of word-fi-
nal /t/ in consonant clusters in homophonous 
pairs of German words. We hypothesise that the 
deletion and reduction of word-final /t/ is influ-
enced by the preceding context, by word fre-
quency, articulation rate, variety, gender, and 
age. Based on Leykum et al. (2015) and Zim-
merer et al. (2014), an influence of the morpho-
logical status of the /t/ is not expected.  

Materials and methods 
Recordings of 24 speakers were conducted in 

a semi-anechoic room. The speakers were as-
signed to three groups, all balanced for gender: 
Eight subjects were speakers of Standard Aus-
trian German (SAG) aged 45-60 years, eight 
were speakers of SAG aged 20-25 years, and 
eight were speakers of Standard German Ger-
man (SGG) aged 20-25 years. The speakers of 
SAG were, as defined by Moosmüller (1991), 
all students or university graduates which were 
born and raised in Vienna, with at least one par-
ent fulfilling the same criteria. All speakers of 
SGG and at least one of their parents were born 
and raised in the northern part of Germany 
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(north of the Benrath line). Speakers of these 
two different varieties of German were investi-
gated to control for a possible impact of variety-
specific timing characteristics: SAG is to be 
classified as a mixed-type language, as it has 
characteristics of quantifying and of word lan-
guages (Moosmüller & Brandstätter, 2014). On 
the other hand, SGG is classified as a true word 
language (Szczepaniak, 2007). 

The target words were groups of two or three 
homophonous monosyllabic words all ending in 
a consonant cluster with a final /t/. One word of 
each group was a noun, the other/others in-
flected verbs of the 2nd and/or 3rd person singu-
lar in present tense (see Table 1). By comparing 
these words, the preceding phonological con-
text was held as constant as possible. For the bi-
morphemic words ending in /st/, the location of 
the morpheme boundary is different: for the 3rd 
person singular, it is between /s/ and /t/; for the 
2nd person, it is earlier in the consonant cluster.  
Table 1: Target words 

 monomorphemic bimorphemic 
 noun 2nd pers. sg.  3rd pers. sg. 
/st/ Hast (hurry) 

Mist (dung, rubbish)  
hasst (you hate) 
misst (you measure) 

hasst (s/he hates) 
misst (s/he measures) 

/ft/ Schaft (stem)  schafft (s/he creates) 
/xt/ Macht (power)  macht (s/he makes) 
/ŋkst/ Hengst (stallion) hängst (you hang)  

 
The target words were embedded in carrier 

phrases to ensure an identical position of the tar-
get words within the sentences and to control for 
the following phonological context. In addition, 
to avoid stress on the target word, the carrier 
phrases were constructed in a way to ensure that 
the target word is in a post-focal position, as in 
the following example:  

“Zu Sarah? - Ich habe zu Peter „die Macht“ 
gesagt, glaube ich.” (To Sarah? - I said to Peter 
“the power”, I think.). 

The subjects had to read the randomised sen-
tences twice within a larger recording session. 
In several cases, erroneously, the speakers real-
ised the target word with a stress on the word or 
they inserted a pause following the target word. 
To account for these cases, additional variables 
were set up for the statistical analyses. 

The acoustic analyses were conducted with 
STx (Noll et al., 2007): the sentences, the target 
words and their phonemes, the surrounding 
words, and the sub-segmental parts of /t/ (clo-
sure, burst and aspiration) were manually seg-
mented and annotated. Subsequently, the dura-
tion and intensity (RMS) values of the variables 
were measured and extracted semi-automati-
cally. To calculate the articulation rate, the 

number of syllables was divided by the sum of 
the durations of the target word and the sur-
rounding words. Word frequency values were 
extracted from http://wortschatz.uni-leipzig.de 
(Quasthoff et al., 2013). 

The data was analysed statistically with R by 
using mixed effects models (Bates et al., 2015). 
Where necessary, Tukey post-hoc tests with  
p-value adjustment were carried out. Word du-
ration and word intensity were included in the 
models to normalise the measurements. 

Results 

Type of /t/-realisation 

 
Figure 1: Realisation of /st/ with /t/no burst 

The analyses showed that the type of /t/-real-
isation (/t/plosive; /t/deleted; /t/no burst (see Fig. 1)) is 
influenced by variety/age, by the preceding seg-
mental context, and by an interaction between 
stress and pause (tendency). Post-hoc tests re-
vealed that SGG speakers realised less /t/no burst 
and more /t/plosive compared to both, the younger 
(z=-2.4, p=0.044) and with a tendency also the 
elder SAG speakers (z=-2.2, p=0.068). Concer-
ning the phoneme preceding /t/, post-hoc tests 
showed that a preceding /s/ results in less /t/plosive 
compared to a preceding /f/ (z=5.3, p<0.001) or 
/x/ (z=-5.5, p<0.001). A tendency for an inter-
action between pauses following the target 
word and stress on the word (z=1.9, p=0.063) 
showed no significant results in post-hoc tests. 
However, a quantitative analysis revealed that, 
if followed by a pause, /t/ is not deleted. Most 
deletions occur when the target word is un-
stressed and directly followed by the next word. 

Duration 

The fitted mixed effects model revealed that 
the duration of the entire stop (closure duration 
+ burst + aspiration) is shorter when the articu-
lation rate is higher (t(325)=-13.4, p<0.001), 
when the target word is unstressed (t(514)=3.4, 
p<0.001), and when it is not followed by a pause 
(t(510)=6.9, p<0.001). In addition, the duration 
of /t/no burst of female speakers was shorter 
(t(523)=-3.2, p=0.008) compared to all other /t/.  

Concerning closure duration, an effect of in-
tensity revealed longer durations for /t/ with 
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lower intensity (t(479)=-5.5, p<0.001). In addi-
tion, closure duration is longer for /t/plosive com-
pared to /t/no burst, with a slightly larger effect for 
female speakers (male: t(520)=-5.7, p<0.001; 
female: t(521)=-8.1, p<0.001). An interaction 
between articulation rate and type of /t/-realisa-
tion (t(515)=-3.78, p<0.001) revealed a larger 
decrease of closure duration for /t/plosive com-
pared to /t/no burst. 

The duration of the aspiration of /t/ is longer 
when the articulation rate is lower (t(350)=-9.3, 
p<0.001). When /t/ is realised without a burst, 
the aspiration is longer compared to its duration 
in /t/plosive (t(501)=-6.8, p<0.001). When the tar-
get word is followed by a pause, the aspiration 
is longer for stressed words compared to un-
stressed words (t(517)=-2.8, p<0.001). How-
ever, when no pause follows, stress has no in-
fluence on the duration of the aspiration. In ad-
dition, the aspiration is in general longer when 
a pause follows the target word (unstressed: 
t(517)=-2.4, p=0.079; stressed: t(519)=-6.76, 
p<0.001).  

As concerns the surrounding phonemes, the 
following (t(558)=2.8, p=0.005) and the preced-
ing phonemes (t(563)=10.7, p<0.001) are both 
longer when /t/ is deleted acoustically. When /t/ 
is realised, the type of /t/-realisation had no in-
fluence on the duration of the surrounding pho-
nemes. 

Intensity 

The mixed effects model revealed for the en-
tire /t/ a higher intensity when it is realised by 
male speakers (t(22)=2.1, p<0.001), when real-
ised without burst (tendency: t(419)=-1.8, p= 
0.065), and when the target word is stressed plus 
followed by a pause (t(519)=-2.2, p=0.028).  

The intensity of the burst of /t/plosive is influ-
enced by an interaction of articulation rate and 
variety/age: Burst intensity declines with in-
creasing articulation rate for younger speakers 
of both varieties (p=0.028). However, for elder 
speakers (of SAG), the intensity of the burst is 
not affected by the articulation rate (p=0.581).  

Concerning the intensity of the aspiration of 
/t/, a tendency for a variety/age*pause interac-
tion (p=0.055) revealed for speakers of SGG a 
higher intensity of the aspiration when a pause 
follows the target word (t(517)=-3.3, p=0.012). 
For the other two groups of speakers, no differ-
ences exist. Stress on the target word results in 
a higher intensity of the aspiration (t(507)=2.6, 
p=0.011), and an increasing articulation rate 

comes along with lower intensity values 
(t(500)=-2.3, p=0.021). 

Discussion 
The aim of the study was to investigate which 

factors influence a reduction or deletion of 
word-final /t/ in two varieties of German. The 
variability in phonological context was reduced 
to three different voiceless fricatives preceding 
the /t/. Deletion or /t/-realisation without burst 
occurred more often after the alveolar fricative 
/s/ than after the non-homorganic fricatives. 
However, the preceding phoneme neither influ-
enced the duration nor the intensity values of /t/.  

Preceding a pause, the duration of /t/, of the 
closure, and of aspiration was longer. In 
stressed words, the duration of /t/ and of its clo-
sure were longer and the intensity of aspiration 
was higher. These results are in accordance with 
other studies (see Temple, 2014). 

With respect to gender differences, the analy- 
ses revealed for female speakers a shorter dura-
tion of /t/no burst and a lower intensity of the entire 
/t/. Our findings are in contrast to other studies 
(Byrd, 1994; Neu, 1980), showing more reduc-
tions by male speakers. The present results 
could not be explained by articulation rate dif-
ferences, articulation rate was identical for male 
and female speakers. However, a factor which 
could explain the difference is the reading abil-
ity: Most female participants were reading more 
fluently compared to several male speakers.  

Age differences were considered for SAG 
speakers: Beside the minor effect that burst in-
tensity decreased with higher rate of articulation 
only for younger speakers, no age differences 
were found. Variety-specific differences oc-
curred for the type of /t/-realisation: Speakers of 
SGG produced less /t/no burst compared to speak-
ers of SAG. In addition, the intensity of aspira-
tion of SGG speakers was higher prior to 
pauses. However, since only few /t/+pause were 
realised by SGG speakers, we assume a random 
result. The results indicate that /t/-realisation 
does not depend on variety-specific timing 
characteristics.  

The articulation rate is a factor highly influ-
encing the durational measurements. Higher  
articulation rate leads to more reductions. Con-
trary to the hypothesis, word frequency had no 
effect on /t/-realisation. As word frequency ef-
fects are related to effects of predictability (Ju-
rafsky et al., 2001), the lack of an effect of word 
frequency in the present study possibly emerged 
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due to the low predictability of the target words 
within context-free carrier phrases. 

We concluded that the deletion and reduction 
of word-final /t/ is mainly influenced by the ar-
ticulation rate. Moreover, stress on the target 
word and pauses following the target word lead 
to less reductions and deletions. On the other 
hand, age and variety did not systematically in-
fluence the realisation of /t/. As hypothesised, a 
morpheme boundary preceding the /t/ had no in-
fluence on its realisation. Besides, when /t/ was 
deleted, the surrounding phonemes partly com-
pensate for the deletion by being lengthened.  
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Abstract 

In the literature, there is an extensive and often 
controversial debate on the primary acoustic 
and perceptual cues of vowel quality, resulting 
in two main viewpoints that these cues are 
contained in either the formants, or, 
alternatively, in the spectral shape. However, in 
our understanding, one aspect is highly 
underestimated: the fact that any spectral 
representation of vowel-quality is directly or 
indirectly pitch-related. Hence, a given formant 
pattern as well as a given spectral envelope is 
in many – if not all – cases ambiguous in terms 
of representing sounds of different vowel 
qualities, if speakers equal in size and gender 
produce the sounds on very different pitches. 
Neither of the two above-mentioned viewpoints 
can account for this issue, however. – The 
present paper (i) summarises the ongoing 
debate, (ii) describes the empirical evidence for 
pitch-related spectral representation of vowel 
quality, (iii) concludes that existing approaches 
to determine the acoustic cues for vowel quality 
do not account for all recognisable vowel 
sounds, both conceptually and methodological-
ly, and (iv) argues for the need of a phenomeno-
logy of the acoustics of vowels in terms of 
building up large-scale, language-specific 
sound descriptions, addressing all variations of 
production parameters and their possible 
extension relevant for perceived vowel quality. 

Background 

Phonetic summaries generally state that 
vowel sounds exhibit spectral peaks (termed 
formants) as the primary acoustic and 
perceptual cue for the perceived vowel quality, 
and that these peaks are the consequence of 
vowel-specific resonance characteristics of the 
vocal tract. However, different conceptual 
understandings of formants exist side by side, 
and there is an extensive and often controversial 
debate in the literature addressing topics that are 
considered either as aspects of methodology, or 
as additional cues, or as aspects that are difficult 

to understand in the framework of a formant 
concept. (For excellent overviews, see e.g. 
Harrington, 2012, Kiefte et al., 2013; 
concerning overviews and exemplary discus-
sions of single aspects, a few references are 
given below, and an extended list is given 
online, see Maurer, n.d.). 

Formant concept: “Unfortunately, the 
common definition between a formant and a 
resonance is yet to be established.” (Titze et al., 
2015) Above all, formants are understood in 
terms of either resonances of the vocal tract, or 
peaks of the spectral envelope, or filters 
resulting from an acoustic analysis and related 
to a corresponding algorithm. 

Formant estimation: Up to now, no 
objective method of formant estimation exists, 
regardless of the algorithm applied: formant 
patterns are generally estimated by means of an 
interactive measurement procedure involving 
general phonetic knowledge and analytical skill 
of the examiner, context information (size and 
gender of the speaker), visual crosschecks of 
calculated values on the basis of the sound 
spectrum and spectrogram, sometimes related 
to changes of parameter settings and 
recalculation of the patterns, and manual 
interpolations of calculated formants. Further, 
formant estimation loses methodological 
substantiation with increasing fundamental 
frequency (fo). Some scholars consider the 
critical fo frequency level as corresponding to 
half of the first formant frequency (F1) of a 
sound, others assume an fo level in the F1 region 
of the closed vowels, i.e. an fo level of c. 350 Hz 
as representing that limit. 

Formants and additional cues: The debate 
on additional cues that potentially affect the 
acoustics of vowel sounds and the perception of 
vowel quality, concerns different types of 
phonation, speaker characteristics (above all 
size and gender differences) and fo, duration, 
vowel-inherent spectral change, context and 
transitions, formant amplitude, spectral contrast 
and spectral tilt, and auditory spectral averaging 
process. 
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Aspects difficult to understand in the 
framework of formants: Besides the lack of an 
objective method for formant estimation, the 
debate on aspects that are difficult to understand 
in the framework of a formant concept 
concerns, above all, the lack of evidence that the 
data reduction process, implied by this concept, 
corresponds to the auditory processing of 
speech sounds, as well as observed 
nonlinearities in the relation between shifts of 
formant frequencies and shifts in the perceived 
vowel quality, and the lack of evidence for a 
peak picking mechanism of perception as 
indicated by recognisable vowel sounds with 
suppressed single formants or flat spectra. 

Formants versus spectral shape: Referring 
to Swanepoel et al. (2012), we conclude that the 
entire debate on the multitude of aspects men-
tioned and their often controversial appraisal 
still have left us with only two main viewpoints, 
that the major acoustic and perceptual cues are 
contained in either formant frequency patterns 
or, alternatively, in the spectral shape, all other 
aspects of minor or additional effect. Thereby, 
spectral shape is commonly understood as the 
envelope of the spectrum derived from some 
kind of smoothing operation. 

Methodological limitations of spectral 
envelope estimation: With rising fo, as is true 
for formant estimation, spectral smoothing 
becomes also problematic because of spectral 
undersampling and interrelated distortions. The 
problem is severe for fo ≥ 300 Hz. 

Core problem: vowel quality-specific 
spectral representation is pitch-related 

However, in our understanding of the matter, 
two aspects are highly underestimated: firstly, 
the fact that vowel quality-specific spectral 
representation is directly or indirectly pitch-
related, and secondly that, as a consequence, a 
given formant pattern as well as a given spectral 
envelope is in many – if not all – cases ambigu-
ous in terms of acoustically and perceptually 
representing sounds of different perceived 
vowel qualities, if the sounds are produced with 
equal vocal effort by speakers equal in size and 
gender on very different pitches. Thus, pitch-
related spectral representation of vowel quality 
as such cannot primarily be tied to speaker 
differences in size and gender or to 
paralinguistic variation.  – Details are given in 
the following paragraphs.  

 Formants and fo: Most scholars conclude 
for a marginal or very limited effect of fo on  the 

vowel quality of sounds of speakers equal in 
size and gender (see Cheveigné & Kawahara, 
1999, Barreda & Nearey, 2012). However, most 
of the studies related to this conclusion reported 
values for fo variation below 300 Hz. Yet, the 
few studies which included higher fo levels, 
concluded for a substantial effect of fo on vowel 
recognition (Maurer & Landis, 2000). This 
finding was either interpreted as calling for 
some kind of intrinsic normalisation of fo and 
formants, possibly also related to paralinguistic 
variation of vocal effort, or as an indication of 
pitch-related spectral representation of vowel 
quality, a perspective adopted here.  

“Oversinging” F1 as generally given in 
formant statistics: Pätzold and Simpson (1997) 
reported statistical F1 for six of the eight long 
Standard German vowels /i-y-e-ø-o-u/ < 400 Hz 
for men, and < 450 Hz for women. Summarising 
studies on vowel recognition in Western 
classical singing, Sundberg (2013, pp. 86–88) 
concluded that recognition can be maintained 
for all vowels up to C5 (523 Hz). Studies on 
vowel sounds produced in other artistic styles or 
involving untrained speakers, however, showed 
even higher fo limits for general vowel 
recognition up to fo in the range of 660–1046 Hz 
(dependent on the conditions of vowel produc-
tion and of the listening tests), and the corner 
vowels were found to be recognisable up to 
1046 Hz (Friedrichs et al., 2017). Thus, at least 
for a substantial part of vowels of a language, 
they can be produced and recognised on fo 
above statistical F1 obtained for relaxed speech. 

“Oversinging” the fo frequency limit for 
formant and spectral envelope estimation: The 
finding that vowel sounds can generally be 
recognised at fo of c. 600 Hz and even above 
indicates a discrepancy between perception and 
methods of acoustic analysis: vowels can be 
recognised at pitches for which no formant 
frequency and no spectral envelope estimation 
is methodologically substantiated; further, the 
assumption of a direct relation between 
“spectral undersampling” and degradation of 
vowel quality is also contradicted. 

Significance of extensive fo variation in 
vowel production and perception: There is a 
strong tendency in the phonetic literature to 
describe the acoustic characteristics of vowel 
sounds on fo levels related to citation-form 
words and to relaxed speech, and to consider 
extensive fo variation as a phenomenon of either 
size and age-differences of the speakers, or 
specific (strong) emotions, or shouting, or to 
singing. However, we assume that the 
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significance of fo variation should be reflected 
on differently: (i) fo ranges of speakers different 
in size and gender substantially overlap. (ii) 
There is no principally pitch-related difference 
of spoken and sung vowels and, in art, the 
transition between speaking and singing can be 
fluid. (iii) Western classical opera style cannot 
be regarded as providing a general reference for 
vowel production and recognition, because the 
style-specific need for vocal power and 
instrumental sound timbre is often superordina-
ted to vowel differentiation. (iv) Roughly 
spoken, according to Hollien (1972) and his ter-
minology, vocal expressions can be experien-
ced up to fo = c. 500 Hz for men and c. 800 Hz 
for women in modal register, and up to fo = c. 
800 Hz for men and even substantially above 1 
kHz for women in loft or falsetto register. (v) 
Noteworthy, everyday speech with register 
changes and/or with strong emotional 
variations, strong vocal efforts (including 
shouting), as well as specific speaking styles 
(ethnolects, infant directed speech, speech in a 
large audience, artistic speaking and singing 
styles etc.) include extensive fo variation. 

Spectral representation of vowel quality is fo 
or pitch-related: This all comes down to the 
conclusion that, concerning the acoustics and 
perception of (radiated) voiced sounds, spectral 
representation of vowel quality is directly fo or 
pitch-related (for the difference, see below). For 
unvoiced sounds (whisper phonation), this 
relation is indirect in the sense, that their 
estimated formant patterns and spectral envelo-
pes correspond to patterns and envelopes of 
only a part of voiced sounds of the same vowel 
quality, within a limited fo range of the latter. 

Ambiguity of formant patterns and spectral 
envelopes: If formant patterns and spectral 
envelopes for sounds with different fo differ, 
then what is to be expected are sounds with 
quasi-identical formant patterns or even quasi-
identical spectral envelopes which, however, 
represent different vowel qualities, the main 
acoustic difference being their level of fo. This 
kind of ambiguity is indicated in several studies 
of vowel synthesis, from the very early studies 
onwards, and it is also demonstrated for the 
neural open tube resonance patterns. However, 
and most importantly, the ambiguity was also 
demonstrated for natural vocalisations, 
including sounds produced by speakers equal in 
size and gender or even by single speakers 
(Maurer & Landis, 2000).  

fo versus pitch: Because the two phenomena 
discussed here can also be observed in cases of 

a “missing fundamental”, strictly speaking, we 
consider the phenomena as related to pitch 
perception. In most cases, however, both fo and 
pitch are concerned. 

Non-systematic relation between fo/pitch 
and vowel quality-related sound spectrum: As 
discussed earlier (Maurer, 2016, p. 59 and pp. 
158–169), the relation between fo/pitch, spectral 
peaks and envelope of the sound (if 
methodologically substantiated), and vowel 
quality is not systematic. It varies according to 
fo/pitch range and course of the spectral 
envelope in general, and according to 
frequencies, levels and harmonic resolution of 
the spectral peaks in particular, the peaks 
represented, e.g., in calculated values of 
formant frequencies, bandwidths and levels. 
However, roughly speaking, ambiguous 
spectral peaks and envelopes occur if fo/pitch is 
varied substantially above c. 200 Hz, and they 
primarily concern sounds of closed and mid-
open vowel qualities. 

A lack of conception and methodology 

The concept of formants as being the major 
acoustic and perceptual cue for vowel quality 
does not account for the phenomena related to 
pitch-dependent spectral representation of 
vowel quality: (i) According to this concept, fo 
is considered as an aspect of phonation, i.e. an 
aspect of the source, and formants are 
considered as an aspect of articulation and 
vowel differentiation, i.e. an aspect of the filter. 
These two parameters are assumed as quasi-
independent, and the finding of nonlinear 
dynamics in the source-filter relationship does 
not principally contradict this assumption. (ii) 
Concerning the method of formant estimation, 
as said, no methodological substantiation exists 
to estimate formant patterns for the entire 
fo/pitch range of recognisable vowel sounds. 

The formant concept represents a powerful 
model for the description and prediction of 
vowel quality-related acoustic characteristics of 
a part of vowel sounds, namely, sounds produ-
ced within limited ranges of certain production 
parameters (above all within certain fo/pitch 
limits, but also with regard to other parameters 
such as phonation type and vocal effort), but it 
cannot account for vowel sounds independently 
of these parameters and the limits set by 
methods of formant estimation (Maurer, 2016). 

The same holds true for a corresponding 
concept of spectral shape as being the major 
acoustic and perceptual cue for vowel quality: 
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the acoustic representation of vowel-quality as 
spectral envelope also comes with a pitch-
constraint and its determination also loses 
methodological substantiation with rising fo. 

A phenomenology is needed 

Against this background, we argue that there 
is no robust approach to determine and predict 
acoustic sound characteristics directly related to 
perceived vowel quality for all recognisable 
vowel sounds, neither conceptually nor metho-
dologically. We further conclude that a pheno-
menological approach to the acoustics of vowel 
sounds is needed, with three major aims: (i) 
reaffirming a pitch-related spectral representa-
tion of vowel quality and providing correspond-
ding evidence for different fields of the scien-
tific community, (ii) demonstrating the exten-
sion of spectral variation of recognisable vowel 
sounds, and (iii) building up empirical referen-
ces for future competing approaches to assess 
the major acoustic cues of vowel quality, gene-
rally valid for all recognisable vowel sounds. 

General structure and form: A phenomeno-
logy of the acoustics of vowels is considered 
here in terms of large-scale sound descriptions 
related to a given language, which include and 
interrelate sounds of all size and gender-related 
speaker groups, and address all variations of 
production parameters and their possible 
relevance for vowel quality. 

Vowels: Principally, all vowels of a language 
are subject of investigation. However, at first, 
long vowels may be brought into focus because 
of their duration and their often quasi-constant 
(steady-state) sound nucleus. 

Production parameters to vary: The primary 
variable parameters required in building up a 
within-speaker subsample of sounds are phona-
tion types, fo including register change, vocal 
effort, and phoneme context (isolated sounds, 
CVCV or CVC, minimal pairs, read speech). 

Artistic speech and singing styles are of high 
interest because of the vocal abilities of the 
artists and the expressed variation of production 
parameters, including style-specific aspects. 
Therefore, sounds of non-professionals and 
professionals, and untrained and trained 
speakers and singers have to be included in a 
phenomenology, and production style as well as 
the differentiation of speaking and singing (and 
corresponding subtypes of vocal expression) 
have to be added as parameters to vary.  
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Abstract 
Prosodic entrainment describes the phenome-
non of two interlocutors becoming more simi-
lar during the interaction. Several studies sug-
gest that entrainment can reflect social rela-
tionships (cf. Giles et al. 1991, Lubold & Pon-
Barry 2014). A recent study found that the 
degree of prosodic entrainment can be affected 
by an interlocutor’s perceived visual attrac-
tiveness or likability (Michalsky 2017, 
Michalsky & Schoormann 2017). Furthermore, 
it was found that the turn transition point 
serves as a salient place for the effects of en-
trainment (ibd.). We conducted a dating exper-
iment with unacquainted speakers (10 male, 10 
female) who engaged in mixed-sex spontane-
ous conversations of about 15 minutes each. 
Immediately before and after the conversa-
tions, each participant evaluated his/her inter-
locutor in terms of visual attractiveness and 
likability. Common f0 features were investigat-
ed at interpausal units adjacent to a turn 
break. The results suggest that perceived visu-
al attractiveness and likability significantly 
affect prosodic entrainment at turn transition 
points, these effects increase with higher de-
grees of perceived attractiveness and likability, 
and the effects of both impressions can be told 
apart. 

Introduction 
A speaker’s voice can reflect how attractive 

or likable s/he perceives his/her interlocutor to 
be (cf. Hughes et al. 2010, Fraccaro et al. 
2011). Besides affecting absolute parameters 
of the voice, those impressions may also affect 
the phenomenon of prosodic entrainment. Pro-
sodic entrainment describes a speaker adapting 
his/her prosodic features relatively to his/her 
interlocutor (cf. Levitan 2014). Several studies 
suggest that entrainment does not occur cate-
gorically (cf. Chartrand & Bargh 1999) but is 
affected by social variables (cf. Giles et al. 
1991, Lubold & Pon-Barry 2014). A recent 
study found that entrainment can be affected 

by the perceived visual attractiveness and lika-
bility of an interlocutor (Michalsky 2017, 
Michalsky & Schoormann 2016, 2017). 

According to Levitan (2014), prosodic en-
trainment can be found in three different types 
and two different domains. A speaker can be-
come more similar to an interlocutor in general 
(proximity), become increasingly more similar 
over the course of a conversation (conver-
gence), or imitate the relative variation of an 
interlocutor’s voice (synchrony). The types of 
entrainment are not necessarily connected and 
can occur independently. Furthermore, we can 
investigate entrainment on two different levels. 
Global entrainment investigates prosodic ef-
fects on average across the whole conversation 
while local entrainment captures detailed 
changes on a smaller level, e.g. turn based. In 
conversational analysis, the turn is regarded as 
a major structural unit for conversation with 
turn taking being a highly regulated process in 
interaction (cf. Sacks et al. 1974). It may hence 
be considered a salient and economic point for 
signaling social meanings via prosody. Fur-
thermore, investigating entrainment at the turn 
break allows for the separate investigation of 
the two interlocutors, thus finding out whether 
entrainment is necessarily a mutual process. 

To maximize the awareness of both per-
ceived attractiveness and likability we focus on 
conversations in a mating setting, restricting 
ourselves to opposite sex pairs (cf. Schweitzer 
et al. 2017 for entrainment in other communi-
cative situations). Conclusively, this study 
focusses on the effects of perceived attractive-
ness and likability on three kinds of prosodic 
entrainment (synchrony, convergence, and 
proximity) at the turn-based level in mating 
conversations to answer the following research 
questions: 1) Do speakers show one or more 
types of prosodic entrainment on a turn based 
level in mating conversations? 2) Does the 
perceived degree of visual attractiveness or 
likability affect the degree or presence of this 
prosodic entrainment? 
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Method 

Speakers 

The study was conducted with paid volun-
teers, 10 female and 10 male students from the 
University of Oldenburg. All subjects were 
monolingual speakers of High German aged 
between 19 and 28 years. They all grew up in 
(northern) Germany, i.e. share a common cul-
tural background. Only heterosexual singles 
were included in the study. All subjects were 
unacquainted and had no interactions prior to 
the experiment. 

Procedure 

The subjects participated in spontaneous 
conversations. To highlight the mating setting, 
the participants were officially invited for a 
speed dating session. Each participant was 
paired with each of the 10 participants of the 
opposite sex resulting in a total of 100 oppo-
site-sex combinations. The subjects were seat-
ed in a quiet room and instructed to freely en-
gage in a conversation. Each conversation last-
ed at least 15 minutes with a maximum of 20 
minutes. Immediately before and after each 
conversation, participants received a question-
naire to evaluate their interlocutor’s visual 
attractiveness as well as likability on a 10-
point Likert scale. The ratings were not re-
vealed to the respective interlocutor. Record-
ings were made in stereo using a portable digi-
tal recorder (Tascam HD P2) at a sampling rate 
of 48 kHz and 24-bit resolution with head-
mounted microphones (DPA 4065 FR). 

Acoustic analysis 

The acoustic analysis was carried out using 
Praat (Boersma & Weenink 2016). The speech 
parts of all speakers were segmented into in-
terpausal units (cf. Levitan 2014). For the 
acoustic analysis of entrainment, we calculated 
mean values of f0 features for the interpausal 
units in immediate adjacency to a turn break 
inducing speaker change. Due to work in pro-
gress, the analysis of local effects is based on a 
subset of 38 conversations. The f0 features 
shown in Table 1 were extracted from the re-
spective speech parts from both speakers and 
all converted to semitones to a base of 50 Hz. 
For local synchrony, the f0 features of a speak-
er were correlated directly with the interlocu-
tor’s f0 features. For local convergence and 
local proximity, the differences in the f0 fea-

tures of the speaker’s interpausal unit and the 
preceding interlocutor’s interpausal unit were 
calculated. 
Table 1. Acoustic measurements of f0 features. 
Feature Description 

Mean Overall f0 mean 
Median Overall f0 median 
Max 95th percentile (to exclude outliers) 
Range1 95th percentile - 5th percentile 

Range2 Upper quartile - lower quartile 

Range3 F0 max - f0 mean 

Statistical Analysis 

We conducted linear mixed effects models 
using R (R Core Team 2015), the lme4-
package (Bates et al. 2015) as well as the 
lmerTest-package (Kuznetsova et al. 2016). 
Model fit was determined by maximum likeli-
hood ratio tests. P-values were calculated using 
the Satterthwaite approximation. We calculat-
ed separate models for each type of entrain-
ment. For local synchrony, we used the respec-
tive interlocutor’s f0 features (INTF0) as a con-
tinuous fixed factor as well as its interactions 
with the speakers’ ratings regarding perceived 
ATTRACTIVENESS (ATTR), LIKABILITY (LIKE), 
and the three-way-interaction. For local con-
vergence, we used the TIME of the turn break 
as a continuous fixed factor and its interaction 
with ATTR, LIKE, and the three-way-
interaction. For proximity, we used ATTR, 
LIKE, and their interaction as fixed factors. We 
included random intercepts for SPEAKER. The 
dependent variables were the measurements 
listed in Table 1 for synchrony as well as their 
differences for convergence and proximity. 

Results 
Since the range features do not support a 

meaningful interpretation (see chap. 4) statisti-
cal information beyond significance levels will 
only be reported for the register features. 

Synchrony 

Table 2: Effects for local synchrony. 
 M

ean 

M
edian 

M
ax 

Range1 

Range2 

Range3 

INTF0 n.s. n.s. n.s. ** n.s. n.s. 
INTF0 X ATTR n.s. n.s. n.s. n.s. n.s. n.s. 
INTF0 X LIKE *** *** *** *** n.s. n.s. 

INTF0 X ATTR X LIKE ** ** ** *** n.s. n.s. 
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Table 2 reports the results for local syn-
chrony for the register and the range features. 
There is no categorical synchrony for the regis-
ter. However, LIKE significantly causes posi-
tive synchrony for mean (b=8.10e-03, 
SE=1.65e-03, df=7901.00, t=4.93, p<.001), 
median (b=7.94e-03, SE=1.66e-03, 
df=7901.00, t=4.78, p<.001), and max 
(b=8.37e-3, SE=1.83e-03, df=7902.00, t=4.57, 
p<.001). Furthermore, while there are no ef-
fects for ATTR alone, the interaction of ATTR 
and LIKE increases local synchrony even fur-
ther for mean (b=-8.22e-05, SE=3.08e-05, 
df=7901.00, t=-2.70, p<.01), median (b=-
8.61, SE=3.09e-05, df=7904.00, t=-2.78, 
p<.01), and max (b=-1.05e-04, SE=3.43e-05, 
df=7906.00, t=-3.07, p<.001). Among the 
range features, only range1 yields significant 
effects but contradicting expectations. Range1 
is negatively correlated with the interlocutor’s 
pitch and these differences increase with in-
creasing LIKE and again with LIKE in interac-
tion with ATTR. 

Convergence 

Table 3: Effects for local convergence. 
 M

ean 

M
edian 

M
ax 

Range1 

Range2 

Range3 

TIME ** *** ** *** n.s. n.s. 
TIME X ATTR ** *** *** *** n.s. *** 
TIME X LIKE n.s. n.s. n.s. ** n.s. n.s. 

TIME X ATTR X LIKE n.s. n.s. n.s. *** n.s. n.s. 

 
Table 3 reports the results for local conver-

gence for both the register and the range fea-
tures. We find categorical local convergence 
for all three register parameters, i.e. mean (b=-
2.56e-04, SE=9.55e-05, df=790.70, t=-2.68, 
p<.01), median (b=-4.18e-04, SE=9.24e-05, 
df=791.00, t=-4.52, p<.001), and max (b=-
3.18e-04, SE=1.21e-04, df=791.20, t=-2.63, 
p<.01). Local convergence also increases with 
a higher degree of perceived ATTR for mean 
(b=3.96e-05, SE=1.47e-05, df=789.30, t=2.70, 
p<.01), median (b=6.24e-05, SE=9.24e-05, 
df=790.10, t=4.41, p<.001), and max 
(b=1.01e-04, SE=2.13e-05, df=791.20, t=4.76, 
p<.001). No effects for LIKE or the three-way 
interaction are found. The effects for range1 
contradict the expectations by showing signifi-
cant categorical divergence. However, the de-
gree of divergence is decreased by increasing 
the perceived ATTR, LIKE, as well as their in-
teraction. While the effects of categorical con-

vergence are not significant for the range3, the 
effects point into the direction of convergence 
and are significantly increased by perceived 
ATTR. 

Proximity 

Table 4: Effects for local proximity. 
 M

ean 

M
edian 

M
ax 

Range1 

Range2 

Range3 

ATTR *** *** *** *** *** *** 
LIKE n.s. n.s. n.s. *** ** ** 

ATTR X LIKE n.s. n.s. n.s. *** n.s. n.s. 

 
Table 4 reports the results for local proximi-

ty. The results for the register features seem to 
contradict the expectations. ATTR shows sig-
nificant effects on local proximity (for mean 
(b=4.66e-03, SE=9.26e-04, df=7792.00, 
t=5.03, p<.001), median (b=6.27e-03, 
SE=8.95e-04, df=7830.00, t=7.00, p<.001), 
and max (b=0.09, SE=0.01, df=7894.00, 
t=6.87, p<.001)) but with a positive correla-
tion, i.e. the following turn of a speaker is less 
similar when s/he perceives his/her interlocutor 
as more attractive. No such effects are found 
for LIKE or the interaction of ATTR and LIKE. 
The range effects are again inconsistent. For 
range1 we find a negative correlation for 
ATTR, LIKE, as well a positive correlation for 
their interaction. For the other two measure-
ments, we find the opposite, i.e. effects compa-
rable to the register effects, with positive corre-
lations for ATTR for both range2 and range3 as 
well as LIKE also affecting both range2 and 
range3 but no interaction. 

Discussion 
The results show that local prosodic en-

trainment of the register greatly depends on 
perceived attractiveness and likability. For 
local synchrony we found that speakers adapt 
more strongly to an interlocutor’s changes in 
register when s/he was perceived as more lika-
ble which is enhanced by attractiveness only in 
interaction (cf. Michalsky 2017). For local 
convergence, speakers decrease the register 
differences to their interlocutor over the course 
of the conversation more, the more attractive 
the interlocutor is perceived (cf. Michalsky & 
Schoormann 2017). Lastly, the effects for local 
proximity show that speakers maintain greater 
differences to interlocutors whom they per-
ceive as more attractive. Those effects can be 
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explained through immediate effects found in a 
previous study. Male speakers were found to 
lower their pitch after turn breaks while female 
speakers raised their pitch when talking to a 
more attractive interlocutor (Michalsky 2017). 
This is compatible with several studies on the 
effects of perceived attractiveness (cf. Hughes 
et al. 2010, Fraccaro et al. 2011). Accordingly, 
the immediate effects of perceived attractive-
ness overrule any effects of local proximity 
rather than causing divergence.  

The effects for pitch range however are in-
consistent and often contradicting. We suggest 
that local range features are more susceptible 
to intonational changes such as pitch accent 
density and choice of boundary tone caused by 
information structure or speech act type. 
Therefore, they are a less reliable measurement 
of local entrainment. 

Conclusively, local prosodic entrainment is 
affected by perceived attractiveness and lika-
bility, i.e. reflects aspects of the social relation-
ship rather than being a sheer automatism (cf. 
Chartrand & Bargh 1999 vs. Giles et al. 1991). 
Furthermore, the local effects of perceived 
attractiveness and likability complement each 
other. The perception of visual attractiveness 
and general likability are not necessarily the 
same thing but can be differentiated by the 
participants. Moreover, the phonetic effects are 
sufficiently separable in order to predict the 
two perceptions independently from raw 
acoustics. 

The study provides a case for the turn break 
as a crucial point for signaling social prosody 
in form of prosodic entrainment. Firstly, the 
local effects are stronger and more consistent 
than the global effects found for the same data 
(Michalsky 2017, Michalsky & Schoormann 
2016, 2017). Accordingly, local changes need 
not result in global changes, which makes it 
necessary to take both into account. Secondly, 
while previous studies usually regarded en-
trainment as a mutual process concerning the 
conversation as a whole (cf. Giles et al. 1991, 
Lubold & Pon-Barry 2014), we showed that 
two individuals can contribute different de-
grees of entrainment depending on their re-
spective perceptions which suggests that en-
trainment is – to a certain degree – a unidirec-
tional process. This hypothesis requires the 
investigation of entrainment from a one-sided 
perspective, such as studying a speaker’s pro-
sodic behavior as a reaction to a previous ut-
terance by his/her interlocutor locally at turn 
breaks.  
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Abstract 

In order to compensate for the segmental vari-

ability of connected speech, spectral measures 

derived from the long-term average spectrum 

(LTAS) are usually calculated from speech sam-

ples lasting more than 20 seconds. The present 

paper examines whether a shorter measurement 

interval is sufficient to compensate for segmen-

tal variation, and whether the integration time 

of spectral measures differs from that of ceps-

tral measures, such as the smoothed cepstral 

peak prominence (CPPS). In addition, the influ-

ence of speech type and language on the inte-

gration time of these measures is examined. 

Speech samples were recorded from 61 bilin-

gual speakers of High and Low German. Each 

speaker read two passages, a coherent narra-

tive and a non-coherent list of sentences, in both 

languages. Spectral slope measures, the 

speaker’s formant, and CPPS were examined. 

The integration time was found to vary substan-

tially among these measures. CPPS had the 

shortest integration time and the slope mea-

sures the longest. The slope measures were also 

most strongly affected by speech type and lan-

guage. 

Introduction 

The long-term average spectrum (LTAS) is 
one of the most common research tools in the 
acoustic analysis of voice quality. While the 
study of the singing voice and of voice disorders 
is usually based on sustained vowels, there is a 
growing number of phonetic studies calculating 
LTAS measures from connected speech. To ac-
count for the segmental variability of connected 
speech, LTAS measures are usually taken from 
longer speech samples ranging from 20 to 90 
seconds (e.g. Blomberg, & Elenius 1970, 
Fritzell, Hallen, & Sundberg 1974, Doherty 
1975, Hollien, & Majewski 1977, Hammarberg 
et al. 1980, Boves 1984, Weiss 1993, Byrne et 
al. 1994, Engelbert 2014, Bahmanbiglu, Mojiri, 
& Abnavi 2017). According to Majewski, Roth-
man, & Hollien (1977), one minute of speech is 

required to get stable measurements. Mendoza 
et al. (1996) observe stable LTAS signals for 
most of their speakers at 25 seconds. For aver-
age spectra calculated from intervals differing 
by about 5 seconds, Coadou and Rougab (2007) 
report cross-correlation coefficients which are 
above 0.999 after 29 seconds.  

The present study examines whether a shorter 
measurement interval is sufficient, and whether 
measures derived from the LTAS differ by the 
time they need to stabilize. Shorter integration 
times would be of interest not only for forensic 
studies but also for the study of short- and mid-
term changes of voice quality during single 
speech tasks.   

Two spectral slope measures and the spea-
ker’s formant are examined in read speech. 
Slope measures correlate with phonatory mode 
(Stevens & Hanson 1995). The speaker’s for-
mant, which is characterized by an energy con-
centration at 3.5 kHz in male speakers, results 
from increased resonance in the vocal tract 
(Acker 1987, Leino 1993). We also consider the 
smoothed cepstral peak prominence (CPPS), 
which indicates the amount of acoustic energy 
transmitted by the harmonic components of the 
speech signal (Hillenbrand & Houde 1996). As 
CPPS is expected to be less affected by segmen-
tal variation of connected speech it is often cal-
culated from a single sentence (e.g. Hillen-
brand, & Houde 1996, Sauder, Bretl, & Eadie 
2017).   

To examine possible effects of speech type 
(e.g. Keller 2003), we compare readings of a co-
herent and a non-coherent text. To examine pos-
sible language effects (e.g. Bahmanbiglu et al. 
2017), we compare speech samples recorded 
from bilingual speakers in two language modes.  

Method 

The analysis is based on recordings of 61 
subjects (34 males, 27 females), aged 40–82. 
All subjects were born in the Bersenbrücker 

Land in northwest Germany and they were bi-
lingual with Standard High German and the 
local variant of Low German. Each subject read 
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aloud two passages, the fable “The North Wind 
and the Sun” (= Narrative) and the 40 sentences, 
which were conceived by Georg Wenker for a 
dialectological survey in the late 19th century 
known as the Sprachatlas des Deutschen Reichs 
(= Wenker sentences). Whereas the narrative 
forms a coherent text, the Wenker sentences 
form a non-coherent text consisting of a list of 
unrelated sentences.  

The speech samples were recorded with a 
DAT recorder (TASCAM DR-100 MK3) with 
a sampling rate of 48 kHz at 24 bit resolution 
and were later resampled to 16 kHz. With the 
help of a Praat script (Boersma & Weenink 
2017) provided by Wilbert Heeringa, acoustic 
pauses and unvoiced segments were automati-
cally removed (for an alternative method using 
vowel nucleus detection see Keller 2003). Three 
spectral measures and one cepstral measure 
were calculated in Praat: (i) Slope I, the energy 
level difference between 1–5 kHz and 0–1 kHz 
(Frokjaer-Jensen, & Prytz 1976, Löfqvist, & 
Mandersson 1987), (ii) Slope II, the energy 
level difference between 5–8 kHz and 1–5 kHz 
(Löfqvist, & Mandersson 1987, Guzman et al. 
2013), (iii) SF, the speaker’s formant, which 
was calculated from the difference between the 
energy level at 3–3.8 kHz and the adjacent en-
ergy levels at 2.2–3 kHz and 3.8–4.6 kHz fol-
lowing Boersma and Kovacic (2006), and (iv) 
CPPS, which was calculated with the settings 
used by Barsties and Maryn (2016) for the cal-
culation of the Acoustic Voice Quality Index.  

To determine the integration times of the 
spectral and cepstral measures, two distance 
measures were calculated. First, we measured 
the distance (in dB) of the cumulative average 
from the average obtained from a reference in-
terval, which was set to 100 seconds (= Dis-

tance I). Second, we calculated the change of 
the cumulative average (in dB) that results from 
extending the measurement interval by one sec-
ond (= Distance II). Both measurements were 
taken every 0.2 seconds. 

Results 

Figure 1 shows the distances of the cumula-
tive averages for Slope I, Slope II, SF, and 
CPPS from the averages obtained for the 100 
second interval (Distance I). These measure-
ments were taken from the Wenker sentences 
only as the recordings of the narrative were 
shorter than 100 seconds.  

CPPS has the shortest integration time. After 
about two seconds, the cumulative average 

approaches the reference value of the 100 sec-
ond interval to less than 0.2 dB. SF reaches this 
distance after about 20 seconds and Slope I after 
about 40 seconds. The longest integration time 
was found for Slope II. It approaches the refer-
ence value to less than 0.2 dB after about 60 sec-
onds. On the other hand, the volatility of all 
spectral measures declined strongly after 20–25 
seconds, followed by a trending phase towards 
the final level during the following 40–50 sec-
onds. The decline of the volatility can even 
more clearly be observed in Figure 2, which 
shows the change of the cumulative averages by 
extending the measurement interval by one sec-
ond (Distance II). 

Figure 1. Distance I for Wenker sentences (N = 61). 

Figure 2. Distance II for Wenker sentences (N = 61). 

Figures 3 and 4 illustrate the effects of LAN-
GUAGE and SPEECH TYPE on Distance II. The 
results suggest effects of both factors on the 
slope measures. Whereas the effect of LAN-
GUAGE differs for Slope I and Slope II, there is 
a uniform effect of SPEECH TYPE. For both 
Slope I and Slope II the non-coherent text was 
found to have a longer integration time than the 
coherent text. No substantial effects of LAN-
GUAGE and SPEECH TYPE were found for SF 
and CPPS. In all conditions, the cumulative av-
erages of SF and CPPS changed by less than 0.2 
dB after 2–3 seconds.
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Figure 3. Distance II for Low German and High 

German recordings (N = 244). The channel indi-

cates a change of ± 0.2 dB.  

 

 

 

 

Figure 4. Distance II for recordings of the narrative 

and the Wenker sentences (N = 244). The channel 

indicates a change of ± 0.2 dB. 

Discussion 

Integration time was found to vary among 
different acoustic measures of voice quality and 
to be affected by language and speech type. The 
spectral slope measure Slope II, which includes 

acoustic energy above 5 kHz, required most 
time to stabilize, and CPPS and SF the least. 
LANGUAGE (Low German vs. High German) 
and SPEECH TYPE (coherent vs. non-coherent 
text) mainly affected the spectral slope measu-
res. Our results suggest that the interval sizes of 
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20–40 seconds, which are regarded as sufficient 
by most researchers, are reasonable for obtain-
ing stable slope measures. On the other hand, 
SF, like CPPS, needs less than 5 seconds of con-
nected speech to reduce the volatility to a very 
low level. These results suggest that at least 
some acoustic measures may be suitable for ex-
amining short- to mid-term changes of voice 
quality during speech tasks. To study the dy-
namics of SF and CPPS, a moving average with 
an interval size of 2–5 seconds may be suffi-
cient. Note, however, that the integration times 
calculated in the present study are based on 
group means, where positive and negative fluc-
tuations of individual measurements balance 
each other out. For individual performances and 
for small speaker groups longer integration 
times are to be expected. 
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Abstract 
This contribution presents an analysis of h-
dropping in dialects of Dutch based on the 
data from the recently published Concise Lin-
guistic Atlas of Dutch including West Frisian 
(KNSA).1 The atlas is based on questionnaires 
collected starting in the 1920s and 1930s in 
Belgium and the Netherlands, respectively. h-
dropping refers to the non-realization of initial 
[h] before vowels in syllables (Ramisch 2010: 
175). It occurs in many West Germanic lan-
guages including English (Ramisch 2010), 
German (Kehrein, Lameli & Nickel 2005), and 
Frisian (Visser 2017). To date, De Wulf (2003) 
has provided the most in-depth analysis of the 
situation in Dutch dialects. Based on previous 
investigations in Kooiman (1956) and De Wulf 
(2003) the association between h-dropping and 
frequency as well as the vowel features 
[±BACK] and [±ROUND] of the subsequent 
vowel will be tested. The analysis will consider 
nine items. It will also focus solely on Dutch 
data to the exclusion of the survey points from 
the Dutch province of Fryslân, allowing for the 
reduction of some complexity. The results show 
that the feature [±BACK] is associated with h-
dropping. Finally, some suggestions for future 
research will be made.  

Introduction 
This contribution presents an analysis of h-
dropping, which refers to the non-realization of 
initial [h] in syllables before vowels (Ramisch 
2010: 175). The analysis is carried out using 
the recently published Concise Linguistic Atlas 
of Dutch including West-Frisian (KNSA). 
Questionnaire forms distributed in the first half 

                                                            
1 German title: Kleiner Niederländischer Sprachat-
las unter Einschluss des Westfriesischen. The inter-
ested reader can find additional details about it 
here: <https://www.regionalsprache.de/knsa.aspx> 
[last accessed: 29.09.2017]. 

of the 20th century serve as its data basis.2 The 
contribution presents a brief literature review 
concerning h-dropping in varieties of Dutch, 
whereby some reference will be made to stud-
ies of German, English, and Frisian. Following 
the literature review, three hypotheses will be 
formulated, and then be tested empirically (see 
Empirical Study). A short summary and out-
look will follow the presentation of the results. 

Literature Review 
In Standard Dutch (SD), the glottal fricative 
[h] occurs neither in codas nor in complex 
onsets. It is found in the onsets of both stressed 
and unstressed syllables, though it occurs more 
frequently in the former (Sebregts & Van 
Oostendorp 2017). Furthermore, in SD, it is 
pronounced in all onsets (Sebregts & Van 
Oostendorp ibid). The glottal fricative, howev-
er, is omitted in southwestern dialects in the 
Netherlands and Belgium as well as in some 
northeastern dialects. 
The cause for the word-initial loss of h is un-
clear. It has been identified as a variable in 
studies of Flemish tussentaal (e.g. De Caluwe 
2006: 19). In a small qualitative study, 
Kooiman (1956: 150–152) offers numerous 
claims concerning the loss or retention of [h], 
one of which concerns the quality of the sub-
sequent vowel: hier ‘here’ is more likely to 
have [h] than hoe ‘how’. Kooiman (ibid) is not 
explicit as to whether he means that [h] preced-
ing a vowel with tongue retraction is more 
likely to be dropped, or whether [h] preceding 
vowels with lip rounding rather lead to the loss 
of [h]. Using 36 items with [h] in the onset, De 
Wulf (2003) investigates the effects of fre-
quency and vowel type on a subset of GTRP3 

                                                            
2 The quality of the transcriptions vary. Some forms 
had been transcribed with orthographic means, 
others fine-phonetically. 
3 The data from the Goeman-Taeldeman-Van Ree-
nen-project (GTRP) can be accessed via this link: 
<http://www.meertens.knaw.nl/mand/database/> 
[last accessed: 03.08.2017]. 
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weak correlation between these variables h-
retention and word form frequency, and h-
retention and lemma frequency (r = −.345 and 
r = .2, respectively). Furthermore, the results 
are not significant (p = .363 and p = .603, re-
spectively). Therefore, in line with De Wulf 
(2003), frequency does not have an effect. 
Table 2: Frequency 

 Word Form Lemma h-retention 
hart 4 4 66.74 % 
heeft 13 1123 67.54 % 
heet 4 4 60.28 % 

hoger 3 28 69.83 % 
hoog 10 28 70.47 % 
houdt 1 4 62.32 % 
huis 58 76 57.54 % 

huizen 17 76 70.35 % 
hoe 1 5 59.42 % 

The Association of Vowel Backness and Lip-
Rounding with h-Dropping 

After coding the attestations for the presence 
or absence of [h], the vowel of each attestation 
was coded for the feature [±BACK] and 
[±ROUND]. Table 2 gives an example of the 
coding procedure using the lemma hoog (map 
numbers K93 and V111). The first column 
contains the name of the location where the 
questionnaire form was distributed. In columns 
K93 and V111, the information comes from 
the annotations found in Veith & Hummel 
(2017). The last two columns contain the cod-
ed vowel features. 
Table 3: Coding Procedure 

 K93 V111 [±BACK] [±ROUND] 
Baflo h oo [+BACK] [+ROUND] 

Desselgem ∅ oə [+BACK] [+ROUND] 
Brussel ∅ yə [−BACK] [+ROUND] 
Zwolle ∅ eu [−BACK] [−ROUND] 

... ... ... ... ... 
 
Table 4 shows the results for the association 
with the feature [±BACK]. The frequencies are 
shown as 2x2 matrices.7 In six of the nine cas-
es, a statistically significant result at p < .01 
occurs (huizen, hoe, hoog, hoger, huis, and 
houdt). However, Cramer’s V shows that the 

                                                                                      
the subcorpus). The frequencies are metric data and 
represent the total frequency of the words in the 
span of the subcorpus. 
7 n varies with regard to the number of attestations 
for each item. In their response behavior, inform-
ants translated the sentences using divergent lex-
emes including warm ‘warm’ for heet ‘hot’, or hof 
‘court, yard’ for huis. These responses are classified 
in the analysis as “irrelevant”.  

association is weak or negligible. Still, an ef-
fect is present in the form of highly significant 
p-values. Therefore, hypothesis two can be 
accepted in parts. 
Table 4: Associations between h-dropping and the 
vowel feature [±BACK] 

 +BACK −BACK  

<huizen> 282 16 n = 421 V = −.34 
<uizen> 86 37 χ2 = 48.32 **p < .0001

<hoe> 253 33 n = 410 V = +.16 
<oe> 122 2 χ2 = 10.91 **p = .0009

<hoog> 290 6 n = 414 V = −.15 
<oog> 108 10 – **p = .0048

<heeft> 16 267 n = 417 – 
<eeft> 13 121 χ2 = 2.3 p = .129 

<hoger> 265 29 n = 406 V = −.77 
<oger> 11 101 χ2 = 240.34 **p < .0001

<hart> 237 48 n = 410 – 
<art> 94 31 χ2 = 3.54 p = .059 

<huis> 227 12 n = 321 V = −.19 
<uis> 68 14 χ2 = 11.91 **p < .0005

<heet> 27 224 n = 314 – 
<eet> 6 57 χ2 = .08 p = .777 

<houdt> 190 66 n = 344 V = +.24 
<oudt> 85 3 χ2 = 20.44 **p < .0001

 
Table 5 shows the results of the association 
tests for the feature [±ROUND]. The same sta-
tistical methods were applied to test the associ-
ation between the variables as above. Of the 
nine cases, there are only two significant re-
sults (hoe, houdt). Once more, however, 
Cramer’s V shows that the strength of the ef-
fect of association is weak to negligible. Hy-
pothesis three can therefore be rejected. 
Table 5: Associations between h-dropping and the 
vowel feature [±ROUND] 
 +ROUND −ROUND  
<huizen> 333 0 n = 455 – 
<uizen> 120 2 – p = .071 

<hoe> 253 33 n = 410 V = +.18 
<oe> 123 1 χ2 = 13.1 **p = .0002

<hoog> 293 3 n = 414 – 

                                                            
8 This is the result of a two-tailed Fisher’s exact 
test. The expected cell frequencies did not amount 
to n ≥ 5. If no chi-square statistic is provided, then 
the p-value shows the result of Fisher’s exact test. 
Cramer’s V is only calculated in instances where 
p < .05. df = 1 for each matrix. ** indicates a sig-
nificance level of p < .01. 
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<oog> 118 0 – p = .561 

<heeft> 0 283 n = 417 – 
<eeft> 0 134 – p = 1 

<hoger> 288 6 n = 406 – 
<oger> 109 3 – p = .711 

<hart> 2 283 n = 410 – 
<art> 1 124 – p = 1 

<huis> 238 1 n = 321 – 
<uis> 80 2 – p = .161 

<heet> 0 248 n = 308 – 
<eet> 0 60 – p = 1 

<houdt> 222 34 n = 344 V = +.18 
<oudt> 87 1 χ2 = 10.57 **p = .001

Summary and Outlook 
In this contribution, an empirical analysis of h-
dropping in Dutch dialects was presented; it is 
innovative in two ways. First, it presents an 
analysis of early 20th century dialect material. 
Second, it tests the influence of the vowel fea-
ture [±ROUND] on the preceding [h].  
The results of three hypothesis tests were pre-
sented (see Empirical Study for the hypothe-
ses). Hypothesis 1 (there is an association be-
tween h-dropping and the frequency of a word 
form) was rejected, hypothesis 2 (there is an 
association between h-dropping and the feature 
[±BACK] in the subsequent vowel) was accept-
ed in parts, and hypothesis 3 (there is an asso-
ciation between h-dropping and the feature 
[±ROUND] in the subsequent vowel) was re-
jected. With regard to the second hypothesis, 
the result is not in line with De Wulf (2003). 
Thus, the present data has opened up a new 
potential line of inquiry. 
One potential flaw lies in the reliance on writ-
ten survey data for the analysis. As Visser 
(2017) indicates regarding Frisian: “[…] more 
<h>’s are written than are pronounced”. The 
survey data contains both phonetic and ortho-
graphic transcriptions; in orthographic tran-
scriptions, an <h> may have been realized 
more often than it is pronounced through influ-
ence from written SD.  
This research focusses on lexical frequency 
and the effect of the subsequent vowel. The 
hypotheses should be tested on a further data 
set. Additionally, future research could also 
consider the effect of the preceding phone on 
the realization of [h]. For instance, Trom-
melen & Zonneveld (1997) claim that [h] can 
be optionally deleted following a consonant, 
but Kooiman (1956) claims that the omission 

of [h] depends on the type of consonant pre-
ceding it so that [h] is more likely after [t] than 
[k] (netheid ‘cleanliness’ vs. zwakheid ‘weak-
ness’). An examination of this relationship 
may provide additional insight into h-dropping. 
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Abstract 
Gegenstand der Studie sind lokal fallende In-
tonationsmuster auf der segmentellen Basis 
eines stimmhaften, bilabialen aspirierten Kon-
sonanten [hm], die in vorangegangenen Hör-
tests einerseits der Funktionsklasse Abschluss 
und andererseits der Funktionsklasse Kennt-
nisnahme zugeordnet wurden. Ziel der Studie 
war es, über die die Perzeption resynthetisier-
ter Stimuli der prototypischen Formen beider 
Funktionsklassen sowohl die konkurrierenden 
Funktionsklassen exakt voneinander abzugren-
zen als auch diejenigen prosodischen Merkma-
le genauer zu determinieren, die für die Zu-
ordnung relevant sind. Die für die Funktions-
klassen prototypischen Signale mit unter-
schiedlich stark fallenden F0-Verläufen wurden 
hierfür hinsichtlich der Parameter zeitliche 
Erstreckung und F0-Register manipuliert und 
anschließend durch Hörer auditiv bewertet. 
Hierbei konnte zum einen gezeigt werden, dass 
neben dem für die Intonation maßgeblich rele-
vanten Tonhöhenverlauf auch die Dauer und – 
vornehmlich bei der Auflösung der ambigen 
Form-Funktionszuordnung – das Tonhöhenre-
gister, in dem das Intonationsmuster realisiert 
wird, für deutsche Muttersprachler eine ent-
scheidende Rolle bei der Perzeption dieser 
prosodischen Einheiten spielt. 

Einleitung 
Zwei der Hauptfunktionen von Intonation 

im weiteren und Prosodie im engeren Sinne 
sind auf der postlexikalischen Ebene die dis-
kurspragmatische Organisation von Kommu-
nikation zum einen und der Ausdruck von 
Sprecherbefindlichkeiten und inhaltlichen Stel-
lungnahmen zum anderen (vgl. etwa Gussen-
hoven 2004, Gilles 2005, Kehrein 2002, Ladd 
2008, Pistor 2016 und i. E.). Problematisch 
kann die eindeutige Identifizierung der Funkti-
on der Prosodie einer sprachlichen Einheit auf 
Hörerseite dann werden, wenn (a) auf der pho-
nologischen Seite mehrere (ambige) Funktio-
nen derselben Einheit zugeordnet werden kön-

nen und (b) auf der phonetischen Seite die 
prosodischen Merkmale, die perzeptiv für die 
Konstitution der jeweiligen Einheit relevant 
sind, nicht oder nur unzureichend geklärt sind 
(vgl. Féry 2017, Leemann et al. 2016, Pistor i. 
E. und Werth 2011). Die Grenzen prosodischer 
Funktionsklassen können zudem dann einen 
fließenden Übergang bilden, wenn (teilweise) 
unkontrollierbare physische oder emotionale 
Gegebenheiten des Sprechers dessen phoneti-
sche Implementierung der Einheit beeinflussen 
(vgl. Cruttenden 1997, Gussenhoven 2004, 
Kehrein 2002 und Ohala 1983). So zeigte sich 
in einer Reihe von Perzeptionstests mit 
deutschsprachigen Hörern zu lokalen Intonati-
onsmustern1 auf der segmentellen Basis der 
Diskurspartikel [hm] eine ambige Zuordnung 
kurz fallender Intonationsmuster durch die 
Hörer einerseits zu der kommunikationsorgani-
satorischen Funktionsklasse Abschluss (verba-
lisiert durch „so/fertig“) und andererseits zu 
der inhaltlich stellungnehmenden Klasse 
Kenntnisnahme (verbalisiert durch „na gut/ 
weiß nicht/mir egal“).  

Der Frage, wie diese ambigen Zuordnungen 
zustande kommen und durch welche prosodi-
schen Merkmale sie aufgelöst werden können 
wurde in zwei aufeinanderfolgenden Perzepti-
onstests mit resynthetisierten Stimuli prototy-
pischer Formen der Funktionsklassen Ab-
schluss und Kenntnisnahme (zuerst beschrie-
ben in Schmidt 2001, erneut aufgegriffen in 
Kehrein / Rabanus 2001, Kehrein 2002, Pistor 
2016 und i.E.) nachgegangen. 

Methode 
Die Untersuchung wurde in zwei Teilstudien 

durchgeführt: Pretest und Haupttest. Im Pretest 
wurden der wahrnehmbare Tonhöhenverlauf, 
die Dauer und das Tonhöhenregister überprüft. 
Im Haupttest interessierte nur das Tonhöhen-
register. Die Beobachtungen aus dem Pretest 
bilden die Motivation für den Haupttest. Die 
                                                            
1 Lokale Intonationsmuster werden hier mit der 
Silbe als prosodischer Domäne definiert. 
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Abstract 

In this paper, we present a user-friendly 
interface between the EMU Speech Database 
Management System  (Winkelmann et al., 2017) 
and the BAS Speech Science Web Services 
(Kisler et al., 2016). It allows researchers who 
work with EMU databases to access state-of-
the-art speech  processing tools, including the 
Munich Automatic Segmentation System 
(MAUS, Schiel, 1999), from inside the 
programming language R. We demonstrate the 
interface in a use case with speeches by Barack 
Obama. 

Introduction 

Automatic annotation plays an important role 
in phonetic research on large databases. The 
Bavarian Archive for Speech Signals (BAS) 
offers a range of web services geared towards 
this. They include automatic phonetic 
segmentation of transcribed speech signals, 
automatic grapheme-to-phoneme conversion, 
automatic syllabification, and automatic pre-
chunking of long transcription-recording pairs. 
The services can be accessed via an interactive 
web interface or programmatically via REST 
calls. 

The EMU Speech Database Management 
System (EMU-SDMS) is a tool for managing, 
querying and analyzing complex hierarchical 
speech databases. It is implemented in the 
popular statistics language R, and it comes with 
the web-based annotation application EMU-
webApp (Winkelmann & Raess, 2014) as well 
as the speech signal processing package wrassp 
(Winkelmann et al., 2016). 

In the following, we present the BAS-emuR 
interface, which allows users to apply BAS web 
services to their EMU databases from within the 
R environment. 

The interface 

The BAS-emuR interface is implemented 
inside the emuR package (versions ≥ 0.2.2). 

This means that users who are already working 
with the EMU-SDMS do not need to install any 
additional software, and those who are not can 
simply download it as an R package. The 
interface contains seven individual functions, as 
well as a wrapper function that chains all 
services together: 

runBASwebservice_g2pForTokenization() 

This function takes as input plain text 
transcriptions and turns them into a sequence of 
tokenized and normalized orthographic word 
forms. Internally, the function calls the BAS 
G2P web service (Reichel, 2012). 

runBASwebservice_g2pForPronunciation() 

This function also calls the G2P web service. 
It takes as input a sequence of orthographic 
word forms, as produced by the tokenization 
function, and enriches the word forms with their 
canonical pronunciation in SAMPA or IPA. 

runBASwebservice_pho2sylCanonical() 

The canonical syllabification function calls 
the BAS Pho2Syl web service (Reichel & 
Kisler, 2014). It takes as input canonical 
pronunciation word forms, as produced by the 
G2P pronunciation function, and enriches them 
with syllable boundaries. 

runBASwebservice_chunker() 

This function calls the BAS Chunker web 
service  (Poerner & Schiel, 2016), which is used 
in cases where input signals are too long for 
immediate phonetic segmentation. It takes as 
input the canonical pronunciation forms 
produced by G2P and outputs a segmentation 
into word groups (so-called “chunks”). 

runBASwebservice_maus() 

This function calls the BAS MAUS web 
service (Schiel, 1999). It takes as input the 
canonical pronunciation forms produced by 
G2P. Additionally, a chunk segmentation can 
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be provided to reduce runtime. Depending on 
user settings, the MAUS function returns a 
forced alignment or a phonetic segmentation. 

runBASwebservice_pho2sylSegmental() 

The segmental syllabification function calls 
the BAS Pho2Syl web service. It takes as input 
a segmentation, as produced by MAUS, along 
with the corresponding word level, as produced 
by the G2P tokenization function. It introduces 
a syllable level in between the two. 

runBASwebservice_minni() 

This function calls the BAS MINNI web 
service. It produces a phonetic segmentation 
without requiring textual input. Hence, it can be 
used in situations where there is no 
transcription. MINNI segmentation quality is 
normally inferior to that of MAUS. 

runBASwebservice_all() 

This function is a wrapper that calls all 
aforementioned functions in the correct order, 
with standard parameters. It takes as input plain 
text transcriptions and produces a hierarchy 
including orthographic word forms, canonical 
pronunciation word forms, syllabification, as 
well as MINNI and MAUS phonetic 
segmentations. It also calls the chunker function 
if the length of individual signals makes this 
necessary. 

Technical details 

Internally, the web service functions convert 
the annotations found in the EMU database into 
the BAS Partitur format (Schiel et al., 1998). 
They then perform a series of REST calls 
towards the BAS web services using the RCurl 
package (Lang, 2016). The BAS Partitur files 
returned by the web services are parsed and fed 
into the database. The database's configuration 
is adjusted during the process, such that the new 
annotations can be queried, viewed and 
manually corrected right away. 

 

1<www.americanrhetoric.com/ 

barackobamaspeeches.htm>[2017-08-08], speeches 

marked as “public domain” or “creative commons”, no 

press conferences 

Use case 

In the following use case, we compare second 
formants of word-medial /u:/ and /i:/ as 
produced by Barack Obama. We use the tools 
of the emuR package, including the BAS-emuR 
interface (see Appendix for the full use case 
code). 

We download 255 speeches from an on-line 
archive1 and convert them into mono, 16 kHz, 
16 bit WAVE audio files. We crawl the 
corresponding web pages for transcriptions and 
save them as plain UTF-8 text.  

As a first step in the R environment, we 
install and load emuR. We then create a stub 
database using emuR's  convert_txtCollection() 
function. This function takes as input our 
collection of UTF-8 transcription files and 
WAVE signals, and creates a new EMU 
database that contains a single transcription 
item per signal.  

Our next step is to tokenize and normalize the 
transcriptions using the function 
runBASwebservice_g2pForTokenization(). Then, 
we derive canonical pronunciation forms in 
SAMPA for all words using the function 
runBASwebservice_g2pForPronunciation(). The 
resulting hierarchy is depicted in Figure 1. 

Since our corpus contains long recordings 
(up to 84 minutes), we have to pre-segment 
them before using MAUS. For this purpose, we 
use the runBASwebservice_chunker() function. 
The service does not locate individual words in 
the signal, but groups them into so-called 
chunks with known start and end times (Figure 
2). Chunk boundaries could now be manually 
checked and corrected to improve the accuracy 
of MAUS. 

Next, we perform the actual segmentation 
step using the runBASwebservice_maus() 
function. This function generates and time-
aligns the phonemes in our database (see Figure 
3).  

Finally, we are able to extract all word-
medial occurrences of /i:/ and /u:/ using emuR's 
query() function (see Appendix). Another round 
of manual corrections could be performed at 
this point. We calculate formant tracks using the 
forest() function provided by the emuR-wrassp 
interface. Then, we extract mid-point formant 
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Appendix. Full use case code. 

install.packages("emuR") 
library(emuR) 
convert_txtCollection(attributeDefinitionName="transcription", dbName="myDatabase", targetDir=".", 
          sourceDir=path_to_directory_that_contains_wav_and_txt_files) 
handle = load_emuDB("myDatabase_emuDB") 
runBASwebservice_g2pForTokenization(handle, transcriptionAttributeDefinitionName="transcription",  
          orthoAttributeDefinitionName = "orthography", language = "eng-US") 
runBASwebservice_g2pForPronunciation(handle,  language = "eng-US",  
          orthoAttributeDefinitionName="orthography", canoAttributeDefinitionName="canonical") 
runBASwebservice_chunker(handle, canoAttributeDefinitionName="canonical", language="eng-US", 
          chunkAttributeDefinitionName="chunk", orthoAttributeDefinitionName="orthography") 
serve(handle) # manually check and correct chunk boundaries (optional) 
runBASwebservice_maus(handle, canoAttributeDefinitionName="canonical", chunkLevel="chunk",  
          mausAttributeDefinitionName="phonetic",  language="eng-US", params=list(MODUS="align")) 
segments = query(handle, "phonetic == i: | u: & Medial(orthography, phonetic) == TRUE") 
serve(handle, seglist=segments) # manually check and correct extracted segments (optional) 
add_ssffTrackDefinition(handle, onTheFlyFunctionName="forest", name="formants") 
i_segments = segments[segments$labels == "i:",] 
u_segments = segments[segments$labels == "u:",] 
i_fmts = get_trackdata(handle, seglist=i_segments, cut=0.5, npoints=1, ssffTrackName="formants") 
u_fmts = get_trackdata(handle, seglist=u_segments, cut=0.5, npoints=1, ssffTrackName="formants") 
boxplot(i_fmts$fm2[i_fmts$fm2 > 0], u_fmts$fm2[u_fmts$fm2 > 0], ylab = "F2", names=c("/i:/", "/u:/")) 
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Abstract 

Creating an orthographic transcript of a speech 
recording is still largely a manual task. Humans 
are very good at adapting to different speakers, 
and, given clear transcription guidelines, they 
can reliably produce consistent transcripts. In 
this paper we describe OCTRA, a framework for 
orthographic transcriptions. It currently 
features three different editors, local and online 
modes, auto-save and data persistence, and it 
supports a number of audio and transcription 
file formats for import and export. Access to 
external web services, e.g. WebMAUS or 
automatic speech recognition, is planned. Due 
to its modular architecture, the graphical user 
interface of OCTRA can be localized easily, and 
import and export file converters can be added. 
In a pilot study, the real-time factor for 
transcribing channel- separated spontaneous 
dialogs using OCTRA was approx. 6.5, a speed-
up of more than 21% compared to other 
transcription editors. 

Introduction 

Orthographic  transcription of speech 
recordings is a tedious and time-consuming 
task. It is not restricted to linguistics or speech 
processing – in many other fields, e.g. oral 
history, social and political sciences, 
psychology and others, orthographic transcripts 
are a prerequisite for further analysis.  

In phonetics and speech technology 
development and research, speech data is held 
in corpora or speech databases. A speech 
database contains audio files, an orthographic 
transcript of the recordings, and phonetic 
segmentations in a visible and well-organized 
data structure. The orthographic transcript 
serves to quickly access the contents of the 
audio file, and it is the basis for many further 
processing steps, such as creating a lexicon or 
frequency lists, the grapheme to phoneme 
conversion or an automatic phonetic 
segmentation, e.g. using the WebMAUS service 
at BAS (Kisler & Schiel & Sloetjes 2012). 

In contrast to linguistic or phonetic 
annotations, orthographic transcription only 
requires typing and good spelling skills. Hence 
this task can easily be performed by native 
speaker laypersons, e.g. students or workers in 
a crowdsourcing setup.  

Speech rate and typing speed 

Normal speaking rate is between 100 and 200 
words per minute (wpm), depending on the 
language and the communicative context. An 
experienced typist, can type dictation speech at 
50-80 wpm (e.g. Arif & Stuerzlinger, 2009 or 
en.wikipedia.org/wiki/Words_per_minute, last 
accessed on Oct. 5, 2017). Orthographic 
transcription differs from dictation in that it 
generally requires the application of 
transcription guidelines which make use of a 
given set of marker symbols for speech-related 
phenomena. Orthographic transcription is 
usually performed by trained students, and it 
can be performed at approx. 30 wpm. Time-
alignment and speaker diarization require extra 
effort and thus time. Administrative tasks, e. g. 
opening and saving files, further reduce 
transcription speed, so that a real-time factor of 
10-25 is realistic for orthographic transcriptions 
of recordings of a single speaker in high audio 
quality with very basic transcription guidelines. 

Any improvement in transcription speed and 
any reduction of overhead thus has a direct 
impact on the amount of speech that can be 
processed. 

Transcription tools 

Many transcription tools have been 
developed to support the needs of transcribers 
in different scientific fields. In the social 
sciences, such editors often provide the look and 
feel of Dictaphones: an audio player with 
simple play, pause, stop and fast rewind or fast 
forward button controls the playback of the 
audio, and the transcription is entered into a text 
editor. An example of such a tool is Express 
Scribe (www.nch.com.au/scribe). 
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Open source project 

The latest version of OCTRA is available at 
the following address: www.phonetik.uni-
muenchen.de/apps/octra/octra/.  

OCTRA is now a github open-source project: 
github.com/IPS-LMU/octra. 

Pilot study 

In a seminar on dialogue systems at the 
phonetics institute in Munich, students are 
regularly asked to record human-human 
dialogues. The participants were given a topic 
to discuss, e.g. whether smartphones are a 
blessing or a curse. The dialogues were 
restricted to 5 minutes. In 2016, recordings took 
place in the same room, in 2017 speakers sat in 
different rooms with visual contact. Due to the 
use of close-talk microphones, the channel 
separation is quite good, even for the 2016 
recordings. 

For the transcription, the stereo files were 
split into their channels, and the transcribers 
were asked to transcribe the speech of the main 
speaker of this channel.  

In 2016, Praat and WebTranscribe were used 
for the transcription, in 2017, OCTRA. Since 
the transcribers were advanced students of 
phonetics, they were familiar with Praat, but 
neither with WebTranscribe nor OCTRA. 
Table 1: Dialogue count and lengths 

 2016 2017 
dialogues 26 24 
min. length (s) 105 154 
max. length (s) 301 301 

Transcription speed 

Raw transcription speed can be measured 
with a real-time factor which is computed by 
dividing the transcription time by the signal 
length. 

Table 2: Transcriptions created for each tool 
and real-time factors 

Tool count real-time factor 
Praat 16 13.04 
WebTranscribe 34 8.16 
OCTRA 52 6.37 

Table 2 contains the count of transcriptions 
made with the three tools and the respective 
real-time factor (transcription which took 
longer than 2 hours, e.g. because of breaks or 
technical problems, were not considered in the 

analysis). Note the higher count of 
transcriptions performed using the web-based 
tools. Our interpretation is that the lack of file 
manipulation operations keeps the transcribers 
focused on the transcription task and in the flow.  

Conclusion 

The OCTRA transcription framework is now 
mature and stable. The three editors currently 
available allow human transcribers to select the 
editor they feel most comfortable with.  

Innovative features such as the 2D signal 
display and the acoustical loupe allow a fast 
visual presegmentation of long speech 
recordings. The interactive transcription 
overview provides a one-click access to selected 
signal segments. Finally, the open architecture 
and the built-in import and export converters 
facilitate the integration of OCTRA into 
existing workflows. 

The results of the pilot study are very rough 
and preliminary. However, they suggest that 
OCTRA improves transcription speed by 21% 
and more in comparison to traditional phonetic 
editors and editors with a simple audio player. 
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Abstract 

Audio-visual input has long been reported to 
be effective for teaching second language (L2) 
intonation. An examination of visual-only 
input, however, has not been conducted yet. 
Using a between-subjects design, we 
investigated the effectiveness of auditory-only 
and visual-only input for teaching English 
intonation to speakers of Bernese Swiss 
German. Our results indicate that speakers 
who receive visual-only input improve 
intonation more than speakers who receive 
auditory-only input. This finding is in line with 
research which showed that audio-visual input 
is more effective for teaching intonation than 
auditory-only input. Our findings are new, 
however, as they indicate that also visual input 
alone can lead to substantial improvement in 
attaining target intonation. 

Introduction 
Transfer errors in intonation can lead to 
substantial cross-cultural miscommunication 
(Popkova 2015; Pickering 1999), thus 
increasing the need for intonation teaching in 
second language acquisition (SLA). Several 
studies have shown successful use of pitch 
visualisation displays for teaching L2 
intonation. Pitch displays, dating back to the 
60s, were originally used for work with the 
hard of hearing (Hardison 2010) but were soon 
extended to SLA through the pioneering work 
of De Bot (1980, 1983; De Bot & Mailfert 
1982; Weltens & De Bot 1984), who 
successfully used audio-visual input to teach 
intonation. Early research focused on sentence-
level intonation (Hardison 2010). Levis and 
Pickering (2004) and Hardison (2005) have 
since shown that similar approaches can also 
be used to teach discourse-level intonation, 
with Hardison (2004, 2005) showing that 
teaching effects may be generalisable to novel 
sentences. 

While the effects of audio-visual input for 
teaching intonation are well researched, an 
examination of visual-only input is missing. 

There are attempts at using visual notation for 
intonation teaching, notably Estebas-
Vilaplana’s (2013) adaption of ToBI for 
teaching and learning (TL_ToBI); however, 
such attempts suggest combining visual 
notation with auditory input (Estebas-
Vilaplana 2015). Our study investigates if 
auditory-only and visual-only input can be 
used to improve L2 intonation. 

Current research furthermore suggests that 
musical expertise positively influences SLA, 
including the production of suprasegmentals 
(Chobert & Besson 2013). Tanaka and 
Nakamura (2004) argue for a link between 
auditory memory and speakers’ L2 
proficiency, while Slevc and Miyake (2006) 
connect subjects’ musical abilities to their 
adeptness in acquiring sound structures.  

Considering these studies on intonation 
teaching, we predict that visual input will lead 
to more improvement than auditory input. 
Further, we expect speakers with higher 
musical abilities to improve intonation more 
substantially, regardless of the input they 
receive. 

Methods 

Variety 

Differences in German and Swiss German 
varieties have been shown to influence 
speakers’ L2 accents (Kolly 2013; Hove 2013). 
We thus only recorded speakers of the city 
variant of Bernese Swiss German (BE SwG) in 
our experiment. BE SwG is known for using 
L*+H in prenuclear position contrary to 
Standard German’s H*+L (Fitzpatrick-Cole 
1999; Leemann 2012). 

Speakers 

14 speakers (8 male, 6 female) aged 23–31 
participated in the study. All claimed to have 
intermediate English skills (CEFR B1/B2) and 
hold a university degree (Bachelor’s degree or 
higher). None had knowledge in linguistics. 
The speakers received no financial 
reimbursement for their participation. 
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Material 

One test sentence was recorded during the 
experiment (1). 
 

 
(1)  

 
The auditory input consisted of an audiobook 
recording of the test sentence (Rowling 2015), 
read by Stephen Fry, a speaker of Standard 
Southern British English. (2) shows a 
transcription of the recording. 
 

 
 

(2) 
 
The visual input consisted of an interlinear 
graph drawn by the researchers based on this 
very recording (3). 
 

 
 

(3) 
A pilot study indicated that the auditory group 
could not remember more than two intonation 
phrases (IPs); we thus analyse only the first 
two IPs. To avoid confusion, speakers were 
asked to read the full sentence. The first author 
recorded the speakers in a quiet room on a 
Wiko Ridge 4G smartphone using the Android 
application RecForge II v1.2.0 with a 44kHz 
sampling rate. 

Procedure 

The speakers were split into two groups 
(auditory and visual) of seven speakers per 
group. Each speaker was recorded in an 
individual session. Sessions were conducted in 
German. Before the recording, speakers were 
asked to rate their musical ability on a six-
point scale. For the pre-test reading, speakers 
were given a printout of the test sentence (see 
1) and asked to read it using any intonation 
pattern they saw fit.  

The groups then received group-specific 
training which used the same three training 
sentences for both groups. The two groups 
received instructions as follows:  

(i) The auditory group received a printout of 
the training sentences alongside audio 
recordings. They were asked to listen to the 
reader’s intonation and subsequently read each 
sentence while mimicking the reader’s 
intonation. Training lasted approximately three 
minutes. The speakers then heard the recording 
of the test sentence three times. After each 

hearing, they were asked to read the sentence 
while mimicking the reader’s intonation. 

(ii) The visual group received a single-page 
instruction sheet on interpreting interlinear 
graphs. They then received the training 
sentences alongside interlinear graphs and 
were asked to read the sentences while trying 
to apply the intonation indicated. The 
researcher gave feedback and where necessary 
read the sentences for the speakers. Training 
lasted between five and ten minutes. The 
speakers then received the test sentence 
together with an interlinear graph (see 3) and 
were asked to read the sentence using the 
intonation indicated. They were encouraged to 
practice beforehand. 

Three recordings were made for each step. 
In each case, the third recording was used in 
our study. If this recording was unusable, the 
second one was taken. All recordings were 
transcribed in the autosegmental metrical 
framework (Pierrehumbert 1980). The 
transcriptions of pre-test and test recordings 
were compared with the transcription of the 
input (see 2) to determine whether target 
intonation was achieved. Only pitch accents 
that were realised exactly like the recording 
were counted as having improved. Statistical 
analyses were conducted in R (R 2016). 

Results 

Type of input 

Figure 1 shows the relative proportion of target 
pitch accents produced by the visual group and 
the auditory group in pre-test and test reading. 
 

 

Figure 1: Target pitch accents by recording 

The visual group performed significantly better 
in the test than in the pre-test reading 
(Wilcoxon signed-rank test, p=0.026). The 
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General discussion 

Our results indicate that visual-only input is 
more effective for improving intonation than 
auditory-only input. While this might be of 
limited interest for classroom instructions, 
where teachers can easily provide audio-visual 
input, it may be relevant for the development 
of virtual tutors or low-fidelity self-study 
material, e.g. paper-based tutorials. 

Levis and Pickering (2004), among others, 
criticise intonation teaching methods that focus 
on single sentences. They argue for using 
longer stretches of discourse in intonation 
teaching, which enables L2 speakers to 
understand how intonation is used in connected 
speech and situated contexts. Our pilot studies 
showed that auditory input could not be 
applied to utterances longer than two IPs but 
suggested that visual input was also applicable 
to longer stretches of discourse (three 
sentences). Further research is needed in this 
regard. 

Conclusion 
Our study shows that visual input is more 
effective for L2 intonation teaching than 
auditory input. Speakers’ musical abilities 
showed to be negligible for predicting their 
intonation improvement. Further research is 
needed to analyse the use of interlinear graphs 
for teaching discourse-level intonation. Further 
research should also investigate the effects of 
length of training in more detail. 
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Abstract 
Schwa and liaison are considered two of the 

most challenging phenomena of French 
(inter-)phonology. This article gives insight into 
results of a pilot study based on 12 interviews 
with teachers and 12 interviews with learners of 
French in Austria (within the corpus-based 
methodical framework of IPFC). It shows that 
teachers do not consider their phonological 
knowledge sufficient to teach pronunciation. 
However, learners’ problems with schwa and 
liaison are not necessarily traced back to 
pronunciation difficulties or a lack of 
pronunciation training. Rather they are 
attributed to failures in vocabulary learning 
which include the pronunciation of words or 
constructions with or without schwa or liaison, 
e.g. bêt(e)ment, jeux [z] olympiques.  

Introduction 
French schwa and liaison are known to be 

amongst the biggest challenges for learners of 
French as a foreign language (Thomas 2004, 
Barreca 2015). The two phenomena both 
consist of alternations: in the case of schwa, a 
vowel/zero alternation (e.g. petit ‘small’ 
[pəti]~[pti]), and in the case of liaison, a 
consonant/zero alternation (e.g. il est allé ‘he 
has gone’ [ilɛtale]~[ilɛale]. Both phenomena 
have an equivalent in orthography which often 
serves as a starting point in foreign language 
learning (<e> for schwa and <t> in our example 
for liaison).  

State of the Art 

Liaison 

Native Speakers 

Corpus-based studies show that the 
realization of liaison depends on a complex 
interaction of different language levels ‒ 
phonology, morphology, syntax and lexicon ‒ 
as well as sociolinguistic factors like the 
speaker’s educational level or speech situation 

(Ågren 1973, De Jong 1994, Durand/Lyche 
2008). This has led to the conclusion that liaison 
seems to consist of two phenomena. On the one 
hand, the obligatory or categorical liaison with 
a morphological function (this type of liaison is 
part of frequent constructions, e.g. the plural 
marker [z] in les [z] amis ‘the friends’). On the 
other hand, the facultative or variable liaison 
with a socio-stylistic function (e.g. il était [t] à 
Paris ‘he was in Paris’) (Laks 2005). 

Learners 

In the course of the 21st century, liaison has 
been catching attention in French as a foreign 
language (français langue étrangère, FLE). 
However, for the sake of research-economic 
reasons, current research is mainly restricted to 
advanced learners at university level with 
different first languages: English (Mastromo-
naco 1999, Howard 2005, Thomas 2004), Spa-
nish (Racine 2015), German (Germany; Pustka 
2015) and Korean (Harnois-Delpiano/Cavalla/ 
Chevrot 2012).  

The results of these studies indicate that 
obligatory liaisons do not pose serious problems 
for advanced students, except for compounds 
and fixed phrases such as jeux [z] olympiques 
‘Olympic Games’ (Pustka 2015, Howard 2005, 
Thomas 2004). However, facultative liaisons 
are hardly produced by learners of French 
(Thomas 2004).  

Recent studies also deal with the question of 
whether there are differences in the acquisition 
of liaison in French as L1 or L2. Do speakers of 
French apply pronunciation rules or do they 
store ‘chunks’ in the mental lexicon? (Wauquier 
2009, Harnois-Delpiano 2016).   

Schwa 

Native Speakers 

Recent corpus-based studies show that 
Parisian speakers tend to delete 67% of 
potential schwas in the first syllable (e.g. melon 
‘melon’ [məlɔ̃]~[mlɔ̃]). Furthermore, schwa is 
mostly realized in monosyllables (e.g. j(e) ‘I’; 
43% of elision) but hardly pronounced in 
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internal (e.g. samedi ‘Saturday’; 90% of elision: 
[samdi]) and final syllables (e.g. chose ‘thing’; 
82% of elision: [ʃoz]; Pustka 2007). 

Learners 

In French, the phonetic realization of the 
instable vowel designed with the IPA symbol /ə/ 
resembles the full vowels [ø] or [œ] (Bürki et al. 
2008). German also has a schwa (e.g. denken ‘to 
think’ [dɛŋkən]~[dɛŋkŋ]), but its behavior and 
realization is different, having a tendency to [e] 
or [ɛ] (Krech et al. 2009). According to this, 
German learners produce schwa with less 
rounding of the lips: [e] or [ɛ] 
(Pustka/Meisenburg 2017).  

As Uritescu et al. 2002 point out, Canadian 
learners with English as L1 tend to elide less 
schwa than native speakers do, and hardly any 
schwa in the first syllable (e.g. melon ‘melon’: 
[məlɔ̃]) and in monosyllables (e.g. je ‘I’: [ʒə]). 
However, in final (e.g. chose ‘thing’) and 
internal (e.g. samedi ‘Saturday’) syllables they 
elide the majority of schwa (e.g. [ʃoz], [samdi]). 
A study on Dutch students revealed the 
learnability of schwa alternation. Learners 
memorize two forms of a word with and without 
schwa. The full forms are better recognized than 
the reduced ones (Morano/Ernestus/ten Bosch 
2015). 

Methodology 

(I)PFC 

The program Interphonologie du Français 
Contemporain IPFC (http://cblle.tufs.ac.jp/ 
ipfc/; Detey/Racine/Kawaguchi 2008, 
Racine/Detey/Kawaguchi 2012), which started 
in 2008, is a further development of Phonologie 
du Français Contemporain PFC which has 
existed since 1999 (www.projet-pfc.net; 
Durand/Laks/Lyche 2002; Detey et al. 2017). 
IPFC documents and analyzes the 
pronunciation of learners with more than 15 
different native languages all over the world 
(http://cblle.tufs.ac.jp/ipfc/). Within this 
framework, two corpora on the German 
language in Germany exist: IPFC-allemand 
Munich and Osnabrück (Pustka 2015, 
Meisenburg/Pustka 2017). 

The IPFC methodology contrasts, amongst 
others, the reading of a text (398 words with 194 
contexts of potential schwa and 33 contexts of 
potential liaison; approx. 3 min) and semi-
spontaneous speech in an interview (approx. 15 
min). The recorded data is orthographically 

transcribed with the help of the software 
PRAAT (Boersma/Weenik 2017, 
www.praat.org) and annotated with the PFC 
code system for schwa and liaison (e.g. 
se0212ra ‘it will be’, les11z amis ‘the friends’).  

Vienna Corpus 

The corpus IPFC-allemand (Vienne) is 
composed of 12 Viennese students with the 
CEFR levels A2/B1 vs. B2/C1. The data was 
collected in 2015 by Duygu Durmuş, Marie-
Antoinette Goldberger and Marc Chalier and 
has been completed by Julia Forster and Julia 
Kamerhuber in 2016. Additionally, 12 teachers 
from several parts of Austria were interviewed 
about the role of variation and pronunciation in 
their classrooms, particularly regarding schwa 
and liaison. In order to compare the teachers’ 
with the students’ pronunciation, both groups of 
informants read the same text. Our corpus of 
3h36min contains 4934 contexts of schwa and 
1461 contexts of liaison. 

Data Analysis 

Due to learners’ mispronunciations, it was 
necessary to expand the code system of PFC. In 
the case of schwa, two additional numbers were 
added that classify the realization of [e] or [ɛ] 
instead of [ə]. In the case of liaison, the code 
system was expanded by liaison consonants that 
do not exist in native speech or rarely appear 
(e.g. [d] in grand émoi [gʁɑ͂demwa] instead of 
[gʁɑ͂temwa]).  

Results  

Teachers’ Representations 

The qualitative interviews on pronunciation 
instruction with Austrian teachers of French 
show that 75% highly prioritize pronunciation 
but only 42% classify their own pronunciation 
as good or very good. Only 17% (2 teachers out 
of 12) regularly use the International Phonetic 
Alphabet (IPA) in class and 50% use it 
occasionally. However, according to the 
Austrian curriculum of foreign language 
teaching in secondary education (BMBF 2016) 
the use of phonetic transcription is rated as 
mandatory. 

Many teachers consider liaison as one of the 
most important phenomena of French 
pronunciation, quoting ‘Without liaison, it 
doesn’t sound French.’ („Ohne Liaison klingt es 
nicht französisch.“). Thus, there is a lack of 
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detailed knowledge concerning the realization 
rules.  

In contrast, schwa is a stranger to 67% of the 
interviewed teachers, quoting ‘Schwa? What is 
that? I don’t know that.’ (“Schwa? Was ist das? 
Das kenne ich nicht.”). Consequently, they do 
not teach schwa in class. The remaining 33% 
confine themselves to the schwa’s non-
realization in word-final position in Standard 
French (e.g. chose ‘thing’ [ʃoz]). 

Segmental Level 

Liaison 

Generally speaking, our study shows that our 
informants produce many more wrong liaison-
consonants when reading the PFC text than in 
spontaneous speech. This observation can be 
illustrated by grand émoi ‘big stir’ and grand 
honneur ‘big honor’ of the PFC text. In these 
contexts 50% of the teachers and 54% of the 
Viennese students produce [d] instead of [t]: 
[gʁɑ̃demwa] instead of [gʁɑ̃temwa] and 
[gʁɑ̃dɔnœʁ] instead of [gʁɑ̃tɔnœʁ]. This might 
be explained by the misleading orthography of 
the grapheme <d> and the lack of rule 
consciousness concerning the correct usage of 
liaison consonants. 

Schwa 

In general, the learners pronounce the schwa 
correctly. Nevertheless, in 8 % of all schwa 
contexts we observe [e] or [ɛ] instead of [ə]. In 
particular, the first syllable of a polysyllabic 
word is prone to mispronunciation by 58% of 
students and 19% of teachers (e.g. chemises 
‘shirts’ pronounced as [ʃemiz] instead of 
[ʃ(ə)miz]). Learners obviously do not know that, 
in some contexts in French, <e> is pronounced 
(if it is pronounced) [ə] and not [e].  

Suprasegmental Level 

Liaison 

Regarding the contexts of realizations, our 
learners produce liaisons in limited contexts. 
Obligatory liaisons after pronouns such as on 
‘one’ (98%) and nous ‘we’ (97%) are mostly 
realized. In contrast, they are often missing after 
other frequent words such as tout ‘all’ (67% of 
realizations), très ‘very’ (73%) or quand ‘when’ 
(69%) as well as in the compound jeux [z] 
olympiques ‘Olympic Games’ (only one correct 
pronunciation among the 12 students’ 

readings). An explanation for these differences 
could be that liaisons after pronouns are 
probably learnt in the context of conjugation of 
the frequent auxiliary avoir ‘to have’ (e.g. on [n] 
a ‘one has’, nous [z] avons ‘we have’) whereas 
other pronouns, adverbs and conjunctions are 
not learnt in context. 

Schwa 

In the case of schwa, the elision rate is 
comparable to that of L1 speakers in word-final 
position: learners elide 84%, Parisian speakers 
82%, e.g. village ‘village’ [vilaʒ] (and not 
[vilaʒə] as in Southern French). Amongst the 
learners, the elision rate is much lower (67%) in 
word-medial position after a single consonant, 
where L1 speakers present an elision rate of 
90%, e.g. bêtement ‘stupidly’ [bɛtmɑ̃] (and not 
[bɛtəmɑ̃]). In monosyllables (e.g. je) and the 
first syllable of polysyllables (e.g. chemises) 
either a schwa or a full vowel is nearly always 
pronounced by our learners; elisions are very 
scarce: in monosyllables 89% of the <e> are 
pronounced as [ə], in first syllable of 
polysyllables 39% are realized [ə] and 39% as 
[e] or [ɛ]. 

Conclusion 
Our pilot study on Viennese learners shows 

that the key factors for the pronunciation of 
schwa and liaison in French as a foreign 
language are the orthographic and lexical input. 
The correct or conventionalized pronunciation 
of ‘chunks’ like jeux [z] olympiques and 
frequently used words like bêt(e)ment have to 
be taught by means of the IPA in French classes, 
particularly in context of vocabulary learning. 
Therefore, the development of supporting 
teaching materials as well as advanced trainings 
for teachers are an urgent desideratum. 
Pronunciation education should no longer be 
considered the “Cinderella of language 
teaching” (Kelly 1969). 
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Abstract 

We present evidence for the analysis of the 
vowels in English <say> and <so> as 
biphonemic diphthongs /ɛi/ and /əu/, based on 
neutralization patterns, regular alternations, 
and foot structure. /ɛi/ and /əu/ are hence 
structurally on a par with the so called “true 
diphthongs” /ɑi/, /ɐu/, /ɔi/, but also share 
prosodic organization with the monophthongs 
/i/ and /u/.  The phonological evidence is 
supported by dynamic measurements based on 
the American English TIMIT database. 
Calculations of F2-slopes proved to be 
especially suited to distinguish the relevant 
groups in accordance with their 
phonologically motivated prosodic 
organizations. 

Introduction 

Rhymes in English (E.) sigh, soy, and sow 
(pig) are often classified as "true diphthongs", 
in contrast to those in say and so, which have 
been claimed to pattern with monophthongs 
(Clements/Hertz 1996, Giegerich 1992, Harris 
1994, Kenyon/Knott 1953, Ladefoged 1999, 
Lehiste/Peterson 1961). We argue here that 
phonological evidence supports the parallel 
biphonemic representations in (1a,b), where a 
vowel associated with the nucleus (N) is 
followed by /i/ or /u/ in the coda (C), thus 
building a complex rhyme (R) (Phonological 
and phonetic evidence for the representations 
of the diphthongs in (1a) is discussed in 
Raffelsiefen and Geumann 2016). The choice 
of /i/ and /u/ is motivated by markedness 
(affinity between high vowels and syllable 
margin). Syllabic /i/ and /u/ are assumed to 
generally co-associate with the coda in E. (cf. 
(1c)), unlike other monophthongs, which 
associate with the nucleus only (cf. 1d)). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

 
The prosodic structures in (1) are supported 

by neutralization patterns in prevocalic 
position. Systematic replacements of simple 
nuclei by the type of complex rhymes shown in 
(1a,b,c) in loan word adaptation serve to 
satisfy the constraint *NN (No adjacent 
nuclei). Examples are given in (2). 

 
(2) Hebrew Isr[a.e]l > E. Isr/ɛi.ə/l, Isr/i.ə/l, 

Spanish p[a.e]lla > E. p/ɑi.ɛ́/lla 
 

"/ɹ/-insertion" in non-rhotic dialects also 
satisfies *NN by supplying a final coda as is 
shown in (3). No /ɹ/ is inserted when the 
morpheme ends with a coda already according 
to the representations in (1a,b,c), as is 
illustrated in (4). 

 

(1)a. R 
/\ 

N C 
|   | 

/ɑ  i/ 
(sigh) 

R 
/\ 

N C 
|   | 

/ɐ u/ 
(sow) 

R 
/\ 

N C 
|   | 

/ɔ  i/ 
(soy) 

(1)b. R 
/\ 

N C 
|   | 

/ɛ  i/ 
(say) 

R 
/\ 

N C 
|   | 

/ə u/ 
(so) 

(1)c. R 
/\ 

N C 
\ / 
/i/ 

(see) 

R 
/\ 

N C 
\ / 
/u/ 

(sue) 

(1)d. R 
| 

N 
| 

/ɔ/ 
(saw) 

R 
| 

N 
| 

/ɑ/ 
(shah) 
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Abstract 
The present study investigates the articulatory 
be-haviour during inter-speech pauses between 
two prosodic phrases (IP) in a reading task by 
means of EMA. The differences between acous-
tic and articulatory pause duration as well as 
the delay between the onsets were analysed 
within varying phonetic contexts. To gain fur-
ther insights into motor planning processes 
during inter-speech pauses, we looked at pos-
ture variation during the pauses. Results re-
veal temporal differences between articulatory 
and acoustic aspects of speech preparation. 
Furthermore, different strategies of articulato-
ry preparation could be observed. 

Introduction 
Inter-speech pauses during the speech flow 

are an inherent part of speech production. 
Pauses not only signal prosodic boundaries, 
but are also used for planning utterances on 
different levels (Krivokapić 2014). Preparation 
on the phonetic level involves the articulatory 
movements towards the post-pausal segments 
as well as in some cases breathing activity e.g. 
(Ramanarayanan et al. 2009; Scobbie et al. 
2011; Fuchs et al. 2012). It has been proposed 
that there are language specific articulatory 
settings, which occur during the inter-speech 
pauses within a speech flow or before speech 
onset (e.g., Honikman 1964; Wilson 2006; 
Wilson & Gick 2014). The results of studies 
investigating articulatory postures and motion 
during pauses (Gick et al. 2004; Schaeffler et 
al. 2008; Ramanarayanan et al. 2013) provide a 
rather inconsistent picture: It has been shown 
that some speakers press their tongue against 
the palate during pauses, while others do not 
move their articulators until the next segment. 

The temporal aspects of articulatory prepa-
ration for an upcoming segment are also rather 
inconsistent. The results of previous studies 
show that the movement of articulators usually 
begins before the acoustic onset. Depending on 
the manner of articulation of the initial seg-

ment, this delay is roughly 120-180 ms, 
(Mooshammer et al. 2012; Palo et al. 2015; 
Schaeffer et al. 2015). Manner-specific differ-
ences between the acoustic and the articulatory 
onset of post-pausal speech can crucially affect 
reaction time measurements, which are typical-
ly based on the acoustic measurements. 

The present study focuses on the articulatory 
behaviour during silent pauses between two 
prosodic phrases (IP) in a reading situation. To 
reveal further insights into temporal aspects of 
the motor planning process during inter-speech 
pauses, we investigate the differences in dura-
tion between acoustically and articulatorily 
defined pauses and between articulatory and 
acoustic onsets of the post-pausal segment. By 
varying the last segment of the first IP and 
controlling the first segment of the second IP, 
we aim to investigate the influence of phone-
mic context on articulatory pause duration, e.g. 
articulatory preparation time. Moreover, we 
analysed speaker-specific posture variation and 
preparation strategies during the pauses. 

Methods 

Experimental setup and stimuli 

Acoustic and articulatory data of 8 native 
German speakers (4 male, 4 female between 23 
and 28 years old) were recorded in a sound-
proof cabin by means of electromagnetic ar-
ticulography (EMA, AG 501, Carstens Elec-
tronics). For this study, sensors were attached 
to the tongue’s tip (TT), middle (TM) and back 
(TB), the jaw, and the upper and lower lips. 
Four reference sensors were included to com-
pensate the head movements. 

Six target words were embedded into two 
prosodic phrases (IP). The last segments of the 
first IP were alveolars /t/ and /n/ in the words 
Bahn, Bann, Beet, Bett and bilabial /m/ in the 
words Ruhm, Rum. The post-pausal segment of 
the second IP was the vowel /a/ in the word 
Am. Sentences with target words were present-
ed on a monitor. The stimuli were presented in 
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a random order with 5 repetitions, respectively. 
For example: 

 
(1) Ich fuhr mit der Bahn. Am Donnerstag 

wurde noch gestreikt. 
‘I took the train. On Thursday, there 
was still a strike.’ 

Analysis 

For every speaker, 30 utterances in this con-
dition were recorded. However, some trials had 
to be excluded due to speech errors or too short 
pauses (cf. Table 1). 

The acoustic data were processed using 
WebMaus (Kisler et al. 2017) and manually 
corrected in Praat (Boersma 2001). Silent in-
ter-speech pauses were annotated with a lower 
cut-off of 40 ms. Articulation rate was calcu-
lated as the number of syllables per second, 
excluding pauses. 

Tongue tip movements were labelled for 
gesture offset of the pre-pausal alveolar conso-
nants /t/, /m/ and lip aperture of bilabial conso-
nants /m/ in the target word. The lower lip 
movements were analysed to determine the 
gesture onset of the post-pausal segment /a/, 
i.e. the opening gesture towards the vowel. 
Gestural on- and offsets were determined by 
the procedure findgest, which is part of the 
MatLab tool mview (Mark Tiede). It automati-
cally determines the gesture offset and the 
gesture onset of a target segment by using a 
20% threshold criterion based on the tangential 
velocity of the articulator (cf. Figure 1).  

 

 
Figure 1. Labelling the gesture offset of the pre-
pausal alveolar consonant /n/ with the findgest 
procedure. The figure shows the vertical movement 
of the tongue tip and its velocity as well other 
automatically determined labels. 

The articulatory measured pause was de-
fined as the time span between the gesture 
offset of the pre-pausal segment and the ges-
ture onset of the post-pausal segment. 

All statistical analyses were carried out us-
ing R 3.3.0 with the packages lme4 (Bates et 
al. 2015) and lmerTest (Kuznetsova et al. 
2015). 

Results 

Temporal aspects of speech preparation 

The articulatory measured pause is on aver-
age 251 ms shorter than the acoustic pause (cf. 
Figure 2). In some cases, there are negative 
differences in duration, which occur when 
speakers start to move their lower lip towards 
the post-pausal segment before they have fin-
ished the pre-pausal segment, i.e. the articula-
tory gestures overlap and therefore do not pro-
duce an articulatory defined pause (cf. Section 
3.2) 

 
Figure 2. Duration of acoustic and articulatory 
defined pauses.  

On average, speakers start to move the low-
er lip towards the post-pausal segment /a/ 
around 123 ms earlier (cf. Figure 3) than the 
acoustic onset of /a/, which confirms previous 
findings about acoustic onset delays (cf. Sec-
tion 1). 
 

 
Figure 3. The delay between acoustic and 
articulatory onsets in ms per speaker. 

To investigate the influence of phonemic 
context on differences between acoustic and 

Proceedings P&P13

162



 

 

articulatory pause duration, we ran a linear 
mixed model for differences in pause duration 
with pre-pausal segments as fixed-effect and 
participants as random effect. Articulatory and 
acoustic pause duration differ less after pre-
pausal /t/ in comparison to /n/ and /m/ (cf. Fig-
ure 4), i.e. articulatory pause is longer after /t/ 
(t = - 2.013; p < .05). 

 
Figure 4. Differences in pause duration depending 
on pre-pausal segment.  

A possible explanation for this effect could 
be that acoustic and articulatory offsets of /t/ 
are almost identical. We calculated the delay 
between the offsets and the result confirms our 
assumption. The delay after the plosive conso-
nant /t/ is on average 25 ms, while for the nasal 
consonants /n/ and /m/, the delay is about 143 
ms on average. For /t/, the acoustic pause onset 
is annotated at the burst, which is almost syn-
chronous with the constriction release. For the 
nasals, the acoustic offset is based on a devoic-
ing gesture rather than on the oral release.  

Articulatory behaviour during inter-speech 
pauses 

As a first step, two preliminary strategies 
were observed. We call them Rest and Transi-
tion. 

In the rest strategy, the tongue moves to the 
palate and rest there during the acoustic pause 
or there are no movements of articulators after 
the pre-pausal segment. The other observed 
strategy, transition, can be described as the 
smooth transitory movement from the pre-
pausal gesture to the post-pausal gesture. In 
such cases, there are no articulatory measured 
intervals of immobility. This type of articulato-
ry behaviour is particularly common for short 
acoustic pauses (cf. Table 1). This temporal 
constraint does not allow speakers to produce 
an extra inter-speech posture, i.e. moving the 
tongue towards the palate. However, speech 
rate seems to have no influence on pause dura-

tion and articulatory strategy. Table 1 shows 
substantial variation between speakers. Within 
speakers, however, articulatory behaviour is 
rather consistent. Only one speaker (cf. Table 
1, sj_12_m) shows no clear preference for 
either articulatory behaviour. 
 
Table 1. Overview of analysed speakers, number of 
targets, articulatory strategies (rest and transition) 
in absolute values and percentages, average 
acoustic pause duration and speech rate split by 
two speaker groups depending on their used 
strategies. 

 

Discussion 
The results of the present study confirm pre-

vious findings on the temporal aspects of 
speech preparation (Mooshammer et al. 2012; 
Palo et al. 2015; Schaeffer et al. 2015) using a 
larger speaker sample. The articulatory onset 
of the upcoming utterance starts earlier than 
the acoustic onset. The mean delay is 123 ms 
and can therefore be a crucial aspect of reac-
tion time measurements, which are most fre-
quently based on acoustic data. However, since 
this difference varies depending on the phonet-
ic context and across as well as within speak-
ers, it is not yet possible to infer the onset of 
the articulatory movement based on the acous-
tic signature. 

The articulatory behaviour also confirms 
previous results (Gick et al. 2004; Schaeffler et 
al. 2008; Ramanarayanan et al. 2013), showing 
that there are different preparation strategies, 
which we categorized into two groups: rest and 
transition. However, within speakers, this be-
haviour is rather consistent. The transition 
strategy goes hand in hand with short acoustic 
pause duration, while the rest strategy tends to 
occur during longer inter-speech intervals. 

For the rest strategy, we also noted audible 
exhalation, especially after the plosive /t/, in 
cases of no movements during the pauses. We 
assume that the breathing patterns during the 
inter-speech intervals may play a crucial role 
for the articulatory preparation strategies.   
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In sum, this study presents preliminary re-
sults on the articulatory behaviour during inter-
speech pauses and shows different, but mostly 
consistent preparation strategies. Future work 
will focus on the statistical analysis of prepara-
tion strategies as well the influence of breath-
ing activity on the motor preparation during 
the pauses. The phonemic context should also 
be varied to gain more insight into temporal 
aspects of articulatory preparation, i.e. to in-
vestigate the onset’s delay depending on the 
upcoming segments. 
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Abstract 
Die deutschen Dialekte Nord- und Südtirols 
sind hinsichtlich ihrer Intonation bereits unter-
sucht worden, mögliche regionale Variation 
innerhalb dieses Gebiets wurde bisher aller-
dings noch nicht berücksichtigt. Eine aktuelle 
Studie analysiert nun das Alignment nuklearer 
Pitch-Akzente dieser Dialekte, wozu kontrol-
lierte, dialektale Sprachdaten an je einem 
Ortspunkt in Nord- und Südtirol von insgesamt 
vier SprecherInnen erhoben wurden. Die Er-
gebnisse zeigen, dass in Bezug auf das Align-
ment des F0-Gipfels beträchtliche Variation 
zwischen Nord- und Südtirol besteht, wobei die 
Personen aus Südtirol auffällig frühes Align-
ment zeigen. Damit wird deutlich, dass Varie-
täten im Süden des deutschen Sprachraumes 
nicht generell spätes Alignment aufweisen, wie 
es bisherige Studien nahegelegt haben. 

Einleitung 
Dieser Aufsatz beschäftigt sich mit dem A-

lignment nuklearer steigender Pitch-Akzente in 
Dialekten des Landesteils Nordtirol des öster-
reichischen Bundeslandes Tirol und der an-
grenzenden Provinz Bozen (Südtirol) in Italien. 
Nordtirol und Südtirol sind seit dem Ende des 
Ersten Weltkrieges durch eine Staatsgrenze 
getrennt, gehören heute also zu verschiedenen 
Staatsgebieten. Trotz dieser Tatsache bestehen 
laut den Erkenntnissen dialektologischer For-
schung kaum Unterschiede auf segmentaler 
Ebene, welche die Dialekte Nordtirols und die 
deutschen Dialekte Südtirols voneinander ab-
grenzen (vgl. Kühebacher 1962, Moser 1982). 
Vielmehr wurde vermutet, dass sich diese Dia-
lekte prosodisch voneinander unterscheiden, 
und zwar im Timing bestimmter Seg-
mentfolgen sowie in der Intonation (vgl. Lan-
thaler 2007); diese Hypothese wurde bislang 
jedoch noch nicht empirisch überprüft. 

Was die Forschung zur Intonation in diesen 
Varietäten betrifft, existiert eine Studie von 

Barker (2005), in der die in Tiroler Dialekten1 
auftretenden Intonationskonturen ermittelt und 
Bedeutungskontexten zugeordnet werden. 
Aufgrund der primär phonologischen Ausrich-
tung der Studie werden mögliche phonetische 
Unterschiede innerhalb des Untersuchungsge-
bietes allerdings nicht ermittelt.  

Für die Unterscheidung verschiedener Vari-
etäten haben sich aber häufig phonetische As-
pekte der Intonation als relevant herausgestellt, 
wie in der Forschung zur regionalen Variation 
der Intonation deutlich wurde (vgl. Gilles 
2005, Gilles & Siebenhaar 2010, Peters, Auer, 
Gilles & Selting 2015, Peters, Hanssen & Gus-
senhoven 2015). Unter diesen Aspekten 
kommt insbesondere dem tonal alignment eine 
besondere Rolle zu. Wiederholt wurde gezeigt, 
dass Varietäten im Süden des deutschen 
Sprachraumes späteres Alignment von steigen-
den Pitch-Akzenten zeigen als Varietäten im 
Norden des deutschen Sprachraumes (Atterer 
& Ladd 2004 und Braun 2007 für pränukleare 
Akzente, Mücke, Grice, Becker & Hermes 
2009 für pränukleare und nukleare Akzente). 
Laut Barker (2005) reihen sich Tiroler Dialek-
te, die ja im äußersten Süden des deutschen 
Sprachgebiets gesprochen werden, in das Mus-
ter später Grundfrequenzgipfel ein, wobei in 
dieser Arbeit keine systematische Erforschung 
bzw. Darstellung dieses Phänomens erfolgt. 

Ziel dieses Beitrages ist es zu zeigen, in-
wieweit sich Nord- und Südtiroler Dialekte im 
Alignment von Pitch-Akzenten unterscheiden 
und ob diese Dialekte tatsächlich das erwartete 
späte Alignment zeigen. Zu diesem Zweck 
werden steigende nukleare Pitch-Akzente un-
tersucht – laut GToBI-Modell (Grice, 
Baumann & Benzmüller 2005) als H* bzw. 
L+H* notiert –, denen ein tiefer Grenzton 
(L%) folgt. Barker (2005) zufolge handelt es 
sich bei dieser (steigend-)fallenden Intonati-
onskontur um die Kontur, die in Tiroler Dia-
lekten in Deklarativsätzen weitaus am 
häufigsten auftritt. 

                                                            
1 Damit meint Barker sowohl Dialekte des 
österreichischen Bundeslandes Tirol als auch der 
italienischen Provinz Bozen. 
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Methode 
Zur Erforschung des Alignments nuklearer 

Pitch-Akzente wurden kontrollierte dialektale 
Sprachdaten erhoben. Dazu wurden Trägersät-
ze mit Items, die den nuklearen Akzent tragen, 
konstruiert. Diese Sätze wurden von vier Spre-
cherinnen und Sprechern (zwei aus Nordtirol 
(NT) und zwei aus Südtirol (ST)) gelesen. 

Sprachliches Material 

Als Items wurden Eigennamen gewählt, die 
im Untersuchungsgebiet tatsächlich auftreten 
bzw. zumindest bekannt sind. Dabei wurden 
sowohl Items mit geschlossener (CVC) als 
auch mit offener Akzentsilbe (CV:) ausge-
wählt. Diese Items wurden in einen dialektalen 
Trägersatz eingebettet, wobei die Position des 
Items im Satz gezielt variiert wurde (von phra-
senfinaler Position bis hin zu vier Silben von 
der Phrasengrenze entfernt). Insgesamt wurden 
auf diese Weise 32 Sätze konstruiert, die je 
einmal in weitem und einmal in kontrastivem 
Fokus hervorgerufen wurden. Damit wurde pro 
Teilnehmer eine Gesamtanzahl von 64 Sätzen 
aufgenommen.  

Um die Fokusstruktur im Satz zu lenken, 
wurde eine Frage vorangestellt, die entweder 
weiten Fokus im Satz oder kontrastiven Fokus 
auf dem Item evozierte, wodurch sich ein klei-
ner Dialog aus Frage und Antwort (Trägersatz) 
ergab. Die Frage wurde vom Explorator je-
weils in dialektaler Form gestellt2. Die Trä-
gersätze mit den Items wurden den 
TeilnehmerInnen in ortografischer Transkripti-
on schriftlich präsentiert (zu diesem Vorgehen 
vgl. Peters, Hanssen & Gussenhoven 2015). 
Die Reihenfolge der Sätze wurde pseudo-
randomisiert und das Experiment durch mehre-
re andere Aufgaben aufgelockert, die 
eingeschoben wurden. 

Sprecherinnen und Sprecher 

Die Aufnahmen wurde mit je einer Spreche-
rin und einem Sprecher aus dem Nordtiroler 
Ort Pettnau, der im Großraum der Stadt Inns-
bruck liegt, und dem Südtiroler Ort Salurn, 
dem letzten Ort vor der italienischen Sprach-
grenze südlich der Stadt Bozen, gemacht. Das 
Alter der SprecherInnen lag zwischen 50 und 
65 Jahren. Um sicherzugehen, dass es sich bei 
diesen Personen um authentische SprecherIn-
nen des örtlichen Dialekts handelt, wurde die 
                                                            
2 Der Explorator dieser Studie ist selbst Sprecher 
eines Nordtiroler Dialektes. 

Auswahl anhand folgender soziodemografi-
scher Kriterien vorgenommen: Alle Spreche-
rInnen haben keine Matura und haben keine 
tertiäre Ausbildung durchlaufen, haben nicht 
länger als ein Viertel ihres Lebens außerhalb 
des Untersuchungsorts gewohnt und arbeiten 
im oder in der Nähe des Untersuchungsorts 
(BerufspendlerInnen in die Städte Innsbruck 
und Bozen wurden ausgeschlossen).  

Aufnahmen und Labelling 

Die Aufnahmen wurden in ruhigen Räumen 
vor Ort mithilfe des Headsetmikrofons Beyer-
dynamic TG H54c durchgeführt.  

Mittels des Tools WebMAUS (Kisler, 
Schiel, & Sloetjes 2012) wurden die Sprach-
aufnahmen automatisch vorsegmentiert; die 
Kontrolle und gegebenenfalls notwendige An-
passung der automatischen Segmentierung 
wurde in einem zweiten Schritt von Hand in 
Praat (Boersma 2001) vorgenommen.  

Im Anschluss daran wurden folgende Labels 
auf Segmentebene gesetzt: 
C1: Onset der akzentuierten Silbe 
V1: Onset des Vokals der akzentuierten Silbe 
C2: Onset des postvokalischen Konsonanten 

 
Auf Grundfrequenzebene wurden mithilfe 

eines Praat-Pitch-Objekts folgende Ereignisse 
gelabelt: 
L: Tiefster Punkt des F0-Verlaufs vor der An-
stiegsbewegung des Akzents (tiefer Zielton) 
H: F0-Gipfel, der mit der akzentuierten Silbe 
assoziiert ist (hoher Zielton) 

 
Traten eindeutige mikroprosodische Effekte 

in der Grundfrequenzkontur auf, wurde das 
Label für L bzw. H an den nächsten verlässli-
chen Messpunkt gesetzt. Im Fall von L konnte 
aufgrund eines flachen Grundfrequenzverlaufs 
und von Mikroprosodie häufig kein eindeutiger 
tiefster Punkt ermittelt werden, weshalb solche 
Zweifelsfälle von der Analyse ausgeschlossen 
wurden. 

Sämtliche Messwerte wurden mithilfe eines 
Praat-Skripts extrahiert. Alignment-Werte 
wurden anschließend in Form der Distanz zwi-
schen Ereignissen auf segmentaler Ebene und 
tonaler Ebene errechnet. 

Ergebnisse 

Alignment des F0-Gipfels 

Abb. 1 zeigt das Alignment des F0-Gipfels 
H in Relation zum Onset des postvokalischen 
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Konsonanten, dargestellt nach SprecherIn 
(n0010, n0011: Pettnau, NT; s0011, s0026: 
Salurn, ST) und Silbenstruktur (CVC vs. CV:). 
Deutlich wird, dass die beiden Personen aus 
Nordtirol insgesamt ein deutlich späteres A-
lignment des F0-Gipfels aufweisen als die Per-
sonen aus Südtirol (im Durchschnitt um 88 ms 
später). 

Aus Abb.1 ist zudem ersichtlich, dass bei 
den Personen aus Nordtirol der Grundfre-
quenzgipfel in offenen Silben (CV:) spät im 
Vokal der akzentuierten Silbe liegt, während er 
in geschlossenen Silben (CV) in den postvoka-
lischen Konsonanten fällt (Onset des postvoka-
lischen Konsonanten in der Grafik durch die 
gestrichelte Linie gekennzeichnet). Die Spre-
cherin und der Sprecher aus Salurn realisieren 
den Grundfrequenzgipfel hingegen sowohl in 
offenen als auch in geschlossenen Silben inner-
halb des Vokals der betonten Silbe.  

Eine zweifaktorielle ANOVA mit Messwie-
derholung, dem Within-subject-Faktor „Sil-
benstruktur“ und dem Between-subject-Faktor 
„Erhebungsort“ zeigte einen signifikanten Ein-
fluss der Silbenstruktur [F (1,222)=20,262, 
p<0,05], während der Einfluss des Faktors 
„Erhebungsort“ knapp nicht signifikant war 
[F (1,222)=12,589, p=0,07 n.s.]. 

 

Abbildung1: Alignment des F0-Gipfels nach Spre-
cherIn und Silbenstruktur 

Alignment des tiefen Zieltons 

Wie Abb. 2, in der das Alignment des tiefen 
Zieltons in Relation zum Onset der akzentuier-
ten Silbe nach SprecherIn und Silbenstruktur 
dargestellt wird, deutlich macht, zeigen die 
beiden Personen aus Nordtirol auch hier späte-
res Alignment; allerdings sind die regionalen 
Unterschiede in Bezug auf den tiefen Zielton 
deutlich geringer ausgeprägt, als dies beim F0-
Gipfel der Fall ist. Im Durchschnitt wird der 

tiefe Zielton im Pettnau um 23 ms später als in 
Salurn realisiert. 

Die beiden Personen aus Nordtirol realisie-
ren den tiefen Zielton knapp nach dem Sil-
benonset (in Abb. 2 durch die gestrichelte 
Linie dargestellt), während dieser in Salurn im 
Wesentlichen mit dem Silbenonset zusammen-
fällt. 

Auch in Bezug auf den tiefen Zielton ist der 
Einfluss des Faktors „Erhebungsort“ knapp 
nicht signifikant [ANOVA: F (1,197)=12,328, 
p=0,07 n.s.]. Im Unterschied zum Grundfre-
quenzgipfel sind beim tiefen Zielpunkt keine 
systematischen Zusammenhänge zwischen 
Silbenstruktur und Alignment beobachtbar.  

Abbildung 2: Alignment des tiefen Zielpunktes nach 
SprecherIn und Silbenstruktur  

Fokus und Alignment 

Eine getrennte Betrachtung der Alignment-
Werte nach den verschiedenen Fokusstrukturen 
(weiter Fokus im Satz und kontrastiver Fokus 
auf dem Item) zeigt, dass die Sprecherin und 
der Sprecher aus Nordtirol in beiden Fällen 
späteres Alignment des F0-Gipfels und des 
vorangehenden tiefen Zieltons als die Personen 
aus Salurn zeigen. Somit bestehen die regiona-
len Unterschiede im Alignment unabhängig 
von der Fokusstruktur.  

Wie Abb. 3 zeigt, führt kontrastiver Fokus 
im Vergleich zu weitem Fokus zu keinen sys-
tematischen Veränderungen beim Alignment 
des F0-Gipfels: Sprecherin n0011 zeigt eine 
signifikante [ANOVA: F (1,58)=3,998, 
p<0,05], Sprecherin s0011 eine leichte Verla-
gerung des F0-Gipfels nach hinten. Sprecher 
n0010 verschiebt den F0-Gipfel von weitem zu 
kontrastivem Fokus ein wenig nach vorne 
(nicht signifikant), Sprecher s0026 zeigt keine 
Änderungen im Alignment. 
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Abbildung 3: Alignment von H in Relation zum 
Onset des Vokals nach SprecherIn und 
Fokusstruktur 

Diskussion  
Es wurde deutlich, dass zwischen dem un-

tersuchten Nordtiroler und Südtiroler Dialekt 
tatsächlich Unterschiede beim Alignment von 
steigenden Pitch-Akzenten bestehen: Der F0-
Gipfel wird in Südtirol deutlich früher reali-
siert als in Nordtirol, der tiefe Zielpunkt vor 
der Anstiegsbewegung tendenziell früher. Be-
merkenswert ist, dass die Personen aus Südti-
rol selbst im Vergleich zu einer 
mitteldeutschen Varietät (Düsseldorf, vgl. Mü-
cke et al. 2009) früheres Alignment aufweisen. 
Damit wird klar, dass die Erkenntnis, dass 
Varietäten im Süden des deutschen Sprach-
raums späteres Alignment als im Norden zei-
gen (vgl. Atterer & Ladd 2004), nicht für den 
gesamten Süden des deutschen Sprachgebiets 
verallgemeinert werden darf. Vielmehr scheint 
es im äußersten Süden hin zur italienischen 
Sprachgrenze zu einer Trendumkehr in Form 
eines früheren Alignments zu kommen. Ob 
dieses Phänomen möglicherweise sprachkon-
taktinduziert ist, werden weitere Ergebnisse 
zeigen. 
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Abstract 
A recent study showed that questions and state-
ments with final rising intonation can be distin-
guished through the phonetic realization via 
pitch scaling in German (Michalsky 2014, 
2015a, 2017). This study investigates whether 
statements and questions with final falling into-
nation show comparable phonetic differences in 
pitch scaling (cf. Brinckmann and Benzmüller 
1999). To answer this question, we conducted a 
reading task to compare the phonetic realiza-
tion of intonation in statements and nearly 
string identical wh-questions. The results show 
that the nuclear accent peak in wh-questions 
was realized about 2 semitones higher than in 
statements. This suggests that similar to yes/no-
questions and incomplete statements 
(Michalsky 2014, 2015a, 2017), wh-questions 
can be distinguished from otherwise intonation-
ally identical statements through phonetic pitch 
scaling. Furthermore, the continuous nature of 
this effect supports the claim that the phonetic 
realization of questions functions to signal a 
continuous questioning attitude of the speaker 
rather than a categorical grammatical function.  

Introduction 
The intonation of wh-questions can be inves-

tigated from a phonological as well as phonetic 
point of view. Earlier studies of German intona-
tion are primarily concerned with intonational 
phonology and thus the choice of intonation 
contour. Those studies find that wh-questions 
are typically realized with the same falling into-
nation contour as prototypical complete state-
ments (cf. Oppenrieder 1988, Féry 1993, Grice 
& Baumann 2002). Accordingly, it is often as-
sumed that wh-questions and statements cannot 
be distinguished through intonation. However, 
some earlier studies found that yes-no-questions 
and incomplete statements that were realized 
with the same final rising intonation contour can 
be distinguished through the phonetic realiza-
tion as questions show a significantly greater 
excursion of the final rise (Kuhlmann 1931, von 
Essen 1964, Batliner 1989). This was recently 
confirmed (Michalsky 2014, 2015a, 2017).  

From a theoretical perspective the boundary 
tone constitutes a fitting domain to signal prag-
matic function since it is assumed to cue mean-
ing spanning the whole intonational phrase 
(Pierrehumbert & Hirschberg 1990, Peters 
2014). This poses the question whether ques-
tions and statements can be distinguished pho-
netically when realized with falling intonation 
and thus a low boundary tone instead of rising 
intonation and a high boundary tone. According 
to previous research there are four possible 
places for phonetic scaling that need to be con-
sidered. 1) the height of the final boundary tone 
as found by Michalsky (2014, 2015a, 2017) for 
rising intonation, 2) the height of the nuclear 
peak as found by Brinckmann and Benzmüller 
(1999) for German wh-questions, 3) the postnu-
clear low tone preceding the final boundary tone 
as suggested by Haan (2002) for wh-questions 
in Dutch, or 4) the prenuclear peak as suggested 
by Petrone and Niebuhr (2014) among others. 

Furthermore, Michalsky (2014, 2015a, 2017) 
found pitch scaling of the final rise to distin-
guish not only questions from statements but 
also different question types. The differences 
could also perceptually be associated with a 
questioning attitude, suggesting that this results 
from the phonetic continuum corresponding to 
a continuum in meaning rather than a question 
category also proposed by Batliner (1989). 
Finding phonetic effects in wh-questions as 
well would lend further support to the hypothe-
sis of a continuous meaning. 

We arrive at the following research ques-
tions: Does the pragmatic function significantly 
affect the phonetic realization of wh-questions 
and complete statements with the same intona-
tion contour? According to the research back-
ground we investigate phonetic cues in the 
prenuclear accent, the nuclear accent, the post-
nuclear low and the final boundary tone. 

Method 

Speakers 

17 female speakers participated in the exper-
iment. All participants were native speakers of 
Standard High German, born and raised in the 
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northwest of Lower Saxony and between 22 and 
29 years old. At the time of the experiment, all 
of them were enrolled at the University of Ol-
denburg. The decision to include only female 
speakers is based on the results of Michalsky 
(2014, 2015a, 2017), who found no effect of 
speaker sex on the phonetic effects of pragmatic 
function. 

Material 

Since the aim of this study is to compare 
complete questions and statements with final 
falling intonation, we chose wh-questions as a 
question type since these are typically realized 
with falling intonation in read speech (cf. Op-
penrieder 1988, Féry 1993, Grice & Baumann 
2002). Furthermore, wh-questions show verb-
second order. Accordingly, they can be de-
signed almost string identically to statements 
with the exception of the subject position, which 
is substituted by the wh-word. We included a 
modal verb to move the lexical verb into phrase 
final position thereby increasing the postnuclear 
stretch. An example of the target structure is 
given in figure 1. 

(1) Wh-question: 
Wer will nachher zu X gehen? 
%LH*L                       H*LL% 
Who wants to go to X later? 
Statement: 
Y will nachher zu X gehen. 
%LH*L                     H*LL% 
Y wants to go to X later. 

For the lexical item in the object position (X), 
the item expected to receive the nuclear accent, 
we chose proper names. All names consisted of 
exclusively sonorous segments and two sylla-
bles with a trochaic rhythm. The second syllable 
always ended in a Schwa (e.g. Suse [ˈzuː.zə] or 
Narne [ˈnaː.nə]). The subject position (Y) was 
either also occupied by a proper name in the 
case of a statement or the wh-word wer (who) in 
wh-questions. The proper names in subject po-
sition consisted of three syllables, only sono-
rous segments, ended in Schwa, and received 
lexical stress on the second syllable (e.g. 
Simone [zi.ˈmoː.nə] or Hermine [hɛɐ̯.ˈmiː.nə]). 
While the modal verb was kept constant, the 
lexical verb alternated between gehen (go) and 
bleiben (stay). 16 lexical variants were included 
for both statements and wh-questions and the 
material complemented by 192 filler sentences. 
The 224 sentences were added to a randomized 
list with the restriction that every target item 
was followed by at least one filler sentence. 

Procedure 

The sentences were presented visually one by 
one via a PowerPoint© presentation. A short 
break was included every 56 slides. Misread 
sentences were repeated after the list was com-
pleted. The subjects were instructed to read 
every sentence in silence before reading them 
out loud to avoid hesitation and to ensure under-
standing of the whole sentence structure. Re-
cordings were made in an audio cabin at the 
University of Oldenburg using a Samsung Me-
teor microphone at a sampling rate of 48 kHz 
and 16-bit resolution. 

Acoustic analysis 

Prior to the acoustic analysis the material was 
tonally annotated using the German adaptation 
of the ToDI system (Gussenhoven 2005) by Pe-
ters (2014). Since the study focusses solely on 
the phonetic realization, only utterances with a 
final falling intonation contour (ToDI: H*LL%, 
GToBI: H* L-L%) realized in a single intona-
tion phrase were analyzed. Furthermore, only 
utterances showing a prenuclear peak on the 
subject/wh-word or no prenuclear peak at all 
were selected. All deviating tonal structures 
such as early peaks, late peaks, or downstepped 
tones were excluded. Effects of tone-linking ex-
ceed the scope of this paper. 

 
Figure 2: Points of measurement for the acoustic 
analysis. 

As illustrated in figure 2, seven points of 
measurement were determined: the prenuclear 
onset, the prenuclear peak, the prenuclear off-
set, the nuclear onset, the nuclear peak, the nu-
clear offset, and the low final boundary tone. 
Additionally, five relative measurements were 
calculated: the prenuclear rise and fall, the nu-
clear rise and fall, as well as the final fall (meas-
ured from the nuclear peak to the final boundary 
tone). The measurements were taken in Hz and 
converted into semitones to a base of 50Hz (cf. 
Nolan 2003, Michalsky 2016). 
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Statistical analysis 

We conducted linear mixed effect models us-
ing SPSS© with PRAGMATIC FUNCTION (wh-ques-
tion/statement) as a fixed factor and ITEM and 
SPEAKER as random factors. As dependent varia-
bles we used the absolute phonetic measure-
ments prenuclear onset, prenuclear peak, 
prenuclear offset, nuclear onset, nuclear peak, 
nuclear offset, and the final boundary tone as 
well as the relative measurements prenuclear 
rise, prenuclear fall, nuclear rise, nuclear fall, 
and final fall. Additionally, a parametric rating 
was used to determine the effect of the fixed 
factor per dependent variable (Schendera 2014). 

Results 
As a main result, our study shows that wh-

questions are realized with a significantly 
higher nuclear peak than statements. The nu-
clear peak is about 2.08 ST higher in wh-ques-
tions (F(1, 97.95)=37.68, p<.001) as illustrated 
in figure 3. 

 
Figure 3: Phonetic effects of PRAGMATIC FUNCTION for 
the nuclear peak. 

Additionally, the nuclear onset is on average 
0.74 ST higher (F(1, 126.07)=5.16, p<.05) and 
the nuclear offset 0.66 ST higher (F(1, 
103.3)=8.82, p<.01). However, the final bound-
ary tone shows no significant effects. Accord-
ingly, the nuclear accent is raised as a whole but 
excluding the final boundary tone.  

Effects for the prenuclear region are scarce. 
The results for the prenuclear onset and the 
prenuclear peak yield no significant results but 
the prenuclear offset is lowered by about 1.01 
ST in wh-questions compared to statements 
(F(1, 91.17)=6.44, p<.05).  

Differences in the absolute parameters be-
tween questions and statements also result in 
differences in the relative parameters. For the 
prenuclear region, the prenuclear rise shows no 
significant variation while the prenuclear fall is 
about 1.64 ST greater in wh-questions than in 

statements (F(1, 56,34)=23,93, p<.001). Fur-
thermore, while the nuclear region is raised as a 
whole, the dimensions between the tonal targets 
change since the nuclear peak is raised by a 
greater magnitude than the onset and the offset. 
The nuclear rise is on average 1.07 ST greater 
(F(1, 114.21)=6.96, p<.01), the nuclear fall 1.42 
ST greater (F(1, 116.5)=22.96, p<.001) and the 
final fall 1.89 ST greater (F(1, 124.23)=27.85, 
p<.001) in wh-questions compared to state-
ments. 

Discussion 
The results of this study suggest that wh-

questions and statements with the same final 
falling intonation contour can be distinguished 
through the phonetic realization. Furthermore, 
we can provide insight on the four possible 
places for phonetic scaling effects.  

Firstly, similar to Michalsky (2014, 2015a, 
2017), who found no effects for the high bound-
ary tone, we do not find effects for the final low 
boundary tone. Although the nuclear region as 
a whole shows a significant raising in wh-ques-
tions, this does not affect the final boundary 
tone.  

Secondly, Brinckmann and Benzmüller 
(1999) found wh-questions to differ from state-
ments by a significantly higher nuclear accent 
peak. This assumption is strongly supported by 
our study. Furthermore, we want to point out 
that the differences in nuclear peak height be-
tween wh-questions and statements of 2 semi-
tones are of precisely the same magnitude as the 
differences in the excursion of the final rise be-
tween rising questions and statements found by 
Michalsky (2014, 2015b, 2017).  

Thirdly, the effects on the nuclear pitch ac-
cent are not restricted to the peak. Both the nu-
clear onset and the postnuclear low are raised as 
well resulting in an overall raising of the nuclear 
accent. This is compatible with Haan’s (2002) 
finding for Dutch. Note that Haan (2002) argued 
that the raising of the postnuclear low in her 
data was a secondary effect caused by anticipa-
tion of a final rising movement typical for Dutch 
wh-questions which was absent in our study. 
However, it is possible that the raised postnu-
clear low is a consequence of the raised nuclear 
peak due to which the nuclear fall cannot return 
to the same baseline as in statements. Conse-
quently, the raised postnuclear low may be re-
garded as a secondary effect after all. 

Fourthly, we did not find effects on the 
prenuclear region as reported by Petrone and 
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Niebuhr (2014). The prenuclear fall was even 
shallower in questions than in statements con-
tradicting previous findings. However, we sug-
gest that the co-occuring raise of the prenuclear 
offset does not serve as a question cue on its 
own but was instead caused by the raising of the 
nuclear accent. Accordingly, it is possible that a 
lower prenuclear offset and steeper prenuclear 
fall as reported by Petrone and Niebuhr (2014) 
could be found with more segmental material 
between the prenuclear and the nuclear accent. 

As regards the theoretical implication of the 
results mentioned above, the findings show that 
wh-questions can be distinguished from state-
ments via their continuous phonetic realization. 
Since this function is not implemented through 
a categorical distinction in boundary tones it 
seems that the question cue can appear some-
where in the utterance supporting the assump-
tion of a paralinguistic notion of questioning. 

So far, the results are restricted to read speech 
and it remains an open question whether the dif-
ferences between wh-questions and statements 
also hold for spontaneous speech (cf. Michalsky 
2015a, 2017). Furthermore, although Michalsky 
(2015b, 2017) reported the perceptual relevance 
of differences in final rise excursion of the same 
size, this finding may not be directly generaliza-
ble to nuclear pitch accents and need to be 
tested. Lastly, this experiment only included 
wh-questions as a question type realized with a 
final falling contour. Since wh-questions are 
lexically marked they may show a different be-
havior than for example polar questions with fi-
nal falling intonation. Accordingly, this also re-
mains a topic for further research. 
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Abstract 
Cluster analysis is a way of classifying 
individual cases into groups on the basis of their 
similarity in respect of a defined set of 
variables. In this investigation, our cases are 99 
male speakers of Southern Standard British 
English, matched for age and occupation. The 
classifying variables are the perceptual ratings 
given by three phoneticians to these speakers on 
32 settings of the Vocal Profile Analysis 
scheme, one of the most widely used protocols 
to assess voice quality perceptually. The results 
reveal that it is possible to distinguish at least 
two speaker clusters. The forensic implications 
of these results are discussed. 

Introduction 
Investigations of voice similarity have 

become increasingly important in research 
fields such as voice casting (Obin & Roebe 
2016). Different methodologies have been 
proposed for the development of computer-
aided voice casting to determine the target 
actors that are most similar to the voice of a 
source actor. There are also forensic 
applications of voice similarity research, such 
as the design and validation of voice parades, 
i.e. the perceptual equivalent of a visual 
identification line-up (de Jong et al. 2015). 
These are used when someone has been witness 
to a crime wherein she/he could not see the 
perpetrator’s face but could hear him/her speak. 
In such situations, forensic phoneticians may be 
requested to construct a voice parade. To ensure 
that ear witness evidence is conducted fairly, the 
forensic expert must choose a set of similar 
voices to the suspect (foils). After the line-up 
design and validation, earwitnesses are asked if 
they can recognize the offender’s voice from the 
selection of voices. 

Ensuring a good selection of foils is vital to 
ensure the parade is fair for both the witness and 
the suspect. One undesirable effect occurs when 
the suspect’s voice stands out because it is not 

similar enough to the foils, and consequently it 
is too easy for the earwitness to pick out – even 
if the suspect were not in fact the offender. This 
may lead to a miscarriage of justice. 

Although some proposals exist on how to 
measure speaker similarity for voice parades (de 
Jong et al. 2015), in this investigation we tackle 
the under-researched question of voice quality 
(VQ) similarity. The VQ of a speaker might be 
described by a non-expert listener as ‘deep’ and 
‘hoarse’. A phonetician might describe the same 
voice by using terms such as ‘expanded 
pharynx’ and ‘tense larynx’. VQ is thus defined 
as the quasi-permanent quality of a speaker’s 
voice resulting from a combination of long-term 
laryngeal and supralaryngeal settings. The 
Vocal Profile Analysis (VPA) scheme in 
particular is a componential approach to the 
perceptual assessment of VQ. In this protocol, 
VQ is seen as emerging from various 
components or settings, defined in relation to a 
‘neutral setting’. The version used here 
comprises 32 settings: 21 supralaryngeal, 7 
laryngeal and 4 referring to muscular tension 
(San Segundo et al. 2017). A 3 point scale was 
used to judge the degree of deviation from 
neutral. The points were defined as ‘slight’ 
(degree 1), ‘marked’ (2) and ‘extreme (but non-
pathological)’ (3).  

Materials and methods 

Speaker corpus 

Data for analysis were extracted from Task 2 
of the DyViS corpus (Nolan et al. 2009), which 
contains recordings of 100 non-pathological 
male speakers of Standard Southern British 
English (SSBE) aged 18-25 in a semi-scripted 
telephone conversation. These are high-quality 
recordings (44.1 kHz sample rate, 16-bit 
resolution) with around 7 minutes net speech. 
One speaker was excluded because of technical 
problems with his recording.  
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Perceptual assessment 

Three phoneticians (the three first authors) –
all trained in the VPA protocol– conducted the 
perceptual evaluation of the voices. They 
followed a two-stage methodology: a pilot 
assessment of 10 randomly selected subjects, 
followed by a calibration meeting (San Segundo 
et al 2017). Analysts then produced the 99 VPA 
ratings independently (i.e. a blind procedure) 
and a cross-coder calibration process produced 
agreed ratings for each speaker. Overall inter-
rater agreement was high (82.6% absolute 
agreement and 89.1% agreement within 1 scalar 
degree). Unweighted Fleiss’ kappa ranged 
between moderate and substantial agreement 
(San Segundo et al. 2017).   

Cluster analyses 

Selecting squared Euclidean distances, we 
followed two cluster methods (using IBM SPSS 
Statistics 24):  

(1) Hierarchical method: : Since non-
hierarchical clustering requires specifying the 
number of clusters (i.e. an arbitrary decision), 
we first implemented a hierarchical method to 
define the number of clusters (Ward’s method). 
This computes the sum of squared distances 
within clusters and then aggregates clusters with 
the minimum increase in the overall sum of 
squares.The number of clusters was determined 
at the step where the distance coefficients 
showed a greater difference in the 
agglomeration schedule; this was checked 
visually in the scree diagram. In this instance, 
the number of cases (99) minus the step where 
the greatest coefficient difference was found 
(97th) gave two clusters. 

(2) Non-hierarchical method: A non-
hierarchical procedure, k-means, was used to 
properly form the clusters. Under this approach, 
the number k of clusters is fixed (here: two 
clusters) and an initial set of k ‘seeds’ 
(aggregation centers) is provided. Given a 
certain threshold, all units are assigned to the 
nearest cluster seed. New seeds are computed 
until no reclassification is necessary.  

Results  

Hierarchical Ward’s method 

This method revealed that the speakers split 
into two main clusters. On the one hand, 
hierarchical clustering presents the 
disadvantage that results are affected by the way 

in which the variables are ordered. In this case, 
the 32 VPA settings were ordered following 
anatomical progression from lips to larynx (‘lip 
rounding’ to phonation settings such as ‘creak’; 
see Table 1). On the other hand, this type of 
clustering has the advantage of allowing 
dendrogram representations, a type of tree 
structure that fosters the understanding of data 
relations by placing similar cases together and 
positioning relatively unrelated cases at a 
greater distance (Figure 1). 

Non-hierarchical k-means method 

This analysis showed that 53 speakers 
belonged to Cluster 1 and 46 speakers to Cluster 
2. Table 1 shows the final cluster centers, where 
all variables are assigned either to Cluster 1 or  
Cluster 2. The settings that contribute most to 
the separation of the clusters present higher 
average values in one cluster than in the other. 
The following settings (p-value) belong to 
Cluster 1: ‘lowered larynx’ (4.1 x 10-15), ‘lax 
larynx’ (1.7 x 10-13), ‘creaky’ (5 x 10-6) and 
‘breathy’ (1.3 x 10-5). Cluster 2 contains the 
following settings (p-value): ‘raised larynx’ 
(9.1 x 10-13), ‘tense larynx’ (6.6 x 10-11), ‘harsh’ 
(2 x 10-6) and ‘whispery’ (3 x 10-3).  
Table 1. Final cluster centers (supralaryngeal 
settings 1-21; muscular tension settings 22-23; 
laryngeal settings 24-32). ANOVA test significance 
level: * p <0.01 ** p <0.001 

 Cluster 1 Cluster 2 

1. Lip rounding .02 .00 
2. Lip spreading .08 .02 
3. Labiodentalisation .00 .00 
4. Extensive labial range .00 .00 
5. Minimised labial range .00 .00 
6. Close jaw .00 .02 
7. Open jaw .00 .00 
8. Extensive mandibular range .00 .00 
9. Minimised mandibular range .04 .09 
10. Advanced tongue tip .70 .96 
11. Retracted tongue tip .06 .00 
12. Fronted/raised tongue body 1.26 1.28 
13. Backed/lowered tongue body .00 .00 
14. Ext. lingual range .04 .02 
15. Min. lingual range .00 .04 
16. Pharyngeal constriction .00 .07 
17. Pharyngeal expansion .06 .00 
18. Nasal 1.08 1.41 
19. Denasal .09 .04 
20. Raised larynx ** .04 .96 
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21. Lowered larynx ** 1.09 .04 
22. Tense vocal tract .62 .65 
23. Lax vocal tract .64 .59 
24. Tense Larynx ** .09 .93 
25. Lax Larynx ** 1.06 .11 
26. Falsetto .00 .00 
27. Creaky ** 1.53 .85 
28. Whispery * .02 .30 
29. Breathy ** 1.49 .74 
30. Murmur .08 .00 
31. Harsh ** .11 .70 
32. Tremor .00 .00 

 
The settings mentioned above are the ones 

that contribute most to the separation of the two 
clusters. They point to very different VQ 
configurations from an articulatory point of 
view; mutually exclusive configurations in the 
case of ‘lowered larynx’ vs. ‘raised larynx’, and 
‘lax larynx’ vs. ‘tense larynx’. Since the 
observed significance level for the remaining 
VPA settings was large (p > 0.01), they cannot 
be considered to contribute much to the 
separation of the clusters.  

Figure 1 is the dendrogram representation 
following the Ward’s cluster method. Here, the 
speakers highlighted in bold were the ones 
classified as belonging to Cluster 2 by the k-
means method. As it can be seen, most of these 
classifications are coincident (large bold box at 
the bottom right-hand corner). However, 20 
speakers were classified differently by each 
method: speakers in individual bold boxes were 
classified as belonging to Cluster 1 by the 
Ward’s method but belonging to Cluster 2 by 
the k-means method.  

Discussion 
Cluster analysis allows us to find patterns in 

large data sets. However, the choice of one 
clustering technique over others leads to 
slightly different results, as shown in this 
investigation. Although the number of 
differently classified speakers in the 
hierarchical Ward’s method in comparison with 
the non-hierarchical k-means method is 
relatively small, it serves to raise the question of 
which method is more suitable for this type of 
data. We suggest that k-means is a better 
method for drawing meaningful distinctions 
between speakers. On the one hand, the fact that 
this method is not influenced by the order of the 
variables makes it more robust (the analysis is 
stable even if cases are dropped). On the other 

hand, the k-means classification fulfils the 
requirements for a robust classification (Eppler 
& Stoyko 2011): it must be simple and clear, 
contain meaningful groupings, and above all, it 
should be consistent with established theories. 
The fact that ‘raised larynx’ and ‘lowered 
larynx’, together with their constellation of 
related settings, differentiate the two clusters is 
in line with phonetic theory. For instance, 
‘harsh’ phonation (Cluster 2) is achieved with 
strong adductive glottal tension and 
fundamental frequencies (f0) consistently 
above 100 Hz. ‘Creaky’ phonation (Cluster 1) 
occurs with f0 consistently below 100 Hz and is 
clustered together with ‘lax larynx’ (cf. 
articulatory description of ‘creaky’ in Laver 
1980). Note, however, that different types of 
‘creaky’ may exist with varying degrees of 
laryngealization (Keating & Garrellek 2015). 
This could explain that many speakers 
evaluated as ‘creaky‘ can be found in both 
clusters.  

 Conclusion 
The aim of this study was to explore 

clustering methods to distinguish perceptually 
similar speakers on the basis of VQ ratings. The 
fact that two main clusters were found even 
within a homogeneous population of same-
sociolect speakers has forensic implications. 
For instance, it suggests the importance of 
annotating speaker databases with VPA 
information prior to a new voice parade design. 
This methodology would enable an automatized 
search of the most similar set of foils for each 
suspect. This would allow for optimization of 
resources by law enforcement agencies, with a 
considerable reduction in the time and costs 
currently involved in the design of voice 
parades. It would also minimize the subjectivity 
involved in the selection of voices.  

Cluster analysis is not novel in 
forensic/biometric investigations (Fong 2012) 
or sociophonetics (Ferragne & Pellegrino 
2010). However, while these techniques have 
been widely used with a range of acoustic 
features, to our knowledge they have not yet 
been explored with perceptual ratings or 
discussed in relation to voice parades. The 
potential of perceptual ratings to identity 
cohorts of perceptually similar speakers seems 
clear. Previous studies have been largely 
confined to acoustic measures such as vowel 
formants and f0 (Kelly et al. 2016) or MFCCs 
(Adachi et al. 2009). The shortcoming of purely 
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acoustic methods is that they disregard the fact 
that acoustic similarities may not be 
perceptually salient for a naïve listener in 
judging speaker similarity.  

Future investigations will examine the extent 
to which auditory expert ratings are comparable 
with the similarity ratings of naïve listeners, 
thereby further testing the appropriateness of 
the method in voice line-up construction.  

References 
Adachi, S. Kawamoto, T. Yotsukura, S. Morishima, 

& S. Nakamura (2009). Automatic voice 
assignment tool for Instant Casting movie 
System, IEEE International Conference on 
Acoustics, Speech and Signal Processing, 
pp.1897-1900. 

Beck, J. (2007). Vocal profile analysis scheme: a 
user’s manual. Edinburgh: Queen Margaret 
University College-QMUC. 

Eppler, M.J. & Stoyko, P. (2011). Drawing 
distinctions: The visualization of classification. 
MCM working paper, no. 2, Univ. St. Gallen. 

Ferragne, E. & Pellegrino, F. (2010). Vowel systems 
and accent similarity in the British Isles: 
Exploiting multidimensional acoustic distances 
in phonetics. Journal of Phonetics, 38 (4), 526-
539. 

Fong, S. (2012). Using hierarchical time series 
clustering algorithm and wavelet classifier for 
biometric voice classification. BioMed 
Research International. Article ID 215019 

de Jong, G., F. Nolan, K. McDougall & T. Hudson. 
(2015). Voice lineups: a practical guide. In 
ICPhS 2015 – 18th International Congress of 
Phonetic Sciences, August 10–14, Glasgow, 
UK. Paper number 1041.1-9. 

Keating, P. & Garrellek, M. (2015). Acoustic 
analysis of creaky voice, LSA Annual Meeting. 

Kelly, F., Alexander, A., Forth, O., Kent, S., Lindh, 
J. & Åkesson, J. (2016). Identifying 
Perceptually Similar Voices with a Speaker 
Recognition System Using Auto-Phonetic 
Features. In INTERSPEECH 2016, September 
8–12, San Francisco, USA, pp. 1567-1568. 

Laver, J. (1980). The phonetic description of voice 
quality, Cambridge: CUP. 

Nolan, F. K. McDougall, G. de Jong & T. Hudson 
(2009). The DyViS database: style-controlled 
recordings of 100 homogeneous speakers for 
forensic phonetic research. IJSLL, 16, 31-57. 

Obin, N. & A. Roebe (2016). Similarity search of 
acted voices for automatic voice casting,” 
IEEE/ACM Transactions on Audio, Speech, 
and Language Processing, 24 (9), 1642-1651. 

San Segundo, E., Foulkes, P., French, P., Harrison, 
P., Hughes, V. & Kavanagh, C. (under review). 
The use of the Vocal Profile Analysis for 
speaker characterisation: methodological 
proposals.  

Figure 1. Dendrogram (Ward’s method). 
Bold: Cluster 2 speakers with k-means. 

Proceedings P&P13

176



 

 

Zur Wirksamkeit von explizitem Aussprachetraining 
im Fremdsprachenunterricht: eine empirische Studie 

über deutsche Plosive bei italienischsprachigen Lernenden 

Stephan Schmid1, Giulia Pedrazzini2 
1Universität Zürich, 2Liceo cantonale di Bellinzona 

stephan.schmid@uzh.ch, giulia.pedrazzini@edu.ti.ch 

 

Abstract 

Die vorliegende Studie überprüft die Hypo-
these, wonach die Ähnlichkeit zwischen 
Sprachlauten von L2 und L1 sich erschwerend 
auf den Ausspracheerwerb in einer Fremd-
sprache auswirkt. Als Beispiel dient dazu die 
Artikulation der deutschen Plosive /p t k/ und 
/b d g/ durch italienischsprachige Lernende. 

Im Rahmen eines didaktischen Experiments 
in Bellinzona (Schweiz) wurden 20 Schüler im 
Abstand von einer Woche zweimal beim Lesen 
von Sätzen aufgenommen. Um die Wirksamkeit 
von explizitem Ausspracheunterricht zu über-
prüfen, erhielten 10 Schüler ein spezifisches 
Training bereits vor der zweiten Aufnahme, die 
anderen 10 Schüler hingegen erst nachher.  

Die akustische Auswertung der Stimmein-
satzzeit (VOT) liefert Evidenz für die Schwie-
rigkeit dieser ähnlichen Konsonanten. Tenden-
ziell realisierten die Schüler stimmlose Plosive 
mit kurzer VOT und stimmhafte Plosive mit 
negativer VOT. Das explizite Training scheint 
nur eine geringe Wirkung zu zeitigen: insge-
samt trat in beiden Gruppen keine signifikante 
Veränderung zwischen den beiden Aufnahmen 
ein. Immerhin wiesen 4 von 10 Schülern aus 
der Gruppe mit Aussprachetraining in der 
zweiten Aufnahme längere VOT-Werte auf. 

Die Wirksamkeit des Aussprache-
unterrichts: Stand der Forschung 

Die Wechselbeziehung zwischen Fremd-
sprachenunterricht und Aussprache von L2-
Lernenden war in den letzten Jahren vermehrt 
Gegenstand sowohl theoretischer Überlegun-
gen als auch experimenteller Forschung (Levis 
2017). So ergab etwa eine Inhaltsanalyse von 
75 empirischen Studien, dass expliziter 
Unterricht in 82% der Fälle eine Verbesserung 
der Aussprache bewirkt (Thomson & Derwing 
2015: 332). Allerdings bemängeln die beiden 
Autoren zum Teil methodische Schwächen und 
fordern für die einschlägige Forschung die 

Einhaltung gewisser Standards (S. 327). Dazu 
zählen die Replizierbarkeit der Experimente, 
das Vorhandensein von Kontrollgruppen und 
die so genannte ‘ökologische Valididät’ 
(gemeint ist die Datenerhebung im Schul-
zimmer). Gleichzeitig wird auf die fehlende 
theoretische Untermauerung in vielen Studien 
hingewiesen (S. 344). 

In unserem Beitrag wollen wir versuchen, 
diese  Erfordernisse zumindest ansatzweise zu 
erfüllen. So fand unser Experiment nicht im 
Labor, sondern in einem Gymnasium statt; das 
Untersuchungsdesign schliesst auch eine 
Kontrollgruppe ein. Vor allem aber versuchen 
wir eine Brücke zu schlagen zwischen Fremd-
sprachendidaktik einerseits und theoretischen 
Modellen der phonetischen L2-Forschung 
andererseits.  

Die Hypothese ‘ähnlich = schwierig’ in 
der L2-Forschung 

Zu den einflussreichsten Theorien des Laut-
erwerbs in einer Zweitsprache zählen das 
Speech Learning Model (SLM) von James E. 
Flege (siehe z.B. Flege 1995) und das 
Perception Assimilation Model (PAM) von 
Catherine T. Best in seiner L2-Variante (Best 
& Tyler 2007). 

Das SLM postuliert, dass geringfügige 
Unterschiede zwischen Sprachlauten einer L2 
und einer L1 von den Lernenden meist nicht 
wahrgenommen werden; diese wenden viel-
mehr eine Art ‘Äquivalenz-Klassifikation’ an 
(Flege 1995: 239). Auch das PAM-L2-Modell 
geht von der Lautperzeption aus und nimmt an, 
dass Lernende ihnen unbekannte L2-Laute an 
artikulatorisch ähnliche Laute ihrer L1 
‘assimilieren’ (Best & Tyler 2007: 22). 

Um die im wesentlichen identische Annah-
men der beiden Modelle zu überprüfen, stellt 
sich im konkreten Fall jeweils die Frage, 
welche Laute denn nun als ‘ähnlich’ und 
welche als ‘verschieden’ oder ‘identisch’ zu 
betrachten sind. Gerade die Plosive des 
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Deutschen und des Italienischen stellen aber 
vermutlich ein Paradebeispiel für ‘ähnliche’ 
Konsonanten dar. 

Kontrastive Beschreibung der deutschen 
und italienischen Plosive 

Sowohl das Phoneminventar des Deutschen 
als auch dasjenige des Italienischen enthalten 
zwei Reihen von Plosiven auf, die sich auf die 
drei ‘kanonischen’ Artikulationstellen (labial, 
koronal, dorsal) verteilen, nämlich /p t k/ und 
/b d g/ (siehe Kohler 1990: 48 und Bertinetto 
& Loporcaro 2005: 132). Aus einer phonologi-
schen Perspektive könnte man sogar von zwei 
identischen Phonemreihen sprechen, die sich in 
beiden Sprachen durch ein Merkmal 
[±stimmhaft] unterscheiden. 

Nun wird aber diese phonologische 
Opposition im Deutschen und im Italienischen 
phonetisch nicht gleich implementiert. Im 
Deutschen werden [p t k] vor Vokal aspiriert 
ausgesprochen (ausser sie folgen einem Frika-
tiv); demnach weisen sie eine lange Stimmein-
satzzeit auf. Die Plosive [b d g] haben wort-
initial eine kurze positive VOT, können inter-
vokalisch im Wortinnern aber auch stimmhaft 
(mit negativer VOT) realisiert werden (Kohler 
1995: 1957-158). Im Italienischen werden hin-
gegen [p t k] nicht aspiriert (Bertinetto & 
Loporcaro 2005: 133); die Plosive [b d g] sind 
in allen Kontexten voll stimmhaft und weisen 
eine negative VOT auf. 

Somit zählt Deutsch zu den aspirating 
languages und Italienisch zu den true voice 
languages (Beckman et al. 2013). Da beide 
Sprachen aber zwei Reihen von Plosiven an 
den gleichen Artikulationsstellen haben, 
können diese Konsonanten als ‘ähnlich’ be-
zeichnet werden. Wir vermuten deshalb, dass 
Sprachlernende die phonologisch irrelevanten 
Unterschiede in der phonetischen Realisierung 
nicht wahrnehmen – ganz im Sinne der vom 
SLM und PAM-L2 postulierten Annahme 
‘ähnlich = schwierig’. Konkret formulieren wir 
die folgenden zwei Hypothesen: 

H1: Die deutschen Plosive [p t k] werden 
von italienischsprachigen Lernenden mit kur-
zer VOT, also nicht aspiriert ausgesprochen. 

H2: Die deutschen Plosive [b d g] werden 
von italienischsprachigen Lernenden mit nega-
tiver VOT, also stimmhaft ausgesprochen. 

Falls diese Hypothesen zutreffen, ergibt 
sich dadurch ein geeignetes Feld zur Über-
püfung unserer allgemeinen Forschungsfrage: 

F1: Kann die Bewusstseinsmachung der 
phonetischen Unterschiede zwischen L1 und 
L2 durch expliziten Phonetikunterricht eine 
Veränderung in der Aussprache der Lernenden 
bewirken? 

Datenerhebung und didaktisches 
Experiment 

Um die beiden Hypothesen und die allge-
meine Forschungsfrage zu überprüfen, führten 
wir am Gymnasium Bellinzona (Kanton 
Tessin, Schweiz) ein didaktisches Experiment 
durch. Daran beteiligten sich 20 Schüler, von 
denen je 10 aus zwei Parallelklassen (1H und 
1L) stammten. Die Schüler waren im Durch-
schnitt 15 Jahre alt und hatten seit drei Jahren 
Deutschunterricht (3 Lektionen pro Woche). 

Die Schüler lasen 12 deutsche und italie-
nische Wörter in Trägersätzen, auf Deutsch Ich 
habe X gesagt und auf Italienisch Ho detto X 
due volte (‘Ich habe zweimal X gesagt’). Die 
zweisilbigen Zielwörter (X) befanden sich 
einer prosodisch prominenten Position und 
waren auch phonotaktisch möglichst gleich 
aufgebaut (vgl. Tabelle 1): es handelt sich um 
trochäische Füsse mit dem betonten Vokal /a/ 
und dem unbetonten Endvokal /e/ (bzw. Schwa 
im Deutschen). Die sechs zu untersuchenden 
Plosive kamen sowohl im Anlaut als auch im 
Inlaut vor. 
Tabelle 1. Gelesene deutsche und italienische 
Wörter nach Phonemen und Kontexten  

 Deutsch Italienisch 

 #__ V__V #__ V__V 

p packen Kappe pane ape 
b baden Abend banco fiabe 
t Tage hatte tanto fate 
d danke schade danno cade 
k kannte backen cassa poche 
g Gabel Frage gallo paghe 

 
Insgesamt besteht das Korpus aus 1920 

tokens (20 Schüler x 6 Plosive x 2 Kontexte x 
2 Sprachen x 2 Wiederholungen pro Aufnahme 
x 2 Aufnahmen). Die zweite Aufnahme fand 
eine Woche nach der ersten statt. Beide 
Klassen erhielten expliziten Ausspracheunter-
richt; allerdings erfolgte dieses Training bei 
der Klasse 1L vor der zweiten Aufnahme, der 
Klasse 1H erst nach der zweiten Aufnahme. 
Die Klasse 1H fungierte somit als Kontroll-
gruppe für das Experiment. 
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Dennoch sind in den Boxplots der Abb. 3 
gewisse Veränderungen zu erkennen. So 
nimmt bei beiden Klassen die Varianz in der 
zweiten Woche etwas zu; bei der Klasse 1L 
(mit Training) sinkt sogar der Median leicht. 
Vergleicht man nun die durchschnittlichen 
VOT-Werte der einzelnen Schüler aus der 
Klasse mit Aussprachetraining (Tab. 2), so ist 
bei 4 von 10 Schülern tatsächlich eine Zu-
nahme der VOT zu verzeichnen.  
Tabelle 2. Durchschnittliche Stimmeinsatzzeit (ms) 
von [p t k] der einzelnen Schüler mit Aussprache-
training in der ersten und zweiten Aufnahme 

Schüler 1. Woche 2. Woche Differenz 
AL 36 32 -5 
BD 22 38 16 
CT 27 25 -2 
GC 30 32 2 
ME 29 29 0 
MF 29 44 15 
MN 25 29 4 
RD 33 42 9 

RON 40 31 -10 
TL 44 57 14 

Mittelwert 31 36 4 

Diskussion 
Die akustischen Messungen von VOT und 

% Voice haben sowohl H1 als auch H2 bestä-
tigt, da die Schüler [p t k] kaum aspiriert und 
[b d g] weitgehend stimmhaft realisiert haben. 
Insgesamt liefert dieses Resultat somit Evidenz 
für die von den theoretischen Modellen SLM 
und PAM-L2 postulierte Hypothese ‘ähnlich = 
schwierig’. 

Die deutschen Plosive stellen in der Tat 
eine notorische Schwierigkeit im L2-Erwerb 
darstellen, insbesondere wenn die L1 wie im 
Fall des Italienischen zu den true voice lan-
guages gehört (Hirschfeld & Reinke 2016: 
223, 114). In Bezug auf die Produktion repli-
zieren unsere Ergebnisse den Befund einer 
früheren Studie bei italienischen Deutschler-
nenden, in welcher durch Aussprachetraining 
aber eine signifikante Verbesserung erreicht 
werden konnte (Dahmen 2013: 146). 

In unserem didaktischen Experiment 
scheint der explizite Phonetikunterricht hin-
gegen mehrheitlich keine Veränderung der 
Aussprache der Plosive bewirkt zu haben, was 
verschiedene Gründe haben mag. So war die 
Trainingsphase doch eher kurz. Auch hatten 
die Schüler keine Möglichkeit, anhand von 
Spektrogrammen ihre eigene Aussprache zu 
analysieren (im Sinne des Computer Assisted 
Pronunciation Training CAPT; vgl. Thomson 

& Derwing 2015). Ein wesentliches Resultat 
unserer Studie liegt somit in den bemerkens-
werten Unterschieden zwischen den einzelnen 
Schülern, welche die Forderung nach einer 
Individualisierung des Ausspracheunterrichts 
(vgl. Sperfeld 2007) untermauern. 
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Abstract 
This study reports on a production experiment 
investigating acoustic vowel shortening as a 
function of syllable structure in German. Ten 
speakers were recorded producing mono- and 
disyllabic target words differing in vowel 
quality (low, mid and high vowels) and in the 
number of coda consonants, that is, the 
number of consonants following the stressed 
vowel. The results show that the acoustic vowel 
duration is significantly shorter when (1) the 
number of coda consonants increases and (2) 
another syllable is added to the monosyllabic 
target words. The degree of vowel shortening 
is similar between (1) and (2), that is, adding a 
coda consonant to a monosyllabic target word 
with an open syllable shortens the vowel 
duration to the same degree as adding an 
entire syllable to this target word. In addition, 
our results show that all vowels, regardless of 
quality, undergo shortening, thus preserving 
their intrinsic durations. 

Introduction 
Compensatory vowel shortening describes 

the process whereby vowels are shortened 
when preceded or followed by one or more 
consonants. In general, there are two types of 
compensatory vowel shortening. First, it can be 
driven by the addition of syllables (syllable 
induced or polysyllabic shortening), that is, a 
stressed vowel in a trochaic target word is 
shortened in comparison to the same vowel in 
a monosyllabic word (Fowler, 1981; Vayra et 
al., 1999). 

Second, vowel shortening can be driven by 
the addition of onset or coda consonants (onset 
or coda induced compensatory shortening). 
Evidence for onset and coda induced 
shortening comes from a number of studies on 
English (Clements & Hertz, 1996; Munhall et 
al., 1992; Shaiman, 2001; van Santen, 1992). 
However, Marin & Pouplier (2010), Katz 
(2012) and Marin & Bucar Shigemori (2014) 
could show that this type of vowel shortening 
is not straight forward, but depends on the 

number and segmental identity of the added 
consonants. 

Specifically, Marin & Pouplier (2010) 
provided clear evidence for onset 
compensatory vowel shortening comparing CV 
and CCV target words in American English. 
They did not, however, find coda induced 
compensatory shortening (comparing the 
vowel duration in (C)VC and (C)VCC target 
words). Rather, the vowel duration remained 
unchanged unless the the first consonant in the 
coda cluster was the liquid /l/. This effect was 
corroborated by studies from Katz (2012) on 
American English and from Marin & Bucar 
Shigemori (2014) on Romanian.  

For German, Peters & Kleber (2014) found 
evidence for both onset and coda induced 
vowel shortening in monosyllabic German 
pseudowords of the structure (C)CV:C(C). 
They found that the acoustic duration of the 
phonologically long vowel /a:/ is shorter in 
target words containing onset or coda clusters 
compared to target words with a single onset or 
coda consonant. Similar results for German 
were obtained by Siddins et al. (2014) who 
report on an interaction between coda 
consonants and vowel tensity. More 
specifically, their data suggest that 
phonologically tense vowels may undergo 
shortening when followed by a consonant 
cluster compared to lax vowels that are not 
shortened in this position. 

The present study builds on these findings 
and aims to broaden our understanding of 
shortening effects on vowel duration. We 
conducted an experiment comparing coda 
induced vowel shortening versus syllable 
induced vowel shortening. Specifically, we 
tested whether vowel quality (height) has an 
effect on the degree of vowel shortening, and 
we examined the interaction between 
compensatory vowel shortening and intrinsic 
vowel duration, the latter presumed to be a 
phonetic universal (Maddieson, 1997). 
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(2014) suggest that short vowels (lax vowels) 
are not prone to compensatory shortening.   

In addition, our findings on syllable induced 
shortening are in line with Fowler (1981) and 
Vayra et al. (1999) in that vowels are longer in 
monosyllabic target words as compared to their 
counterparts in disyllables. Figure 5 illustrates 
the effects of coda induced and syllable 
induced shortening. We found that the 
presence of a coda and the presence of another 
syllable resulted in a similar degree of vowel 
shortening.  

 Importantly, vowel shortening did not 
interact with vowel quality, that is, all else 
being equal, low vowels were longer than mid 
and high vowels, and mid vowels were longer 
than high vowels. Hence, intrinsic vowel 
duration was maintained across all tested 
structures. In conclusion, we showed that 
compensatory vowel shortening does not affect 
the dependency between vowel height and 
duration, supporting the claim of universality 
by Maddieson (1997). 

 
 
 
 
 

Figure 4. Schematized coda induced vowel 
shortening 

 
 
 
 
 
 

Figure 5. Comparison of coda vs. syllable induced 
vowel shortening  
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Abstract 

This study examines the spoken production of 
gender-neutral nouns such as Freund*innen 
(friends) in German read speech. Analyses 
show that participants used several morpho-
syntactic and phonetic strategies to mark gen-
der-neutrality. Pronunciation strategies in-
clude lengthening of /I/ in the suffix, shift of 
lexical stress, pauses, and glottal stops. The 
vowel /I/ was significantly lengthened in gen-
der-neutral conditions in comparison with the 
baseline condition, which were expanded 
forms (e. g. Freunde und Freundinnen). Lexical 
stress was shifted not only to the penultimate 
syllable of the gender-neutral words, but also 
to that of the baseline items. This complicates 
the comparison to gender-neutral words and 
thus indicates that further studies should use 
simple female forms (e. g. Freundinnen) as 
baseline items. Furthermore, the number of 
errors committed while reading was signifi-
cantly higher in sentences containing a gen-
der-neutral word. 

Introduction 
In written German, there are several possi-

bilities of showing that a noun denoting a per-
son includes male, female and other genders as 
well: a capital ‘I’ inside the word, e. g. Freun-
dInnen (friends), an underscore or an asterisk 
preceding the suffix, e. g. Freund_innen or 
Freund*innen, or, in order to avoid such novel 
orthographic forms, the use of the generic 
masculine, e. g. Freunde. However, feminist 
linguistic and psycholinguistic research have 
shown and criticised that the generic masculine 
is most often associated with male and rarely 
with female persons (Hamilton 1988, Heise 
2000, Stahlberg & Sczesny 2001). 

Currently, there is no widely accepted 
standard for the pronunciation of the gender-
neutral forms, and this may pose difficulties 
for speakers of German. The existing proposals 
for the pronunciation of words with capital ‘I’, 
underscore, and asterisk oppose each other (see 
Heise 2000 vs. Pusch 2014). That is why this 

pilot study empirically investigates the pro-
nunciation of such nouns in read speech. 

Firstly, we hypothesize that speakers will 
employ a variety of morphosyntactic strategies 
when dealing with gender-neutral nouns, be-
cause there is no widely accepted pronuncia-
tion standard (H 1). It may also be the case that 
the condition (capital ‘I’, asterisk, underscore) 
influences the choice of a certain morphosyn-
tactic strategy since a capital ‘I’ may be pro-
cessed more easily as compared to asterisk and 
underscore forms (H 2). Secondly, we assume 
that there may be effects of specific target 
words and the speakers themselves on the cho-
sen pronunciation strategy on a morphosyntac-
tic level (H 3). Thirdly, speakers could also use 
phonetic markers such as pauses or a shift of 
lexical stress when reading gender-neutral 
nouns (H 4). 

Method 

Material and Participants 

25 sentences were taken from newspaper 
articles and websites of administration offices. 
They were modified so that they contained 
either one of the three chosen gender-neutral 
forms (I, *, _) or the fully expanded form (e. g. 
Freunde und Freundinnen, ‘male and female 
friends’) which served as a baseline. There was 
both a gender-neutral and a baseline version of 
all sentences. 

18 speakers (11f, 7m) with L1 German 
were recorded. One participant also spoke 
Greek and another participant had a slight 
speech impairment (stammer), but after exami-
nation of their audio material, both were in-
cluded in the analyses. Most of the participants 
came from Bavaria. They were divided into 
three age groups: five were teenagers of 16-17 
years, ten were students of 20-32 years, and 
three were retired persons of 84-88 years. To 
obtain reliable results, the age groups were not 
considered during the analysis. 

Proceedings P&P13

185



 

 

Procedu

Most
dio of t
Processin
made at 
experime
(Draxler
were sitt
saw sent
and ques
Each pa
them wit
with the 
end, they
the recor

The a
scribed1 
cally seg
2016). 
checked 
analyse 
lexical s
There ar
correspo
tiers for 
scription
stress. A
swers to
sponding
stress tie
a databa
available
Institute 
results in
phonetic
puted for

 

 
As ca

the num
divided b
lisecond
aged ove
allowed 
rate by 

               
1 The orth
requireme
deleting a
scores so 
graphema
that ortho
2 http://hd
FF39-F, 1

ure and Analy

t recordings w
the Institute 
ng in Muni
the elderly 

ent was des
r & Jänsch 
ting in front 
tences that th
stions which
articipant re
th gender-ne
fully expand

y answered 
rding. 
audio files w
using WebT

gmented via 
All target 
and correcte
the data in
tress was ad
re now 450

onding Text
orthography

n, phonetic 
Another 36 a
o the free q
g TextGrid f
er. The data 
ase called ‘
e in the CL

of Phonetic
n the analysi
c segments, 
r each speak

an be seen f
mber of word

by the durat
ds, and the re
er all senten
us to level o
dividing th

                      
hographic tran
ents of WebM
all symbols in
that the gend

atically equiva
ographic trans
dl.handle.net/1
10/10/2017. 

ysis 

were conduc
of Phonetic

ch (three re
participants

signed in Sp
2004). Th

of a screen 
hey were sup

h they had to 
ad 25 sente
eutral forms,
ded form (ba
two short q

were orthogr
Transcribe, t
 WebMAUS

words w
ed if necessa
 detail. For

dded in the an
0 audio files
Grid file w

y, canonical p
transcription

audio files c
questions, a

files have all 
has been tra

‘SprecherInn
LARIN Rep
cs.2 To obta
is of the dura
a speaking r

ker: 	 	44.1⁄
from this ps
ds for each 
tion of the se
esulting quot
nces for one
out differenc

he durations 

                       
nscription had

MAUS. This pr
ncluding asteri
der-neutral targ
alent to the fem
cription. 
11022/1009-0

cted in the st
cs and Spee
ecordings we
’ homes). T
peechRecord

he participan
on which th
pposed to re
answer freel

ences, half 
, the other ha
aseline). At t
questions abo

aphically tra
then automa
S (Kisler et 
ere manual
ary in order 
r this purpos
nnotation file
s, each with
which contai
phonemic tra
n, and lexic
contain the a
and the corr

but the lexic
ansformed in
nen’, which 
ository of t

ain comparab
ation of certa
rate was com

00  

seudo formu
sentence w

entence in m
tient was ave
 speaker. Th

ces in speaki
measured f

d to meet the 
rocess involve
isks and under
get words are 
male form in 

0000-0003-

tu-
ech 
ere 

The 
der 
nts 

hey 
ead 
ly. 
of 
alf 
the 
out 

an-
ati-
al. 
lly 
to 

se, 
es. 

h a 
ins 
an-
cal 
an-
re-
cal 
nto 

is 
the 
ble 
ain 
m-

ula, 
was 
mil-

er-
his 
ing 
for 

ed 
r-

ph
ra
re
Ex

R

G

m
th
sh
fo
w
gr
(s
m
re
no
m
co
Fr
in
Fr
ite
ca
A
di
th
an

Fi
gi
Se

pa
al
pe

  
3 I
ex
fo
in
sc

honetic segm
ate of the sp
esults were 
xcel. 

Results 

General Morp

During the
morphosyntac
he orthograph
hows that th
orm in 69%

which, in our
raphematical
see footnote 

modality, i. e.
elevant phen
ouns were 

means that th
onnected wit

Freundinnen)
ng in the el

Freundinnen)
ems which w
al equivalent

As expected, 
istribution o
he ‘I’ condit
nd asterisk co

igure 1: Dist
ies over all g
ee text for furt

Age does n
ants’ choice
lthough it m
eriment was 

                      
In absolute ter
xpansions and
or the gender-n
n comparison t
core. 

16%

female-lik
complete 
other

ments by the
peaker conce
obtained us

phosyntactic 

e linguistic an
ctic strategie
hic transcrip
e participant

% of all case
r orthograph
lly equivalen

1), but in 
on a phonet

nomena like 
completely

he male and
th a junction
, whereas th
lliptic expan
. The ‘male

were transcri
t to the male

there was 
f morphosyn

tion compare
onditions.3 

tribution of m
gender-neutral
ther explanati

not seem to 
e of morph

must be kept 
underpower

                     
rms, there wer

d about 10 % m
neutral nouns 
to the nouns w

7%
6%

2%

e form
expansion

e individual 
erned. All f

sing either R

Results 

nalysis, four
es were iden
ptions (H 1). 
ts used a fem
es. These a
hic transcrip
nt to the fem

the origina
tic level, the

glottal stop
y expanded
d female fo
n (e. g. Freu

he junction w
nsion (e. g. 
e form’ den
ibed as a gra
e form (e. g. 

a slightly 
yntactic strat
ed to the un

morphosyntac
l conditions (
ion. 

influence th
hosyntactic 
in mind tha

red with only

             
re less elliptic
more female-l
with capital ‘

with asterisk o

69%

elliptic expans
male form

speaking 
following 
R or MS 

r different 
ntified in 
Figure 1 

male-like 
are forms 
ption, are 
male form 
al spoken 
y include 
ps. Some 
d, which 
orm were 
unde und 
was miss-

Freunde 
nominates 
aphemati-
Freund). 
different 

egies for 
nderscore 

 
tic strate-
(‘I’, *, _). 

he partici-
strategy, 

at the ex-
y 18 par-

c and full 
ike forms 
I’ (H 2) 

or under-

sion

Proceedings P&P13

186



 

 

ticipants. However, there might be a tendency 
for people who have supposedly not been af-
fected by the public debate on gender-
neutrality, i. e. young and elderly people, to 
use the male form more often. Students did not 
use the masculine form at all. The sex of the 
participants did not influence their reading 
behaviour in this respect (t[16] = 0.51, p = 
0.49). 

Other observations in the analysis of the 
morphosyntactic strategies concern the seman-
tics of target words and speaker specific strate-
gies (H 3). For words that are associated with 
female domains, e. g. ‘feminists’ (FeministIn-
nen), participants more often chose to mark 
gender-neutrality phonetically, i. e. they chose 
the female-like strategy. There are also other 
explanations for the dominance of female-like 
forms in certain target words, such as length of 
word (e. g. Twitter-Nutzer_innen ‘Twitter us-
ers’ which might cause quite an effort in order 
to expand them fully or elliptically) or the ne-
cessity to add a suffix to the male plural form 
when expanding a gender-neutral noun (e. g. 
Pessimist*innen ‘pessimists’ which would be 
expanded to Pessimisten und Pessimistinnen). 
Some of the participants could be categorised 
by means of their consistency in choosing one 
or another morphosyntactic strategy. There 
were six participants who exclusively or al-
most exclusively used the female-like strategy, 
another seven who employed three or four 
strategies with a dominant use of either the 
female-like or the completely expanded form, 
and four participants who used the female-like 
form and elliptic expansion equally. The re-
maining participant used the female-like and 
male forms equally. 

Results for Reading Errors 

In contrast to the results of Rothmund & 
Christmann (2003), the reading flow was heav-
ily impeded if a sentence contained a gender-
neutral word. 69% of all errors occurred while 
reading gender-neutral sentences. Interestingly, 
there seems to be a correlation between the 
error rate and the difficulty rating which we 
asked the participants to give immediately after 
the experiment. Figure 2 shows that partici-
pants who rated the reading task as difficult 
made the most reading mistakes, and people 
who rated the task as easy misread less often 
than those who gave a mixed rating. The box-
plots also show that mistakes occurred more 
often in gender-neutral sentences than in the 

baseline condition. Statistics showed that the 
error count was significantly influenced by the 
condition4 for those participants who rated the 
texts to be difficult to read (t[3] = 3.16, p = 
0.05*). A tendency in the same direction was 
found for participants who rated the texts as 
easy (t[7] = 1.89, p = 0.1). However, t-tests 
carried out for the group which gave a mixed 
rating revealed no significance between the 
conditions as can also be seen in Figure 2. 

 
Figure 2: Error rate for gender-neutral (green 
boxes) and baseline forms (blue boxes), grouped by 
rating given after the experiment. 

When we analysed errors per condition, we 
found that most mistakes tend to be made in 
sentences with capital ‘I’ items, whereas the 
smallest amount of errors was committed in 
sentences with an underscore. But this might 
also be due to the design: Our sentences and 
words were strongly associated with single 
conditions (I, *, or _) and were not counterbal-
anced across subjects; there were also slightly 
more nouns with capital ‘I’ than with asterisk 
or underscore. 

Phonetic Results 

The last hypothesis (H 4) concerned pro-
nunciation strategies, i. e. the phonetic markers 
of gender-neutrality, which are to be found in 
female-like items. All durations are already 
normalised for speaking rate.  

Figure 3: Normalised duration in ms of /I/ in the 
suffix ‘innen’ for the three gender-neutral condi-
tions (‘I’, *, _) and the baseline items (notgender). 
                                                            
4 Gender-neutral vs. not gender-neutral. 
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First of all, there was a significant lengthen-
ing of the /I/ vowel in the gender-neutral suffix 
innen (t[487] = 2.51, p < 0.05*) in comparison 
to the baselines. Figure 3 plots the duration of 
this vowel for each condition. When grouped 
by condition, the difference between the ex-
panded5 baseline items and the asterisk forms 
is significant as well (t[151] = 2.37, p < 0.05*), 
whereas there is no significance for the under-
score (t[110] = 1.27, p = 0.2) or capital ‘I’ 
(‘uppercase’) items (t[118] = 1.37, p = 0.17). 

The lengthening of the /I/ vowel is probably 
a consequence of a shift of stress to this sylla-
ble. Shift of stress was observed in 38 % of all 
underscore and in 33 % of all asterisk items, 
but in only 22 % of all capital ‘I’ items. This 
finding can be explained by the fact that capital 
‘I’ items are visually like simple female forms, 
which is why participants did not “stumble” 
over the words while reading so that they did 
not have a motivation to mark the last two 
syllables of the words. Interestingly, lexical 
stress was shifted to the penultimate syllable of 
expanded forms in 27.5 % of all cases as well, 
thus indicating that participants felt the need to 
highlight the female part of the expanded form. 
We therefore conclude that the comparison of 
the three gender-neutral conditions and the 
baseline can only be taken as a tendency which 
should be examined in further experiments 
with other baseline items. 

Other phonetic markers of gender-neutrality 
besides a shift of stress and lengthening of the 
short vowel were pauses (mean = 93.4 ms, 
min = 29.2 ms, max = 301.8 ms) and glottal 
stops before the suffix. These two phonetic 
phenomena occurred far more often in gender-
neutral than in baseline words; there are 14 
glottal stops and 32 pauses in 282 gender-
neutral words (5 % and 11.4 %, respectively), 
but no glottal stops and only 2 pauses (0.7 %) 
in 269 expanded words. Thus, glottal stops and 
pauses might be interpreted as the stronger 
markers for gender-neutrality, and as such, 
participants may have found their use to be 
more appropriate in gender-neutral items with 
a striking orthography (i. e. asterisk, under-
score, and capital ‘I’ forms) than in traditional-
ly written female forms. 

Discussion 
This study investigated the spoken produc-

tion of gender-neutral words such as 

                                                            
5 In Figure 3 called “notgender“. 

Freund*innen, Freund_innen, FreundInnen in 
German compared to the fully expanded form 
Freunde und Freundinnen. Data was gathered 
by having participants read sentences contain-
ing words of either one of the three gender-
neutral or of the baseline condition. 

Results showed that participants used vari-
ous morphosyntactic and phonetic strategies to 
express gender-neutrality. Gender-neutral 
forms clearly affected reading flow, phonetic 
realisation, and the choice of a morphosyntac-
tic strategy. However, two weaknesses of the 
study must be considered. Firstly, the experi-
ment was underpowered with only 18 partici-
pants. That is why all results presented here 
can be taken as tendencies that will have to be 
examined further. Secondly, one of the phonet-
ic/phonological pronunciation strategies, 
namely shift of lexical stress, was also used for 
the baseline items. For further studies, it is 
recommended to choose other baseline items, 
e. g. simple female forms. 

It is often assumed that language change is 
driven by spoken language. However, some 
innovative conventions can emerge in writing 
with no clear spoken counterparts, as in the 
case of gender-neutral German nouns. To the 
best of our knowledge, this is the first paper 
showing German speakers’ strategies for deal-
ing with these linguistic devices for the written 
code when transferring them into the oral code. 
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Abstract 

The study investigates 238 paraphrases and 
corrections as two types of conversational self-
repair in French. Paraphrases establish 
semantic equivalence between repairable and 
repair, and they are prosodically deaccented. 
Corrections are defined by semantic difference 
and overaccentuation. Since in natural speech 
phonological cues are not used systematically, 
creaky voice and glottalized break-offs are 
considered as additional phonetic cues 
showing that paraphrases are less frequently 
marked phonetically than corrections and that 
they coincide with creak, especially when they 
are deaccented. Corrections strongly favor the 
use of preceding glottalizations, independently 
of accentuation. The findings are interpreted in 
the light of turn-taking, linguistic completeness 
before repair as well as co-occurring and 
compensating cues.  

Introduction  
Conversational self-repair is defined as a 

retrospective semantic modification of a 
repairable. The degree of modification varies 
from syntagmatic expansion or reduction of the 
repairable in paraphrases to annulation and 
paradigmatic substitution of the repairable in 
corrections (Gülich/Kotschi 1987, 1995). 
Corrections are therefore conversationally 
more “interventional” and prone to turn-taking 
when compared to paraphrases (Stahnke 2017). 
Examples (1) and (2) illustrate both types of 
self-repair, where the repairable is represented 
in boldface and the repair is underlined: 
(1) Paraphrase 
La croissance et la place de la France, cinquième 
puissance économique du monde, elles passent 
notamment par notre capacité à nous appuyer sur 
les acteurs français qui sont aujourd’hui à 
l’étranger. 
 
‘France’s [economic] growth and position, fifth 
economic power in the world, are notably due to 
our capacity to rely on the French who are currently 
abroad.’ 

(2) Correction 
La résistance, si je peux dire, la durée de Monsieur 
Bachar al-Assad était plus longue qu‘anticipé. 
‘The resistance, if I may say, the duration of Mister 
Bashar al-Assad was longer than anticipated.’    

The semantic differences of the repair types 
are reflected, among others, in their prosodic 
realizations. The intonational structure of 
paraphrases is deaccented compared to the 
surrounding discourse (e.g. Delattre 1966, 
Morel/Danon-Boileau 1998, Simon 2004). Fig. 
1 illustrates the intonational contour of the 
paraphrase cinquième puissance économique 
du monde (ex. 1) with successive downstep of 
final accents and standard accentuation of the 
preceding repairable (la place de la France) 
and the following discourse (elles passent 
notamment):  

 
Figure 1. Intonational structure of paraphrase 

Conversely, corrective repair is prosodically 
overaccented (e.g. Morel/Danon-Boileau 1998) 
and possibly followed by a deaccented 
structure until completion of the prosodic unit. 
Fig. 2 displays the correction la durée (ex. 2) 
with two overaccentuations on each syllable of 
the corrected item (du-, -rée). The postfocal 
lexical material of the IP (de Monsieur Bachar 
al-Assad) is deaccented (Di Cristo/Jankowski 
1999, Jun/Fougeron 2000), while the preceding 
repairable (la résistance) and the meta-
linguistic repair marker (si je peux dire) 
exemplify standard accentuation:  

 
Figure 2. Intonational structure of correction  
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Phonetic contextualization of 
conversational self-repair 

Phonological contextualization of self-repair 
in French has to date been principally 
restricted to intonation. Other phonetic and 
prosodic cues are generally mentioned for 
further research, but not investigated in any 
detail. However, the use of phonetic cues may 
be particularly salient in contexts of re-
contextualization, i.e. when type-distinctive 
intonational cues are not used for various 
conversational reasons (Stahnke 2016, 2017).  

Inspired by conversation-analytic work, 
creaky voice and glottalizations are considered 
in the current analysis. Creak is most generally 
used in turn-final position, while glottalizations 
are found in incomplete linguistic structures 
(e.g. Ogden 2001). Ogden (2001) further finds 
that creak is employed as a turn-yielding 
device whereas glottal stops signal turn-
holding in Finnish. Interestingly, Ogden’s 
(2001: 145) description of glottalization 
contexts directly corresponds to the definition 
of corrections used here (section 1): “Glottal 
stops are used in such places as one of a set of 
paradigmatic choices.” Since the semantic 
differences of the repair types importantly bear 
on turn-taking, creak and glottalizations may 
be highly relevant for the phonetic 
contextualization of self-repair. 

Advocating the integration of phonology 
and phonetics, Bergmann (2012) studies 
parentheses in spontaneous German, which 
share some functional similarities with self-
repairs (Stahnke 2017: 63-69). Her analysis 
includes, among many others cues, “break-offs 
indicated by glottal stops/glottalization” 
(Bergmann 2012: 114) and creaky voice. The 
majority of phonologically incomplete hosts 
preceding the parenthesis turns out to be 
contextualized prospectively by glottalizations 
(23/38=61%). Phonologically complete hosts, 
on the other hand, are never contextualized by 
glottalizations. Creak is mainly found at the 
beginning or the end of parentheses themselves 
as one retrospective contextualization cue.  

Methodology  
For the present study, a subset of the 

conversational self-repairs in Stahnke (2016) 
was analyzed (n=238). The self-repairs stem 
from ten private interactions between family 
members or friends and can therefore be 
characterized as highly authentic. All speakers 
agreed upon their conversations being recorded 

and analyzed for linguistic purposes. They 
were not informed about the research object 
until after the recordings. 19 subjects 
participated in the dialogic interactions (one 
took part in two conversations). The duration 
of each conversation is roughly ten minutes. 
The corpus consists of 31,468 words and 111 
minutes of conversational material, 
respectively.  

Self-repairs were prosodically transcribed 
with IVTS (Intonational Variation Transcrip-
tion System, Post et al. 2006) and coded for 
repair type and accentuation according to 
global and local criteria (Selting 1993). 
Repairables (or the lexical material preceding 
repair) were searched for glottalizations and 
repairs for creaky voice. The data were 
analyzed in a multivariate approach using 
Variable Rules Analysis (Tagliamonte 2006) 
with binary glottalization and creak variants 
representing the dependent variables. The 
independent variables are constituted by repair 
types (paraphrase, correction) and accentuation 
variants (standard, deaccentuation, overaccent-
uation) as factors conditioning the outcome of 
the phonetic variables. 

Results 
Table 1 summarizes the results of the 

phonetic contextualization of both repair types: 
Table 1. Phonetic contextualization of 
conversational self-repair 

total: 238 paraphrases  
70% (166) 

corrections  
30% (72) 

standard accentuation 57% (95) 53% (38) 
deaccentuation 40% (66) 26% (19) 
overaccentuation 3% (5) 21% (15) 
no phonetic contextualization 80% (133) 57% (41) 
phonetic contextualization 20% (33) 43% (31) 
- creak 94% (31) 32% (10) 
- glottalization 6% (2) 58% (18) 
- creak and glottalization - 10% (3) 

 
As indicated above, type-distinctive 

intonation is no general device, especially in 
informal speech: Only 40% of all paraphrases 
are deaccented, and 21% of all corrections are 
overaccented in the data. Most paraphrases 
(80%) and corrections (57%) are also neither 
systematically contextualized by creaky voice 
nor by glottalization, though corrections tend 
to be contextualized more frequently by 
phonetic cues (43%) than paraphrases (20%). 
Interestingly, when phonetic cues are used, 
they seem to be specific to repair type: 
Practically all phonetically marked paraphrases 
are accompanied by creak (94%; fig. 3):  
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retrospective contextualization (section 2). 
Corrections are frequently preceded by 
incomplete linguistic structures which 
contextualize upcoming repair by prospective 
glottalization. Even though repairables were 
not systematically controlled for phonological 
completeness, it is highly likely that lexico-
syntactic incompleteness coincides with 
intonational incompleteness (Ogden 2001: 
149).  

These issues are not to the same degree 
present in paraphrases, which are 
systematically contextualized by retrospective 
creak rather than glottalization. The need of 
turn-holding and prospective contextualization 
is reduced because paraphrases constitute 
semantic equivalence and are conversationally 
less interventional with respect to turn-taking. 
These interrelations notwithstanding, creak is 
not impacted on significantly by any 
independent factor when all repairs are 
considered (section 4). The generalizations 
drawn here therefore only pertain to glottalized 
break-offs before corrections, and they provide 
evidence for the fact that the two repair types 
are indeed treated as two distinct 
conversational functions by speakers.  

As concerns potential co-occurrence 
relations holding between phonological and 
phonetic cues within repair-type subgroups, 
deaccentuation significantly favors co-
occurring creaks in paraphrases (27%). In 
corrections, accentuation and glottalized 
repairables are not interrelated (section 4); 
rather, the extensive phonetic contextualization 
of corrections may be used to compensate for 
absent intonational contextualization. These 
findings corroborate a) the validity of the 
semantic differences between paraphrases and 
corrections and b) the integration of phonetic 
and phonological contextualization.  

In subsequent work on the same data, 
further prosodic contextualization cues 
including the transition space between 
repairable and repair, such as (filled) pauses 
(Bergmann 2012; ex. 3, 4), as well as the 
interplay among cues needs to be dealt with, 
e.g. creaky voice and decreasing intensity. The 
phonological and lexico-syntactic 
completeness of repairables is a further 
analytical factor. Creaky voice in self-repair 
needs to be distinguished from creaky voice as 
a feature of (inter-)individuals’ speech irres-
pective of repair. Finally, Ogden’s (2001) 
results on Finnish hint at a cross-linguistic 
distribution of creak and glottalization which 

needs to be pursued by investigating further 
languages.   
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Abstract 
In the present paper, we investigate the effect 
of information status on accent placement and 
accent types used in semi-spontaneous mono-
logues elicited by picture story descriptions. 
Results confirm that newness is predominantly 
reflected in a more frequent use of nuclear 
pitch accents. However, counter to expecta-
tions, new referents are often produced with a 
falling accent, associated with low(er) promi-
nence, while accessible and given referents are 
often produced with a rising accent, associated 
with higher prominence. Placed in the context 
of intonational phrasing, results reveal that 
new items are more likely to appear at larger 
phrase boundaries (intonation phrases (IPs)). 
Moreover, whereas in narratives of this type 
smaller (intermediate) phrases (ips) are typi-
cally marked by a H tone, IPs are typically 
marked with a L tone. This might explain the 
use of a falling pitch movement towards the 
low boundary, even for new items. This means, 
in our corpus there is a tendency for infor-
mation status to determine phrasing, which 
determines the boundary tone type, which in 
turn affects the accent type. 

Introduction 
It is well-known that in intonation languages 

like German the information status of referents 
(or givenness) is marked prosodically. The 
concept of givenness assigns a particular in-
formation status (e.g. given or new) to individ-
ual discourse entities and the phrases that en-
code them with respect to the discourse context 
and/or the hearer’s knowledge store (e.g. Lam-
brecht 1994). Newness in discourse has been 
shown to directly determine accent status (nu-
clear vs. non-nuclear) but also the level of 
prominence (defined here as the psycho-
acoustic impression of 'standing out' in relation 
to neighbouring elements) of pitch accent types 
(Baumann, Röhr & Grice 2015): The lower the 
givenness of an item, the higher its prosodic 
prominence. However, such marking is less 
clear-cut in spontaneous speech than in read 

speech (cf. Baumann & Riester 2013). Semi-
spontaneous task-oriented speech, retaining a 
degree of naturalness whilst still allowing for 
some control, has been shown to be a promis-
ing source for research into information status 
and prosody. Röhr et al. (2016) reported a 
larger number of pitch accents and more prom-
inent accents for marking newness in task-
oriented dialogues. 

The aim of the present paper is to collect 
further evidence for the effect of information 
status on accent placement and type from an-
other kind of task-oriented speech, involving 
picture description monologues. For the pre-
sent study, we generally hypothesize that the 
‘newer’ (or less given) a discourse referent is 
the more it is made prosodically prominent by 
the speaker. More precisely, we expect to find 
intonational marking of information status, 
indicated by different distributions or probabil-
ities of prosodic categories. The categories we 
are looking at are: 

a) accent placement (assuming an increase 
in prominence (cf. Baumann 2014)): no accent 
< prenuclear accent < nuclear accent; 

b) accent type in nuclear pitch accents (cate-
gorized according to GToBI (Grice, Baumann 
& Benzmüller 2005), assuming an increase in 
perceptual prominence (cf. Baumann & Röhr 
2015)): no accent < falling accent (L*, H+L*, 
H+!H*) < rising accent (!H*, H*, L*+H, 
L+H*). 

A discourse referent's information status is 
categorized according to the the RefLex anno-
tation scheme (Riester & Baumann 2017). The 
categories used in our present study express an 
increase in the referential level of an item’s 
newness from left to right: r-given < r-bridging 
< r-new (cf. Tab.2). 

Method 
Eight native German speakers told six dif-

ferent picture stories, each composed of eight 
single pictures. Each story contains two target 
items denoting discourse referents. One main 
target referent (Item 1) appears three times in a 
story while the other (Item 2) only appears 
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once (see Fig.1). The stories were arranged 
pairwise, i.e. six different target referents (see 
Tab.1) are embedded in pairs in two picture 
stories so that each target referent occurs as 
Item 1 in one story and as Item 2 in the other.  

 

 

Figure 1. Sample of picture story ‘hammer & pear’ 
(top) with annotation in Praat of picture 2 (bottom). 

The structure of the stories is as follows: 
Picture 1 = Filler, Picture 2 = Item 1 (new 
discourse referent which is presented for the 
first time and is not derivable from the previ-
ous context), Picture 3 = Filler, Picture 4 = sets 
up a Scenario, Picture 5 = Item 2 (inferential-
ly accessible referent which has not been pre-
sented before but can be inferred via a bridging 
process from the contextual frame (see Tab.1)), 
Picture 6 = Item 1 (given-displaced referent 
which is repeated after three intervening pic-
tures with a change in topic), Picture 7 = Item 
1 (given referent which is a repetition of an 
antecedent in the immediately preceding con-
text picture), Picture 8 = Filler. 
Table 1. List of the six paired target items and their 
scenario condition. 

Pair Target referent Scenario 

1 pear (Birne) fruit seller 
hammer (Hammer) workshop 

2 banana (Banane) fruit shop 
needle (Nadel) thimble 

3 television (Fernseher) living room 
screw (Schraube) tool box 

Experimental Setup 

The experiment took place in a sound-
attenuated room at the Cologne University 
phonetics lab and was composed of three parts 
a priming phase, a demonstration and training 

phase and a test phase. 
In the priming phase, the subjects were fa-

miliarized with the target items used in the 
picture stories. In the following main part of 
the experiment the whole picture story was 
first shown to the subjects by rapidly scrolling 
the eight pictures of a story on a computer 
screen. In a second step, all pictures were pre-
sented successively again and the subjects 
were instructed to tell the story in a natural, 
simple and coherent way without hesitation by 
describing the pictures. In a demonstration and 
training phase, subjects were familiarized with 
this procedure. In the final test phase, subjects 
told the six target picture stories in a pseudo-
randomized order. 

Subjects and Analysis 

We recorded eight native speakers of Stand-
ard German (six female and two male). They 
were students of the University of Cologne 
aged between 23 and 27 years. 

In a first step, we produced transcripts of the 
monologues. In a second step, we annotated 
the information status of all nouns according to 
the RefLex annotation scheme. At a referential 
level (Ref), labels were applied to DPs, PPs 
and APs. The information status of the words 
within these phrases were separately labelled at 
a lexical level (Lex). In this paper, we will 
focus on the referential level and its correlation 
with prosodic prominence (see Tab.2). 

In a third step, we annotated the acoustic da-
ta in Praat (Boersma & Weenink 2017). We 
segmented every spoken word and analysed 
the prosodic realisation of all sentences at two 
different levels (see Fig.1). For accent place-
ment (AP), we marked for each word whether 
it was realized without an accent (0), with a 
postnuclear accent (1), a prenuclear accent (2) 
or a nuclear accent (3 = in an intermediate 
phrase (ip), 4 = in an intonation phrase (IP)). 
At the tonal level (GToBI), we marked the 
positions of realized pitch accents and bounda-
ry tones and categorized their tonal configura-
tion according to GToBI.  

The results presented here are based on 
pooled GToBI and RefLex categories, even 
though we used the more fine-grained catego-
ries during the annotation process. For pitch 
accent types we distinguish between a falling 
(L*, H+L*, H+!H*) and a rising (H*, !H*, 
L*+H, L+H*) onglide (Grice et al. 2017). Two 
phrase types were annotated, the intermediate 
phrase (ip) and the intonation phrase (IP). 

 
AP 

GToBI 

Ref 

Lex 
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Boundary tones were pooled according to the 
beginning of their tonal movement towards the 
edge, i.e. we distinguish between low (ip: L-; 
IP: L-%, L-H%) and high (ip: H-, !H-; IP: H-
%, H-^H%) boundary tones. RefLex categories 
were pooled according to the overview given 
in Table 2. For the entire scheme and detailed 
annotation guidelines consult Riester & Bau-
mann (2017). 
Table 2. Overview of simplified annotation tags of 
the referential level in the RefLex scheme.  

Referential level (indicated by ‘r-‘) 

r-given 

coreferential anaphor that is pre-
sent (immediately or displaced) in 
previous discourse context or 
contained in the text-external 
context 

r-bridging 
non-coreferential anaphor de-
pendent on previously introduced 
scenario 

r-new 
globally unique or indefinite non-
unique discourse-new (non-
anaphoric) entity  

Results 
As an overall result, we found that the dis-

tribution of accent placement on all nouns as a 
function of their referential level of givenness 
confirms the expected incremental effect on an 
item’s prosodic prominence (see Fig.2a).  

 

  
Figure 2. Relative distribution of a) accent place-
ment and b) nuclear accent types on all nouns plot-
ted against their referential level of givenness. 

New referents more frequently receive nu-
clear accents than accessible (r-bridging) and 
given referents. Overall, we found a small pro-
portion of cases with no accent or a prenuclear 
accent in this corpus. This is probably due to 
the short length of the utterances. Nevertheless, 
the possibility of no accent or prenuclear ac-
cent tendentially decreases with increasing 
discourse newness. 

For the distribution of nuclear pitch accent 
types our expectations were not borne out (see 
Fig.2b). This is reflected by a reverse distribu-
tion of rising and falling accents, i.e. rising 

accents (assumed to be most prominent) be-
come less frequent, whereas falling accents 
become more frequent with increasing new-
ness of a discourse referent. 

If we combine these with aspects of intona-
tional phrasing, we observe interesting patterns 
in our data. Typically, in German monologues 
(e.g. in story-telling) intermediate (i.e. smaller) 
phrases are marked by a H tone, indicating 
continuity, while the larger intonation phrases 
are marked with a L tone, expressing finality 
within a domain. Interestingly, new items typi-
cally occur at the end of intonation phrases, i.e. 
before a L tone. Our results confirm this: New 
items (in nuclear position) more often appear 
at larger phrase boundaries (see Fig.3) that are 
more often marked by a L tone, in particular 
when the nuclear item is a new referent (see 
Fig.4). Hence, in this corpus new items are 
often produced with a falling pitch movement, 
reflecting a following low boundary. 

 
 

 

 

 

 
Figure 3. Relative distribution of intermediate (ip) 
and intonation (IP) phrases after nouns plotted 
against their referential level of givenness. 

Figure 4. Relative distribution of high (H) and low 
(L) boundary tones of intermediate (ip) and intona-
tion (IP) phrases after nouns plotted against their 
referential level of givenness. 

Conclusions 
We investigated (semi-)spontaneous speech 

in the form of task-oriented monologues which 
provide clear evidence for an interrelation be-
tween levels of referential givenness and their 
prosodic realisation. The data confirm that 
accent placement is a decisive prosodic marker 
of information status in that the distribution of 
accents shows a stepwise increase in prosodic 
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prominence from given and accessible to new 
referents. However, unexpectedly, our data 
reveal that new information is marked with 
nuclear accent types that are associated with 
lower perceptual prominence whereas accessi-
ble and given items are marked with nuclear 
accent types that are associated with higher 
perceptual prominence. This result is probably 
due to a pattern of intonational phrasing that is 
common in the text type investigated. Results 
confirm that new items are more likely to ap-
pear at larger phrase boundaries (IPs), which 
are typically marked by a L tone. 

The end of the IP being a prominent position 
is in line with studies on working memory 
showing that items at the end of units are better 
recalled than items in other positions, making 
the final position prominent (recency effect: 
Jahnke 1965 inter alia). Furthermore, the 
choice of a falling pitch accent may be due to 
the polarity of tones (Hyman 2007), i.e. a pitch 
accent containing a H tone or falling tonal 
movement before a L edge tone, so that the 
low tone is approached from a higher pitch. 
Although in intonational phonology it is as-
sumed that all pitch accents are freely combin-
able with all boundary tones, there are com-
mon collocations of tones that tend towards 
polarity, especially at boundaries (H tones 
before L, L tones before H, cf. Dainora 2001). 

Thus, our data support the assumption that 
prominence is lent (to some extent) by the 
position in the phrase. Although we have found 
elsewhere that information status determines 
the pitch accent type directly, in this corpus 
information status determines phrasing which 
in turn determines the boundary tone type, and 
the boundary tone type in turn affects whether 
an accent is rising or falling. These results are 
interesting for Jun’s (2006) typology of head 
marking and edge marking languages. Alt-
hough German is a prototypical example of the 
former, it can also make use of edge marking 
for lending prominence. 
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Abstract 

Even though there are many studies on the 
acquisition of intonation, it is not clear yet how 
the acquisitional path of yes/no-questions 
(YNQs) develops in children learning 
languages that distinguish interrogatives and 
declaratives by means of pitch contours. The 
present study investigates the intonational 
realisation of information-seeking YNQs and 
declarative statements (DCLs) by monolingual 
German children between 2;8 and 4;0. Child 
productions were analysed for pitch range and 
phonological pitch patterns. Our findings 
suggest that, independent of age, DCLs are 
predominantly marked by falling f0 with a L-% 
boundary tone. The youngest children produce 
YNQs with both falling and rising patterns 
where L-% is the most common boundary tone. 
In contrast, 3- to 4-year-olds produce YNQs 
mostly with rising f0 with either L-H% or H-
^H%. Thus, although the youngest children 
may be aware of the prosodic difference, they 
do not use pitch consistently yet to differentiate 
YNQs and DCLs. As of age 3;0, German 
children make conscious and consistent use of 
boundary tones to mark YNQs and DCLs. 

Introduction 

In Germanic languages, YNQs and DCLs 
can be distinguished by prosody and/or word 
order. In this paper, we will examine at which 
age German children make use of different 
pitch contours in their productions to 
distinguish YNQs and DCLs. Previous 
research of adult speech has shown that YNQs 
are frequently accompanied by a rising pitch 
contour, ending in a high boundary tone, 
whereas DCLs are marked by a falling pitch 
contour, ending in a low boundary tone (e.g. 
Pruitt & Roelofsen, 2013; Wochner, Schlegel, 
Dehé, & Braun, 2015). The most common 
intonation patterns in adult German are H*L-% 
for DCLs and L*H-^H% for YNQs (e.g. Grice, 
Baumann, & Benzmüller, 2005; Wochner et 
al., 2015). Michalsky (2014, 2015) states that 
German distinguishes syntactically and 

phonologically identical structures as 
interrogative vs. (continuous) declarative by 
means of scaling, with questions exhibiting 
larger nuclear rise excursions than statements. 
For Dutch, Van Heuven and Haan (2000) 
report that pitch range is larger in questions 
with declarative syntax than in DCLs. 

Regarding the realisation of pitch contours 
in early childhood, Snow (2002, 2004) reports 
that English-learning 1-year-olds do not 
actively control sentence intonation and that 
their pitch range is narrower compared to that 
of pre-schoolers. He furthermore finds that 4-
year-olds have more difficulties realising an 
adult-like pitch range in rises than in falls. This 
is in line with Lieberman’s (1967) breath-
group-theory, which assumes that, 
physiologically, the production of rises 
requires more effort than the production of 
falls, which emerge automatically as subglottal 
pressure decreases. Patel and Grigos (2006) 
find that English-learning 4-year-olds use a 
longer final syllable duration to signal 
interrogativity, whereas 7-year-olds use a 
combination of rising f0 and longer final 
syllable duration. 11-year-olds are able to 
manipulate f0 as a single cue to signal a 
question. Thus, mastery of adult-like f0-
movement in YNQs seems to present a 
challenge even in the early school years. On 
the other hand, there are also studies 
suggesting good intonational control in rising 
pitch contours and large pitch ranges of YNQs 
by 2- and 3-year-old German and Spanish 
monolingual children (e.g. Lleó & Rakow, 
2011). Given the conflicting findings in the 
literature, it remains unclear how children 
manipulate intonation to make a contrast 
between YNQs and DCLs. 

The present study addresses the following 
questions. First, do German pre-schoolers use 
rising vs. falling intonation to distinguish 
YNQs from DCLs? Second, does age affect 
their realisation of pitch range for questions, 
i.e. do very young children produce smaller 
ranges for rises than older children? Third, is 
the final boundary tone a crucial marker for 
children to distinguish YNQs and DCLs? 
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Method 

Participants 

Twelve monolingual German-learning 
children between 2;8 and 4;0 (5 female, 
average = 3;3) participated in the study. 
According to parental reports, all subjects had 
normal hearing. An additional 12 children 
were excluded from the analysis due to 
tiredness (n = 1), shyness (n = 2), lack of 
enthusiasm (n = 8) or hoarseness (n = 1). 

 Participants were divided into three age 
groups with 4 children each: group 1 (2;8-
2;10), group 2 (3;1-3;4) and group 3 (3;10- 
4;0). All children were rewarded for 
participation with a small toy and parents were 
reimbursed for parking fees or bus tickets. 

Materials 

Stimuli consisted of 8 YNQs and 8 DCLs. 
For each sentence type, there were 4 inflected 
modal verbs, 3 inflected main verbs and 1 
inflected copula verb. Half of the YNQS and 
half of the DCLs were presented in direct 
speech and the other half in indirect speech so 
that participants either had to imitate the 
utterances, or change the word order and adapt 
intonation. 

 Each sentence consisted of 6-10 words 
including the prompt, e.g., Bitte sag Max: Hier 
ist deine Medizin. (‘Please tell Max: Here is 
your medicine.’) or Bitte frag Max, ob er 
Schmerzen hat. (‘Please ask Max whether it 
hurts.’)  

Children’s productions were recorded on a 
Sony HDR-MV1 stereo video camera recorder.  

Procedure 

We used an elicited production/imitation 
task. First, each child watched a hand puppet 
play, which set the scene for the ensuing 
elicitation phase and helped making children 
familiar with the puppets. In the elicitation 
phase, the child was given a doctor’s bag with 
which to examine one of the hand puppets. The 
experimenter encouraged the child to address 
the hand puppet with DCLs and YNQs. All 
children received the same stimuli in a random 
order depending on the order the child selected 
the instruments from the doctor’s bag. 

Data treatment and analyses 

Videos were converted into audio files 
(48.0kHz, 16-bit, mono). Amplitude was 

normalised to account for differences in overall 
speech rate using the digital editor Amadeus 
Pro (version 2.2.2). The audio files were 
analysed using Praat (version 6.0.18).  

Words and syllables were labelled manually. 
For the phonological analysis, pitch accents 
and boundary tones were annotated according 
to the GToBI annotation system (Grice et al., 
2005). For the phonetic analysis, f0 minima 
and f0 maxima were measured in Hz within the 
range from the final accented syllable to the 
right boundary tone, except for (L+)H* L-H%. 
In this case, the rise was measured only in the 
final boundary tone. The contour was 
described as “rise” if the maximum f0 
followed the minimum f0 and as “fall” if the 
maximum f0 preceded the minimum f0. Pitch 
range was measured between these extremes 
and calculated in semitones (st). Figure 1 
provides an exemplar annotation.1 

Figure 1. Annotation of a YNQ (f0 is smoothed). 

Results 

On average, each age group produced a total 
of 22 DCLs (SD = 6.1) and 25 YNQs (SD = 
5.3). Across all age groups, children’s 
realisations of DCLs were predominantly 
marked by a falling pitch contour with a L-% 
boundary tone. As can be seen in figure 2, the 
youngest age group was not as consistent in 
their prosodic realisations as the two older 
groups. Only 82% of their DCLs were 
produced with a falling pitch pattern as 
opposed to 100% in group 2 and 97% in group 
3. Furthermore, whereas the older two groups 
mostly used the adult-like L-% to realise a fall 
(95% and 97%, respectively), we also found a 
considerable amount of less steeply falling !H-
% patterns (24%) in the productions of the 
youngest children. 

In order to mark an utterance as a YNQ (see 
figure 3), age group 1 produced both falling 

																																																													
1 Note that due to the relatively small data set we 
refrained from analysing responses to direct vs. 
indirect prompts separately. This will be done in 
future work with a larger data set. 
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(63%) and rising patterns (37%), with L-% 
being the most common boundary tone overall. 
Rising tones were realised as H-% or the adult-
like pattern H-^H%. In age group 2, 93% of 
the YNQs were produced with rising 
intonation. Of these, 48% ended in H-^H% and 
41% in L-H%. Similar results are found for the 
oldest group (76% rises2), where rises are 
mostly realised as adult-like H-^H% (48%) 
and less often as H-% (14%) or L-H% (14%).  

Figure 2. Realisation of the final boundary tone in 
DCL targets by age group. 

Figure 3. Realisation of the final boundary tone in 
YNQ targets by age group. 

Children’s realisation of pitch range (see 
figure 4) was assessed statistically. For this 
purpose, range was entered as dependent 
variable into a linear mixed effects regression 
model with age group and contour as fixed 
factors and participants and items as crossed 
random factors. The model revealed a 
significant effect of contour (p = .03). The 
range of rising utterances (average 6.11st) was 
on average 1.52st larger than that of falls 
(average 4.59st). There was neither an effect of 
age group (p = .3) nor an interaction between 
contour and age group (p = .4). 

																																																													
2 The relatively high number of falls in this group is 
due to the productions of a single child who 
consistently produced falling utterances. 

Figure 4. Pitch range in falling and rising 
utterances by age group (whiskers represent 
standard errors). 

Discussion 

In the present study, child productions of 
DCLs and information-seeking YNQs were 
analysed with regard to their prosodic 
realisation in terms of pitch range and final 
boundary tones. Results suggest that, very 
generally, children between 2;8 and 4;0 are 
able to manipulate intonation in order to 
distinguish YNQs from DCLs. DCLs are 
predominantly marked by a falling contour 
and, except for the youngest age group, YNQs 
are mostly produced with rises. With regard to 
both consistency of contour direction (rise or 
fall) and selection of boundary tone, there 
seems to be a developmental trend, setting the 
youngest children’s productions apart from 
those of the older ones. 

Children in all three age groups were rather 
consistent in their use of falls for DCL targets, 
often realising the adult-like L-% boundary 
tone. In the youngest group, nearly one quarter 
of the falls was realised with a less steeply 
falling !H-% pattern. This could be due to the 
fact that a fall is not used as a consistent cue to 
mark DCLs vs. YNQs yet. Stronger age effects 
are found with respect to the production of 
YNQs. While the older two groups rather 
reliably mark YNQs by a rising pitch contour, 
realised as L-H% or H-^H%, the youngest 
children showed a lot of variability between 
rising and falling intonation with more than 
half of the utterances produced with falling 
contours. In those cases where children 
managed to produce a rise, pitch ranges were 
as large as those of older children, 
contradicting predictions emerging from 
Lieberman’s (1967) breath-group-theory. In 
the study by Patel and Grigos (2006), English-
learning 4-year-olds failed to use f0 to signal a 
YNQ-DCL contrast, whereas the children in 
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the present study are able to manipulate f0 to 
realise the contrast. 

Our data support the findings reported by 
Lleó and Rakow (2011). Not only did they find 
appropriate accent ranges in the YNQ-
productions of 2- and 3-year-old German-
learning children, they also report good 
intonational control with respect to language-
specific tonal patterns. Results of the present 
study suggest that German children start using 
native-like phonological intonation patterns 
rather early. Even in the productions of the 
youngest age group we find a solid amount of 
adult-like boundary tones, especially for the 
falls (L-%), and to a lower degree also for the 
rises (H-^H%). 

Overall, the present study shows that from 
approximately 3 years of age, German children 
use rising vs. falling intonation with adult-like 
boundary tones to distinguish YNQs from 
DCLs in production. We did not find evidence 
for the assumption that age affects the 
realisation of pitch range for rises. The 
youngest children in our study were able to use 
the same pitch ranges for question intonation 
as the older children. Thus, in contrast to 
suggestions by Lieberman (1967), Snow 
(2002, 2004) and Patel and Grigos (2006), 
children do not have problems producing rising 
intonation per se. Rather, it seems that the 
youngest participants had problems selecting 
the appropriate contour for a given sentence 
type, in particular for YNQs. This can be seen 
in their occasional use of a rise for DCLs as 
well as in their relatively frequent selection of 
a falling contour for a YNQ. Children’s 
difficulty with the mapping of intonation 
contours to a specific semantic context is 
reflected in findings from comprehension 
studies (e.g. Saindon, Trehub, Schellenberg, & 
Van Lieshout, 2016). 

In future research, we will take a closer look 
at children’s use of nuclear tunes in YNQs and 
DCLs to find out more about how systematic 
they are in their distinction of the two sentence 
types. Furthermore, we are currently 
investigating the comprehension of rising and 
falling intonation in short sentences. Since in 
German, both intonation and word order may 
be used as cues to distinguish YNQs and 
DCLs, we also focus on how intonation and 
syntax interact in the acquisition of YNQs. 
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Abstract 

This study compares the Lucerne German 
allophones of Middle High German <l> using 
data from the crowdsourcing smartphone app 
Dialäkt Äpp, to those of the Linguistic Atlas of 
German-Speaking Switzerland. In doing so we 
examine language change in real-time across c. 
70 years. In the north of the Canton of Lucerne, 
use of /l/-vocalisation has receded, whereas in 
the west, and in and around the city of Lucerne, 
/l/-vocalisation occurs more frequently than at 
the time of the historic atlas. Both age and sex 
differences were found to be statistically non-
significant, though older speakers tended to vo-
calise more. Generally, however, we report sub-
stantial areal heterogeneity which we suspect is 
due to the Canton’s geographical location in a 
dialectal transition zone, increased personal 
mobility, and the growing presence of broad-
cast media in dialect. 

Introduction 

For German-speaking Switzerland (CH), /l/-
vocalisation (/l/-VOC) refers to the use of [u̯] 
rather than a consonantal allophone (e.g. [l] or 
[ɫ]) for /l/. It is believed to have originated in the 
Emmental, a rural area in the canton of Bern 
(BE; Christen 1988: 15), and occurs mainly 
orally. Thus, it remains unclear when it first ap-
peared in CH, though historical sources from 
the 18th cent. suggest that it had already been 
around in that time (Baumgartner 1940: 73-4). 

Historically, /l/-VOC has been perceived ra-
ther negatively. In L1 acquisition, /l/ is often re-
placed by vocalisations (Lin & Demuth 2015: 
13) due to its articulatory complexity “involv-
ing coronal, lateral, and velar contact” (Hall-
Lew & Fix 2012: 795). This potentially leads to 
an association of /l/-VOC with children’s 
speech (Stalder 1819: 64). Furthermore, Haas 
found that speakers of urban dialects considered 
/l/-VOC amongst other attributes as peasant and 
unaesthetic (1973: 64), i.e. for speakers with a 

prestigious non-vocalising dialect, /l/-VOC not 
only bore the stigma of being associated with a 
low socio-economic status, but was also sup-
posedly unpleasant to listen to. Urban upper-
class speakers thus allegedly avoided vocalising 
/l/s (Christen 1988: 203). It is then rather coun-
terintuitive that a recent study found /l/-VOC to 
have spread across CH (Leemann et al. 2014: 
192), implying that in some regions, /l/-VOC 
must have lost its stigma. We will discuss this 
later as this study reports similar results. 

Whether social class is still a distinguishing 
factor for /l/-VOC today must be established in 
future research. There is, however, evidence for 
other extralinguistic factors to be correlated 
with /l/-VOC: The Linguistic Atlas of German-
Speaking Switzerland (SDS) reported higher /l/-
VOC rates amongst younger speakers for some 
regions, and amongst older speakers for others 
(154). Christen found younger speakers to be 
less likely to vocalise (1988: 203), and Leemann 
et al. came to a similar conclusion as the young-
est speakers of their study vocalised less than 
the older ones (2014: 206). As for sex, no infor-
mation has been found, which is why we in-
clude this factor in the current analysis. 

Methodology 

243 recordings of <Chälle>, i.e. VLLV (‘la-
dle’ Kelle; 111 male; 132 female; age 10-77; 
mean=30.1; median=26.5; SD=15.0) were ex-
tracted from the Dialäkt Äpp (DÄ) corpus. All 
tokens were recorded at a sampling rate of up to 
48 kHz (iPhone Specifications 2016) and stored 
as .WAV format. For further information on DÄ 
see Leemann et al. 2016.  

All tokens were auditorily checked for valid-
ity (background noise, clipping etc.). The re-
maining 219 tokens were then examined for /l/-
VOC auditorily, and for velarization (VEL) 
with Praat. [l] has a relatively low f1, and a re-
latively high f2, whereas for [ɫ], the opposite ap-
plies due to the retraction of the tongue body, 
which resembles the acoustic properties of a 
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high back unrounded vowel (Sproat & Fujimura 
1993: 292). Based on this, the mean f1 and f2 
values for each token were measured. The to-
kens were labelled as [l] if the f1-f2 difference 
was >1000 Hz, and as [ɫ] if <1000 Hz. The num-
ber of [l], [ɫ] and [u̯] were then counted for each 
location, although due to limitations of space, 
the discussion of VEL has been left out. We cre-
ated maps using QGIS (Development Team 
2016). For statistical analyses, RStudio was 
used applying chi-square tests. More nuanced 
statistics such as logic regressions or linear 
mixed effects models will be run in the future. 

Results 

In this section, we present /l/-VOC distribu-
tion, the change observed when SDS and DÄ are 
compared, and the results on social information 
that may help explain the retreatment and diffu-
sion tendencies observed. For reference, Table 
1 provides an overview of the 32 localities as 
used in the current study. 
Table 1. Names of the regions used in SDS and DÄ. 

Area Regions (1-3 political communities per region) 

Entlebuch (EB) 1. Entlebuch; 2. Escholzmatt; 3. Marbach;  
4. Schüpfheim 

Hinterland (HL) 5. Altbüron; 6. Luthern; 7. Pfaffnau; 8. Zell 
Lucerne-
Hochdorf (L-H) 

9. Ebikon; 10. Eschenbach; 11. Hitzkirch;  
12. Hohenrain; 13. Horw; 14. Lucerne 

Midland (ML) 15. Beromünster; 16. Dagmersellen;  
17. Grosswangen; 18. Malters; 19. Menznau; 
20. Neudorf; 21. Neuenkirch; 22. Nottwil;  
23. Rothenburg; 24. Ruswil; 25. Schötz;  
26. Sempach; 27. Sursee; 28. Triengen;  
29. Willisau; 30. Wolhusen 

Mount Rigi (RG) 31. Weggis 
Schongau (SC) 32. Aesch 

Comparing SDS and DÄ distributions 

Figure 1 shows the use of [u̯] based on SDS 
and DÄ data in %. The percentage of the SDS 
data is based on the number of [u̯] per region: if 
only [l] occurred (as e.g. in 6), it was coded as 
0%, [u̯] and [ɫ] (as e.g. in 2 and 8) was coded as 
50%, and only [u̯] as 100%. In the 1950s, most 
regions in Entlebuch (EB; 1-4), Lucerne-Hoch-
dorf (9-14), and in the north of Midland (ML; 
15-30) vocalised, while the southern ML re-
gions predominantly used [l]. Surprisingly, 
whilst nowadays /l/-VOC is used unanimously 
in EB (1-4), in the 1950s one region (2) is re-
ported to have free variation between [ɫ] and [u̯]. 
In the regions that are historically vocalising, 
/l/-VOC seems to have become less frequent. 

Although it spread to the southern ML regions 
to some extent, [l] has gained ground in 2016, 
most notably along the eastern border (see Fig-
ure 2). 

 

 
Figure 1. /l/-VOC in LU in the 1950s (left; SDS) and 
2016 (right; DÄ). Base map: Swisstopo. 

Change by locality 

Figure 2 shows the changes that have taken 
place in Lucerne (LU): here, we subtracted the 
SDS percentages from the DÄ ones, which is 
negative if /l/-VOC has retreated, and positive 
if it is more frequent in 2016. We further 
grouped the DÄ data by speaker, sex, and age 
(<20; 21-35; 36<: each group containing ap-
proximately the same number of speakers). On 
balance, /l/-VOC has undergone more retreat-
ment than diffusion – especially in the eastern 
parts of LU (orange). 

 

 
Figure 2. /l/-VOC change from the 1950s to 2016. 
Negative numbers indicate a decrease in /l/-VOC, 
positive numbers an increase. Base map: Swisstopo. 

Effect of social categories 

In all of LU in 2016, female speakers pro-
duced 23.7% [u̯], while male speakers did so at 
a rate of 23.8%. No statistically significant dif-
ference in sex were found when all speakers are 
considered, χ2(1, N = 219) < .001, p = 1.00. We 
further found that 36< speakers used [u̯] 27.3%, 
20-35 ones 23.2%, and <20 ones 21.4% (not sta-
tistically significant, χ2(2, N = 219) = 0.71, p = 
.70). Breaking up the data (see Table 2), for the 
women the <20 group vocalised the least while 
for the men it was the 21-35 one. 
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Table 2. Vocalisation rates by sex and age (DÄ). 

/l/-VOC <20 21-35 36< Overall 

male 26.3% 17.2% 26.5% 23.8% 

female 17.4% 27.5% 28.1% 23.7% 

Overall 21.4% 23.2% 27.3%  

Discussion 

Results of this study revealed that /l/-VOC 
has both decreased and increased – depending 
on the region. Before we discuss this further, 
however, bear in mind the different nature of 
data collection for SDS and DÄ. For SDS, the 
pronunciation of about 2500 words spoken by 
1-3 people from each location (aged 50-70) 
were transcribed on an auditory basis. For DÄ, 
the speakers read recording instructions and au-
tonomously provided their metadata in the app, 
amongst which was the indication of their dia-
lect. This self-declaration can be problematic if 
e.g. speakers adapted their speech to a more ste-
reotypical, and hence more prestigious dialect 
to avoid stigmatisation. We were therefore 
forced to believe the information provided by 
the speakers without further verification. For a 
more detailed discussion of the app’s shortcom-
ings see Leemann et al. 2016. 

Reasons for retreatment of /l/-VOC  

In most regions [u̯] has retreated as is evident 
in Figure 2. This retreatment may be explained 
with /l/-VOC being a stigmatised “social 
marker” (Labov 1972) for Lucerne-city-ori-
ented rural people. It bears social class infor-
mation on the one hand, being associated with 
lower-class peasants, and it is perceived at a 
conscious level as it does not match the ortho-
graphic rules of the high prestige variety, which 
in this case may be Standard German (StG), or 
the dominant (non-vocalising) Lucerne city di-
alect as it is typically represented by <u> rather 
than <l>. When a stigmatised feature, in this 
case [u̯] for /l/, meets its prestigious equivalent, 
the vocalising speaker might accommodate and 
substitute it with the prestigious segment. In-
creased mobility and the fact that it is more 
likely for rural speakers to meet urban speakers 
as urban areas are more populated (Trudgill 
1986: 39-40) further amplify this phenomenon. 

Reduced comprehensibility may also influ-
ence /l/-VOC frequency (Trudgill 1986: 21-8): 
given that [u̯] is also an allophone of /u/, new 
homophones – which may lead to confusion on 
the part of the listeners – emerge. This is illus-
trated by a real-life example from a LU speaker 

saying Halbzeit ‘half-time’ [ˈhɑu̯b̥t͡ siːt], which 
was parsed as Hauptzeit ‘main time’ [ˈhɑu̯pt͡ siːt] 
by a (non-vocalising) Zurich listener.  

Reasons for the diffusion of /l/-VOC  

There are, however, some regions where [u̯] 
gained ground, e.g. the city of Lucerne (14), 
where Leemann et al. (2014) had found 7/90 /l/s 
to be vocalised (7.8%) in VLLV contexts, dif-
fering only slightly from this study’s findings 
(4/76; 5.3%). In the rest of LU, it is mainly in 
ML where [u̯] was newly observed. This appar-
ent contradiction of /l/-VOC both spreading and 
retreating can occur as it can be regarded as ru-
ral and stigmatised in urban areas, while it can 
simultaneously be perceived as a way of distin-
guishing oneself from the dominant urban vari-
ety in rural areas (Haas 1973: 68). Not least did 
Haas report rural speakers to regard /l/-VOC as 
a token of down-to-earthness (64), hence imply-
ing that it is linked to positive social values. 
This can be extended to the Standard variety: 
Christen (2001: 24) proposes that /l/-VOC 
serves as a linguistic feature to distinguish 
Swiss German (SwG) from StG and hence 
serves as a Swiss identity marker. Moreover, the 
media increasingly broadcast in SwG, thereby 
upping the amount of dialect contact with non-
vocalising speakers (Leemann et al. 2014: 195). 
Paired with the general positive attitude towards 
(vocalising) BE SwG (Ris 1992: 756), /l/-VOC 
found fertile soil on which to develop. 

Further reasons for language change 

The allophonic shifts within LU could also 
be related to the ever-increasing mobility. As 
Britain has argued, although “commuting to 
work, moving to college, visiting family and 
friends, participation in the mobile tertiary sec-
tor of the economy, the mobilities that entail the 
consumption of goods and services, moving 
home and reliance on the car” seem to be rather 
banal everyday activities, their impact on lin-
guistic change is not to be underestimated 
(2013: 490). The average distance a Swiss per-
son travels daily has increased from 31.3 km in 
1994 to 36.7 km in 2010 (Federal Statistics Of-
fice 2016: 2). Furthermore, both the number of 
workers commuting inter- and intracantonally 
has risen from 12% to 19%, and from 47% to 
51% since 1990. Inevitably, dialect contact will 
occur, which can lead to the diffusion or retreat-
ment of features (Milroy & Llamas 2013: 420). 
Mobility has the potential to influence linguistic 
phenomena such as /l/-VOC in both directions. 
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Demographic analysis 

Typically, non-prestigious, stigmatised fea-
tures are used more frequently by male speakers 
(Trudgill 1986: 42). However, this does not ap-
ply to LU SwG as the /l/-VOC rate of the two 
sexes are essentially the same. Age does not 
play a crucial role either, although a trend can 
be observed for younger speakers to vocalise 
less. This is consistent with what has been re-
ported in Christen (1988) and Leemann et al. 
(2014). A reason for male speakers aged 21-35 
vocalising the least might be the with n=29 still 
relatively low number of participants. Future re-
search with controlled sample groups will have 
to explore our findings. 

Conclusion 

/l/-VOC in VLLV position has both lost and 
gained ground in LU within the last 70 years. 
This can be explained by the fact that vocalising 
/l/s is on the one hand a stigmatised feature as-
sociated with non-prestigious varieties. Simul-
taneously, /l/-VOC can act as an identity marker 
for both ruralness (in comparison with the dom-
inant urban variety), or Swissness (in compari-
son with StG). Sex and age do not seem to in-
fluence the frequency as to how much a speaker 
vocalise, although older speaker favoured /l/-
VOC more so than younger speakers. In gen-
eral, except for the speakers in EB, speech com-
munities tend to be less homogeneous than they 
used to be, which can potentially be linked to 
dialect contact facilitated by the spread of mass 
media and the increased mobility. 
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