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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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