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It is generally acknowledged that the low schwa [�]2 is the most common realization 
of German /r/ if it is produced in the coda of a syllable. Since auditorily this sound is 
very close to [a�] one aim of this study was to investigate whether – based on 
acoustic data – the sequence /ar/ differs from long /a�/. Therefore, an acoustical 
analysis of contrasting words like Saar - “Saar” (river in Germany), sah - “saw”, 
sehr - “very” and Visier - “visor” has been carried out by recording three male and 
three female speakers of Northern German. We analysed the frequencies of the first 
three formants and the vowel durations. The results can be summarized as follows: 
(1) after /a�/, no change in quality could be found in F1 and F3, however F2 showed 
a significant falling transition, (2) the formant frequencies of [�] varied with the 
preceding vowel and (3) no differences in duration could be found. With regard to 
the results, we conclude that the slight falling transition in F2 is not diphthongal but 
is nevertheless a change in quality of the vowel.  

 
 

 

1. Introduction 

Past studies have shown that the German /r/ can be realized with a wide range of articulatory 
and acoustically different allophones. Depending on context, dialect and speaking style 
vocalic and several consonantal allophones have been observed (see e.g. Simpson, 1999). 
According to Simpson (1999), the speakers’ individual realizations of the German /r/ range 
from a voiceless uvular fricative in a word like trat - “stepped” [t���th] to an apparently 
complete elision in words like Bart - “beard” [b���th], if it appears after the long vowel [��]. In 
the present study we focus on vocalic allophones of the /r/- phoneme. 

1.1.  Previous Investigations  

Ulbrich (1972) argued that an /r/- vocalization occurs in cases in which speakers intend to 
articulate an /r/-vibrant or an /r/-fricative but fail to modify phonation by means of 
articulators and obstruction. This reduction leads to the vocalic allophone of /r/ which Ulbrich 
(1972: 55) has termed “Substitutionsvokal” (substituted vowel). The vocalic allophone can 
have different timbres because it is strongly affected by the vowel preceding the /r/-
vocalization [�] (Ulbrich, 1972). Ulbrich (1972) also states that there is no specific vowel in 
the awareness of the German speaker that has an underlying vocalized /r/. Thus, based on his 
auditory impression, Ulbrich (1972) characterises [�] as an almost indefinable central vowel 
which is situated between the uvular post-dorsal fricative [�] and the back vowel [�]. 

                                                 
1 The author’s names are listed alphabetically. 
2 If not indicated otherwise, all transcriptions are ours. 
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Spectrographically, vocalized /r/ has all characteristics of a vowel and its formants are 
affected by flanking sounds (Ulbrich, 1972). Nevertheless, the German [�] is not an 
independent phoneme, because a phoneme is defined as „the smallest unit of sound in a 
language capable of causing a difference of meaning“ (Barry, 2006: 345).  

Kohler (1995) states that the bonding of /a(:)/ and /r/ usually does not result in a diphthong 
but in a monophthong of darker quality e.g. Haar [��]- “hair”  (Kohler, 1995: 166). He does 
not describe the term darker quality in greater detail but from his examples we infer that he 
means tongue backing. Words like Seher - “seer” and sehr - “very” can both be realized as 
[ze��]. The only distinction is the syllabic structure: Seher is disyllabic and sehr is a 
monosyllabic word. 

Barry (1995) who compares [�] and [�] describes both these vowels as two “functionally 
distinctive vowels that only occur in unstressed position” (Barry, 1995: 228). He uses the 
transcription [�] to describe the unstressed syllable rhyme structure /-�r/ in words like 
German Feuer - “fire”. Both [�] and [�] are variable because of assimilation with their 
flanking vowels. Based on acoustical analyses Barry states that [�] is more variable than [�] 
as it is associated with the underlying target /-�r/. 

Meyer-Eppler (1959) argued in his analysis of the first three formants, that F3 of [�] has a 
greater amplitude than that of [r] and [�] between 2000 Hz and 3000 Hz. The formant 
frequencies of F3 from /a�/ to /r/ are constant or nearly constant in words like /g�fa�r/ - 
“danger”. The transitions of F1 and F2 behave in a similar way: they are rarely distinct. 

1.2. Research questions 

In general, the aim of this study is to investigate whether the vocalized /r/-allophone [�] is 
realized after a long low vowel /a�/ and depending on this result whether from a phonetic 
point of view it is necessary to use transcriptions like [a��] in words such as Paar - “pair”, 
Saar - German river, Bar - “bar” or Haar - “hair”. In order to investigate these questions we 
conducted a production experiment with three male and three female speakers of Northern 
German.  

The first research question is whether there is a phonetic [�] after [a�]. We expect 
assimilation towards [a] or rather elision of [�]. In both cases – assimilation and elision – the 
product would be an approximation towards [a�]. Consequentially words like sah ([za�] 
(Wermke, 2003)) - “saw” and Saar ([za��	] (Wermke, 2003)) - “Saar” (German river) would 
be acoustically similar.  

The second research question relates to the duration of /a�/ and /ar/. The duration of both 
segments is supposed to be similar. The assumption is based on the first research question, 
which expects total assimilation or elision of [�]. 

The third research question concerns the variability of [�]. According to results from 
previous studies we expect a great amount of assimilation of [�] towards the preceding vowel. 
Looking at [�] flanked with different vowels, it should be spread in the vowel space.  

 
 

2. Method 

2.1. Data Acquisition 

Three male and three female speakers of Standard German were recorded with a sampling 
rate of 16 kHz. Each of them had lived in Kiel for more than 6 years at the time of the 
recording and all spoke Standard North German. The speakers read sentences including the 



/r/-vocalization in word-final position 

 21

stimuli words from a screen in a sound-treated booth. Each sentence was presented six times 
(23 sentences x 6 repetitions x 6 speaker = 828 tokens). To contrast the different phonetic 
environments we chose four diverse contexts: „_i(e)r“, „_er“, „_ar“ and „_a“; for example: 
hier - “here”, Heer - “army”, Haar - “hair” and h - “h”. An additional set of words with 
phonologically monophthongal nuclei /i� u� o� a�/ were recorded in order to quantify the extent 
of the individual speaker’s formant space. The test words Kuh - “cow”, Vieh - “cattle”, Floh - 
“flea” and Saal - “hall” were also embedded in sentences and were repeated six times. The 
test items were followed by a verb with the prefix „be_“ in all sentences, except for one noun 
(Berühmten – “famous persons”) and one preposition (bevor – “before”) with word-initial 
„be_“. The labial plosive was chosen because of its minimal formant transitions which are 
avoiding variations within the formants of the following vowel. All sentences were 
syntactically and semantically acceptable. The sentences – those with test words and those 
with the dummy words – were presented in a randomized order. 

 

Table 1: Number of tokens across the different vowel contexts. The last four columns present the dummy 
words. 

 /ir/  /er/  /�r/  /ar/  /a�/ /o/ /u/ /a�/ /i/ 

female 108 90 18 108 108 18 18 18 18 
male 108 90 18 108 102 18 18 18 18 

As can be seen in Table 1 there were some missing [a:] items. These items had to be 
excluded, because one male speaker (mdi) always deaccented the word da - “there” in the 
sentence. The result was a reduction of the vowel, which became more similar to [�] than to 
[a]. 

2.2. Measurements 

The measurements were made by means of PRAAT (Boersma &Weenik). Time - markers 
were set at the onset (= WA) and the offset (= WE) of the stimulus-word as well as at the 
onset (= VA) and the offset (= VE) of the vowel. These points were used to calculate the 
duration of the word and of the vowel respectively. Since we wanted to know whether /a�r/ is 
diphthongal or not, we had to scale the two parts of the sequence. For this, we set two time 
markers: measurement point 1 (VM1) and measurement point 2 (VM2). For sequences like 
/ir/, /er/ and /
r/, VM1 was set in the temporal midpoint before and VM2 in the temporal 
midpoint after the formant transitions. Mostly there was no transition in the sequence /ar/. In 
that case we assumed the transitions in the temporal midpoint of the sequence and set the 
measurement points as described above. VM2 corresponds to the time point for the /r/ - 
allophone in all analysed combinations (/ir/, /er/, /
r/, /ar/). For words like sah - “saw” with 
the monophthong /a�/ only one measurement point (VM1) was set (see Figure 1). VM1 and 
VM2 were used to extract the frequency values of the first three formants (F1, F2, F3).  
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Figure 1: /a�/ and /ar/ in the stimuli “pa” and “paar” with the measurement points and 
the points for vowel onset (VA) and vowel offset (VE).  

The R programming environment was used for all subsequent statistical and graphical 
analyses. First, we checked if the data were normally distributed by means of the Shapiro-
Wilk-Test. In case of normal distribution, we applied the t-test to test the significances, after 
verifying the homogeneity of variance in order to choose the correct t-test. If the data turned 
out to be not normally distributed, we used the Mann-Whitney-Test which is comparable with 
the t-test (Wiseman, 2005). 

3. Results 

3.1. Duration Measurements 

For a complete assimilation of /r/ when preceded by /a�/, we expected no durational 
differences between the segments /a�/ and /a�r/. The analysis showed that four of six speakers 
produced the long vowel [a�] with a longer duration than the secondary diphthong but the 
difference was not significant. The other two speakers realized /a�r/ with a longer duration 
than /a�/ but without significant differences. Figure 2 shows the averaged durations of /a�/ and 
/a�r/ of all male and all female speakers separately. As can be seen there is no noticeable 
difference in durations between the two vowels within the male and the female group. These 
findings were corroborated by Mann-Whitney-Tests and t-tests which yielded no significant 
differences for either the male or the female speakers.  

 
 
 
 
 
 
 
 

/a�/ /ar/ 

  VA           VM1              VE                                       VA     VM1         VM2    VE 
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Figure 2: Duration plots of two vowels pooled across all male and all female speaker showing 

mean and standard deviation of /a�/ and /ar/. The notation “n.s.” means “not significant” 
at a significance level of 5%. 

3.2 Variability and placement of [�] 

As we have seen in section 3.1. there is no significant difference in the duration of sequences 
like /a�/ and /ar/. Regarding the placement in the vowel chart of those two sequences in Figure 
3, we can see that /a�/ and /ar/ cannot be visually distinguished by their first two formant 
frequencies. The plot shows a large overlap of the ellipses of /a�/ (a) and /ar/ (a6) in the first 
two formant frequencies of VM1 and VM2. To substantiate this visual impression some 
statistical tests were made. With the help of the t-test and the Mann-Whitney-Test, the 
differences in the first three formants between VM1 and VM2 of sequence /ar/ were tested 
split by speaker. In Table 2, the findings of the tests are displayed. The shaded cells indicate 
significant differences at a significance level of 5%. There is only one significant difference 
in the F1-data of the female speaker bni. The differences of all other speakers are not 
significant. Accordingly, there is clear evidence that there is no difference between VM1 and 
VM2 in the first formant. In the second formant, four of the six speakers show significant 
differences between the two measurement points. There were no significant differences 
between the two measurement points in the third formant for any speaker.  

Table 2: Results of the statistical tests of the analysed differences between VM1 and VM2 in /ar/ are 
shown. The shaded cells are pointing out significant results at a significance level of 5%. 

 speaker F1 F2 F3 
bbe W = 669.5 

n.s.  
t = 3.4855, df = 51.074 
p < 0.01 

W = 800 
n.s. 

bni t = -2.127, df = 70 
p < 0.05 

t = 3.4477, df = 54.428 
p <  0.01 

W = 632.5 
n.s. fe

m
al

e 

seh t = 1.7685, df = 70 
n.s. 

t = 3.2936, df = 70 
p < 0.01 

W = 710 
n.s. 

jsg t = -1.1655, df = 70 
n.s. 

t = 1.426, df = 63.314 
n.s. 

W = 737.5 
n.s. 

mbo t = 1.7761, df = 70 
n.s. 

t = 3.0831, df = 70 
p <  0.01 

W = 759.5 
n.s. m

al
e 

mdi t = 1.7576, df = 70 
n.s. 

t = 0.3118, df = 70 
n.s. 

W = 750.5 
n.s. 

n.s. n.s. 

male 
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In Table 3 we subtracted the mean of VM2 and the mean of VM1 to see whether the transition 
direction of F2 is the same for all subjects. As the value is negative, we conclude a falling F2-
transition from /a�/ to /�/ in /ar/-sequences. Although the mean of the formant values of VM1 
and VM2 in F2 differs maximally 63 Hz (see Table 3), they are significant at a 5% level (see 
Table 2). 

Table 3: Mean of the F2-values in Hz for every speaker apart in both measurement points and the 
differences between the mean of VM2 - VM1. 

 VM1 F2 VM2 F2 VM2 - VM1 
bbe 1575 1523 - 52  
bni 1397 1337 - 60 
seh 1527 1477 - 50 
jsg 1270 1255 - 15 
mbo 1170 1107 - 63 
mdi 1194 1187 - 7 
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dummies VM1 VM2 

I = /i�/ U = /u�/ O = /o�/ A = /a�/ i = /i�/ E = /ε�/ e = /e�/ a = /a�/ i6 = /i�r/ E6 = /ε�r/ e6 = /e�r/ a6 = /a�r/ 

Figure 3: Localization and dispersion of several vowels in the F1 x F2 vowel chart for male (left) and 
female speakers (right) shown as 2 σ ellipses.  

Male and female data differ somewhat with regard to the amount of variability and the 
absolute formant values, which can probably be attributed to different vocal track sizes. 
Therefore, the formant frequencies of males and females were displayed in separate plots. 

Looking at the variability of [�], Figure 3 indicates that [�] was modified by its preceding 
vowel. The [�] with preceding [a�] is almost equivalent in formant position [a�]. The ellipses 
of [�] with preceding /e/, /i/ or /ε/ more or less overlapping the ellipses of the particular 
preceding vowel. That means, that [�] is subject to progressive assimilation.  

male female 
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4. Discussion and Conclusions 

The German /r/ in word-final position is vocalized. The aim of this study was to investigate 
whether there is any phonetic evidence for an [�] after /a�/ in words such as Haar - “hair”. In 
order to test this assumption, we first considered the durations of the word final /ar/ - 
sequences. The difference between the vowel durations of /a�/ and /ar/ was negligible, which 
was also supported by non-significant results of statistical tests. Therefore, the long vowel /a�/ 
and the sequence /ar/ cannot be distinguished by duration. The spectral analysis substantiated 
the statistical findings. Figure 1 shows an example of /a�/ and /ar/ extracted from pa - “pa” 
and paar - “any”. The spectrogram indicates that both segments have nearly the same length. 
Based on this visual impression and the statistical tests, the second research question which 
says that there is no difference in durations is verified. 

In addition we expected the [�] to be variable. We tested whether it assimilates towards the 
preceding vowels like /e/, /i/ or /
/. As shown in Figure 3 the ellipses of [�] were influenced 
by the quality of the preceding vowels. We assumed that one reason for this regressive 
assimilation is the economy of speech. That means that the target sound should be reached 
within least time and least articulatory movement. Barry (1995) indicates the “undershoot 
model” because the /r/-phoneme is assumed to be the underlying target of [�]. In fact our data 
show that [�] is dispersed in the F2 x F1 plane. Consequently this research question is also 
verified. 

The main question of this analysis was concerned with the acoustic properties of [�] in 
/ar/-contexts vs. /a�/. We assumed the formants of [�] to be identical to the formants of the 
preceding vowel /a�/ so that the realizations of words like sah - “saw” and Saar - “Saar” 
(German river) are acoustically similar. The measurements of the first three formant 
frequencies did not fit with this research question. We found significant differences for four 
of the six speakers in F2 and for one of the six speakers in F1. Although the auditory and the 
visual impression led to the conclusion that [�] is elided after /a�/, the statistical analysis 
suggested otherwise. The differences in F1 can be seen as speaker-specific. Compatibly with 
Meyer-Eppler (1959) no differences in F3 could be found in the present study for any speaker 
(Table 2). In contrast to F1 and F3, F2 differs for most of the speakers (Table 2). The 
transition could result from the following /b/, but this context should also affect F1. 
Additionally a transition caused by the following /b/ should have affected all subjects. Two of 
six speakers produced no significant transition at all. Based on this arguments one can say 
that the falling transition of F2 indicates an articulation of /�/ further back in the vocal tract 
than /a�/ for four speakers.  

As expected we found diphthongal realizations of the /�/ if it is connected with a closed 
vowel like in the word Bier - “beer”. So we found clear differences between the two 
measurement points which we analysed. Simpson (1999) found a diphthongal realization if 
the /�/ is connected with closed or mid closed vowels as well. But if /�/ follows an open vowel 
like /a�/, he only found a very slight movement towards the centre of the vowel space. As 
discussed above we also found a very slight movement which was in general restricted to the 
transition of F2 in the presented research. Nevertheless, this slight but significant movement 
has to be seen as an indication that the realizations of sah - “saw” and Saar - German river - 
are acoustically distinct. Whether this very subtle difference is also perceivable and therefore 
leads to a phonological distinction between sah and Saar has to be tested in a perception 
experiment. 
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