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Abstract

The vowel quality of filler particles (FP)
is studied for 24 speakers of German who
produced 666 instances of vocalic (äh) and
vocalic-nasal forms (ähm) in spontaneous di-
alogues. The FP vowel quality is compared to
reference vowels of a word list as well as to
phonologically and graphematically similarly
constructed lexical syllables. Filler particles
show a complete overlap with the reference
vowels [œ] and [5], but overlap only partially
with [E] and [@].

1 Introduction

In German, vocalic (V) and vocalic-nasal (VN)
filler particles (FPs) are orthographically repre-
sented by 〈äh〉 and 〈ähm〉, which implies a phono-
logical representation as /E/ and /Em/, according
to grapheme-phoneme correspondences (Fuhrhop
and Peters, 2013). While FP vowel duration is of-
ten longer than those in lexical words (Shriberg,
2001), not much is known about their vowel qual-
ity. Some researchers assume a language-specific
distribution, for example, the vowel /@/ is used
for FPs in English (Lickley, 2015) and /e/ in Span-
ish (Roggia, 2012), and both are used within the
phonological system of their respective language.

This study investigates the vowel quality of FPs
in German and is motivated by the difference be-
tween their auditorily assumed realizations and
their acoustically measured vowel qualities. Al-
though their quality has been assessed impression-
istically in German and can be represented as [e e:
E E: æ @ @: 5 5: œ œ: ø] (Willkop, 1988; Rasoloson,
1994; Batliner et al., 1995), a systematic study of
their acoustic quality with a sufficient amount of
speakers is lacking.

The most recent acoustic study assesses the
vowel qualities of ten male speakers of German
as close to [@ 5 œ ø: Y U] (Klug, 2013). Previously,

Pätzold and Simpson (1995) hypothesize that FP
vowels are phonetically different from vowels oc-
curring in lexical items. They compare FP vowels
of two German speakers to vowels in lexical items
and report FP vowel qualities close to the reduced
vowels /@ 5/ as well as significant differences as
compared to the lexical vowels [E 5 @ A], albeit
some speaker-specific overlaps are observed. How-
ever, they fall short on “comparing [FP vowels]
with vowels from prominent syllables in lexical
items, i.e. those which are stressed” (Pätzold and
Simpson, 1995, 514). Therefore, apart from refer-
ence vowels, the present study also uses phonolog-
ically and graphematically similarly constructed
lexical syllables in order to better understand the
location of FP vowels in the vowel space.

2 Method

2.1 Corpus

The corpus used for this study consists of 24 na-
tive speakers of German, 12 males and 12 females,
speaking in 12 dialogues. They are recorded in a
soundproof cabin via head-mounted microphones
with a sample rate of 44 100 Hz. The interlocu-
tors were seated facing each other. Each dialogue
lasts approximately 15 min and was initiated by the
experimenter, asking them about their experience
with the university canteen. Parts of the data are
published in the corpus BeDiaCo v.1 (Belz and
Mooshammer, 2020).

At the beginning and end of the experiment, the
participants read a list of disyllabic words embed-
ded in the carrier sentence Sage X bitte (‘Say X
please’). The items permutated all 15 monoph-
thongs of German in the first syllable. The sec-
ond syllable contained either [@] or [5] (e.g., bäte
["bE:t@] ‘asked’, Täter ["tE:t5] ‘offender’).

The words Äther ["PE:t5] (‘ether’) and Ämter
["PEmt5] (‘offices’) have been included twice in
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the list, as their first syllables are similar to the
/E/-vowel assumed for äh and ähm.

2.2 Annotation, correction, and query

FPs are annotated in Praat (Boersma and Weenink,
2019) following the guidelines of Belz (2019). The
items in the word list are annotated for all full and
schwa vowels on a separate tier. The corpus is
transformed into an EMU database (Winkelmann
et al., 2017) and queried with the R package emuR
v. 1.1.1 (Winkelmann et al., 2018) in R, not con-
sidering glottal FPs (Belz, 2017). Formants are
added to the database via the Praat formant trackers
(Winkelmann, 2015), separately for each gender.
F1 and F2 of all vowels in FPs and in the word
list are manually corrected, if necessary. Formant
values are obtained at the vowel midpoint.

2.3 Statistics

The degree of overlap of two vowel distributions is
calculated by means of a multivariate analysis of
variance (MANOVA) with F1 and F2 as combined
dependent variable. Pairs of FP vowels and lexi-
cal vowels are taken as independent variable. The
Pillai’s trace is a test statistic from the MANOVA,
ranges between 0 and 1, and represents the shared
variation of F1 and F2 (Nycz and Hall-Lew, 2013,
5). The higher the Pillai’s trace, the greater the dis-
tance of F1 and F2 between two vowels (or between
two distributions). Conversely, for low values, two
vowels overlap (Hay et al., 2006, 467).

15 cases for which participants pronounced
["e:t5] and one case of [E"tE5] were discarded; one
participant skipped Äther once. A total of 96 cases
of /E/ in Ämter and 79 cases of /E:/ in Äther are
included in the analysis, as well as 1 402 reduced
and 1 439 full monophthongic reference vowels.

3 Results

3.1 Vowel quality of FPs

The corpus contains 37 263 word tokens on the
transliteration tier, 306 vocalic and 360 vocalic-
nasal FPs. Figure 1 shows the vowel space for fe-
male and male speakers containing reference vow-
els of the word list, FP vowels of V and VN forms,
and the first vowels of the words Äther and Ämter.

The vowel quality of both vocalic and vocalic-
nasal FPs in German completely overlaps with the
ellipse of [œ]. For male speakers, the FP ellipses of
V and VN forms overlap completely with [5]. For
female speakers, only VN forms show a complete

overlap. Additionally, partial overlaps between
the FP vowels and the reference vowels can be
observed for [a a: E E: O @ Y ø I @ ø Y].

The distributional differences between the word
list vowels and the FP vowels are assessed by a
MANOVA, comparing their F1/F2-distribution to
the most adjacent vowels [a 5 @ E E: œ ø Y], respec-
tively. Table 1 shows the results for each compari-
son, ordered by Pillai traces.

Table 1: Pillai traces of distribution overlap between
vowels in vocalic (V) and vocalic-nasal (VN) FPs and
lexical vowels in the wordlist (Vowel), with corrected
p-values (Bonferroni), ordered by effect.

FP Gender Vowel Pillai Df F p

V f œ 0.026 109 1.430 = 1
V f @ 0.136 109 8.530 < 0.05
V f 5 0.140 109 8.810 < 0.01
V f Y 0.150 109 9.500 < 0.01
V f ø: 0.171 109 11.150 < 0.01
V f E 0.313 109 24.560 < 0.001
V f E: 0.316 109 24.930 < 0.001
V f a 0.423 109 39.620 < 0.001

V m œ 0.005 217 0.520 = 1
V m 5 0.044 217 4.960 = 0.3
V m @ 0.062 217 7.140 < 0.05
V m Y 0.112 217 13.650 < 0.001
V m ø: 0.149 217 18.860 < 0.001
V m a 0.162 217 20.890 < 0.001
V m E 0.277 217 41.310 < 0.001
V m E: 0.349 217 57.880 < 0.001

VN f œ 0.006 136 0.420 = 1
VN f 5 0.032 136 2.230 = 1
VN f @ 0.237 136 20.930 < 0.001
VN f Y 0.261 136 23.810 < 0.001
VN f a 0.291 136 27.700 < 0.001
VN f ø: 0.299 136 28.780 < 0.001
VN f E 0.439 136 52.840 < 0.001
VN f E: 0.445 136 54.020 < 0.001

VN m 5 0.001 244 0.150 = 1
VN m œ 0.032 244 4.060 = 0.6
VN m a 0.099 244 13.320 < 0.001
VN m @ 0.181 244 26.810 < 0.001
VN m Y 0.248 244 40.090 < 0.001
VN m E 0.257 244 41.960 < 0.001
VN m ø: 0.290 244 49.730 < 0.001
VN m E: 0.307 244 53.720 < 0.001

A complete overlap is found for [œ] for both
genders and FP forms. [5] overlaps completely for
V and VN forms of male speakers, yet for only for
VN forms of female speakers. Statistics repeated
with bark-transformed values achieve similar re-
sults. Table 2 summarises the means and standard
deviations of the vowels in FP forms and lexical
items.

3.2 Comparison to similar lexical syllables

Table 3 shows the Pillai’s traces for the differences
between the read vowels of Äther/Ämter /E: E/ and
the vocalic part of FPs. Vocalic FPs are compared
to /E:/, vocalic-nasal FPs are compared to /E/. FP
vowels are clearly different from the presumably
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Figure 1: FP vowels in vocalic (V, green dotted) and vocalic-nasal (VN, violet dotdashed) forms as well as in
Ämter [E] (red solid) and Äther [E:] (blue dashed) within vowel spaces for women (f) and men (m). Data ellipses
contain 95 % of all values.

Table 2: Means (x) and standard deviations (s) of vow-
els in FP and lexical items (in Hz).

female male
Origin xF1 xF2 xF1 xF2

FP V 572 (103) 1621 (235) 498 (94) 1435 (128)
FP VN 634 (97) 1540 (181) 552 (76) 1365 (157)

Ämter E 653 (49) 2004 (149) 529 (54) 1770 (124)
Äther E: 673 (54) 2186 (186) 548 (52) 1893 (122)

Lex. @ 453 (38) 1520 (146) 399 (21) 1466 (73)
Lex. ø: 431 (27) 1579 (90) 347 (23) 1522 (90)
Lex. 5 690 (56) 1528 (102) 547 (37) 1343 (63)
Lex. œ 609 (41) 1543 (114) 514 (29) 1467 (71)
Lex. a 842 (88) 1531 (125) 667 (54) 1375 (122)
Lex. a: 919 (71) 1410 (121) 746 (38) 1248 (75)
Lex. E 650 (34) 2083 (133) 515 (31) 1774 (63)
Lex. e: 407 (32) 2525 (184) 314 (15) 2183 (75)
Lex. E: 636 (81) 2094 (147) 536 (49) 1839 (100)
Lex. I 456 (32) 2220 (132) 353 (22) 1886 (81)
Lex. i: 290 (23) 2531 (142) 256 (20) 2116 (138)
Lex. O 653 (52) 1145 (91) 571 (37) 1068 (84)
Lex. o: 434 (24) 726 (64) 377 (38) 741 (151)
Lex. U 473 (32) 926 (76) 402 (38) 907 (132)
Lex. u: 337 (40) 784 (131) 299 (40) 858 (269)
Lex. Y 444 (37) 1541 (87) 367 (26) 1500 (67)
Lex. y: 292 (27) 1789 (98) 254 (17) 1772 (90)

similar vowels /E:/ and /E/ in Äther/Ämter.

Thus, FP vowels in vocalic forms are produced
significantly higher and further back in the vowel
space than /E: E/ in Äther/Ämter for both genders
(female F1: Welch Two Sample t-test, t = −7.6,
df = 130, p < 0.001, 95% CI = [−128,−75];
female F2: Wilcoxon rank sum test with conti-
nuity correction, W = 61, p < 0.001; male F1:
W = 2196, p < 0.001; male F2: W = 57,

Table 3: Pillai traces of distribution overlap between
vowels in vocalic (V) and vocalic-nasal (VN) FPs and
/E E:/ in Äther/Ämter, with corrected p-values (Bonfer-
roni).

Comparison Gender Pillai Df F p

V:Äther f 0.61 138 108.99 < 0.001
V:Äther m 0.63 243 209.56 < 0.001
VN:Ämter f 0.60 172 127.74 < 0.001
VN:Ämter m 0.51 280 145.42 < 0.001

p < 0.001). For FP vowels in vocalic-nasal forms
only F2 differs significantly from /E/ in Ämter
(F2, female: W = 114, p < 0.001; F2, male:
t = −19.6, df = 81.2, p < 0.001, 95% CI =
[−446,−364]; cf. also Table 2).

Further, /E/ in /"Em.t5/ is significantly lower in
F2 (but not different in F1) than /E:/ in /"E:.t5/ for
both male (t = 4.6, df = 79.9, p < 0.001, 95%
CI = [70, 176]) and female speakers (W = 1578,
p < 0.001).

4 Discussion

FP vowels show a broader range of possible realiza-
tions in vowel space than lexical vowels. Although
previous evidence led to believe that FP vowels
cover the regions of [@] and [E] in German, this can
only be partially confirmed. At least for this study,
FP vowels completely overlay only the acoustic
ranges of the two lexical vowels [œ] and [5]. Never-
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theless, a range of other vowel qualities is touched
upon. Therefore, it seems that the dissimilarity be-
tween FP and lexical vowels is not as categorical as
implied by the statement that FP vowels are “differ-
ent from those employed in lexical items” (Pätzold
and Simpson, 1995, 514).

In general, VN forms are produced with a higher
F1 and a lower F2, thus being located more down
and back than V forms. Although the similarity
between FP vowels and the vocalic portions of
the phonologically and graphematically similarly
constructed syllables in lexical items could only
be partially confirmed, the results are nonetheless
interesting as they show that FP vowels behave
just in the same way on the anterior-posterior di-
mension as lexical vowels do if there is a bilabial
nasal following the first vowel – they are then lo-
cated more to the back of the vowel chart. This
kind of behaviour raises the question whether vow-
els in VN forms are not just randomly (or epiphe-
nomenally) produced further back, but are already
planned in this way, and “have targets of their own”
(Gick et al., 2004, 231). F3, which has not been
addressed here, could potentially explain more of
the vocalic behaviour before bilabial nasals, as the
vowels could be rounded to some extent.

In conclusion, from an acoustic point of view,
FPs in German are most closely represented by the
symbolic forms [œ œm 5 5m], although FP vowels
can in principle come from a relatively wide range
in the central part of the vowel space. Future stud-
ies may investigate how these acoustic instances
are linked to their auditory perception.
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