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This paper presents an acoustic study on secondary stress in German. The following 
hypotheses are tested: (1) secondary stress differs with regard to main stressed and 
unstressed syllables by occupying an intermediate position between the other two 
stress levels, (2) secondary stress is realized similar to primary stress but in less 
prominent way, and (3) secondary stress depends on the position of the syllable in 
relation to the main stressed syllable – either the main stressed syllable itself, one 
syllable before the main stressed syllable (pre-stress 1 position) or two syllables 
before the main stressed syllable (pre-stress 2 position). Correlates of word stress 
such as vowel duration, intensity, fundamental frequency, and formants F1 and F2 
were considered. A production experiment was carried out. Data of six female 
speakers show a high amount of inter- and intra-individual variation. The resulting 
distributions between pre-stress 1 and pre-stress 2 positions as well as pre-stress 2 
and main stressed positions are not significantly different from chance. Evidence for 
secondary stress is worse than chance. None of the analyzed parameters give 
evidence for a third level of word stress occupying an intermediate position between 
stressed and unstressed.  

 

1. Introduction   

Prosody refers to the study of phonetic variables which extend over more than one segment.2 
Stress belongs to this set of phonetic variables and denotes the perceived prominence of a 
linguistic unit. It is articulatorily characterized by increasing articulatory force (i.e. greater 
airflow, greater articulatory muscular tension) and auditorily characterized by higher pitch 
and greater loudness as well as greater duration. A fundamental distinction needs to be made 
between sentence stress and word stress or lexical stress. Sentence stress is usually a property 
of words in a phrase: words that have sentence stress are accented and those that do not are 
unaccented. When a word is accented in Germanic languages, then a unit of intonation known 
as a pitch-accent is associated with the word’s primary stressed syllable and this results in a 
marked pitch obtrusion. By contrast, word-stress or lexical stress is a property of the syllables 
of a word. In Germanic languages, a distinction can often be made between syllables that are 
strong and those that are weak based on various phonetic properties such as whether the 
nucleus is or is not a schwa-like vowel. Strong syllables have full vowel nuclei that cannot 
reduce to a schwa and within this category, and for each word, one of these is the 
rhythmically strongest and is known in traditional terminology as the syllable with primary 
stress. All other strong syllables of the same word have secondary stress. There is an 

                                                 
1 Now at Institute of Phonetics and Speech Communication, Ludwigs-Maximilan University Munich, Germany. 
2 Another term is suprasegmentals which can be used synonymous (cf. Couper-Kuhlen (1986: 2), however, for a 
comparison of the two terms and their synonym relation). 
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important interaction between sentence and word-stress when a word is accented, then a 
pitch-accent is usually associated with the primary stressed syllable.  

Usually, three different types of secondary stress are differentiated: (1) compositional 
secondary stress, (2) stress preservation in morphologically complex words, i.e. words 
resulting from derivational processes, and (3) rhythmical secondary stress. The type of 
secondary stress under (1) involves previous primary stress which is reduced to secondary 
stress because of derivation in compounds (e.g. German �Grün�donners�tag (‘Maundy 
Thursday’), example modified from Kohler 1995: 189f.; for an overview see Giegerich 
1983). The second type refers to secondary stress which emerges when main stress position is 
preserved in derivational words, though only one syllable can carry primary stress (e.g. 
English: con�dense – �conden�sation, German Origi�nal (‘original’) vs. �Origi�nali�tät 
(‘originality’), examples modified from Noel Aziz Hanna 2003; for a discussion on stress 
preservation see Chomsky and Halle 1968 and Halle and Vergnaud 1987). The third type 
denotes secondary stress originating in speech rhythm in general, i.e. the distribution of stress 
in all words, including for example morphologically simplex and non-compound words and 
may depend on the position in the word and the alternation with stressed and unstressed 
syllables (e.g. German �Bibli�othe�kar (‘librarian’) and �Zivi�lisa�tion (‘civilisation’), examples 
from Wiese 1996: 292; for an overview see Noel Aziz Hanna 2003). The phonetic 
investigation of the third type will be the topic of the paper presented here. Henceforth, we 
will refer to this type as secondary stress only, the two former will be excluded from this 
analysis. There is an extensive literature on secondary stress in phonology (e.g. in metrical 
phonology). To our knowledge, there are no studies which investigate solely the phonetics of 
secondary stress in German.3 The article presented here focuses on secondary stress from a 
phonetic point of view.   

Kager (1989: 276) defines secondary stress in terms of specific criteria which a secondary 
stressed syllable displays. These criteria are, on the one hand, “the potential of bearing a pitch 
accent (i.e. accentability) and, on the other hand, “the impossibility of being reduced (i.e. 
irreducibility).” In English, the existence of secondary stress is beyond controversy. Reduced 
syllables containing [�] cannot be stressed and are therefore unstressed, all other syllables 
which do not carry main stress – only one syllable within a word can bear the main stress – 
but contain full vowels are assumed to have secondary stress. Thus, we find words like 
[cH$udk-?o!ldm-s?k\�with non-reduced vowels in the second and fourth syllable but main 
stress only on the fourth syllable (as indicated by the ‘!’-symbol). According to most 
phonologists (e.g. Kager 1989, Jensen 1993), reduction of syllable nuclei in the first, third, 
and fifth syllable turns those syllables into unstressed syllables, and the second syllable 
receives secondary stress (as indicated by the ‘$’-symbol). The phenomenon of secondary 
stress also occurs in Dutch (see Kager 1989, Booji 1995). Since English, Dutch and German 
are all West Germanic languages and since language family relation can, among other things, 
be explained by means of the phonological structures of languages, one can assume that in 
German, secondary stress also exists. Furthermore, the existence of secondary stress has been 
demonstrated in the phonology of German composite and derived words (e.g. Wiese 1996, 
Zerbian 2002).  

The definition above, however, only covers phonological predictions about secondary 
stress. With respect to phonetically determined secondary stress in German, it seems to be 
important not to pool all non-main stress positions in a word in order to be clear about vowel 
quality and vowel quantity differences in German tense and lax vowels in stressed and 
unstressed syllables. For example, Vernon (1976) differentiates between three positions of 

                                                 
3 Zerbian (2002) investigated phonetic factors of secondary stress but did so against the background of 
phonological theories. 
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non-main stressed syllables in German: pre-tonic, posttonic-final and posttonic-penultima.4 
He deduces from his vowel duration data that there is a third stress level since in word final 
syllables following the main stressed syllable position – as opposed to the other two non-
main stress positions – vowel quantity reduction can be observed. According to his analysis 
syllables in posttonic-final position bear secondary stress. Jessen (1993), however, 
distinguishes in his study on stress conditions on vowel quality and quantity in German, only 
two non-main stressed syllables: pre-stress 1 and pre-stress 2. The latter referring to syllables 
two positions before main stress and the former referring to syllables one position before 
main stress. In his experiments, he firstly compared the syllables in pre-stress 1 position and 
stressed syllables and secondly syllables in pre-stress 2 position and stressed syllables. With 
regard to the differences in quantity and quality against the background of tenseness, his 
findings favour the existence of a further stress level, which can neither be equated with 
unstressed nor stressed. He concludes that pre-stress 2 condition can be equated with 
secondary stress: 

 
“It is possible that German has some form of alternating stress, such that every 
second syllable is realized with at least secondary stress. […] if alternating 
stress was present in German, differences in quantity in pre-stress 2 position 
could be attributed to secondary stress and the absence of quantity differences 
in pre-stress 1 to the absence of stress. Quality differences, on the other hand 
are independent of the degree of stress. Taken from another perspective, this 
would mean that vowel quantity is a reliable correlate of stress in German, but 
vowel quality is not.” (Jessen 1993: 13).  

   
Although, his main concern was not to provide evidence for secondary stress in German, but 
to test the effect of syllable position in relation to different stress patterns on the tense/lax 
opposition in German vowels. Therefore, he did not analyse the differences between the two 
proposed distinctive types of non-main stressed syllables. Such a comparison, though, will be 
essential in order to provide evidence of the existence of secondary stress. 

Zerbian (2002) tested the acoustic correlates of word stress (vowel and syllable duration, 
fundamental frequency (abbreviated f0 hereafter), intensity) in order to show phonetic 
evidence for secondary stress in German.5 She differentiates between two positions of non-
main stressed syllables in German: pre-stress 1 and post-stress 1.  In her analysis syllables in 
pre-stress 1 position are unstressed and syllables in post-stress 1 position bear secondary 
stress.6 However, she did not find evidence for secondary stress in German. The increase of 
the analysed parameters from unstressed to secondary stressed to stressed syllables, that she 
expected, has not been found in all environments. According to her results, she found 
duration to be the strongest correlate of word stress. Measurements of duration reveal that the 
unstressed condition is significantly different from both secondary and primary stressed 
conditions. She only found significant syllable and vowel duration differences between all 
stress levels for long /o/-vowels in second syllable position. Results showed a great amount 
of variation between test persons and between stress levels. Even though, analyses of 
variance yielded significant differences only in a few cases and results are very 

                                                 
4 Even though his terminology strongly reminds us of pitch accents, he refers to the syllable preceding the 
stressed syllable (pre-tonic), the syllable following the stressed syllable without being the last syllable of the 
word (posttonic-penultima), and the final syllable of a word following the stressed syllable (post-tonic-final). 
5 Zerbian tested the following two sets of test words: verlosen – Freilose – friedlose – Philosoph; Haftcreme – 
Schutzhaft – scherzhaft – Afgahn. 
6 She also differentiates between syllables in post-stress 1 position in compounds and syllables in post-stress 1 
position in non-compounds. This differentiation, however, is not relevant for the present investigation. 
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heterogeneous, she presumes that there may be three stress levels: prestress, stress, and 
poststress.   

Word stress affects has an influence on speech production and therefore on the acoustic 
signal.7 Researchers still discuss which acoustic correlates of word stress are the most reliable 
ones. Dogil (1995), Dogil and Williams (1999), and Jessen et al. (1995) regard duration as 
the most important correlate of word stress, since they found duration of stressed vowels or of 
stressed syllables to be significantly longer than duration of unstressed vowels or unstressed 
syllables. Intensity has also been found to be an important correlate. Based on Sluijter (1995), 
Claßen et al. (1998) focused on the spectral tilt (i.e. the decrease in intensity of harmonics in 
the region of higher frequencies as opposed to lower frequencies) and showed for German 
that unstressed vowels are characterized by less intensity in higher frequencies (see however 
Campbell & Beckman 1997 for contrary results in English). Isačenko and Schädlich (1970) 
found f0 to be the decisive feature of word stress. From studies focussing on correlates 
relevant for both word and sentence stress it can be deduced that f0 is rather a correlate of 
sentence stress than of word stress (cf. e.g. Dogil 1995, 1999; Möhler and Dogil 1995). 
However, Jessen et al. (1995) include f0 in their proposed hierarchical ordering of relevant 
word stress correlates with duration being the most important correlate. De Jong et al. (1993) 
suggest that co-articulatory effects are a very strong correlate of word stress in English: 
segments tend to be less affected by co-articulation in syllables bearing main stress. Co-
articulatory effects are often analyzed by means of articulatory studies (e.g. De Jong et al. 
1993). We included co-articulatory effects only in so far as that we discuss the co-
articulation-based formant target undershoot theory in connection with vowel quality 
(Lindblom 1963, see below § 4). Vowel quality is also considered to be an acoustic correlate 
of word stress in German (e.g. Jessen et al. 1995, Dogil 1995). The space of the vowel 
inventories of German and other languages is assumed to extend under stress, i.e. F1 and F2 
either in or decrease under stress depending on their position in the vowel quadrilateral (e.g. 
Lindblom 1963, Crosswhite 2001, Flemming 2002). Jessen (1993), however, found only 
vowel quantity to be a reliable correlate of word stress in German, but not vowel quality. He 
tested two hypotheses for how stress might affect vowel quality in German: the association 
hypothesis and the dissociation hypothesis. The association hypothesis implies that both 
vowel quantity and vowel quality change to a similar degree for tense and lax vowels under 
different stress conditions, whereas the dissociation hypotheses implies that vowel quantity is 
more prone to change under different stress conditions than vowel quality. He concludes from 
his German data of tense and lax vowels that the dissociation hypotheses should be favoured, 
i.e. only the duration of tense vowels changes significantly under different stress conditions 
as opposed to vowel quality. According to Jessen’s et al. (1995) hierarchy of word stress 
correlates parameters f0, intensity and vowel quality follow in this order. 

Based on Jessen (1993), we assume the existence of two different non-main stress levels, 
which are associated with respect to the positions related to the syllable carrying sentence 
stress. Again, syllables occurring two positions before main stress are referred to as pre-stress 
2 syllables and syllables one position before main stress are referred to as pre-stress 1 
syllables. The latter are assumed to represent unstressed syllables, while the former are 
assumed to represent a third stress level, termed secondary stress. On the basis of those 
assumptions, the following hypotheses will be tested: 

 

                                                 
7 For an overview of the physiological parameters see Zerbian (2002: 57f).  
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(H1) A third stress level exists in German, which differs with regard to main stressed and un-
stressed syllables by occupying an intermediate position between the other two levels. 
This third level can be equated with secondary stress.  

(H2) Secondary word stress will be realized phonetically as main word stress, i.e. the acoustic 
correlates correspond, but are less prominent in secondary stress than under main stress 
conditions. 

(H3) Secondary stress depends on the position of the syllable in the word: Pre-stress 2 
syllables may receive secondary stress as opposed to pre-stress 1 syllables.  

 
In the production experiment presented here, we examine the phonetic nature of different 
stress levels by means of acoustic speech data analysis, assuming that secondary stress does 
exist. We have tested, whether there are significant differences between both pre-stress 2 and 
pre-stress 1 syllables and pre-stress 2 syllables and stressed syllables and in how far pre-stress 
1 syllables differ from pre-stress 2 syllables and pre-stress 2 syllables differ from stressed 
syllables. The existence of secondary stress can only be assumed, when differences between 
all three proposed levels show significant effects.  

With regard to previous investigations (Isačenko and Schädlich 1970, Claßen et al. 1998, 
Jessen et al. 1995; see above), we consider vowel duration, intensity, F1 and F2, and f0 the 
relevant correlates of word stress, i.e. in the investigation described below we focus on these 
parameters.  

As has been pointed out above, f0 has been regarded a parameter in the phonetic 
realization of word stress in German. This parameter, however, demands a few remarks, 
because (1) it has been questioned in how far f0 is a correlate of word stress (Dogil 1995, 
1999; Möhler and Dogil 1995), and (2) it is possible that hypothesis (H2) cannot be applied 
to this parameter. It is assumed that the stressed syllable is almost always indicated by an f0 
maximum with the maximum being aligned with the stressed syllable (i.e. (L+) H* L-L% in 
autosegmental-metrical phonology (e.g. Pierrehumbert 1980)). Therefore we would expect 
consistently lower f0 values for syllables both in pre-stress 1 and pre-stress 2 position. In a 
number of recent autosegmental based intonation studies on prenuclear rising accents, it has 
been shown that the alignment of tonal targets is relatively predictable and stable (e.g. 
Arvaniti, Ladd, and Mennen 1998, 2000 for Modern Greek; Ladd, Faulkner, Faulkner, and 
Schepman 1999 for English; Ladd, Mennen, and Schepman 2000 for Dutch, Atterer, and 
Ladd 2004 for German). In the investigated languages the L(ow) is either aligned shortly 
before the stressed syllable onset or with the syllable onset. In Southern German the L can 
even be aligned with the nucleus of the stressed syllable (Atterer and Ladd 2004). The 
H(igh), on the other hand, is aligned with a segment near or adjacent to the stressed nucleus 
(that is, with the following consonant or the following unstressed vowel). In particular, the 
alignment of the L tone proved to be aligned to a robust “segmental anchor point” (e.g. 
Atterer and Ladd 2004). Although f0 values are assumed to be always lower in non-main 
stressed position than in stressed position, systematic differences between the f0 values of 
non-main stressed positions due to a diverging alignment of the tonal targets may occur. 
However, they are hard to predict since the f0 slope preceding the first target point L can take 
on different shapes and the alignment of the H can vary. The resulting f0 values at a certain 
time point within the syllable in stressed, pre-stress 1 and pre-stress 2 position may therefore 
vary systematically. Three possible f0 slopes preceding the first target point L are illustrated 
in Figure 1. One possibility would be that f0 values in pre-stress 2 position are higher than f0 
values in pre-stress 1 position (a), the other possibility would be that f0 values in pre-stress 2 
position are lower than f0 values in pre-stress 1 position (b), and a third possibility would be 
that f0 values in pre-stress 2 position are not different from f0 values in pre-stress 1 position 
(c). The first prediction would be in accordance with hypothesis (H2). The second prediction 
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would be in accordance with hypothesis (H1) and would therefore be evidence for secondary 
stress, although this prediction would not be in accordance with hypothesis (H2). The last 
prediction would not be in accordance with any of the hypotheses.  

From this perspective it is interesting to see whether there are systematic differences in the 
f0 values at the syllable under investigation which occurs always in the same position in the 
word but takes on different stress conditions. Systematic diverging f0 values under different 
stress conditions could be the result of diverging f0 slopes and the alignment of the L tone 
targets. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic representations of the alignment of tonal targets relative to the stressed syllables 
as well as the f0 slopes preceding and following the tonal targets for the three different stress 
conditions (solid line = main stress, dotted line = pre-stress 1,  dashed line = pre-stress 2). For each 
stress condition two possible alignments of H are given. The midpoint of the vowel under investigation 
is marked by the vertical line in the first syllable. 

 
Because of this, the parameter f0 has been included in the present investigation. Furthermore, 
it has been included in previous investigations on secondary word stress (e.g. Jessen et al. 
1995, Zerbian 2002). The experimental set-up (see below § 2.1) allows for the inclusion of the 
investigation of the parameter f0, because the target word should always receive the pitch 
accent of the sentence. Moreover, the intonation pattern has been controlled by investigating 
only utterances with intonation patterns H* L-L% or L+H* L-L%. Note, however, that with 
respect to the word stress correlate f0 the present study can only serve as a preliminary study. 
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2. Method 

2.1 Stimuli 

Target syllables contained the tense vowels /d�`�n/ and the lax vowels .H�D�`�T.. All 
syllables were part of real words, except for the words Logist and Schifferei. The target 
syllables were embedded in words with three different stress patterns: (1) main stress on the 
target syllable, (2) target syllable one position before the main stressed syllable, and (3) target 
syllable two positions before the main stressed syllable. The 36 target words are shown in 
Table 1. The target syllable was always the first syllable of the target word.  

TABLE I: Target syllables embedded in different words. Syllables under investigation are printed in bold letters, 
main stressed syllables are underlined. 

(C)V(C) Stress Pre-stress 2 position Pre-stress 1 position 
ld9� Medien (‘media’) Mediziner (‘physician’) medial (‘medial’) 
ld9� Meta (‘meta’) Methanol (‘methanol’) Methode (‘method’) 
s.cd9(#s)� steht (‘stands’) detailliert (‘detailed’) Detail (‘detail’) 
>`'9(�� Ahne (‘ancestor’) analog (‘analogous’) anal (‘anal’) 
k`9� Latex (‘latex’) Lateral (‘lateral’) Latein (‘latin’) 
ln9� Mono (‘mono’) Monolog  (‘monologue’) Moneten (‘shekels’) 
kn9� logisch (‘logical’) Logopäde (‘speech therapist’) Logist* (‘logician’) 
yn9� solo (‘solo’) Solitär (‘solitaire’) Solist (‘soloist’) 
RH� Schiffer (‘skipper’) Schifferei* (‘related to shipping’) chiffrieren (‘to cipher’) 
yDm� Sensor (‘sensor’) sensitiv (‘sensitive’) Sensoren (‘sensors’) 
l`� Macke (‘kink’) Makkaroni (‘macaroni’) Makrele (‘mackerel’) 
yTk� Sultan (‘sultan’) Sultanat (‘sultanate’) konsultieren (‘to consult’) 

Where # stands for a syllable boundary. * Words with no DUDEN pronouncing dictionary (Wermke 2003) entry.  
 
All target words were embedded in the carrier sentence “Ich habe ____ gesagt.” (I said 

____.). By using this carrier sentence, the occurrence of the final or pre-boundary 
lengthening phenomenon (Kohler 1983 for German, Beckman and Edwards 1990 for 
English) was avoided. The sentences were randomized in seven blocks, each block 
comprising all 36 test sentences in a different randomized order. The total number of word 
tokens amounts to 1638 (36 test words x 7 repetitions x 6 speakers). We felt that there was no 
need to use filler words since the variety of test materials mean that subjects were not able to 
guess the purpose of the experiment.  

 

2.2 Speakers 

Six female speakers aged between 20 and 25 were recorded. Subjects will be referred to as 
speakers AMI, CRA, GRE, HKA, RDI, and SHA. Speakers GRE, RDI, and SHA were third-
year MA students of phonetics and familiar with speaking under studio conditions. Speakers 
AMI, CRA, and HKA were phonetically naïve. All speakers were native speakers of German 
but with different dialectal backgrounds. Speakers CRA, GRE, HKA grew up and were 
educated in Schleswig-Holstein (Northern Germany) and speak Standard German of a 
northern variety, speaker SHA was born and raised up in Lower Saxony (Northern Germany) 
and speaks Standard German, speaker RDI was born and raised up in Brandenburg (Mid-
Eastern Germany) and speaks Standard German of a northern/east-middle variety, and 
speaker AMI was born and raised up in Saxony (Eastern Germany) and speaks Standard 
German of an east-middle variety. At the time of the recording speakers CRA, GRE, HKA, 
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RDI, and SHA had been living in Kiel for at least two years, whereas speaker AMI had been 
living in Berlin for two years. None of the subjects reported any speech or hearing pathology.  

2.3 Data Acquisition 

The speakers have been recorded in a sound-treated booth at 16 kHz sampling rate. They were 
instructed to put the sentence accent on the underlined word which was always the test word 
and to speak at a comfortable speaking style with regard to speech rate and loudness. They 
read a test block containing 5 test sentences before the recording proper started. There was a 
pause after each block. Subjects decided on the length of the pause.   

2.4 Data Analysis 

The data of subjects AMI and HKA were excluded from the analysis because of use of stress 
patterns deviating from the expected stress pattern according to the Duden 
Aussprachewörterbuch (Wermke 2003), which is the standard and most widely used German 
pronouncing dictionary. Moreover, speaker HKA tended to produce a prosodic phrase 
boundary after the target word, the occurrence of only one intonation phrase, however, was 
essential to avoid effects of pre-final boundary lengthening (Kohler 1983, Beckman and 
Edwards 1990, see above § 2.1). The data of the four other speakers included in the analysis 
showed one of the following pitch accents on the accented syllable of the test word: H* L-L% 
or L+H* L-L%. 

Furthermore, some test word triplets were excluded because some test words were 
mispronounced by the majority of the speakers. In the end only the following seven test word 
triplets were analyzed: Latex – Lateral – Latein, Medien – Mediziner – medial, Mono – 
Monolog- Moneten, solo – Solitär – Solist for tense vowels and Macke – Makkaroni – 
Makrele, Schiffer – Schifferei – chiffrieren, Sultan – Sultanat – konsultieren for lax vowels.  

The following acoustic parameters were measured interactively using praat (Boersma and 
Weenink) with synchronized visual displays of the waveform and wideband spectrogram: 
temporal locations of consonant onset, vowel onset and vowel offset, f0 at vowel onset, 
midpoint of vowel and vowel offset, formants F1, F2 and F3 at temporal midpoint of vowel, 
intensity at midpoint of vowel, f0 maximum in the entire utterance, and f0 maximum in the 
syllable under investigation. Formants and f0 were superimposed on the spectrogram. 
Formant analysis was performed using the praat ‘sound: to formant (burg)’ program (Burg’s 
method (Burg 1978)) with the following default settings: window length = 25 ms, pre-
emphasis factor α = 0.98. f0 analysis was performed using the praat ‘sound: to pitch’ 
program with its default value of 10 ms frame shift. Intensity analysis was performed using 
the praat ‘sound: to intensity’ program with the following default settings: window length = 
64 ms, averaging method = mean energy, (subtract mean pressure). Especially, segmentation 
of the /�l/ sequence in Sultan – Sultanat – konsultieren triplet proved difficult. Measurements 
of F3 as well as of f0 maxima in the syllable under investigation and in the entire utterance 
were done to serve as basis for future research. These data, however, were not included in the 
present data analysis. 

Statistical analysis was carried out using the R programming language (Bates et al.). Mean 
and standard deviations were calculated. We considered the samples being paired and being 
normally distributed. Therefore, paired sample t-tests were calculated for testing the 
significant effects between stress levels. Because of the multiple comparisons, p-values have 
been adjusted by the Bonferroni method. We have chosen a significance level of 5%, but the 
significance level has been lowered to α = 0,83% since there were so many t-tests. In 
addition, differences between unstressed syllables in pre-stress 1 position and syllables in 
stressed position have been tested for reasons of control. 
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3. Results 

For reasons of better visualization, data were plotted at first in the form of box plots and 
normal data curve plots. Due to shortage of space, only one example of a box-and-whisker 
plot of the parameter vowel duration is given below. All other results are described by means 
of mean values and standard deviations for all speakers and all vowels separately. These are 
shown in Tables II, IV, VI, and VIII. From our perspective, effects and overall tendencies can 
be clarified better by operating with these values. Results of t-tests are shown in Tables III, V, 
VII, IX, and X. Significant differences in favour of secondary stress are shaded, significant 
differences only between the two non-main stress positions are printed in bold, and significant 
differences contrary to hypothesis (H3) are framed. 

In Figure 2 the distribution of the parameter vowel duration over all stress levels is shown 
for tense (left panel) and lax vowels (right panel) by all four speakers. Whereas great 
reduction could be observed with tense vowels in pre-stress 1 and pre-stress 2 positions as 
opposed to stressed vowels, no such differences in reduction occurred with lax vowels. 

Tables II and III show that all significant differences between stress levels pre-stress 2 and 
pre-stress 1 are contrary to the above formulated hypotheses. Speaker RDI had greater mean 
values in .H. in pre-stress 1 position than in pre-stress 2 and in stress position, i.e. in this case, 
.H. in reduced syllables was on average, longer than in stressed or in pre-stress 2 syllables. All 
other compared pairs showing significant differences (CRA: .d., RDI: .`9., SHA: .d.) had a 
longer duration in pre-stress 1 position than in pre-stress 2 position. Vowel duration of 
.T.�was extraordinarily long and may be traced back to the difficulties in segmentation. Only 
speaker SHA showed gradual differences from stressed position to pre-stress 2 position to 
pre-stress 1 position in the vowel duration of .n.,�.H., and .T.- 

Comparisons between stressed position and pre-stress 1 position showed significant 
differences in the majority of cases. However, in eight cases within the class of lax vowels, 
durations of stressed vowels did not differ significantly from durations of non-stressed 
vowels. Tense vowels always showed significant differences in duration between stressed and 
unstressed vowels. No significant differences occurred in the production data of lax vowels 
for speakers RDI and SHA. 
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Figure 2: Box-and-whisker plots of vowel duration for tense (right) 
and lax (left) vowels; data for all four speakers. 
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TABLE II: Mean values and standard deviation (in parentheses) of vowel duration [ms]. S = stress, 2 = pre-stress 
2 position, 1 = pre-stress 1 position. 

Subject Level `9� d� n� `� H� T�

CRA S 132.0  (12.1) 114.7  (  5.6) 119.2  (25.7) 67.1  (6.4) 51.3  ( 9.6) 126.0  (11.6) 
 2   63.5  (  6.1)   46.9  (  4.5)   50.1  (  9.8) 59.3  (3.8) 45.3  ( 6.2)   78.7  (  9.6) 
 1   61.1  (  6.5)   67.3  (  8.3)   49.5  (10.8) 62.3  (8.0) 45.9  ( 6.9)   76.9  (11.7) 

GRE S 150.0  (  9.9) 136.3  (10.6) 139.9  (11.1) 72.9  (5.6) 51.0  ( 2.1) 122.7  (  9.4) 
 2   69.4  (  4.5)   70.9  (  7.0)   63.8  (  9.8) 59.1  (4.9) 42.9  ( 3.4) 107.0  (11.2) 
 1   77.9  (  8.9)   76.3  (10.1)   59.4  (11.7) 64.6  (2.1) 43.6  ( 3.2) 100.1  (14.0) 

RDI S 135.1  (  6.0) 123.0  (  7.3) 127.6  (12.0) 57.9  (3.4) 44.1  ( 4.1)   75.6  (11.3) 
 2   60.6  (  6.3)   53.0  (  9.6)   61.1  (  9.4) 59.3  (5.9) 40.3  ( 2.2)   70.3  (10.1) 
 1   72.9  (  3.6)   63.1  (  7.5)   61.7  (  8.5) 61.3  (4.3) 50.6  ( 6.6)   73.1  (10.9) 

SHA S 117.0  (  6.3)   97.4  (  7.0) 105.8  (12.7) 51.0  (3.6) 41.0  ( 2.8) 104.3  (31.6) 
 2   53.1  (  8.6)   37.6  (  8.7)   57.2  (14.7) 46.4  (3.9) 37.7 (16.9)   97.0  (  6.6) 
 1   54.7  (  2.9)   58.0  (  9.6)   46.7  (13.0) 47.0  (6.1) 31.7  ( 3.7)   84.0  (17.3) 

 

TABLE III: p-values of t-tests for vowel duration. Significant differences only between the two non-main stress 
positions are printed in bold; significant differences resulting from vowel durations contrary to hypothesis (H3) 

are framed. 
Subjects Level `9� d� n� `� H� T�

S vs 1 0.000*** 0.000*** 0.000*** 0.505 0.620 0.000*** 
2 vs 1 1.000 0.000*** 1.000 1.000 1.000 1.000 

CRA 

S vs 2 0.000*** 0.000*** 0.000*** 0.097 0.490 0.000*** 
S vs 1 0.000*** 0.000*** 0.000*** 0.008* 0.000*** 0.007* 
2 vs 1 0.200 0.880 0.870 0.107 1.000 0.926 

GRE 

S vs 2 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.084 
S vs 1 0.000*** 0.000*** 0.000*** 0.560 0.057 1.000 
2 vs 1 0.002** 0.098 1.000 1.000 0.002* 1.000 

RDI 

S vs 2 0.000*** 0.000*** 0.000*** 1.000 0.418 1.000 
S vs 1 0.000*** 0.000*** 0.000*** 0.370 0.380 0.350 
2 vs 1 1.000 0.000*** 0.140 1.000 0.880 0.960 

SHA 

S vs 2 0.000*** 0.000*** 0.000*** 0.250 1.000 1.000 

 
 
With regard to intensity (see Tables IV and V), no tendency of a third stress level of 

secondary stress was discernible. The graduation of declining mean values from stress to pre-
stress 2 to pre-stress 1 could not be seen with this parameter. Standard deviation values 
showed that the variance is relatively low. 

The intensity differences between syllables in pre-stress 2 and pre-stress 1 position were 
not significant. Rather, values of both stress levels were almost identical. The solitary 
exception occurred for speaker RDI. Contrary to hypothesis (H1), pre-stress 2 syllables 
showed higher intensity values than main stressed syllables. As for speaker CRA, even 
differences between pre-stress 1 and stressed syllables were – with the exception of /�/ – not 
significant. Differences in tense vowels were in particular not very distinctive and rarely 
significant. Comparison between stressed position and pre-stress 1 position did also not show 
significant differences in the majority of cases. Only in 7 of 24 cases intensity of stressed 
vowels differed significantly from intensity of non-stressed vowels. These cases were equally 
distributed among tense and lax vowels. 

As for f0 (see Tables VI and VII), pre-stress 2 values were in general more similar to those 
of the pre-stress 1 values. This result is in accordance with the assumption that only stressed 
syllables have considerably higher f0 value as  opposed  to all other syllables. Nevertheless, a  
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TABLE IV: Mean values and standard deviation (in parentheses) of intensity [dB]. S = stress, 2 = pre-stress 2 
position, 1 = pre-stress 1 position. 

Subject Level `9� d� n� `� H� T�

CRA S 74.96  (3.5) 76.16  (1.5) 76.55  (2.1) 74.19  (2.4) 77.40  (2.3) 77.78  (2.4) 
 2 75.90  (2.7) 75.69  (1.2) 75.24  (2.3) 74.92  (3.2) 74.60  (2.1) 76.49  (2.3) 
 1 76.61  (2.3) 75.20  (1.4) 75.57  (2.2) 72.89  (2.3) 73.10  (2.3) 75.50  (3.1) 

GRE S 74.09  (2.0) 71.80  (2.0) 73.19  (1.4) 75.55  (1.8) 72.85  (1.7) 74.96  (1.0) 
 2 71.87  (1.7) 71.00  (1.0) 70.52  (1.9) 71.40  (1.9) 69.40  (1.8) 71.99  (1.4) 
 1 70.20  (1.6) 71.04  (2.1) 69.12  (1.8) 69.63  (2.2) 69.06  (2.6) 71.10  (1.4) 

RDI S 77.63  (1.4) 74.95  (1.2) 75.59  (0.8) 77.68  (2.2) 75.10  (1.4) 76.06  (1.4) 
 2 76.52  (0.8) 76.10  (1.3) 73.97  (1.8) 76.45  (1.6) 72.76  (1.3) 74.97  (2.6) 
 1 76.43  (1.6) 73.97  (1.2) 73.91  (2.2) 76.04  (1.3) 74.28  (1.6) 74.28  (1.5) 

SHA S 77.55  (2.7) 75.89  (1.6) 76.39  (2.4) 76.85  (1.4) 76.93  (3.9) 78.68  (2.8) 
 2 75.41  (1.2) 74.47  (3.3) 73.18  (2.6) 73.80  (2.6) 72.75  (2.9) 76.63  (0.3) 
 1 75.63  (3.1) 72.07  (2.0) 74.20  (1.4) 73.09  (1.3) 72.25  (2.1) 73.50  (2.9) 

 

TABLE V: p-values of t-tests for intensity.  
Subject Level `9� d� n� `� H� T�

CRA S vs 1 0.880 0.700 0.760 1.000 0.005* 0.420 
 2 vs 1 1.000 1.000 1.000 0.520 0.657 1.000 
 S vs 2 1.000 1.000 0.360 1.000 0.083 1.000 
GRE S vs 1 0.002* 1.000 0.000*** 0.000*** 0.010 0.000*** 
 2 vs 1 0.289 1.000 0.110 0.340 1.000 0.705 
 S vs 2 0.096 1.000 0.000*** 0.003* 0.019 0.002* 
RDI S vs 1 0.320 0.492 0.036 0.300 0.928 0.310 
 2 vs 1 1.000 0.017 1.000 1.000 0.200 1.000 
 S vs 2 0.400 0.326 0.047 0.630 0.023 0.920 
SHA S vs 1 0.490 0.023* 0.088 0.004* 0.032 0.004* 
 2 vs 1 1.000 0.230 0.843 1.000 1.000 0.105 
 S vs 2 0.270 0.036* 0.000*** 0.000*** 0.000*** 0.000*** 

 
 
few noticeable differences appeared together with the three different stress levels. Standard 
deviation values were relatively low.  f0 mean values of speaker CRA were highest for stress 
condition, lower for pre-stress 2 condition and lowest for pre-stress 1 condition in both tense 
and lax vowels, i.e. this speaker showed a tendency towards producing secondary stress 
distinctively from the other word stress categories. Speaker GRE’s tense vowel /`�. showed a 
significant difference between pre-stress 2 and pre-stress 1; however, the value of pre-stress 2 
was almost identical with the value of the stressed position. There were no significant 
differences between pre-stress 1 and pre-stress 2 in any of the other analyzed vowels. Mean 
values of stress levels pre-stress 2 and pre-stress 1 of speaker RDI were almost similar and all 
non-significant. f0 mean values of pre-stress 1 were slightly higher than for pre-stress 2. 
Similar results could be seen with speaker SHA. f0-mean values of .`9., .n., and .H. are higher 
for stress level pre-stress 1 than for pre-stress 2. Comparison between stressed position and 
pre-stress 1 position show significant differences in 19 from 24 cases. As to the five 
exceptional cases, three occurred for .`9.-�

As to the formant data (see Tables VIII, IX and X), mean F1 values of /e/, which is a 
relatively high vowel in German, were highest for stressed position and lowest for unstressed 
position in the data of two subjects and lowest for stressed position and highest for unstressed  
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TABLE VI: Mean values and standard deviation (in parentheses) of f0 [Hz]. S = stress, 2 = pre-stress 2 position,  
1 = pre-stress 1 position. 

Subject Level `9� d� n� `� H� T�

CRA S 172  (  4.8) 187  (9.5) 197  (8.7) 185  (  5.0) 216  (13.7) 196  (5.4) 
 2 169  (  3.3) 168  (3.7) 168  (4.9) 167  (  4.1) 181  (  4.5) 174  (4.4) 
 1 169  (  5.0) 166  (3.2) 167  (3.7) 164  (  3.7) 176  (  4.3) 167  (3.4) 

GRE S 168  (  3.6) 189  (6.0) 183  (4.1) 173  (  5.4) 198  (  5.9) 184  (3.0) 
 2 167  (  3.4) 169  (3.3) 171  (2.9) 166  (  2.1) 167  (35.7) 175  (2.3) 
 1 159  (  3.1) 169  (2.8) 166  (4.1) 161  (  3.6) 171  (  4.9) 170  (3.6) 

RDI S 198  (  7.4) 223  (6.3) 217  (5.7) 208  (  7.8) 239  (  6.4) 207  (5.9) 
 2 193  (  2.4) 203  (3.1) 204  (5.7) 191  (  2.8) 218  (  3.7) 204  (6.3) 
 1 196  (  3.4) 200  (3.1) 202  (3.5) 193  (  6.1) 217  (  6.5) 210  (8.9) 

SHA S 182  (  5.4) 213  (5.9) 210  (9.3) 201  (  5.5) 227  (  8.9) 206  (9.2) 
 2 180  (  8.8) 196  (7.9) 190  (4.0) 191  (10.9) 198  (13.5) 195  (5.3) 
 1 186  (12.9) 189  (6.7) 191  (8.4) 184  (  5.7) 201  (  7.4) 190  (4.4) 

 

TABLE VII: p-values of t-tests for f0. Significant differences only between the two non-main stress positions are 
printed in bold. 

Subject Level `9� d� n� `� H� T�

CRA S vs 1 0.630 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
 2 vs 1 1.000 1.000 1.000 0.460 0.93 0.030 
 S vs 2 0.610 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
GRE S vs 1 0.000*** 0.000*** 0.000*** 0.000*** 0.097 0.000*** 
 2 vs 1 0.001** 1.000 0.010 0.065 1.000 0.033 
 S vs 2 1.000 0.000*** 0.000*** 0.018 0.043 0.000*** 
RDI S vs 1 1.000 0.000*** 0.000*** 0.000*** 0.000*** 1.000 
 2 vs 1 1.000 0.870 1.000 1.000 1.000 0.460 
 S vs 2 0.320 0.000*** 0.000*** 0.000*** 0.000*** 1.000 
SHA S vs 1 1.000 0.000*** 0.000*** 0.002* 0.000*** 0.002* 
 2 vs 1 0.940 0.221 1.000 0.330 1.000 0.672 
 S vs 2 1.000 0.000*** 0.000*** 0.066 0.000*** 0.027 

 
 
position in CRA’s data. SHA’s data for stress and pre-stress 1 condition were very similar 
while pre-stress 2 was a bit lower than the other stress levels, but still quite close to the other 
levels. The data of the two non-primary stress levels were quite similar; differences between 
main stress and non-main stress levels were significant in two cases. Mean F1 values of /�/ 
and /�/ were highest for stress condition, lower for pre-stress 2 condition and lowest for pre-
stress 1 condition in the data of three subjects with mean F1 values in pre-stress 1 condition 
being always significantly lower than mean F1 values in stress condition. Subject SHA had a 
very high mean F1 value of /�/ for pre-stress 2 condition. However, the standard deviation 
was also high. According to the mean F1 values of /�/, 2/4 subjects had similar mean F1 
values for stress and pre-stress 2 condition, suggesting that they only co-articulate with the 
adjacent sounds in pre-stress 1 position, but not in pre-stress 2 position. Mean F1 values of 
/o/, which is a rather high vowel in German, and /a9/ were higher for stress condition and 
lower for non-stress conditions in the data of three subjects. RDI’s and CRA’s mean F1 
values of /a9/, however, were lower for pre-stress 2 condition than for pre-stress 1 condition. 
For /a/ again, mean F1 values were higher for stress condition and lower for non-stress 
conditions in the data of all subjects, but were higher for pre-stress 2 than for pre-stress 1 
condition only in the data of two subjects. For both tense and lax /a/-sounds, in most cases  
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TABLE VIII: Mean values and standard deviation (in parentheses) of the first 2 formants [Hz]. S = stress, 2 = pre-
stress 2 position, 1 = pre-stress 1 position. 
Subject Formant Level �`9� d� n� `� H� T�

S   860  (105)   335  (  18)   456  (  69)   818  (  53)   420  (  29)   387  (  11) 
2   675  (  74)   364  (  74)   445  (  73)   729  (125)   394  (  19)   378  (  24) 

F1 

1   691  (  42)   365  (  22)   442  (  89)   589  (  91)   364  (  21)   358  (  17) 
S 1463  (112) 2458  (  42)   930  (174) 1340  (187) 1807  (105) 1694  (243) 
2 1744  (125) 2211  (130) 1361  (313) 1455  (101) 1704  (  85) 1572  (  88) 

CRA 

F2 

1 1789  (133) 2460  (125) 1358  (303) 1506  (  43) 1807  (  61) 1630  (  37) 
S   958  (  24)   367  (    9)   413  (  51)   940  (  15)   406  (  12)   389  (    8) 
2   806  (  17)   341  (    5)   384  (  34)   835  (  30)   401  (  24)   384  (  19) 

F1 

1   797  (  17)   349  (  11)   395  (  84)   821  (  35)   346  (  10)   350  (    6) 
S 1554  (  26) 2496  (221)   871  (  94) 1563  (  28) 1849  (  48) 1382  (  73) 
2 1639  (  28) 2471  (262) 1149  (222) 1503  (  24) 1830  (  69) 1408  (  78) 

GRE 

F2 

1 1724  (  29) 2513  (243) 1204  (243) 1531  (  63) 2123  (133) 1446  (  83) 
S   947  (  24)   422  (    8)   424  (  30)   928  (  43)   472  (  14)   407  (  13) 
2   799  (  54)   403  (  10)   444  (  75)   824  (  29)   435  (  11)   418  (  14) 

F1 

1   857  (  26)   416  (  16)   444  (  90)   825  (  44)   424  (  18)   414  (  13) 
S 1419  (  31) 2560  (  41)   784  (123) 1366  (  55) 1549  (102) 1087  (  72) 
2 1584  (  71) 2326  (144) 1064  (204) 1401  (  28) 1550  (  35) 1185  (  80) 

RDI 

F2 

1 1498  (103) 2318  (301) 1071  (185) 1424  (  62) 1801  (168) 1410  (  59) 
S 1028  (  32)   372  (  25)   413  (  16)   870  (  28)   435  (  49)   424  (  12) 
2   728  (  32)   369  (  19)   382  (  35)   720  (  43)   468  (  82)   419  (  17) 

F1 

1   726  (  34)   373  (  19)   406  (  36)   750  (  51)   409  (  17)   376  (  14) 
S 1572  (  24) 2714  (  45)   841  (114) 1542  (  49) 1514  (  48) 1422  (105) 
2 1648  (  54) 2171  (317) 1196  (321) 1442  (  64) 1511  (108) 1530  (  51) 

SHA 

F2 

1 1747  (  48) 2565  (107) 1243  (251) 1576  (  36) 1729  (  98) 1595  (  70) 
 

 
mean F1 values of non-stress vowels were quite equal as opposed to values of stressed 
vowels. Mean F2 values of /e/ were either  higher  for  stress  condition  than  for non-stress 
conditions (in the data of two subjects) or were rather constant. CRA’s data showed similar 
mean F2 values for stressed and pre-stress 1 position, but showed a significantly different 
mean F2 value for the pre-stress 2 condition. Mean F2 values of /�/ were similar for stress and 
pre-stress 2 condition; mean F2 values of pre-stress 1 condition were significantly higher as 
opposed to the other two stress levels. Mean F2 values of /�/ were lower for stress condition 
than for pre-stress 1 condition in three cases; mean F2 values of pre-stress 1 condition were 
noticeable (though not always significantly) higher as opposed to the other two stress levels. 
For  all  high vowels,  CRA’s  data  differed from the other subjects’ data in so far as that the 
mean F2 values for stress and pre-stress 1 position were similar, but were considerably lower 
for pre-stress 2 condition. That is, in most cases mean F2 values were lower for stress 
condition than for pre-stress 1 condition with high vowels /�/ and /�/ but not with the high 
vowel /e/. Mean F2 values of /o/ and /a9/ were lowest for stress, higher for pre-stress 2, and 
highest for pre-stress 1 condition in the data of three subjects. In the /o/ data of all subjects, 
mean F2 values were lower for stress condition than for non-stress conditions with stressed 
vowels having significantly lower mean F2 values. /a9/ data of two subjects showed 
significant differences in favour of secondary stress. Mean F2 values of /a/ were lower for 
stress condition than for non-stress conditions in the data of three subjects.  

No systemic differences could be observed in the distribution of parameter values between 
lax and tense vowels. 
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TABLE IX: p-values of t-tests for the first formant. Significant differences only between the two non-main stress 
positions are printed in bold. 

Subjects Formant Level `9� d� n� `� H� T�

S vs 1 0.017 0.021 0.280 0.000*** 0.002** 0.002* 
2 vs 1 0.644 0.994 0.867 0.034 0.015 0.124 

CRA F1 

S vs 2 0.014 0.021 0.427 0.109 0.074 0.249 
S vs 1 0.000*** 0.014 0.223 0.000*** 0.000*** 0.000*** 
2 vs 1 0.341 0.174 0.926 0.447 0.000*** 0.005* 

GRE F1 

S vs 2 0.000*** 0.000*** 0.098 0.000*** 0.672 0.522 
S vs 1 0.000*** 0.391 0.581 0.000*** 0.000*** 0.354 
2 vs 1 0.025 0.104 0.535 0.977 0.181 0.612 

RDI F1 

S vs 2 0.000*** 0.002* 0.872 0.000*** 0.000*** 0.179 
S vs 1 0.000*** 0.916 0.489 0.000*** 0.026* 0.000*** 
2 vs 1 0.937 0.767 0.107 0.250 0.143 0.000*** 

SHA F1 

S vs 2 0.000*** 0.878 0.004* 0.000*** 0.730 0.546 

 

TABLE X: p-values of t-tests for the second formant. Significant differences only between the two non-main 
stress positions are printed in bold; significant differences in favour of secondary stress are shaded; significant 

differences resulting from vowel durations contrary to hypothesis (H3) are framed. 
Subjects Formant Level `9� d� n� `� H� T�

S vs 1 0.002* 0.965 0.000*** 0.058 0.995 0.564 
2 vs 1 0.541 0.005* 0.793 0.248 0.022 0.131 

CRA F2 

S vs 2 0.000*** 0.002* 0.000*** 0.177 0.066 0.455 
S vs 1 0.000*** 0.901 0.000*** 0.235 0.002* 0.150 
2 vs 1 0.000*** 0.259 0.541 0.301 0.000*** 0.416 

GRE F2 

S vs 2 0.000*** 0.535 0.000*** 0.000*** 0.564 0.545 
S vs 1 0.026 0.078 0.000*** 0.091 0.004* 0.000*** 
2 vs 1 0.097 0.951 0.768 0.391 0.002* 0.000*** 

RDI F2 

S vs 2 0.000*** 0.004* 0.000*** 0.163 0.970 0.032 
S vs 1 0.000*** 0.009 0.000*** 0.173 0.000*** 0.005* 
2 vs 1 0.003* 0.002* 0.571 0.000*** 0.003* 0.097 

SHA F2 

S vs 2 0.005** 0.000*** 0.004* 0.006* 0.949 0.044 

4. Discussion and Conclusions 

With respect to the results of the investigated parameters, hypotheses (H1) – (H3) are not 
supported: there is no evidence for a third level of word stress, which would be equal to 
secondary stress as has been found for English. Significant differences between compared 
stress levels relevant for establishing one such third level are worse than chance in the 
production data. 

These findings are in accordance with Vernon’s (1976) (cf. § 1) and do not support 
Jessen’s (1993) assumption of a third level of stress different from stressed and unstressed. 

Results show great intra- and inter-individual speaker differences, so that an evaluation of 
the results is made difficult and overall tendencies may be masked. 

Duration can be seen as one of the most important correlates of word stress in German. It 
has been shown that both vowel duration as well as syllable duration – which is partly but not 
exhaustively determined by vowel duration (cf. Peters 2002) – are crucial correlates of word 
stress (cf. Claßen et al. 1998). It is assumed that the more careful and thus slower articulation 
of stressed syllables is the determining factor for this. According to Dogil (1995, 1999), 
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syllable duration can be regarded to be a reliable correlate of word stress. However, vowel 
duration only has been taken into consideration in the investigation presented here, since 
syllable duration is mainly determined by the duration of the syllable nucleus, i.e. vowel 
duration. A second reason for the exclusion was that for the investigation of syllable structure 
it would have been important to keep syllable structure and number of syllables in the test 
words constant. This, however, is hardly possible for real German words. Nevertheless, it is 
important to mention, that, as has been found for several other languages, duration of the 
consonant preceding the nucleus can also increase under stress (e.g. Greenberg et al. 2003 for 
English, Cho and McQueen 2005 for Dutch, Heldner and Strangert 2001 for Swedish) which 
would lead to increasing syllable duration. But then onset duration would probably increase 
together with nucleus duration. It can be assumed that significant differences in syllable 
duration arise from obligatory differences in vowel duration and facultative differences in 
onset duration. That is onset duration probably does not increase under stress without an 
increase in vowel duration. Therefore, syllable duration has been excluded from the present 
analysis but should be included in future studies to test a possible influence of the onset and 
the coda. Greenberg et al. (2003) report for English that onset duration but not coda duration 
is sensitive to word stress – though to a lesser extent than vowel duration. Vowel duration 
data show significant differences between syllables in pre-stress 2 and syllables in pre-stress 
1 position in three cases only. However, as can be seen from the mean values and standard 
deviations (see Table II) significant differences do not emerge from an intermediate position 
of pre-stress 2 syllables, but from an intermediate position of pre-stress 1 syllables. Thus, 
secondary stress may not depend on the word position as classified in this and in previous 
studies. The delimitation of three stress categories – albeit in reversed syllable position order 
– is worse than chance, i.e. interpreting the individual cases is based more on speculation than 
on facts. None of the other significant differences between main-stressed syllables and 
syllables in pre-stress 2 position are relevant, because comparative pairs (pre-stress 2 vs pre-
stress 1) do not show significant differences in vowel duration, which would be needed to 
provide evidence for secondary stress by means of the correlate vowel duration.  

Intensity has been considered a weaker correlate of word stress in previous studies (for an 
overview see Sluijter and van Heuven 1996). However, this parameter has been included in 
the analysis because of Sluijter’s (1995) finding of differences in intensity between stressed 
and unstressed vowels. She refers to greater amplitudes in the speech signal in the mid and 
high frequency ranges. In this study, intensity, turned out to be a weak correlate of word 
stress: differences between main stressed and unstressed syllables are not discernible. 
Therefore, the question of a third stress level cannot be answered using this parameter. Note, 
however, that this parameter has not been controlled completely, since subjects have not been 
instructed not to move their heads and it is known that head movements may trigger relevant 
changes in the intensity. Hence there may have been changes in the intensity related to other 
factors than word stress. Moreover, we included only intensity in our measurements, but not 
the parameter spectral tilt (or spectral balance) which has been regarded a more reliable 
correlate of linguistic stress than overall intensity (Sluijter und van Heuven 1996). In future 
studies, such a parameter should be included.     

  As has been pointed out by Claßen et al. (1998), f0 is a very strong correlate of word 
stress since prominent f0 movements only occur on stressed syllables. Mean f0 values 
showed some tendencies to differ with regard to secondary stress and position of the syllable 
in the word. Specifically, these tendencies could be seen with the lax vowels .`. and .T.- In 
15/24 cases the mean f0 values of the non-main stress tokens differed in that the f0 values of 
pre-stress 2 syllables were higher than the f0 values of pre-stress 1 syllables. That is, more 
than half of the results were in accordance with hypothesis (H2) (see above § 1, cf. Figure 
1(a)). This graduation in f0 between proposed stress levels could be observed more often with 



F. Kleber and N. Klipphahn 

 16 

lax vowels. However, none of these cases showed significant differences and in 7 cases the 
mean f0 values were only marginally different. In five cases (GRE: /i/, RDI: /a�/, /a/, SHA: 
/o/, /�/) the mean f0 values of the non-main stress tokens differed in that the f0 values of pre-
stress 1 syllables were higher than the f0 values of pre-stress 2 syllables (cf. Figure 1(b)); in 2 
cases (CRA: /a�/ GRE: /e/) mean f0 values of pre-stress 1 and pre-stress 2 syllables were 
equal, and in 2 cases (RDI: /T/, SHA: /a�/) mean f0 values of pre-stress 1 were higher than the 
mean f0 values of both pre-stress 2 and main stress syllables. Differences between the f0 
values of both non-main stressed positions seem to be systematic in a way (although this 
systematics could not be substantiated by statistical analyses). The results may be explained 
with the diverging alignment of the tonal targets, especially the L. This finding supports the 
assumption of older theories that f0 is one of the correlates of word stress (cf. Isačenko and 
Schädlich 1970). However, although the parameter f0 has been controlled, we cannot exclude 
that in these cases word and sentence stress interfere to some extent, i.e. a coincidental 
concurrence of focus may have triggered these tendencies. Moreover, statistical analyses 
showed that the delimitation of three stress categories is worse than chance. To evaluate this 
analysis clearly, more research is needed. Since it is not unlikely that there are diverging f0 
values in one syllable because of different stress conditions and hence differently aligned 
tonal targets, f0 should not be excluded from secondary stress analysis.  

As an additional correlate of word stress, we looked at the spectrographic structure of the 
vowels in order to determine whether tense and lax vowels differ with respect to vowel 
reduction across different stress levels. It is assumed that tense vowels differ more in quantity 
than in quality when it comes to stress shift, whereas lax vowels differ also in vowel quality 
in order to disambiguate differences between stress levels (cf. also Figure 2). Padgett and 
Tabain (2005: 14) point out the two meanings of the term vowel reduction, namely phonetic 
vowel reduction referring to “undershoot of vowel targets, due either to co-articulation or a 
tendency to centralize, or both”, and phonological variation referring to “the neutralization of 
vowel phoneme contrast, often (but not always) resulting in an [�]-like pronunciation”. Both 
meanings are relevant for the interpretation of our formant data. For phonetic centralization 
and phonological neutralization, one would expect a lower F1 value for high vowels in stress 
condition as opposed to non-stress conditions and a higher F1 value for low vowels in stress 
condition as opposed to non-stress conditions. On the other hand, one would expect a higher 
F2 value for front vowels in stress condition as opposed to non-stress conditions and a lower 
F2 value for back vowels in stress condition as opposed to non-stress conditions.  

As far as the co-articulation-based formant target undershoot view is concerned, one 
would expect a decrease of F1 for both high and low vowels. It is argued that F1 targets are 
not as easily reached in unstressed low vowels as in unstressed high vowels (Lindblom 1963) 
because of the shorter duration of unstressed vowels as opposed to stressed vowels. To retain 
the opportunity of auditory disambiguation, not only F1 values for unstressed low vowels 
decrease but also for unstressed high vowels. That is, the vowel set is raised in the vowel 
quadrilateral with low vowels being “raised” more than high vowels (Flemming 2002). This 
is a general tendency to be observed in many languages with vowel reduction (e.g. see 
Crosswhite 2001). In this theory also, one would expect a decrease of F2 for front vowels and 
an increase of F2 for back vowels. 

Our data revealed higher mean F1 values for stress condition than for non-stress 
conditions, i.e., the vowel set is raised in the vowel quadrilateral with low vowels being 
raised more than high vowels. This finding is in accordance with the co-articulation 
hypothesis. Moreover the data does not support the hypothesis of three stress levels, but 
favours the existence of two. With respect to F2, mean values of back vowels were lower for 
stress condition as opposed to non-stress conditions, i.e. centralization could be observed. 
Such a generalization of centralization, however, cannot be made for front vowels. Rather, F2 
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values of /�/ were lower in stressed position than in unstressed position, i.e. decentralization 
could be observed, and F2 values of /e/ stayed either constant across the different stress levels 
or were higher in stressed position than in unstressed position, i.e. here centralization took 
place. Again, data of F2 values are more in favour with a twofold stress distinction than with 
a threefold one. Especially, /o/, /a/ and /a9/ support the view of only two stress levels. With 
this parameter only we find support for secondary stress in two cases. Tense vowels differed 
from lax vowels with respect to their use of the parameter vowel reduction to distinguish 
different stress levels, i.e. tense vowels revealed significant effects in order to differentiate 
between main stressed and non-main stressed syllables, whereas mean F2 values of lax 
vowels did not differ between main stressed and non-main stressed syllables. In summary, we 
disagree with Jessen (1993) when it comes to the negation of the reliability of the stress 
correlate vowel quality. Speakers exploit the parameter vowel quality differently as far as the 
tense/lax opposition in German is concerned. Vowel quality – as well as vowel quantity – of 
tense vowels changes under the main stress and non-main stress conditions. 

 Despite the two cases in F2, the tendencies in f0 and partly in vowel duration, there is no 
evidence of secondary stress in German, since such a third level of word stress should be 
reflected in more than one correlate. 

Perception experiments might help to shed light on the strength of some of the correlates of 
word stress, since they allow for systematic variation of word stress correlates. The use of 
reiterant speech may also be taken into consideration as a possible elicitation method.  

With regard to the control comparisons between stressed and unstressed syllables, vowel 
duration and f0 proved to be quite strong and consistent correlates of word stress. Thus, a 
third stress level occupying an intermediate position between stressed and unstressed cannot 
be confirmed. Some results for vowel duration suggest that the position of the syllable within 
the word is not the decisive factor for secondary stress. Overall tendencies and exceptional 
cases showing significant differences between all three assumed stress levels (either in 
accordance with hypothesis (H3) or not) do not lead us to deny the existence of a third word 
stress level, which can be equated with secondary stress. More studies investigating the 
phenomenon of word stress and its correlates are therefore indispensable. 
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