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1 Introduction 

The work presented in this article is part of a larger research project carried out at 
Saarland University in Germany. The project is titled “Cross-language and 
individual differences in the production and perception of syllabic prominence. 
Rhythm-typology revisited”, and is funded by the German Research Council. As 
the title of the project indicates, its aim is to investigate the realization and 
perception of prominence in languages which belong to different rhythm types – 
both stress-timed, syllable-timed and mora-timed. At present, recordings have 
been made for the following languages: German, English, Norwegian, Bulgarian, 
Russian, French and Japanese. Clearly, all languages are restricted to the same 
acoustic means to signal prominence: duration, F0, intensity and spectral 
definition. Previous research has shown that languages belonging to different 
rhythm types use these means to a different extent (Andreeva et al. 2007, Barry et 
al. 2007, Koreman et al. 2008). This, together with the variation of durational 
rhythm measures within languages across text types and speakers (see Barry et al. 
2003), has led to the view that, instead of taking rhythm as an intrinsic property of 
languages which explains their (mainly) temporal organization, we should 
possibly think of it as an emergent property of languages determined by their 
structural characteristics. As a consequence of this view, rhythmic differences 
between languages should result from the different exploitation of acoustic 
properties. An example of a possible rhythmic effect of different structural 
properties across languages is for instance that languages which have a vowel 
length opposition are possibly not as free to use vowel duration to signal 
prominence as languages which do not have this phonological opposition in their 
segment inventory. This in turn leads to different measured rhythms, as was 
shown in Dauer (1983, 1987). Other examples could be the different use of 
spectral reduction in languages like English, which has phonologized vowel 



reduction, versus languages that do not; or differences in the use of fundamental 
frequency to signal prominence in languages which have tonal word accents (like 
Norwegian) in comparison to languages that do not have those (like German). 

This assumption also leads to the expectation that there is substantial variation 
within rhythm types, since structural differences also exist between languages 
belonging to the same rhythm type. Here we shall investigate such differences 
between two stress-timed languages, namely Norwegian and German. Although 
we shall return to rhythm in the Discussion, the main objective of the experiments 
presented in this article is to evaluate differences in the way prominence, as one of 
the determinants of perceived rhythm, is signalled acoustically in the two 
languages. Prominence in this case is not defined perceptually, but as the assumed 
result of different focus conditions, comparing the realization of broad and early 
or late narrow non-contrastive focus in the two languages. 

2 Method 

In this section, we shall first present the rationale of the experiments, followed by 
a description of the stimuli, the speakers who participated in the experiments and 
the acoustic measurements which reflect prominence. 

2.1 Rationale of the experiments 

We shall always compare the acoustic-phonetic properties of words spoken in 
different focus conditions for the two languages in this study (Norwegian and 
German), using reiterant “dada”-versions of the utterance which the informants 
were requested to produce immediately after the text versions. 

All utterances contained two so-called “critical words” (CWs). These are the 
words which could attract focus, depending on the question used for elicitation. 
The experiment made use of a PowerPoint presentation, in which the stimulus 
sentence was shown orthographically on the screen. The informant would hear the 
question, for example “Hva tenker du på?” (E. “What are you thinking about?”) to 
elicit broad focus on “Hun Siv drar med skipet snart.” ([She] Siv is leaving with 
ship-the soon.). Similarly, questions were devised to elicit narrow non-contrastive 
focus on the first (“Siv”) or on the second (“skipet”) CW. In addition, narrow 
contrastive focus was elicited on the first or the second CW, but the results 
presented in this article are restricted to broad focus and narrow non-contrastive 
focus on the first and second CW. 

2.1 Stimuli 

Similar stimulus sentences were created for German and Norwegian, in terms of 
the variation in the structure of the prominent syllable, the number of syllables in 



the CWs, the position of the CW in the utterance and the number of syllables in 
the utterance. Table 1 below shows the Norwegian and German stimuli. Six 
repetitions of these were produced by the informants, three of which were 
followed by reiterant “dada” versions. The CWs, which are at the beginning (but 
not initial) or at the end of the utterance (but not final), are underlined. 
Prominence was produced on either the first or the second CW to signal narrow 
focus, or the whole utterance was focussed (broad focus). 

Table 1. Norwegian and German stimuli, with CWs underlined 

Norwegian  German 
Hun Siv drar med skipet snart.  Der Mann fuhr den Wagen vor. 
Han Karl tenker på fag nå.  Das Bild soll nicht hässlich sein. 
Hans far brukte sagen da.  Das Kind sollte im Bett sein. 
Min pasta blir kald til da.  Der Peter kann den Film gucken. 
Min stabsmann forblir bak nå.  Das Mädchen soll ein Bild malen. 
Han Krister fikk skiftet mitt.  Mein Vater kann Türkisch lesen. 

All the Norwegian CWs carry accent 1, characterized by an LH pitch movement 
for the dialect investigated in this experiment. Utterances containing accent 2 
words (with an HLH) were also recorded, but not analyzed here. 

2.2 Speakers 

For each languages, six informants were analyzed, half of them male, the other 
half female speakers. The Norwegian informants were all speakers of Urban East 
Norwegian. For Norwegian, the dialect is particularly important, since accents 1 
and 2 are realized differently in different dialects and it is important to use a 
homogeneous informants group (Kristoffersen 2007). This also means, of course, 
that the results presented here cannot automatically be assumed to also hold for 
speakers of other dialects. For German, all speakers were from the Saarland area 
and spoke Standard German. 

2.2 Measurements 

The four prosodic categories duration, F0, intensity and spectral definition were 
extracted using praat scripts and operationalized as follows. Duration was 
measured (in ms) for the stressed vowel in the CW, the stressed syllable, the CW 
itself and the foot in which it occurred. The durations were normalized relative to 
the mean across the corresponding units in the utterance before further analysis. 

F0 was measured in semitones as the mean F0 across the values in the stressed 
vowel of the CWs. In addition, an “F0 contour” measure was derived by 
subtracting the average F0 in the preceding and following syllable. The average F0 



across the utterance was subtracted to normalize the F0 values. The absolute 
temporal distance from the F0 peak to syllable onset and rhyme onset were calculated. 
Due to the possible effect of the varying segmental durations on peak delay, the 
above absolute measures were converted to relative measures, taken as a proportion 
of syllable and rhyme durations. Additionally, the maximum F0 value of the pitch 
target was measured in semitones (using a 70 Hz reference frequency). 

Intensity was measured in two ways: first, as the mean intensity (in dB) of the 
stressed vowel in the CW, and second, as the spectral balance in that vowel. This 
was computed as the energy difference between the frequency band from 70-1000 
Hz and that from 1200-5000 Hz. This measure, too, was normalized by 
subtracting the spectral balance across the whole utterance. 

Finally, spectral definition was measured as the first three formants in the 
middle of the stressed syllable nucleus of the CW. 

3 Results 

The results presented in this section are given only for the reiterant “dada” 
utterances, but were checked with the text versions. The reiterant data are more 
comparable since they always have the same syllable structure and segment 
representation across utterances and languages. 

Separate multivariate analyses of variance were carried out for the two CWs, 
using SPSS. All acoustic parameters listed in the previous subsection were entered 
as dependent variables, with language (Norwegian, German), focus (broad, early 
narrow, late narrow) and number of syllables in the CW (1, 2) as independent 
variables. 

Table 2. Main effect for language (left) and interaction between language and 
focus (right) in multi-variate analyses of variance (see text) – 
*p<0.05; **p>0.01; ***p<0.001; n.s.= not significant 

Parameter CW1 CW2  Parameter CW1 CW2 
vowel duration 
syllable duration 
word duration 
foot duration 

∗∗∗ 
n.s. 
∗ 
∗∗∗ 

n.s. 
∗ 
∗∗ 
∗∗∗ 

 vowel duration 
syllable duration 
word duration 
foot duration 

∗∗∗ 
∗∗∗ 
∗∗∗ 
∗ 

∗∗∗ 
∗∗∗ 
∗∗∗ 
∗∗∗ 

F0 mean 
F0 difference 

∗∗∗ 
∗∗∗ 

∗∗∗ 
∗∗∗ 

 F0 mean 
F0 difference 

∗∗∗ 
∗∗∗ 

∗∗ 
∗∗∗ 

intensity 
spectral balance 

∗∗∗ 
∗∗∗ 

∗∗∗ 
∗∗∗ 

 intensity 
spectral balance 

∗∗∗ 
n.s. 

∗∗∗ 
∗ 

F1 
F2 
F3 

∗∗∗ 
∗∗∗ 
∗∗∗ 

∗∗∗ 
∗∗∗ 
∗ 

 F1  
F2 
F3 

n.s. 
n.s. 
n.s. 

n.s. 
n.s. 
n.s. 



Norwegian and German are different in most acoustic parameters (cf. Table 2, 
left-most part). Only syllable durations are not significantly different for CW1 and 
vowel durations do not differ for CW2. But although these results are interesting 
and indicate that the use of the parameters under investigation is very different in 
the two languages, we are more interested to know whether language and focus 
condition interact, since such an interaction indicates that the two languages differ 
in the way they distinguish the focus conditions. As the results in the rightmost 
part of Table 2 show, most of the parameters show a significant interaction, 
except for the formant measurements (for both CWs) and spectral balance for 
CW1. Having established that the languages differ in the way they signal 
prominence in different focus conditions, the next question we need to answer is 
of course how. 

To answer this question, two further analyses of variance were carried out 
(with focus and number of syllables in the CW as independent variables), one for 
each language. There were significant differences for most of the acoustic 
parameters, except for F2 and F3 for CW1 in Norwegian and CW2 in German, 
and F3 for CW2 in Norwegian. This result proves that all other parameters are 
used to distinguish between non-focussed1, broad and narrow focus realizations. It 
does not show, though, which are the most important parameters in the two 
languages. The η2 values which are used in the analysis of variance can shed light 
on this. These represent the ratio of treatment and total variances, and thus show 
how much of the total variance in an acoustic parameter is explained by the 
variance within the focus conditions, namely η2 × 100%. The η2 values for the 
German and Norwegian CWs are shown in Table 3. 

Table 3 shows clear differences between the two languages. For Norwegian, 
the variance in vowel, syllable and word durations is to a large extent (over 50%) 
due to focus condition – or turning it around, we can say that focus condition 
causes variation in these durations, or that duration is a strong cue for focus 
condition. For CW1 F0 mean is also important. For German on the other hand, 
focus does not explain a very large part of the variance in duration parameters. 
Here, more than 75% of the variance in intensity is due to the variance between 
focus conditions. F0 parameters are also clearly affected by focus. We shall return 
to the different roles of F0 in the two languages in the Discussion. But before 
turning to this, we shall visualize the intensity and duration results in order to 
understand them better. This will be done in the two following subsections. 

                                                 
1 In early focus condition the stressed syllable of CW1 carries the nuclear accent, while CW2 is 
deaccented. In late narrow focus and broad focus conditions, the nuclear accent is on the stressed 
syllable of CW2, and CW1 is either deaccented or prenuclear accented. 



early 
late 
broad 

Focus 

Table 3. η2 values for the Norwegian (left) and German CWs (right) 
– values > 0.5 in bold, values in grey cells not significant. 

Norwegian German 
parameter CW1 CW2 CW1 CW2 
vowel duration .556 .669 .038 .020 
syllable duration .684 .756 .390 .168 
word duration .527 .627 .335 .243 
foot duration .155 .454 .035 .067 
F0 mean .576 .246 .837 .884 
F0 difference .145 .053 .709 .702 
intensity .433 .428 .756 .884 
spectral balance .057 .112 .123 .437 
F1 .134 .058 .331 .392 
F2 .012 .095 .022 .013 
F3 .003 .007 .026 .004 

3.1 Intensity 

Figure 1 shows the normalized vowel intensities for the two CWs. The patterns 
for early, late (both narrow, non-contrastive) and broad focus are very similar for 
the two languages, but the differences in intensity are much greater for German 
than for Norwegian, supporting the higher η2 for German. The largest difference 
is found between early narrow, non-contrastive focus and the two other 
conditions. 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

Figure 1. Normalized vowel intensities for different focus conditions 
German and Norwegian CWs (left: CW1, right: CW2) 

Norwegian German Norwegian German 
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3.2 Duration 

Figure 2 shows the normalized durations of the stressed syllable and the word2 for 
CW1, for mono- and disyllabic words separately. The patterns for early, late and 
broad focus are similar for the syllable durations in the two languages, although in 
Norwegian the differences between focus conditions are greater than in German, 
while the differences between mono- and disyllabic words are consistently 
smaller. This tendency is reversed for word duration: In German, the word 
durations of mono- and disyllabic words are nearly the same, whereas in 
Norwegian the disyllabic words are clearly longer in all focus conditions. We 
shall return to this in the Discussion. Similar results were obtained for CW2, but 
these are not presented here because of the limited available space. 
 

 
 
Figure 2. Normalized vowel (top) and word (bottom) durations for different focus 

conditions (left: German, middle: Norwegian). The results are presented for 
monosyllabic (1σ) and disyllabic CWs (2σ). To save space, the results for 
French are also presented here; these will be discussed in Section 4.2. 

                                                 
2 Note that the normalized syllable and word durations for monosyllables are different. This is 
because their absolute durations are divided by the average syllable and word durations in each 
utterance, respectively. 
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4 Discussion 

Two issues will be taken up for discussion in Section 4. The first issue is the lack 
of comparability in the durational behaviour of Norwegian and German as pointed 
out in Section 3.2, which may be unexpected, given that both languages are stress-
timed languages. The second is the relatively modest contribution of F0 
parameters, especially for Norwegian (see Section 3). 

4.1 Duration 

In Section 3.2, we observed that the normalized word durations in German mono- 
and disyllabic words are equally long. This pattern towards word isochrony has 
been observed previously for stress-timed languages (Pike 1945, Abercombie 
1967, Bolinger 1965, Hockett 1958, Halliday 1967, Ladefoged 1967, O’Connor 
1973, and Lehiste 1977). In contrast, syllable-timed languages tend towards 
isochrony in syllable durations, with differences between mono- and disyllabic 
word durations as a natural result. This pattern was also observed in previous 
investigations for French, a syllable-timed language, within the present project. 
Figure 2 above (right-hand graphs) shows very similar syllable durations for 
French mono- and disyllabic words, but different word durations. The data show 
that, as is well attested in the literature (e.g. Lehiste 1977), that this tendency is 
not absolute, since disyllabic words are less than twice as long as monosyllables, 
confirming that also in French stressed syllables are longer than unstressed ones. 

Norwegian, as a stress-timed language, might be expected to behave the same 
as German, but as we have already shown it does not. We already observed in 
Section 3.2 that the durational differences in Norwegian normalized syllable 
durations are similar to those in German, although the tendency is somewhat 
weaker. But the tendency towards equal normalized word durations for mono- and 
disyllabic words which was found for German is not confirmed for Norwegian. In 
fact, Norwegian is quite similar to French in this respect, with longer disyllabic 
than monosyllabic word durations. This means that the second, unstressed syllable 
in Norwegian disyllabic words is relatively long compared to those in German. 
The reason for this possibly lies in the requirement to realize the H tone of the 
pitch rise of accent 1 on the CWs in Norwegian. 

4.2 Fundamental frequency 

In German, both F0 mean and F0 difference had η2 values from 0.702-0.884 for the 
two CWs, i.e. focus condition explained between 70 and 88% of the total variance 
in these parameters for CW1 and CW2. In Norwegian, on the other hand, all F0 
parameters had η2 values below 0.5, except for F0 mean (η2=0.576). Although at 
first sight this seems to indicate that fundamental frequency does not play as 



important a role in Norwegian as it does in German, this interpretation is likely to 
be incorrect. 

In our German data, prominences are mostly realized as L+H* pitch accents, 
where the H target is reached close to the end of the stressed syllable of the CW 
(100% in narrow and 30.4% in broad focus). In the broad focus condition, we 
observe eight different accent types, namely three with late peak alignment (L+H*, 
L+!H* and L+^H*), three with early peak alignment close to the beginning of the 
accented syllable (H*, !H* and ^H*), one with early peak alignment in the pretonic 
syllable (H+!H*) and the typical “hat pattern”, consisting of a rising movement 
followed by a high plateau and a falling movement. Speakers vary as to their 
preferred choice of phonologically specified accent types. Speaker 2 exclusively 
uses rising (upstepped) peak accents (L+^H*) while speaker 4 has a strong 
preference for downstepped nuclear accents (H+!H*) and speaker 5 and 6 
alternate between the hat pattern and H+!H*. The number of pitch accent types 
used in the broad focus condition by the German speakers is summarized in Table 4.  

Table 4. Accent types used by the German subjects in the broad focus condition

speaker L+H* L+^H* L+!H* H* ^H* !H* H+!H* hat  
speaker 1 7 0 3 0 0 4 1 3 
speaker 2 0 18 0 0 0 0 0 0 
speaker 3 0 3 0 0 6 1 1 4 
speaker 4 0 0 0 1 0 0 14 3 
speaker 5 0 0 0 0 0 0 6 9 
speaker 6 0 0 0 0 0 1 8 9 
total 7 21 3 1 6 6 30 28 
 
In Norwegian, the realization of the intonational pitch accent L*+H is more 

variable. It is well-known from the literature that this input melody is realized 
differently on mono- and disyllabic words (Gårding 1977, Fretheim and Nilsen 
1991, Fretheim 1992, Kristoffersen 1993, 2000). In monosyllabic words, the 
rising pitch movement is realized on a single syllable, while in disyllabic words 
the L tone is realized on the metrically strong first syllable, and the H on the 
second. This leads to more variation in the computed F0 values within each of the 
focus conditions, so that focus explains less of the total variation in the F0 mean 
and F0 difference measures. Since these measures therefore badly reflect the 
relevant patterns across the two languages, we need to discuss them in more 
detail. With respect to the position of the nuclear accent in the utterance we shall 
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consider two aspects of the rising3 nuclear F0 movements: peak alignment and 
peak height of the H tone of the Norwegian and German pitch accents.  

We shall only look at monosyllabic words, because for these the rising pitch 
accent is realized on the stressed syllable both in German and Norwegian. In the 
early focus condition there is substantial overlap in peak alignment between 
speakers from the two languages, although there are two different pitch patterns: 
The Norwegian accent is specified as L*+H (Gussenhoven 2004) and the German 
one as L+H* (Grice and Baumann 2002). The relative peak alignment of 
Norwegian speaker 2 is earlier than that of German speaker 6 and similar to 
German speakers 1 and 2 (cf. Figure 3). Scheffé post-hoc tests, where speakers 
from the two languages were mixed in the different subgroups, confirmed this 
overlap. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Relative peak delay from syllable onset (%) in early focus condition (left: 
German, right: Norwegian). The results are presented for monosyllabic CWs. 

Comparing the peak alignment of the H tone in late (narrow non-contrastive) 
and broad focus on monosyllabic CW2, we find different trends in peak alignment 
of the nuclear accent for Norwegian and German. German tends to have the same 
peak alignment for narrow and broad focus, and speakers differentiate by using a 
greater peak height for narrow than for broad focus. In Norwegian there is a 
tendency towards later peak alignment in broad focus. As can be seen in the right-
hand part of Figure 4, the peak of the H tone is aligned in the syllable following 
the stressed one (values greater than 100%), with much greater values for broad 
focus indicating alignment at the accent phrase domain, as described in Fretheim 
and Nilsen (1991) and Kristoffersen (2000).  

 
 

                                                 
3 For the comparison between Norwegian and German the pitch accents with early peak 
alignments used by the German speakers in broad focus were not considered. Only rising pitch 
accents are compared. 

German Norwegian 
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Figure 4. Relative peak delay from syllable onset (%) in broad and late focus condition 
(left: German, right: Norwegian). Results are presented for monosyllabic CWs. 

5 Conclusion 

The present study is a step towards understanding the acoustic properties of 
prominence-marking strategies in different focus conditions in German and 
Norwegian. We have shown that the two languages differ strongly in their use of 
acoustic cues, despite the fact that both are Germanic, stress-timed languages. 
While for German intensity and also F0 are important, Norwegian strongly relies 
on durational cues to distinguish between focus conditions. 

A more detailed analysis of F0 indicates that there are clear differences 
between the way in which Norwegian and German differentiate between the three 
focus conditions. These were not captured by our parameters F0 mean and F0 
difference, particularly for Norwegian (cf. Section 3), because these do not take 
into account the differences between the accents used in German and Norwegian, 
nor the different realization of the rising pitch movement on Norwegian mono- 
versus disyllabic CWs. 

The intonational grammar of German has a broader variety of pitch accents to 
express linguistic meaning (as we observed for the German speakers in broad 
focus), which gives speakers a great freedom in selecting pitch accents to 
distinguish focus conditions. As we have shown, they can also use peak height. 
Norwegian speakers are more restricted in their choice of pitch patterns due to the 
simpler intonational system which requires them to use either accent 1 or accent 2, 
depending on the lexical material. Nevertheless, we have shown that Norwegian 
speakers also use pitch to differentiate focus conditions, namely by varying peak 
alignment. 
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