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Abstract 
Rhetorical questions (RQs) and information-seeking questions (ISQs) differ in their pragmatic function (the first making a point, the 
second requesting information). They may have identical surface forms. For human-computer interaction, but also for interaction 
between humans, it is important to decode the intended function. Laboratory experiments have established that RQs are longer, more 
often realized with breathy voice quality than ISQs and differ in intonational realization. However, annotation is labor-intensive. Here 
we test whether the prosodic differences between RQs and ISQs are evident in the amplitude envelope modulation spectra. These capture 
the slow-changing energy distribution over utterances and do not demand manual annotation. Since amplitude envelope modulation 
spectra are sensitive to rhythmic differences between languages, they may be well-suited to capture the duration differences. We compare 
RQs and ISQs in three closely-related languages (English, German, Icelandic) to investigate whether RQs have different amplitude 
envelope modulation spectra than ISQs and whether these differences are language-specific. The results show differences between RQs 
and ISQs but, depending on language, in different frequency bands. We show that the differences cannot be explained by durational 
differences between RQs and ISQs alone, but that the amplitude envelopes capture the signal more holistically.  
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1. Introduction
The analysis of amplitude envelopes has become a widely 
used method in the speech sciences, language acquisition 
and neurolinguistics (Frota et al., 2022; Gross et al., 2013; 
Leong & Goswami, 2015; Poeppel, 2014; Poeppel & 
Assaneo, 2020). Amplitude envelopes track the amplitude 
distribution over an utterance and hence represent the part 
of the signal that is relevant to convey rhythm (Arvaniti, 
2009). Furthermore, the method is easy to apply without 
demanding manual annotation (cf. Gibbon, 2021 for 
discussion of advantages of modulation-theoretic methods). 
Despite the increasingly wide-spread usage across 
disciplines, there is little research on which aspects of the 
speech signal influence the amplitude envelopes in what 
way. Cross-linguistic research has shown that a stress-timed 
language (German) led to lower power around 2Hz and to 
higher power between 7 and 10Hz than more syllable-timed 
Brazilian Portuguese (Frota et al., 2022), cf. Tilsen & 
Arvaniti (2013). Others have explored the use of amplitude 
envelopes for differences in speech style (Gibbon, 2021). In 
this paper, we test whether amplitude envelope modulation 
spectra can distinguish also between rhetorical vs. 
information-seeking questions.  

Rhetorical questions do not seek information from the 
addressee but serve to make a make a point and commit the 
interlocutor to the presupposition expressed by the RQ. For 
instance, the questions in (1), uttered as rhetorical questions, 
attempt to commit the interlocutor to the statement that 
nobody likes phonetics (Biezma & Rawlins, 2017) 
 
(1) Who likes phonetics?  wh-question 
 Does anyone like phonetics? polar question 
 
Since the questions in (1) can also be uttered to seek 
information (e.g. to find a suitable student assistant), it is 
sometimes only the prosodic realization that can help 
disambiguate between the two meanings. This 
disambiguation is not only important for human 

communication, but also for human-computer interaction 
and sentiment analysis.  

Previous production data have shown consistent 
differences between RQs and ISQs across intonation 
languages such as English (Dehé & Braun, 2019), German 
(Braun et al., 2019, 2020), and Icelandic (Dehé et al., 2018),  
cf. Dehé et al., (2022) for an overview: In all of these 
intonation languages, RQs have longer constituent 
durations. Less consistent is the greater use of non-modal 
voice quality (breathy, glottalized) in RQs compared to 
ISQs. Differences in the intonational realization are 
language-specific. English speakers more often produced 
the nuclear (last) accent on the subject pronoun ‘anyone’ in 
RQs (but not in ISQs), followed by a high plateau, while the 
nuclear accent was typically produced on the final noun in 
German and Icelandic. In Icelandic, the boundary tone was 
always falling in both RQ and ISQs. Icelandic speakers 
more often produced an early-rise in RQs (i.e. the rise 
started early in the final noun), but the difference was not 
strong. In German, speakers more frequently produced a 
prominent rising accent (L*+H) in RQs (compared to a low 
accent, L*, in ISQs). Using classification and regression 
trees, German questions could be classified as RQ or ISQ 
with an accuracy of 87.5% with these parameters (Braun et 
al., 2018). 

However, manual annotation of prosody is cost-intensive. 
In this paper, we therefore test whether RQs and ISQs also 
differ in terms of amplitude envelopes. Amplitude 
envelopes capture the wideband energy distribution and 
therefore capture suprasegmental differences such as 
differences in duration or voice quality (resulting in lower 
energy in high frequency areas). Modulation frequencies 
can be extracted from the speech signal in a number of ways 
(Poeppel & Assaneo, 2020). Most procedures first filter the 
sound into a number of frequency bands (spaced either 
logarithmically or such that they are equidistant on the 
cochlea), typically in the range between 100 and 8,000Hz 



(or 10,000Hz). These signals are then filtered to remove the 
high-frequency components, leaving frequencies in the 
range of 0 to approximately 10Hz. These narrowband 
envelopes are then summed and the modulation frequencies 
are derived by Fourier analysis. The result is a spectrum, i.e. 
power values across frequency. We then compare the 
patterns holistically, rather than extracting single 
parameters (Tilsen & Arvaniti, 2013). 

2. Data 

2.1. Methods 
The data were collected in separate production experiments. 
For all three languages (English, German, Icelandic), 
participants saw a context description, which was 
constructed to trigger a rhetorical or information-seeking 
intention (illocution). They then produced a visually 
presented question so that it fit the respective context. 

2.1.1. Participants 

For English, 21 participants (mean age 22.5 years, 14 
female, 7 male), for German 12 participants (mean age 21 
years, SD = 2.3 years, 10 female, 2 male,) and for Icelandic, 
32 participants (aged 20–65, 20 female and 12 male) took 
part in the data collection for a small fee. All participants 
gave informed consent. 

2.1.2. Materials 

We constructed 11 wh-interrogatives that fitted both a 
rhetorical and an information-seeking reading (e.g., Who 
likes celery?). To this end, we used predications that – out 
of context – may be true for some people and false for others 
(e.g., 'liking celery'). From these wh-interrogatives, we 
derived polar questions by replacing the wh-word by the 
indefinite pronominal subject anyone and adapted the 
syntactic structure to verb-first (V1).  

For each polar question, we constructed two contexts, one 
triggering an information-seeking interpretation of the 
interrogative and one triggering a rhetorical one. An 
example of polar question contexts is given in Table 1. To 
control for information structure and specifically to avoid 
effects of information structure on nuclear accent position 
and type, each context introduced the predication expressed 
in the sentence radical (e.g., liking celery in Table 1), 
rendering the referents of the constituents in the verb phrase 
discourse-given (see Braun et al., 2019 for more details). 
 

ISQ RQ 
You cooked a dish with 
celery. You would like to 
know whether your guests 
like this vegetable and will 
eat it or not. You say to 
your guests: 

In the canteen they have 
casserole with celery on 
the menu. However, you 
know that nobody likes 
this disgusting vegetable. 
You say to your friends: 

'Does anyone like celery?' 
 

Table 1. Example contexts for information-seeking (ISQ, 
left) and rhetorical questions (RQ, right)). 

 
The rhetorical contexts contained a sentence stating that it 

is generally known (or that the speaker knows) that nobody 

agrees with a certain proposition (e.g., you know that 
nobody likes celery). The information-seeking contexts 
differed from the rhetorical contexts in that they stated that 
the speaker was looking for some piece of information. 

Additionally, 24 fillers with different syntactic structures 
were added to reduce awareness of the experimental 
manipulation. The materials were first designed for 
German, and then translated into English and Icelandic, 
with minor adaptions to account for cultural and 
phonological differences. 

2.1.3. Procedure 

Recording. Each participant produced both the rhetorical 
and the information-seeking version of each target 
interrogative in randomized order. Each experiment started 
with four familiarization trials, followed by a short break in 
which participants were allowed to ask questions if 
anything was unclear. The experiment was controlled using 
the experimental software Presentation (Neurobehavioral-
Systems, 2000). Each trial started with the visual display of 
the context, which the participant had to read silently, 
followed – upon button press – by the target interrogative 
on the next screen. The target sentence had to be produced 
aloud and was recorded onto disk (44,100Hz, 16Bit).  

Extraction of amplitude envelope modulation spectra. All 
productions (N = 1000) were cut at utterance start and end. 
Average durations across conditions are shown in Table 2 
and show lengthening of RQs as compared to ISQs. 
 

Language RQ ISQ Proportional 
lengthening of RQs 

English 1.456 1.311 11.1% 
German 1.551 1.330 16.7% 
Icelandic 1.419 1.140 24.5% 

 
Table 2. Average durations across languages (rows) and 

illocution types (columns) in seconds, including the 
proportional durational increase from ISQ to RQ.  

 
Amplitude envelopes for all questions were extracted, 
following the descriptions in the literature (Chandrasekaran 
et al., 2009; Frota et al., 2022; Gross et al., 2013). First, we 
calculated the narrowband amplitude envelopes (He & 
Dellwo, 2016, 2017). The speech signal was first down-
sampled to 22,050Hz and then filtered into nine frequency 
bands in the range from 100–10,000Hz, which are 
equidistant on the cochlear map (Gross et al., 2013). The 
cutoff frequencies were 100.5Hz, 250.7Hz, 458.6Hz, 
748.8Hz, 1159.0Hz, 1449.0Hz, 2619.8Hz, 3954.2Hz, 
6121.8Hz and 10000.8Hz. To remove high-frequency 
components, the signals were low-pass filtered (Hann filter 
between 0 and 10Hz with 1 Hz smoothing). The resulting 
narrowband envelopes were then added to compute the 
wideband amplitude envelope. These were spectrally 
analyzed in 100 0.1Hz steps. This approach is conceptually 
similar to approaches that do not compute narrowband 
envelopes (Gibbon, 2021; Tilsen & Johnson, 2008). The 
wideband envelope was spectrally analyzed in 100 0.1Hz 
steps (fast Fourier transform). All signal processing was 
done in Praat (Boersma & Weenink, 2018). 

Statistical modeling. To model the effect of language and 
illocution type across frequency bands, we used generalized 
additive mixed models, GAMMs (Wieling et al., 2012; 
Wood, 2006, 2015; Wood & Saefken, 2016; Zahner et al., 



2019). They are well-suited to pinpoint in which frequency 
bands differences occur; taking into account non-linear 
relationships and auto-correlation. The response variable 
was log-normalized power. We modelled non-linear 
dependencies of language and illocution type first as 
separate smooth terms (e.g., s(fband_Hz, by = language, 
bs=’tp’, k = 20)). These smooth functions include a pre-
specified number of base functions of different shapes, e.g., 
linear and parabolic functions of different complexity. The 
two factors language and illouction type were further added 
as parametric effects. Smooths for speakers (random 
intercept and over frequency bands) were also included 
(s(speaker, fband_Hz, by=’re’). For model fitting, we 
employed the R package mgcv (Wood, 2015). The model 
was corrected for auto-correlation in the data using a 
correlation parameter, determined by the acf_resid() 
function. We use the function gam.check() to check whether 
the number of smooth functions (k) and the smoother (thin 
plate regression, ‘tp’) were adequate and adjusted if 
necessary.   

2.2. Predictions 
All the languages lengthened RQs compared to ISQs, most 
strongly in Icelandic (24.5%), see Table 2. This lengthening 
is expected to affect the amplitude envelopes in all three 
languages and is predicted to result in higher power in 
lower-frequency bands in RQs compared to ISQs. The 
differences are expected to be strongest in Icelandic and 
weakest in English, based on the extent of lengthening.  

2.3. Results 
For reasons of space, we do not show the spectra of the two 
illocution types separately, but directly present the 
differences in power spectra for RQs vs. ISQs (Figs. 1-3).  

Fig. 1: Effect of illocution type (RQ minus ISQ) in 
English. Positive values indicate higher power for RQs 

than RQs. If the gray band of the confidence interval does 
not include 0, the difference is considered statistically 

significant at α = 0.05. 
 

The languages differ in how strongly illocution type 
affects the amplitude envelope modulation spectra. On the 
one hand, there were strong effects of illocution type on the  
English data (Fig. 1). English polar RQs had a lower power 
in the frequency range 1.4 – 1.9Hz and, prominently, higher 
power in the frequency range 3.1 – 4.7Hz.  

 
Fig. 2: Effect of illocution type (RQ minus ISQ) in 

Icelandic. 
 
Icelandic (Fig. 2) shows differences as well, but in a smaller 
frequency range (0.5 – 1.2Hz and 3.4 – 3.8Hz) and with 
smaller differences in power. Furthermore, the differences 
occur in a slightly lower frequency band. German (Fig. 3) 
is again different: It exhibits a biphasic pattern very late, in 
the area between 7.3Hz and 9.1Hz, first lower power for 
RQs, then higher power for RQs. However, compared to 
English, the differences in power are small.  

 
Fig. 3: Effect of illocution type (RQ minus ISQ) in 

German. 
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To investigate whether the differences across languages 
are significant, we fit a model with a smooth for the 
interaction language and illocution type and compared it 
with a model with smooths for the individual terms 
language and illocution type, using the package itsadug 
(van Rij et al., 2015). Model comparison showed that the 
model with the interaction-smooth provided a significantly 
better fit than the model without (X2(14.00)=62.450, p<2e-
16). To corroborate the interaction between language and 
illocution type indicated in the model, we constructed 
additional models containing binary difference smooth 
terms that capture the difference of the difference over 
frequency band between two languages (English vs. 
German, English vs. Icelandic, German vs. Icelandic), 
closely following the procedure described in van Rij et al., 
(2019, pp. 11–13) and Wieling (2018, p. 109ff).  

The results showed a number of frequency bands with 
significant differences across language pairs. These 
differences are as follows:  

• English differed from German in the frequency band 
from 3 – 5Hz and 6.5 – 8.5Hz. 

• English differed from Icelandic in the frequency band 
from 3 – 5Hz and 7.8 – 9.5Hz. 

• German differed from Icelandic in the frequency band 
from 0.2 – 1.2Hz, 4.8 – 5.2Hz and 7 – 9.5Hz. 

2.4. Discussion 

All languages showed an effect of illocution type on the 
amplitude envelopes. Since information structure was 
controlled across illocution types (i.e. the same for ISQs and 
RQs), the differences cannot be related to that factor. There 
were significant differences between the three intonation 
languages on the frequency bands in which RQs differed 
from ISQs. The power differences were strongest in 
English, with a pronounced peak in energy around 4Hz. The 
amplitude envelope differences across languages do not 
mirror the durational lengthening (Table 1). Therefore, it is 
unlikely that the amplitude envelopes only track the 
durational differences between RQs and ISQs. 
Interestingly, the English and Icelandic power differences 
show a similar pattern in the lower frequency range, but the 
Icelandic differences are much smaller. The German data 
show a pronounced difference in the higher frequency band 
(from 7.5 – 10 Hz). 

If duration is a bad predictor for these power differences 
between RQs and ISQs, we need to take a closer look at 
other prosodic cues that may explain the cross-linguistic 
differences. In terms of voice quality,  German is the only 
language with differences in voice quality across illocution 
types (in German 36% of the first words in RQs were 
breathy, compared to 10% in ISQs, cf. Braun et al., 2019). 
This cue may explain the biphasic pattern in the high 
frequency bands, which is absent in English and Icelandic. 
These latter two languages do not show voice quality 
differences for polar questions (Dehé & Braun, 2019; Dehé 
& Wochner, 2022). Intonationally, Icelandic and English 
are similar in terms of accent placement: in both languages, 
the subject (‘anyone’ in (1)) has a higher probability of 
receiving an accent in RQs compared to ISQ (28.8% vs. 0% 
in English, 12.3% vs. 0.6% in Icelandic). This may explain 
the power differences below 2Hz and around 4Hz. On the 
contrary, the fact that both German and English end RQs 
with high plateau boundary tones (and ISQs with high rising 
boundary tones) does not seem to be reflected in the 

amplitude modulation. For automatic classification of 
questions as ISQ or RQ, parallel consideration of f0 may 
prove useful (Gibbon, 2021; Ludusan et al., 2011). 

Taken together, amplitude envelope modulation spectra 
differ across illocution types and are most likely influenced 
by differences in voice quality and accent placement, and 
less by intonational contour.  

3. General Discussion 
We showed that amplitude envelope modulation spectra 
distinguish rhetorical and information-seeking questions in 
three closely related Germanic languages. We predicted that 
differences would be largest in Icelandic because this 
language showed the largest duration differences between 
RQs and ISQs. However, the amplitude envelope 
modulation spectra were not largest for Icelandic, but for 
English. Therefore, the amplitude envelope modulation 
spectra differences were not (or at least not only) caused by 
durational differences between RQs and ISQs. Relating 
amplitude envelope modulation spectra differences to 
prosodic differences across conditions suggests that voice 
quality differences and differences in accent placement may 
play a significant role. In particular, voice quality 
differences on the first word of the question (more often 
breathy in RQs in German) seem to have an effect on higher 
frequency bands, most likely because breathy voice reduces 
the spectral power of the words. Furthermore, English and 
Icelandic often placed an accent on the subject pronoun 
‘anyone’, which affects the macro-prosodic rhythm of the 
utterance (Jun, 2012).  

In future work, we plan to include typologically different 
languages, e.g., such as tone languages (Zahner-Ritter et al., 
2022 for Chinese) or accentual phrase languages to get a 
better overview on the factors that influence amplitude 
envelope modulation spectra. Furthermore, we plan to use 
the parameters from the general additive mixed models for 
automatic classification of utterances as RQs vs. ISQs.  

4. Conclusion 
 
This paper adds to our understanding of the factors that 
influence amplitude envelope modulation spectra by testing 
three intonation languages. Previous research has shown 
differences between rhythmically different languages 
(stressed-timed German vs. more syllable-timed Brazilian 
Portuguese, cf. Frota et al., 2022). We show that even within 
one and the same language, amplitude envelope modulation 
spectra can differ quite extensively (in particular in English 
polar RQs vs. ISQs). The results showed that lengthening is 
a poor predictor of differences in amplitude envelope 
modulation spectra across languages. Differences in voice 
quality and accent placement also seem to play a role. 
Clearly, more analyses of carefully controlled materials 
from typologically different languages are necessary to 
understand better, which information is encoded in which 
way in amplitude envelope modulation spectra. 
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