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Abstract 

Studies of questions present strong evidence that there is no 

one-to-one relationship between intonation and interrogative 

mode. This is one of the fundamental observations that formed 

the VariQ project, a Swedish national project aiming for a 

deeper insight in how questions work and indeed what 

constitutes a question. Here, we present some intermediate 

project results and outline the way ahead. VariQ looks mainly 

at the Spontal corpus of conversational speech [1], but exploits 

other data sets to a limited extent for comparative purposes. 

We report a recent study, in which we selected 600 questions 

from the Spontal corpus and annotated these in a theory-

independent manner.  In a subsequent study we compared 

some prosodic characteristics of these questions with those of 

the speech used in seven Swedish spoken dialogue systems. 

The results reveal differences both in the distributions of 

question types and in prosodic characteristics of the questions 

in the two different settings. 

Index Terms: questions, prosody 

1. Introduction 

There are many obvious differences between talking to a 

human interlocutor and talking to a spoken dialogue system. 

Although there are examples of conversational systems that 

can handle extended conversation with a human user (e.g. [2-

3]), most spoken dialogue systems are much more restrictive 

on the form of spoken input they accept (e.g. the words yes 

and no, or the digits 0-9) and on the domain of the information 

(e.g. travel booking, technical support). These limitations 

make spoken dialogue systems much more susceptible to 

communicative breakdowns than human interlocutors. Spoken 

dialogue system developers strive to minimize this risk and to 

increase clarity, in order to restrict the user’s options as to 

what speech input they may successfully provide. One way of 

increasing clarity is through the grammatical and lexical form 

of the prompts (by avoiding lexical and morphosyntactic 

ambiguities). Another way is through clear speech, which is 

often characterized by slower speech rate and increased pitch 

variation [4-5]. Therefore, it is reasonable to expect both 

lexical/grammatical and prosodic differences between the type 

of speech that is output from a spoken dialogue system and the 

type of speech that is used in spontaneous conversations 

between human interlocutors. 

This study builds upon and extends an exploratory study 

of questions in spontaneous speech reported in [6]. We use the 

same approach to question extraction and annotation to extend 

the work in [6] to questions recorded from a number of 

Swedish spoken dialogue systems and to explore potential 

differences in the distribution of question types and prosodic 

correlates within the two different settings. 

2. Background 

2.1. Question typology 

Posing questions and the resulting question-response sequence 

plays a central role in dialogue [7]. Analyses of such 

sequences have given rise to the theory of adjacency pairs 

forming the basic units for conversation [8]. Interrogative 

mode can be signalled by the grammatical form of an 

utterance (Is he in Stockholm today? vs. He is in Stockholm 

today), but also by intonation (see below) and gestures (e.g. 

raising eyebrows). Questions can be classified into different 

categories depending on features of surface form (e.g. yes/no-

question, wh-question etc.) and function (e.g. requesting 

information, grounding etc.). Studies of questioning have often 

been qualitative in nature (e.g. [9]). This allows for fine 

analytic details, but it is not necessarily beneficial for making 

comparisons of how questioning behaviour differs across 

different languages or different interactional settings. In an 

effort to combine the benefits of the qualitative and 

quantitative analysis methods, [10] suggested a coding scheme 

for question-response sequences, where an explicit purpose of 

the scheme is for it to allow cross-language comparison and to 

make quantitative analysis of question categories that are 

based on qualitative analyses of interaction. Annotators can 

apply the scheme by providing answers to 24 questions on the 

form (e.g. Does the question have lexical, morphological or 

syntactic marking?, What is the logical semantic structure of 

the question?) and function (e.g. What social action is the 

question doing?, Is a specific next speaker (or party) clearly 

selected?) of a particular question or response. From the 

answers to these questions, the questions (or responses) can 

then be classified into different categories, and the categories 

can then in turn be subject to quantitative analysis. 

2.2. Question prosody 

The signalling of interrogative mode in speech through 

intonation as a contrast to declarative statements is a common 

topic amongst intonation researchers. It is readily assumed and 

often documented that intonation alone can transform a 

declarative into an interrogative, but a satisfactory analysis of 

question intonation has often eluded both descriptive phonetics 

and intonation models. Question intonation varies in different 

languages, and different types of questions (e.g. wh, yes/no or 

echo questions) can result in different kinds of question 

intonation [11].  

Much of the work on question intonation has been on eli-

cited speech, but an increasing number of studies access 

databases of conversational speech. In a study of pitch patterns 

in nearly 300 German word y/n-questions and wh-questions 

taken from spontaneous speech, Koer tested the hypothesis 

that final rising and final falling intonation occur in both 

syntactic structures [12]. He found that both pitch patterns 

occur in both structures, but that y/n-questions had 



predominantly rising patterns while wh-questions had mostly 

falling patterns. By re-synthesizing complementary pitch 

patterns in the two structures, Kohler establishes that in “both 

syntactic structures, rising pitch expresses friendliness, interest 

and openness towards the addressee, while falling pitch 

focuses on routine, lack of interest and categoricalness” [12: p. 

207]. He also explains the difference in distribution between 

the two structures with their different semantic and pragmatic 

functions. The wh-question is information and fact oriented, 

while the y/n-question is asking for a decision from the 

addressee and is thus more addressee oriented. 

In an investigation of 200 wh-questions extracted from a 

large corpus of computer-directed spontaneous speech in 

Swedish [13], phrase-final rising intonation was seen as 

signalling dialogue acts and speaker attitude over and beyond 

an information question. Final rises occurred in 22 percent of 

the utterances, primarily in conjunction with final focal accent. 

Perception tests showed that high and late focal accent peaks 

in a wh-question are perceived as friendlier and more socially 

interested than low and early peaks. 

2.3. Purpose 

The main goal of this study is to explore the generalizability of 

the question annotation typology formulated in [6] by applying 

it to questions in a different type of setting than that of the 

spontaneous co-situated dialogues to which it was first 

applied. Dialogues between a human user and an automatic 

dialogue system were chosen for this purpose. Second, 

distributional differences of question types in the two different 

settings were explored. Third, prosodic differences in the two 

settings were examined. 

3. Method 

3.1. Speech material 

The Spontal corpus contains in excess of 60 hours of dialogue: 

120 half-hour sessions [1]. The subjects are all native speakers 

of Swedish. The subjects were balanced (1) as to whether the 

interlocutors are of same or opposing gender and (2) as to 

whether they know each other or not. The recordings contain 

high-quality audio and video. Spontal subjects were allowed to 

talk about anything they wanted at any point in the session, 

including meta-comments on the recording environment. For 

the present study, a subset of 24 dialogues was used. 

 

 

Table 1. Descriptives of the data in the System corpus. 

Company # of 

dialogues 

Duration 

(mins) 

# of 

questions 

ComHem 3 4 8 

Hultsfreds kommun 1 1 1 

Posten 2 6 5 

SJ 1 6 11 

SL 2 4 6 

Telia 4 4 10 

Viasat 8 40 37 

TOTAL 21 65 78 

 

 

 

The collection of recordings of dialogues between humans and 

dialogue systems contains dialogues between a native Swedish 

speaker and seven different Swedish spoken dialogue systems. 

Descriptives of the System corpus are listed in Table 1.  

3.2. Extraction of questions 

For both sources of data, the speakers were recorded on 

separate audio channels. For the Spontal data, orthographic 

transcriptions were made using a transcription tool which 

divides the temporal progression of the dialogue into 

talkspurts based on pauses. Each dialogue was first transcribed 

by one annotator, and then checked by another. For the subset 

of 24 dialogues used in this report, both primary and 

secondary annotators were asked to look for questions while 

annotating, and label these with a simple question tag. The 

definition of “question” was deliberately kept quite open: 

“Anything that resembles, structurally or functionally, in 

whole or in part, a question”. 

For the System dialogues, orthographic transcriptions were 

made by one annotator in Praat [14]. As this study is limited to 

the exploration of questions, only questions were tagged and 

orthographically transcribed. As for the decision on what 

talkspurt qualifies as a question, the same generous definition 

as for the Spontal data was applied. All talkspurts tagged as 

questions in the System dialogues were talkspurts generated 

by the dialogue systems; none had been produced by the user. 

For all talkspurts tagged as questions, the same procedure 

for question markup was applied. However, for the Spontal 

data, question markup was performed by three independent 

annotators (the authors), whereas for the System data, only the 

first author performed the annotation. The questions were 

labelled with respect to four relatively simple queries (Q1-Q4), 

each of which could apply to any type of question. During the 

process, annotators could choose to skip talkspurts that they 

felt were in no sense a question, or that were otherwise 

impossible to judge. 

All in all, 908 talkspurts in the Spontal data were tagged as 

questions. Of these, 740 were labelled by all annotators, and 

the targeted 600 were selected so that there were 150 in each 

of the original Spontal balance groups KNOWN + 

SAMEGENDER, KNOWN + DIFFERENTGENDER, UNKNOWN + 

SAMEGENDER, and UNKNOWN + DIFFERENTGENDER, but 

otherwise at random. 78 talkspurts in the System corpus 

recordings were labelled as questions. 

3.3. Question markup 

The queries Q1-Q4 were kept simple in the hope that naïve 

annotation would help categorize at least part of the questions 

without relying too heavily on preconceptions. The idea was 

that certain sequences of answers to Q1-Q4 might map to 

certain question types as described in the literature, and that 

these answers could then be used to categorize questions in a 

reasonably objective and repeatable manner.  

Inspiration for the queries was taken from the previously 

mentioned coding scheme for question-response sequences 

developed by [10]. An annotation tool was developed which 

enabled annotators to easily listen to a talkspurt and step 

through the queries. Response selection was executed by 

simple keyboard commands, mouse clicks, or by tapping a 

touchpad. 

Q1 had to do with question type. Most, if not all, theories 

of questions agree on the existence of yes/no and wh-

questions. Following [10], we asked whether the talkspurt 

would best be described as a y/n question (Y/N), a wh- 

question (WH), an alternative question which includes a 

restricted set of alternative answers (ALT), a multi-question 

which is defined as two or more questions posed in a single 

talk spurt (MULTI), or other (OTHER). Given our considerably 

wider scope of what constitutes a question, which also 

includes questions seeking acknowledgement and also 

questions contained in reported speech, results are not entirely 



predictable. Q2 concerned whether a response was required 

(REQUIRED), possible (OPTIONAL), or prohibited (PROHIBITED).  

Q3 should be answered in the positive if the person producing 

the question-like talkspurt showed a clear attitude towards the 

previous dialogue such as surprise, distrust or uncertainty 

(ATTITUDE), and in the negative if not (NOATTITUDE). Q4 

should be answered in the positive if the question-like talk was 

a case of reported speech (REPORTED), and in the negative if 

not (DIRECT). The final query Q5 was: does the talkspurt 

include nothing but the question-like speech (and all of it; 

QUESTIONONLY) or does it contain more or less than that 

(MOREORLESS). 

3.4. Analyses 

The distribution of question types (according to the 

categorization produced by the annotators’ responses to 

queries Q1-Q4) was analysed in the two different corpora 

(SPONTAL and SYSTEM, in the following). The label resulting from 

Q5 was not included in the combinations as it does not 

concern the question per se. Instead, its value is used to select 

the questions for which prosodic data can be extracted (see 

below). For SPONTAL, disagreement between the three 

annotators had to be considered. For simplicity and clarity, 

only one four-label combination for each annotated talkspurt 

was used, even when the three annotators did not agree on the 

four-label combination. When at least two annotators agreed 

on a category, this category was selected. When all three 

annotators disagreed, the four-label combination chosen by the 

first author, who also annotated the questions in SYSTEM, was 

selected.  

Prosodic data (DURATION, WORDSPERSEC, VOWSPERSEC 

and PITCHVARIATION) was calculated for the QUESTIONONLY 

talkspurts only, i.e. talkspurts that contain an entire question 

and nothing else (N = 403). The calculation of pitch variation 

follows the description in [15]; pitch was tracked in semitones, 

and the means and standard deviations of these values were 

calculated for the two datasets separately. The standard 

deviation values were used as a measure of pitch variation.  

4. Results 

4.1. Distribution of question labels 

The distribution of four-label combinations in SPONTAL and 

SYSTEM is displayed in Figure 1. As shown in this figure, the 

most frequent question types by far, in both datasets, are the 

types YN-REQUIRED-NOATTITUDE-DIRECT and WH-

REQUIRED-NOATTITUDE-DIRECT. These represent direct yes/no 

and wh-questions to which answers are expected, mapping 

well to y/n-questions and wh-questions in the sense of [10].  

Furthermore, Figure 1 shows that there is more variation in 

what label combinations occur in SPONTAL than in SYSTEM. For 

example, questions in SYSTEM are never labelled as reflecting 

ATTITUDE towards the previous dialogue, whereas questions 

with this label are quite common in SPONTAL. Another 

difference is the occurrence of questions that do not require an 

answer; questions that do not require an answer are more rare 

in SYSTEM than in SPONTAL. Also, questions including REPORTED 

speech never occur in the System dialogues.  

 

Figure 1: Relative distribution of question label combinations 

in the two datasets, ranked first by frequency in SYSTEM,  

then by frequency in SPONTAL. (Label combinations with an 

occurrence of less than 2% are excluded.) 

 

 

4.2. Prosodic data 

Prosodic features of the questions in SPONTAL and SYSTEM were 

analysed and collected average values from one dataset 

compared to those from the other. Table 2 shows the average 

prosodic measures for the two datasets. 

 

Table 2. Average prosodic characteristics  

of SYSTEM and SPONTAL. 

Dataset Avg 

dur 

(secs) 

Avg 

words/sec 

Avg 

vows/sec 

Pitch 

variation 

(semitones) 

SYSTEM 2,5 2,7 4,6 4,9 

SPONTAL 2,0 3,8 5,1 3,7 

 

 

The observed prosodic differences between questions in the 

two datasets were tested using t-tests with dataset (SPONTAL vs. 

SYSTEM) as an independent variable, and with DURATION, 

WORDSPERSEC, VOWSPERSEC and PITCHVARIATION as 

dependent variables. These tests showed significant 

differences in all prosodic measures, as shown in Table 3. In 

other words, questions are generally shorter in the spontaneous 

speech material than in the dialogue systems recordings, they 

are produced faster (more words/sec and more vowels/sec), 

and they are produced with less variation in pitch over the 

utterance. 

 

Table 3. Results of t-tests for testing differences in 
DURATION, WORDSPERSEC, VOWSPERSEC and  

PITCH-VARIATION in SPONTAL and SYSTEM. 

Feature df t Sig. 

DURATION 478 -2,26 0,02 

WORDSPERSEC 478 7,54 <0,001 

VOWELSPERSEC 478 2,05 0,04 

PITCHVARIATION 478 -6,76 <0,001 

 



5. Discussion 

This study set out to explore the generalizability of the 

question annotation scheme sketched in [6] by applying the 

scheme to dialogues in a different kind of setting than the one 

for which it was originally used. Although Edlund and 

colleagues have suggested some improvements to the wording 

or definitions of the queries guiding the annotation (for 

example, the annotators had problems applying the label 

ATTITUDE and reported that their use of this label had drifted 

during their work with the annotations), the labelling of the 

questions in the System material along the suggested scheme 

was unproblematic. This is probably not an effect of the 

labelling scheme alone, but also of the simple nature of the 

questions in the System dialogues. 

Although the two datasets are very different in size – there 

are over six times as many questions in SPONTAL than in SYSTEM  

– the analysis of the distributions of question types in the two 

different datasets still reveals some interesting findings. The 

observed differences in distributions of question types in the 

two datasets are not surprising, since the goals and intentions 

of the interlocutors in a spontaneous dialogue are probably 

very different from the goals and intentions of the human user 

talking to a spoken dialogue system (and to those of the 

system itself). Whereas the systems are designed with to 

accomplishing a specific task (e.g. book a train ticket, or 

provide technical support on a specific problem), the goal of 

the interlocutors in the Spontal recordings is simply to keep 

the dialogue going and to avoid awkward periods of silence. It 

is therefore also unsurprising that practically all questions in 

SYSTEM require an answer, whereas questions where answers are 

optional or even prohibited are more frequent in the 

spontaneous dialogues. Also, questions showing attitude 

towards the preceding dialogue are quite common in the 

spontaneous dialogues, whereas such questions are never 

found in the System dialogues. Attitudes such as surprise and 

bewilderment would probably not be appropriate in a question 

produced by a spoken dialogue system, whereas they are 

clearly acceptable (and sometimes even expected, as a sign of 

involvement) in social interaction between humans. However, 

these distributional differences are found among the question 

types that are less frequent than the two most frequent types; 

direct yes/no and wh-questions to which answers are expected 

are the two most frequent question types by far in both the 

spontaneous dialogues and in the System dialogues. 

Questions extracted from the System data were found to 

be slower and to contain more varied pitch than the questions 

in the Spontal data. It is reasonable to assume that this reflects 

the importance of clarity in the speech produced by the 

dialogue system. Since the human interlocutors in the Spontal 

dialogues can actually see each other while they are 

interacting, and since they are much less sensitive to 

misunderstandings than dialogue systems, the need for 

prosodic clarity is probably less urgent in that setting. 

This study does not include a statistical analysis of 

prosodic differences between different question types (e.g. in 

speaking rate or in pitch variation) within the two datasets; this 

will be an interesting extension in future work. 

The results in this study are in congruence with what can 

be expected in a comparison between questions in spontaneous 

speech and questions produced by a spoken dialogue system 

(questions produced by a spoken dialogue system are of a type 

that is more restrictive on the user, and are produced at a 

slower speech rate and with more varied intonation). The 

study also constitutes a complement to the exploratory study in 

[6], in applying their suggested question annotation scheme to 

questions extracted from another domain than the original 

study. The reported success of this effort is promising for the 

further development and use of the annotation scheme. 
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