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Abstract

Phrase-final intonation was analysed in a sub-
corpus of Swedish computer-directed question
utterances with the objective of investigating
the extent to which final rises occur in sponta-
neous questions, and also to see if such rises
might have pragmatic functions over and be-
yond the signalling of interrogative mode. Fi-
nal rises occurred in 22 percent of the utter-
ances. Final rises occurred mostly in conjunc-
tion with final focal accent. Children exhibited
the largest percentage of final rises (32%), with
women second (27%) and men lowest (17%).
These results are viewed in relationship to re-
sults of related perception studies and are dis-
cussed in terms of Swedish question intonation
and the pragmatic social function of rises in a
biological account of intonation.

Introduction

The signaling of interrogative mode in speech
through intonation is a topic which has long
attracted interest from intonation researchers.
Not only does question intonation vary in dif-
ferent languages but also different types of
questions (e.g. wh, yes/no or echo questions)
result in different kinds of question intonation
(Ladd, 1996). The most commonly described
tonal characteristic for questions is high final
pitch and overall higher pitch (Hirst and Di
Cristo, 1998). In some languages, however, a
late time alignment of a final accent has been
shown to play a decisive role in the perception
of interrogative mode (D’Imperio and House,
1997).

In Swedish, question intonation has been
primarily described as marked by a raised top-
line and a widened FO range on the focal accent
(Gérding, 1979). An optional terminal rise has
been described, but the time alignment of the
focal accent rise has not generally been associ-
ated with question intonation. In two recent
perception studies, however, House (2002,
2003) demonstrated that a raised fundamental
frequency (FO) combined with a rightwards fo-
cal peak displacement is an effective means of
signaling question intonation in Swedish echo

questions when the focal accent is in final posi-
tion.

There has moreover been recent interest in
the automatic analysis of phrase final tones and
short utterances with the objective of categoriz-
ing and extracting dialogue acts such as agree-
ment, acknowledgement, backchannels, turn-
taking and speaker attitude (see e.g. Ferrer, et
al. 2002; Ishi et al. 2003; Casper, 2003). Such
information is highly useful in building and
improving spoken dialogue systems using ani-
mated agents and spoken human-system inter-
action. An annotated corpus of spontaneous
computer-directed speech presented very suit-
able speech material for analyzing phrase-final
intonation in questions. This paper examines
the extent to which final rises may occur in
questions in computer-directed spontaneous
speech and discusses the function these rises
may have in signalling dialogue acts and
speaker attitude over and beyond an informa-
tion question. It also examines a possible rela-
tionship between a final rise and a final focal
accent.

Material and analysis

The utterances used in this study were taken
from the August database recorded in 1998 and
1999 (Gustafson et al. 1999). The August spo-
ken-dialogue system was a multimodal system
using a talking head as an animated agent. The
agent was modeled on the Swedish author Au-
gust Strindberg, and the system had several
simple domains including facts about Strind-
berg, Stockholm, KTH and local information
such as the locations of restaurants in Stock-
holm. The system was built into a kiosk and
placed in public in central Stockholm for a pe-
riod of six months. The speech recordings re-
sulted in a database consisting of 10,058 utter-
ances. The utterances were transcribed ortho-
graphically and labeled for speaker characteris-
tics and utterance types by Bell and Gustafson
(1999). The total number of speakers repre-
sented in the database was 2685 of which 50%
were men, 26% women and 24% were children.
Bell and Gustafson (1999) further analyzed
these utterances according to the presumed in-
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tentions of the speakers. Two major categories
were used: socializing or information seeking.
In other words, was the user mainly interested
in a social interaction with the agent, or was the
user genuinely trying to retrieve information?

To obtain material for the present study, ut-
terances containing the question words vad
“what” and var “where” were extracted from
the corpus. A total of 334 utterances contained
the word “what” and 161 contained the word
“where”. For this analysis, 100 questions con-
taining “what” and 100 questions containing
“where” were randomly extracted from the sub-
corpus. The 200 utterances were analyzed audi-
tively and visually using the WaveSurfer
speech analysis package (Sjolander and
Beskow, 2000).

Each utterance was marked for presence or
absence of final rise, presence or absence of
final focal accent, and whether the utterance
was produced by a child, woman or man.
Waveforms, spectrograms and FO traces of two
typical utterances are shown in figures 1 (final
rise) and 2 (final low).
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Figure 1. Waveform, spectrogram and FO contour of
the utterance “Hej, jag heter Peter vad heter du?”
(Hi, my name is Peter what is your name?) showing
final rise.
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Figure 2. Waveform, spectrogram and F0O contour of
the utterance “Hej, vad heter du?” (Hi, what is your
name?) showing final low.

Results

22% of the questions in this material ended in a
phrase final rise. Proportionally, children pro-
duced more questions with final rises (32%),
with women second (27%) and men the lowest
percentage of questions with a final rise (17%).
This breakdown is presented in figure 3.
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Figure 3. Percentage of questions with a final rise
distributed by speaker type and question word.

Of the 200 questions analyzed for this
study, 17% were produced by children, 26% by
women, and 57% by men. This compares to the
distribution of the entire corpus which was 24%
children, 26% women and 50% men (Bell and
Gustafson, 1999). Children asked a proportion-
ally larger number of “what” questions than
“where” questions, while men asked a propor-
tionally larger number of “where” questions
than “what” questions. This is displayed in fig-
ure 4.
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Figure 4. Distribution of the total number of ques-
tions by speaker type and question word.

“What” questions were generally more oriented
to social interaction such as “What is your
name?” “What are you doing?” and “What time
is it?”. “Where” questions were of a more
strictly information retrieval character pertain-
ing to the location of streets and restaurants and
public facilities.
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77% of the questions ending in a final rise also
ended in a focal accent. Of the questions ending
in a final low, 48% ended in a focal accent. The
distribution for each question word is presented
in figure 5.
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Figure 5. Distribution of questions with final focus.

Most of the speakers represented in the material
had dialects from central Sweden. There were a
few speakers of dialects of West Sweden where
a final rise is characteristic of focal accent.

There were also a few non-native speakers of
Swedish.

Discussion

The results of this study are consistent with the
traditional description of interrogative intona-
tion in Swedish (Garding, 1979), where a final
rise is not a necessary component for questions.
However, as an optional interrogative marker, a
final rise does occur in a considerable number
of spontaneous questions and therefore should
be considered as an important component of
interrogative intonation when describing and
modeling Swedish intonation.

In this material, final rises occur mostly in
conjunction with final focal accent. The rise
can be seen as a replacement accent (i.e. an in-
terrogative focal accent) or a deformation of the
focal accent where the focal peak is delayed.
The fact that the final rise can also occur on a
non-focal accent can be seen as evidence that
the rise is an extra intonational factor which
either delays the focal peak or surfaces as an
extra rise. This extra intonation factor may not
only be an optional reinforcements for inter-
rogative mode, it may also signal pragmatic
meaning.

There has been much discussion about the
role of the phrase final tone, or boundary tone,
in intonational meaning (see Ladd, 1996, for a
review). A phrase final high or rise can convey
speaker attitude such as uncertainty, or be a

signal of dialogue act such as feedback seeking
or turngiving (e.g. Cerrato, 2002 and Caspers,
2003).

Using the utterance categories proposed by
Bell and Gustafson (1999), socializing and in-
formation seeking, there is some evidence that
the final rise in this material is a signal of so-
cializing while the final low is a signal of in-
formation seeking. In the complete August cor-
pus, children produced more socializing utter-
ances than did women and men. In this mate-
rial, children produced proportionally more
questions with final rises than did women and
men. Furthermore, children asked proportion-
ally more “what” questions than “where” ques-
tions with the “what” questions being more so-
cially oriented. This interpretation is consistent
with a final rise being a signal of feedback
seeking rather than purely information question
intonation.

One explanation for the function of a final
rise as a socializing marker in question intona-
tion can be found in the framework of biologi-
cal codes for universal meanings of intonation,
proposed by Gussenhoven (2002). Gussenho-
ven proposes three codes or biological meta-
phors: a frequency code, an effort code and a
production code. The frequency code implies
that a raised FO is a marker of submissiveness
or non-assertiveness and hence question intona-
tion. The effort code implies that articulation
effort is increased to highlight important focal
information producing a higher FO. The pro-
duction code associates high pitch with phrase
beginnings (new topics) and low pitch with
phrase endings.

In this account of the frequency code, the
final rise as a cue to submissiveness or non-
assertiveness can be interpreted as an invitation
to socialize and engage in conversation. A final
low in a question is more a signal of assertive-
ness and command, thus a more information-
seeking question.

In terms of the effort code, a rise is already
associated with focal accent to highlight impor-
tant information. Therefore, to signal the inten-
tion to socialize, the production code needs to
be exploited. In the production code, high pitch
is normally associated with new topics at
phrase beginnings. In the case of the final rise,
however, the high comes at the end of the
phrase and signals the invitation to continue the
social interaction. The fact that final rises occur
mostly in conjunction with final focus is also
noteworthy. In this material the focal accent in
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final position seems to facilitate the final rise
resulting in a focal peak delay. The timing of
the focal accent rise has been shown to be more
variable than the timing of the word accent
(Bruce, 1987). A more detailed study of the fo-
cal peak timing in the questions with non-final
focal accents would be interesting from the per-
spective of focal accent variability. However, it
is clear that the final rise in these questions
contribute to the variability of the timing of the
focal accent rise.

It also appears that in many of the instances
in this material of final lows with non-final fo-
cal accent, final focus is avoided by an optional
sentence structure containing a final non-focal
word or phrase, such as Vet du var Kulturhuset
ligger? “Do you know where the Culture Cen-
ter is located?” In this way, the tendency of a
final rise coupled to final focus is avoided and
the information-seeking intention of the
speaker is emphasized.

Conclusions

The results of this study show final rises to oc-
cur in about 20% of a small corpus of sponta-
neous questions directed to an animated agent
in a spoken dialogue system. The results con-
firm the optionality of a final rise in Swedish
interrogative intonation. The distribution of the
rises in the material also indicated the prag-
matic function of the rises as signaling intended
social interaction rather than purely information
seeking. The study of such phrase-final charac-
teristics can have considerable importance for
our understanding of human-computer interac-
tion and for improving the responsiveness of
animated agents.
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