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M. A. A. Tatham

acoustic precision variants in speech production are determined by a predictive assessment
of the likely success of perception of the intended utterance. A person who is concerned
about being misheard because, say, of high ambient noise, will markedly increase the
precision of some portions of the utterance.

This inclusion of a model of perception within the synthesiser reveals that our
proposed system is, rather ambitiously, for recognition as well as for synthesis. We see no
distinction between knowledge bases for speech synthesis and for speech recognition, nor
any need for different types of mechanism to access them. The main synthesis and
recognition algorithms may well be different and areas of the knowledge bases may be
focussed or accentuated differently depending on whether synthesis or recognition is
currently in progress, but we believe that better results will be obtained if, as in the human
system shown in Figure 22—3, they are modelled as different modalities of the same overall
device.

Such a dual-mode device has many internal possibilities for continuous updating of
its weighting functions. For example, the device might ask itself: was it the case that the
utterance as I produced it evoked in the listener the desired or expected reaction? If the
answer to this question is no, then adjustments can be made automatically to some aspect of
the decision taking processes within the device. The system has ways of learning, of
detecting its own errors, and can repair the sources of those errors (Tatham, 1986). In the
field of artificial inteffigence this kind of strategy is an aspect of knowledge engineering.
the acquisition and structuring of knowledge bases, in this case done automatically and
continuously.

Conclusion
This chapter has discussed the nature of linguistic models and what they have to

offer research in speech synthesis and automatic speech recognition in interactive database
inquiry systems. Linguistics provides a descriptive characterisation of the human
knowledge base to support the encoding/decoding process of relating concepts to speech
sounds, while saying nothing about the actual procedures involved. Speech synthesis and
automatic speech recognition systems are simulations, not descriptions, focusing on the
encoding and decoding algorithms. The direct substitution of sets of rules characterising a
knowledge base for procedures is a mistake, as is the substitution of a description for a
simulation. At the present time access to the knowledge bases in our simulations of speech
production and perception is unreasoned and naive. I have described an experimental
method for reasoned access to the knowledge bases which is proving fruitful in producing
a more natural and variable synthesised speech of the kind now needed in interactive
database inquiry systems.
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Declarative Question Acts:
Two Experiments on Identification

Introduction

R.J. Beun

In general it is assumed that questions in natural language are represented by
sentences with an interrogative sentence-type1. In natural dialogues, however, one finds
many utterances2 with a declarative sentence-type that clearly fulfill the function of a
question. Sometimes these utterances have clear cues to indicate this function, e.g. the use
of special words (lb) or, as indicated by the question mark in (lc), a rising intonation at the
end of the utterance in spoken language:

Although we will not consider the exact contribution of the indicators to the
function, one can roughly say that the word so’ in (ib) and the combination of declarative
sentence-type and rising intonation in (lc) not only seem to express the question in (la) but
also a speaker’s supposition about the answer.

In many cases these clear indicators are absent and the determination of the function
seems to come from contextual cues only. The recognition of questions (and of course
answers) is of crucial importance for a proper continuation of the dialogue, so we would
like to find special characteristics in the utterance which could indicate its question-function
even in the absence of contextual cues.

We will use the theoretical framework of Bunt’s dialogue acts (Bunt, Ch. 4). In
doing so we have restricted ourselves to so-called information dialogues in which the
participants have no other purpose than the exchange of factual information. A dialogue act
is determined by the combination of its semantic content and communicative
function (CF). This function stipulates the role of the semantic content in the dialogue
and relates it to the speaker’s knowledge and goals. The CF of the utterances in (ib) and
(lc) for example is a CHECK with semantic content ‘INVITED(H,party)’ where H is the
hearer of the utterance. In terms of knowledge and goals the preconditions of these
utterances are:
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(la) “Are you invited to the party?”
(ib) “So, you are invited to the party.’
(lc) “You are invited to the party?”

(interrogative)
(declarative)
(declarative)
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(2a) S wants to know whether INVITED(H,party)
(2b) S suspects (or knows) that H knows whether INVITED(H,party)
(2c) S suspects that INVITED(H,party)

In this chapter we present an empirical study of questions with a declarative
sentence-type in natural dialogues. We carried out two experiments to find out whether
subjects are able to recognize the CF of utterances detached from the context. The
utterances were obtained in previous dialogue experiments which will not be considered
here3 (see Beun, 1985). As a discourse situation we used an information exchange by
telephone4 concerning arrival and departure times of planes and trains at Schiphol
(Amsterdam airport).

The Corpus of Utterances
All utterances investigated in this chapter are declarative question acts, i.e.,

questions, but with a declarative sentence-type. Both complete and elliptical utterances are
considered. Since in the case of elliptical utterances it is difficult and sometimes impossible
to determine the sentence-type, only those instances with clear interrogative or imperative
features were excluded from the corpus.

To determine if an utterance is a question, even in the absence of syntactic
indications, the following definition is used:

(DEF) An utterance U is a declarative question act (DQA) if ~:
a. The sentence-type of the sentence expressed by U is declarative (or if the

sentence is elliptical, the sentence-type is at least non-interrogative and
non-imperative).

b. The utterance U, uttered by S, is about a topic on which H is the expert.
c. S and H mutually know that H is the expert on the topic6.

Note that we have excluded sentences as:

(3) “I want to know what time it is”
(4) “Can you tell me what time it is”

The reason is that (3) is not a direct question as far as the literal interpretation is
involved: in (3) the literal topic is the goal of the speaker, who is the expert on his/her own
goals. (4) is excluded because of its interrogative sentence type.

In many cases where a matrix sentence contains a performative verb in the second
person, past tense, the definition is satisfied7, e.g.:

(5) “You said that the plane will leave at ten”
(6) “You stated that the Germans will win”

For, in the restricted domain we use here, the addressee knows best what he has
said, stated, etc. The same can be said about verbs relating to knowledge or opinion in the
second person, present or past tense, e.g.:

(7) “You mean that I have to leave at ten”
(8) “You think that I’m joking”

Again, the addressee knows best what he means, thinks, etc. In the next sentence,
however, it is not clear what the CF is without contextual knowledge:

(9)”The train leaves at 12.00”

Uttered by an informant in the dialogue experiments the CF can be an answer,
uttered by one of the subjects the CF can be a DQA8, even without a rising intonation at the
end. In fact only 48% (37 out of 77) of the DQA’s which appeared in the dialogue
experiments had a rising intonation.

The definition of a DQA is largely based on contextual characteristics such as
‘topic’ and ‘mutual knowledge’. We expected however that certain characteristics of the
utterances (prosodic or linguistic) could indicate the CF without the use of context. From a
linguistic angle one can think of the use of special words such as ‘so’, ‘thus’ etc.9.
Prosodic cues could for instance be given by intonation, accentuation or declination. To
find out whether these indicators contribute to the interpretation of the CF we carried out
the experiments described in the next section.

The First Experiment
From the Schiphol dialogues we isolated 77 DQA’s10. 47 utterances were excluded

from the experiment because the ‘DQA indicators’ were so clear that it was feared that the
subjects would only pay attention to these clear cases to distinguish the CF11. These clear
indicators were: 1. rising intonation at the end of the utterance (37 utterances); 2. the use
of Dutch particles such as: ‘he’, ‘toch’, ‘zeker’ (13 utterances); and, 3. the use of special
verbs as described in the previous section (6 utterances). Some utterances possessed two
or more of these indicators. The remaining 30 DQA’s were mixed with 24 answers, which
were also isolated from the Schiphol dialogues.

The task of the participants was divided into two parts; in one part they had to
indicate for each utterance whether it was a question or not (question-task), in the other part
they had to say whether the utterance was an answer or not (answer-task)12. The subjects
did not know that in both cases the same utterances were used.

This first experiment was only meant to give a rough indication about the ability of
subjects to recognize the CF in general, so only six Dutch subjects (of both sexes, all over
18) took part in the first experiment. They had to write down their responses on paper and
they could think about their responses as long as they wanted.

Before we discuss the results we have to introduce some abbreviations. To
distinguish the original CF (known from the context) from the responses given by the
subjects we will always write the first one in capital letters. The responses of the subjects
will be divided into 4 parts:

(+) question: the utterance is interpreted as a question in the question-task.
(-) question: the utterance is interpreted as not being a question in the question-

task.
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(+) answer: the uttezance is interpreted as an answer in the answer-task.
(-) answer: the utterance is interpreted as not being an answer in the answer-

task.

If the subjects agreed in more than 90% of the cases on a question as CF of an
utterance (percentage of both (+)questions and (-)answers > 90%), the utterances were
called Q-utterances’. Conversely if the subjects agreed on an answer in more than 90%,
the utterances were called ‘A—utterances’. (Note that this has nothing to do with the
original CF.)

Responses are called ‘inconsistent’ if one subject gave the same response in the
question- and answer-task.

Results

70% (199 out of 28513) of the ANSWERs and 68% (242 out of 351) of the DQA’s
were correctly identified. (Note that 50% would be purely random.) By ‘correctly
identified’ we mean that, if the utterance was a DQA, the subjects responded: (+)question
and (-)answer and vice versa if the utterance was an ANSWER. 11% of the ANSWERs
and 12% of the DQA’s were identified inconsistently, so there were no striking differences
between the ANSWERs and DQA’s.

These results do not look very spectacular. When we consider every utterance
separately, however, some interesting results appear. Table 23-1 shows the number of
utterances as a function of the CF and the percentage of correct responses.

Table 23-1: Number of Utterances as a Function of the Original CF

and the Percentage of Correct Responses

correct
responses >90% >10% and <90% <10% Total

~<x=12)

DQA 11 17 2 30

ANSWER 8 15 1 24

Total 19 32 3 54

From Table 23-1 it can be seen that in 19 cases subjects can almost perfectly
identify the CF, in 3 cases the CF is inverted (ANSWER —~ Q-utterance, DQA —~ A-
utterance) and in 32 cases the subjects could hardly identify the CF. But how do subjects
identify the Q- and A-utterances? In other words, what special characteristics do these
utterances have to reveal the CF?

To discover this, all Q- and A-utterances were analysed on intonation patterns but
no special differences appeared between these utterances14. There seemed to be an
important difference, however, in the use of special words. Almost all Q-utterances
contained particles like ‘en’ (‘and”5) at the beginning of the utterance, ‘dus’ (‘so’), ‘ook’
(‘also’), etc. These words were missing in the A-utterances. In Table 23—2 the occurrence
of special words is shown as a function of the Q- and A-utterances. ‘Uncertainty’ was
expressed by words as ‘ongeveer’, ‘pak em beet’, etc. (‘about’, ‘roughly’, etc.) or the
pause-particle ‘uh’.

Table 23—2: Occurrence of indicators as a function of Q— and A—utterances

Note that Table 23—2 does not imply that the responses of the subjects were correct,
only that they agreed in more than 90% on the interpretation of the CF.

These indicators can also be used in answers, so we had the impression that
prosodic aspects also contributed to the interpretation of the CF. In the second experiment,
described in the next section, these linguistic indicators were removed from the utterances.

The Second Experiment
In the second experiment we used the following utterances (total 26) from the

previous one:

1. all Q-utterances
2. all A-utterances
3. utterances with the following characteristics:

a. The appearance of the word ‘en’ (‘and’) and ‘oh’ at the beginning of the
utterance.
b. The appearance of the pragmatic particles ‘dus’ (‘so’), ‘ook’ (‘also’) and
‘niet’ (‘not’).
c. The appearance of the pause particle ‘uh’.
d. Mistakes followed by self-repair.
e. Words which indicate uncertainty.

Next, these characteristics were removed from the utterances16 and the 26 original
utterances were mixed with the edited ones. Where the utterances had two or more of these
characteristics they were removed in arbitrary order. For example, an utterance with three
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characteristics would give 6 (=3!) edited versions; we did not include all combinations but 100% 95

only an arbitrary selection, e.g.: -

83
(10) ‘And these are all coming! going to Munich” (original) 76

(lOa) “~ these are all coming! going to Munich” (edited: 3c) 68

(lOb) “These are all coming! going to Munich” (edited; 3a) 65

(lOc) “These are all going to Munich” (edited; 3d) 59

55
Almost the same conditions were applied as in the first experiment; only the number 52

of utterances (total number was 72 of which 46 were edited) differed. In the second 50% 45 45

experiment 20 subjects took part. 40

Results 25% 21

r
Figure 23—1 shows the difference in (+) answers to utterances with (white I

rectangle) and without (shaded rectangle) special indicators. Note the considerable I
variation in the number of utterances per indicator (= number of responses (n) divided by - — - / - — - — - — - — - —

20). Figure 23—2 shows the same for (+)questions.
In Figure 23—1 we can see for instance that 35% of the utterances with indicator En’ ‘Dus’ ‘Uh’ ‘Niet’ Ook’ Oh’ Repair Uncertainty

‘en’ (‘and’) at the beginning were interpreted as an answer. The same utterances without
‘en’ are interpreted as an answer in 55% of the cases. If we turn to Figure 23-2 we can see Figure 23—1: The shift of (+)answers as a function of the presence (white rectangle) and the absence (shaded
that in 64% of the cases with ‘en’ the utterances are interpreted as a question and 51% rectangle) of utterance characteristics
when the ‘en’ is removed.

Note that Figures 23—1 and 23—2 do not have to be complements, because 100%

responses to the same utterance by the same subject can be (-)question and (-)answer
(12%, or 166 out of 1440) or (+)question and (+)answer (10%, or 149 out of 1440).

77

75%

Discussion
From Table 23—lit can be seen that the subjects were able to recognize the CF in ~0

35% (19 out of 54) of the cases; in 4% (3 out of 54) the function was inverted. Table 23—2 -

shows that important indicators to recognize the question function can be the word ‘en’ at 50% / 47 47

the beginning of the utterance, and the words ‘ook’ and ‘dus’. These words were missing 40

in the utterances which were recognized as answers. When these words were removed 38 —

from the Q-utterances they never shifted to A-utterances, so prosodic characteristics must
be involved in the interpretation. / 26

An important shortcoming in the analysis is that the removal of certain words has 25% 20 “

the consequence of cutting out certain prosodic aspects as well. We expect to solve this / 16 “

problem in a following experiment in which the utterances will be presented on a screen. “

We wifi now consider some of the indicators separately. I

a. ‘En’ at the beginning of the utterance:
In Figure 23—1, we can see that the removal of the word ‘en’ has important consequen- ~ ‘ms’ ‘1~’ ‘~et’ ‘c~o~1c’ ;t~h R~air t~c0ertainty

ces for the interpretation of the CF. When the ‘en’ is not removed the subjects prefer the
‘question’ interpretation (35% (+)answer, 64% (+)question). When the ‘en’ is cut out Figure 23—2: The shift of (-i-)questions as a function of the presence (white rectangle) and the absence

(shaded rectangle) of utterance characteristics
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the responses shift to an ‘answer’ interpretation (55% (+)answer, 51% (+)question).
Note that the (+)answers and (+)questions are independent because they were given in
different tasks. Here it is to be expected that the influence of prosodic aspects will be
very small because the ‘en’ was never accentuated and forms only a small part of the
speech signal of the complete utterance.

b. ‘Dus:
In this case the shift from question-responses (21% (+)answer, 77% (+)question), when
dus’ is included, to answer-responses (59% (+)answer, 38% (+)question), when ‘dus’
is removed, is dramatic. For the same reasons as before it can be expected that the
prosodic effects will be very small and almost everything will come from the meaning of
the word itself.

c. ‘Oh’:
Again we see a dramatic shift from question to answer responses. Note however that in
this case we had only one utterance (number of responses=20) and the CF of the original
utterance was an ANSWER. The shift can be explained by the fact that in Dutch the ‘oh’
at the beginning is often used to express surprise about the content of a previous
statement and in many cases is followed by an utterance which asks for an explanation.
In this case the ‘oh’ was uttered because the subject in the dialogue experiment had not
expected the previous question from the informant, because he did not pay attention to
her. So, the particle had nothing to do with the content of the question.

d. ‘Ook’ and ‘niet’:
In this case the shift from question to answer responses, when these words are removed,
is less dramatic than in the previous cases. Semantically these words seem to contribute
nothing to the CF. An explanation for the shift can possibly be found in the prosodic
properties of the words. Both words were accentuated and the removal of the accents
could influence the responses of the subjects.

The insertion of repair sequences, the expression of uncertainty and the use of the
pause particle ‘uh’ did not change the responses significantly, so these indicators do not
seem to contribute to the interpretation of the CF.

In conclusion it can be said that many DQA’s have no rising intonation at the end
(in the experimental dialogues only 48%). In some cases subjects can distinguish
ANSWERs and DQA’s very well without any contextual knowledge. Indicators can be
provided by certain pragmatic particles such as ‘en’ and ‘dus’ or prosodic characteristics of
the utterance. On the other hand the CF of 32 utterances was not identified, so in these
cases all cues have to be provided by the context.
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1 Following Gazdar (1981)1 will regard sentence-type as a purely syntactic characteristic
of sentences.

2 Here an utterance should be taken in the sense of a sentence paired with a context (see
e.g. Levinson, 1985 pp.18-19 or Gazdar, 1981).

3 A short impression will do no harm, I think. In the experiment twenty four Dutch
speaking subjects had to determine by telephone the departure and arrival times of
airplanes and trains from an informant at Schiphol airport. The informant was
simulated by a well-trained person. Each subject read eight sets of instructions to tell
them what kind of information had to be obtained.

4 Here we avoid non-verbal aspects of communication which are difficult to measure
such as eye-contact, body-movement, etc., so everything can be collected from the
original speech s’gnal.

5 The interpretation of sentences defined by (DEF) as a question also agrees with the
maxim of quantity, for if the addressee knows more about the subject than the speaker
(and this is mutually known) the utterance would be superfluous in the case of a
statement.

6 S and H mutually know that p (q); S and H know that p and that q’; See also Clark
& Marshall (1981).

7 In special circumstances one can use these forms to focus certain aspects of an
addressee’s knowledge or actions to introduce for instance counterexamples, e.g.:
“You stated that indirect speech acts can be explained by means of felicity conditions,
but how then do you explain the utterance “It’s cold inside” as a request to close the
window.” We did not encounter any of these examples in our restricted domain.

8 Strictly speaking a DQA is not a communicative function because it contains syntactic
information; this characterization is only maintained for the sake of simplicity.

9 In Dutch these particles are widely used in natural dialogues, e.g. ‘wel’, ‘toch’, ‘dus’,
‘en’, ‘ook’, etc.

10 We had no problems with interruptions because the voices of the informant and the
subject were recorded on different tracks. (TEAC A3440 4-channel simul-sync)

11 At this moment this is just a supposition and still has to be tested.
12 Actually the subjects also had to answer whether the utterance was an ‘inform’ (Dutch:

‘mededeling’). Until now we did not investigate these results, so they are omitted.
13 In some cases subjects did not make any decision at all, so the total numbers of

ANSWERs and DQA’s differ from 12x24~288 and 12x30=360 respectively.
14 We have one DQA, however, where all the subjects responded correctly, with a very

horizontal declination line. This can be an indication, but because of the lack of other
examples any conclusion of this sort seems to be premature.

15 The English translations are only meant as a vague indication about the meaning.
16 First the utterances were put in the VAX computer and next the special words were

removed with the aid of the IPO speech software. This could be done with an accuracy
of 25 milliseconds. Some of the utterances (but only very few) sounded a little
unnatural; none of the subjects, however, noticed any difference between the original
and the edited versions.


