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ABSTRACT

There are a number of restrictions in human-machine
interactions, which continue to warrant a better con-
trol of response utterances in spoken dialogue systems.
Indeed, the human user often has to deal with unnat-
ural responses, and therefore requires some experience
with such systems in order to improve interactions. This
problem is re-examined here, with the aim of evaluat-
ing how human users are influenced by utterances built
into a system based on the Wizard-of-Oz method. We
report results which show that back-channel responses
and brief confirmations from our system, have the effects
of prompting human spoken interactions and providing
more human satisfaction.

1. INTRODUCTION

Some spoken dialogue systems[l, 2] and dialogue
strategies[3, 4] have recently been described as useful,
because they prompt more spontaneous utterances from
the user. However, there are a number of restrictions
in human-machine interactions which still warrant fur-
ther improvements. Indeed, users often have to deal
with unnatural responses, and therefore require some
experience with such systems in order to improve inter-
actions. In addition, system responses are commonly
determined in a heuristic manner, and their timing is
still not sufficiently taken into account. Clearly, sys-
tems’ spoken responses are expected to influence human-
machine interactions[5, 6], and therefore it is important
to improve the usability of spoken dialogue systems.

To this end, it is pertinent to observe that, in a com-
pletely human dialogue, the listener can play an influen-
tial role in the style of utterances chosen by the speaker.
For example, the speaker is likely to pay attention to the
listener’s reactive speech and bodily gesture, in order to
gauge the listener’s degree of understanding. Similarly,
in a human-machine dialogue, it is expected that the

human user would feel more comfortable, if the system
involved were to select an appropriate style of utterances
and manage real-time responses such as a back-channel

feedback([7].

In this paper a spoken dialogue system is presented,
which involves the Wizard-of-Oz(WOZ) method[8] and
incorporates a response strategy aimed at securing con-
firmation. The style of system utterances and timing
behaviours of the responses will be our focus in outlining
our response strategy. Experiments are also described,
which were carried out to investigate the effects of our
response strategy.

2. RESPONSE STRATEGY OF THE
SYSTEM

As pointed out earlier, the handling of response utter-
ances in current spoken dialogue systems is subject to
a number of restrictions. Responses are generated upon
detection of the user’s end-of-utterance, and grammati-
cal correctness is considered as important in many spo-
ken dialogue systems. Yet, in completely human dia-
logues, confirmation is often conveyed in real time and
in a way similar to back-channel feedback. Thus, re-
sponse time and semantics would seem to be relatively
more important than syntactic exactness, and to have
the potential of inducing more liveliness in the responses
of a spoken dialogue system.

In order to investigate ways in which system-response
strategies influence users, we focused on two types of
responses: (1) interjectory responses to the user’s ut-
terances; and (2) verbose responses which vary between
brief and detailed expression used for confirmation. As-
suming four qualitative degrees for each type, we then
defined a system’s response strategy as outlined in Ta-

ble 1.

Keywords were also used which, by definition, cannot
be removed in the communication process. Thus, back-



STRATEGY
A B C D
Interjection no yes no yes
Verbosity much | much | little | little

Table 1: Response Strategy of the System

channel feedbacks are provided by the system if the
user’s phrase contains keywords and, in brief-response
mode, the system simply confirms the keywords con-
tained in the user’s speech. Figure 1 gives an example
of a keyword, and Figure 2 illustrates a back-channel

feedback.

S: You / order/ a bag.
( Keyword: a bag)

Figure 1: Example of a “keyword”

U:The order is a key holder,please.
S: {Uh-huh}
( {Uh-huh} is a listener’s back-channel feedback)

Figure 2: FExample of a “back-channel feedback”,
1.e., an utterance with no explicit meaning.

3. DATA COLLECTION

As stated in the introduction, we designed a spoken di-
alogue system based on the WOZ method, in order to
investigate system responses to users. The dialogue task
selected consists of telephone shopping, but the scenario
adopted is a simplified version of real telephone shop-
ping. Every user orders items from a list known before-
hand and, for each item on the list, the user has to spec-
ify name, ID and quantity. The system then confirms
the item ordered by the user and, upon completion of
the order, it queries the user as to the form of payment
(e.g., bank/card). Figure 3 illustrates both the flow of
the entire dialogue and the flow of each sub-dialogue
(ordering items and form of payment).

As for our data collection system, a WOZ operator’s
assistance was used rather than modules for speech
recognition and back-channel feedback generation. We
adopted this approach partly because the evaluation
of our system performance would be compounded by
speech recognition accuracy, and partly because auto-
matic generation of back-channel feedbacks would re-
quire reaction at any time. Data were recorded in a
soundproof room. The “MILES” [9] communication ar-
chitecture designed to handle timing relations between

Ordering ltems (sub dialog)
item name, 1D, quantity
Confirmation

finished?

Y

Form of Payment (sub dialog)
bank/ card,
company, #payment

Figure 3: Dialogue flow

events and communicative elements, was used for the di-
alogue management module of our spoken dialogue sys-
tem. System responses were generated using an NTT
“Shaberinbo” synthesiser.

As for the data used, we first collected human-human di-
alogues, in which we brought situations as close as pos-
sible to real conversations. Then, we collected human-
machine dialogues using the WOZ system; one WOZ op-
erator handled the system with consistency during data
collection. Users did not know who the operator was,
nor were they aware of differences between sessions. All
users were students who had not previously used spoken
dialogue systems but who were given some brief instruc-
tions on usage. In all, we collected 64 human-machine
dialogues from 16 users and in 4 sessions for each user.
The actual speech data were segmented in utterance
units (UU), which are defined as prosodic phrases pre-
ceded or followed by 100-msec pauses. 3797 UUs ob-
tained from human-human dialogues(170-minute dura-
tion), were used for analysis. 1235 UUs obtained from
human-human dialogues(21-minute duration) described
previously, were used for comparison.

4. DIALOGUE ANALYSIS

In our dialogue analysis we first considered duration dif-
ferences among the four strategies defined earlier, and



STRATEGY | #sub- #UU UU-duration(sec)
dialogues | MEAN SD [ MEAN SD
A 34 6.6 2.4 5.8 3.3
B 18 6.9 2.3 5.4 2.4
C 27 6.8 2.5 5.3 2.2
D 30 7.9 2.8 6.6 3.0

Table 2: Characteristics of user utterances

the number of occurring UUs. In order to normalise
differences other than those among response strategies,
we analysed only the sub-dialogues related to ordering
items for which the system requires name, ID and quan-
tity. Nor did we retain the sub-dialogues with recogni-
tion error. Table 2 gives a profile of the characteristics
of users’ utterances, which are interpreted in terms of
the number of UU’s and their duration. In particular,
these tabulated results indicate that most users’ utter-
ances are prompted by the system with brief expressions

and back-channel feedbacks.

In experiments B and D, back-channel feedbacks are
given to users and therefore their timing is an important
factor which we have also analysed. Figure 4 shows a his-
togram distribution of the times elapsed between users’
utterances and back-channel feedbacks given by the sys-
tem. The distribution’s mean is 0.25 sec compared to
0.0 in human-human dialogues, owing to delays caused
by the WOZ operator and the system. However, rela-
tive to other slower responses by the system, the delays
contributed by back-channel feedbacks are permissible.

Figure 5 shows a bar-graph of the rates of interjec-
tion, which includes fillers, as well as back-channel feed-
backs and repair, ranging from 14% for strategy A to
20% for strategy B. Note that the rate obtained for
human-human dialogues peaks at 29%, and that such
a rate can reach 50% for various types of Japanese
dialogues[10]. We conclude that our response strategy
tends to promote users’ utterances, thereby rendering
dialogues more natural.

While fillers are more common in users’ interjections,
the latter can also consist of a greater number of back-
channel feedbacks depending on the user and on whether
the system itself gives such feedbacks. Thus, in order
to investigate the relationship between the system’s re-
sponse strategy and the rate of back-channel feedbacks
by users, our data were merged pairwise (A+C) and
(B+D) in order to secure more statistical significance.
The relationship obtained is significant at the 5% level
and can be depicted in Figure 6, which shows a 3% and
a 1% rate of back-channel feedbacks by users when such
feedbacks are respectively given and not given by our
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Figure 4: Response times of back-channel feedbacks
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Figure 5: Interjection rates in users’ UUs

system. It can then be argued that the system’s be-
haviour in back-channel feedbacks prompts similar re-
sponses by users and that, given the 6.8% rate obtained
for human-human dialogues, the system’s performance
is very encouraging,.

5. USER SATISFACTION

After each dialogue session, users were asked to evaluate
the system by answering a questionnaire on dialogue
fluency and user satisfaction, which were to be graded
from 1 to 5. The results shown in Figure 7 indicate
that strategy D fares the best overall, in agreement with
our analysis. As far as fluency is concerned, strategies
A and D fare slightly better than strategies B and C.
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Figure 6: Rate of back-channel feedbacks by users
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Figure 7: Subjective system evaluation

6. CONCLUDING DISCUSSION

In this paper we investigated how system utterances in-
fluence users using the WOZ method. Our results first
show that back-channel feedbacks and brief confirma-
tions by our spoken dialogue system, prompt more ut-
terances from and give more satisfaction to users. How-
ever, this spontaneity effect tends to increase the oc-
currence of fillers and back-channel feedbacks in users’
utterances. As a result, the dialogue system is forced to
handle users’ spontaneous speeh, so long as the system’s
response strategy is itself endowed with the ability of
generating brief utterances and back-channel feedbacks.

Second, users tend to give back-channel feedbacks when-
ever the system gives them feedbacks. It follows that

users are able to gauge the system’s ability to handle
interjections and to predict its behaviour. An intriguing
question arises regarding users’ behaviours with no pre-
liminary instructions at all. Beyond this study, future
work is planned to further evaluate our response strat-
egy using a more automated, spoken dialogue system
which has no WOZ operator.
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