
Development and Evaluation of Spoken Dialog Systems
with One or Two Agents

Yuki Todo 1, Ryota Nishimura2, Kazumasa Yamamoto 1, Seiichi Nakagawa1

1Department of Computer Sciences and Engineering, Toyohashi University of Technology, Japan
2Nagoya Institute of Technology, Japan

ytodo@slp.cs.tut.ac.jp, nishimura.ryota@nitech.ac.jp, {nakagawa, kyama}@slp.cs.tut.ac.jp

Abstract
Almost all current spoken dialog systems treat dialog as that
where a single user talks to an agent. We, on the other hand,
set out to investigate a multiparty dialog system that deals with
two agents and a single user. We developed a three person (one
user and two agents) and a two person (one user and one agent)
dialog system to consider the same dialog task, that is, “Which
do you prefer, udon or ramen (Japanese noodle or Chinese noo-
dle)?” and compared them with respect to user behavior and
satisfaction. According to the results of the experiments, the
three person dialog system performed better in terms of lively
conversation, and user can talk with the agents more like chat-
ting.
Index Terms: spoken dialog system, multi-party dialogue, two
agents, chat

1. Introduction
Recently, the demand for speech recognition interfaces has in-
creased and thus spoken dialog systems have been developed.
Previously, we developed a spoken dialog system, which has
scope for improvement in terms of achieving a more natural di-
alog [1][2]. Our existing dialog system mimics the interaction
between human beings in spontaneous conversation and gen-
erates natural responses, including aizuchi (back channeling),
collaborative completions, and turn-taking, whilst considering
response timing. A decision tree, which refers to prosodic in-
formation and surface linguistic information as features, was
employed to determine the appropriate response timings. The
existing system is able to deal with repetition, overlap response,
and barge-in.

In this study, we aim to develop a more enjoyable dialog
system [1]. To achieve this, we have extended our previous sys-
tem, which allowed interaction between a single agent and the
user, to handle two agents interacting with a user. In so doing
we have formed a new dialog paradigm, and it is expected that
the proposed system will achieve a dialog that was impossible
in the previous system. Moreover, we deal with agents whose
knowledge differs from hierarchical relationships. Thus, there
is the possibility that by conversing with agents with different
viewpoints, the user may be prompted with new ideas.

Recently, multi-party dialog has been actively studied. In
the multi-party dialog between people , Dielmann [3] learned
a model for granting Dialog Act of multi-party dialog auto-
matically. Shriberg et al. [4] investigated overlap/interrupt in
the meeting speech data, and showed that interrupts are associ-
ated with some events (such as disfluencies) in the foreground
speech. Among humans and a conversation agent [5, 6] or multi
dialog agents [7, 8] , Fujie et al. conducted a real field exper-

Figure 1: Schematic of the three person’s dialog system

iment; the dialog system with a robot performed a quiz game
with elderly people in an adult day-care center, and was able to
become a game media which naive users such as elderly people
can use and participate easily. In Dohsaka et al. [9], the agent
decides the action depending on the situation in a multi-player
conversation between humans and the conversation agents. The
dialog takes place in a text-based dialog system and two users
and two agents participate in the interaction.

Thus, the interaction of multiple agents can lead to an
improvement in user satisfaction and activation of the dialog.
Based on these considerations, we have developed a spoken di-
alog system to handle multiple conversational agents and to in-
crease satisfaction for the user.

2. Dialog system
The spoken dialog system which we previously developed deals
with dialog between one user and one agent. The system is now
extended to the multi-party conversation, such as interaction be-
tween “two agents with different characteristics and one user”.
A multi-party dialog system has the following advantages:

• The conversation becomes more lively.

• Various interactive controls become possible.

• By using these functions, we can expect the range of new
applications of spoken dialog systems to widen.

Figure 1 shows a schematic of the dialog system for multi-
party conversation with two agents. This system generates a
response sentence using template matching from the result of
the automatic speech recognizer (ASR). Moreover, the response
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type and timing are decided by inputting prosodic features into
the decision tree [1]. Details are given in the following para-
graphs.

2.1. Domain

It is desirable to choose a conversation domain that everyone
can talk about, and is interested in. Therefore, we chose the
topic of liking/disliking two things. In the actual experiment,
the topic discussed is “Which do you like, udon (Japanese noo-
dle) or ramen (Chinese noodle)?”.

In our dialog, two agents explain/state good points and bad
points, respectively, about “udon” and “ramen”. In this case, it
is possible to draw users into one of the opinions by ensuring
that the agents have conflicting opinions. Moreover, we intro-
duce strategies for arranging the different agents’ opinions, and
for drawing the user into a specific opinion.

2.2. Speech analysis and recognition

The speech recognizer SPOJUS [10] was employed to recog-
nize the user input. There are two versions of SPOJUS; an n-
gram based large vocabulary continuous speech recognizer, and
a CFG (Context Free Grammar) based one, of which we used
the latter in our system.

2.3. Dialog management

Figure 1 gives details of the dialog manager, which consists
of five sub-components (“Information collection”, “Feature ex-
traction”, “Response timing generator”, “Response generator”,
and “History manager”), and which generates response sen-
tences using the hypotheses and prosodic information. One of
the sub-components, the response timing generator, uses a de-
cision tree to determine the response type and the timing based
on the features derived from the prosodic information [1].

The recognition results and intermediate hypotheses output
by SPOJUS are sent to the information collection component,
which saves the information in information slots. The slot in-
formation is sent to the response generator, which generates re-
sponses using the information. The system generates multiple
patterns of responses simultaneously and the decision tree se-
lects the most appropriate response in real-time. The selected
response is sent to the output, and is presented by a speech syn-
thesizer to the user as the response from the agent.

Table 1: Examples of slot and values

Slot name examples of values
the user’s favorite one udon
the user’s favorite kind miso

the user’s favorite ingredient deep-fried tofu
reason why he/she likes the food delicious

reason why the other food is disliked unhealthy

2.3.1. Information collection

The necessary information is extracted from the ASR result and
stored in the slot. The slot value is used for response generation
which is possible to consider the context. Here, the conversation
domain is “udon and ramen. ” Therefore, examples of values
stored in the slot are shown in Table 1; “the user’s favorite one”,
“reason why he/she likes the food”, and “reason why the other
food is disliked. ”

Figure 2: State transitions in a three person dialog.

2.3.2. Feature extraction [1]

Here, the prosodic features used as input into the decision tree to
decide the response timing and the response type are calculated
based on the output of the speech analyzer.

2.3.3. Response generator

Template matching is used to generate responses in the pro-
posed system. By comparing the speech recognition result with
the response templates, a response sentence is prepared based
on the matched one. Furthermore, a response sentence that con-
siders the dialog context can be generated by using slot infor-
mation. As a response strategy, a conversation that considers
the context is possible by defining a subtask (sub-scenario).

Fig. 2 shows the state transition of the three person spo-
ken dialog system with two agents used in this study. Speech
production is carried out in the system according to the state
transitions. In the figure, encircled utterances denote utterances
by agents, while those depicted without circles denote user ut-
terances. In our system, the dialog begins with a question posed
to the user in the start state, ”question for user”. If the sys-
tem does not receive any response from the user, it prompts the
user to respond. If the user’s utterance contains unknown words
or does not match a rule defined by the system, the agent pro-
vides an example that the user can talk about. If the utterance
matches a rule, the agent comments on the utterance, and the
system then switches between the current agent and the other
one. After the change, the dialog state returns to the start state
and the dialog is repeated. In a two person dialog system, one
agent comments twice on a user’s utterance instead of the agent
being exchanged in order to convey the same information as in
the three person dialog system. Both agents are prevented from
uttering the same content continuously through the use of infor-
mation slots. And, the slot values determine which agent speaks
to user in the three person dialog system. The following is an
example of a dialog with two agents(system L and system R).

System L: Which do you prefer, udon or ramen?
User : Well, I like ramen.
System L: Oh, me too.

What kind of ramen do you like?
User : I like miso ramen.
System L: I see. Miso is very delicious.
System R: I like udon. What do you think?
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User : I also like udon.
System R: I see.

2.3.4. Response timing generation

Previously, we proposed a decision tree-based response timing
generator [1], but this was only able to produce a response af-
ter detecting the pause (at the end of the user utterance). We
have modified this method to enable it to generate overlapping
responses by scanning all segments (each segment length is 100
ms) continuously while the user is speaking.

2.4. Output component

In the output component, each agent is displayed on separate
screens by using TVML [11]. The agent’s output speech is also
output from two separate loud-speakers and we use a text to
speech synthesized voice (GalateaTalk [12]). In the speech syn-
thesis, there is a delay of about 500 ms. To avoid this delay,
the system response is prepared (recorded) to a file beforehand
(about 400 utterances) and the speech file is played when the
system responds. The three person dialog system consists of
male and female agents, the two person dialog system’s agent
consists of a male agent only.

2.5. Construction of a two person dialog system from a
three person dialog system

We developed a two person dialog system (one user and one
agent) by removing one agent from a three person dialog sys-
tem (one user and two agents) and having one agent fill the role
of two agents. The two person dialog system uses the same
speech recognizer, grammar, vocabulary, and templates as the
three person system. So, in the three person dialog system, each
agent recommends his/her favorite food, udon or ramen, to user.
On the other hand, in the two person dialog system, agent rec-
ommend both foods to user. The following is an example of a
dialog with only one agent system.

System : Which do you prefer, udon or ramen?
User : Well, I like ramen.
System : Oh, I like both.

What kind of ramen do you like?
User : I like miso ramen.
System : I see. Miso ramen is very delicious.
System : I think miso udon is also delicious.
User : You’re right.
System : What do you think about udon?

3. Experimental results
3.1. Setup

Subjects in the experiment consisted of twenty males in their
twenties. Each subject evaluated both the three person and two
person dialog systems by interacting with them. Subjects first
viewed a video about the systems, and then used the dialog
systems for a few minutes to become familiar with how to use
them. We told the subjects that they had to talk with agents as
long as possible until we signaled. Thereafter, each subject in-
teracted with both dialog systems for about 5 minutes, and then
stopped talking. After using both systems, subjects completed a
survey questionnaire. Half the subjects used the two systems in
reverse order. The questionnaire included the following ques-
tions:

Figure 3: Relative evaluation: “Two person dialog is better”
represents those who gave a 1 or 2 point answer, while “three
person dialog is better” represents those who gave a 4 or 5
point answer to the question. Neutral subjects were those who
gave a 3 as their answer to a question.

1. Which system is easier to interact with?
(two person dialog ( 1 2 3 4 5 ) three person dialog)

2. In which system did you obtain various opinions from
the agent(s)?

3. In which system did you feel familiarity with the
agent(s)?

4. Which system’s topic (udon and ramen) was of interest
to you?

5. In which system did you have a lively conversation with
the agent(s)?

6. With which system did you prefer chatting?
7. Which system would you want to use again if the content

and timing of its responses were more natural?

3.2. Subjective evaluation

3.2.1. Relative evaluation

Answers to the survey questions are summarized in Fig. 3.
Based on the answers to questions 2–4, and 6–7, most subjects
preferred the three person dialog system. Regarding familiar-
ity with the agents, twelve of the twenty subjects responded
that they were more familiar in the three dialog system as “the
roles of the agents were clear in the three person dialog system”.
With regards interest in the topic, twelve of the twenty subjects
preferred the three person dialog system. These subjects were
of the opinion that “We got useful negative feedback from the
agents in the three person dialog system”. With regard to ques-
tion 6, eighteen of the twenty subjects chose the three person di-
alog system; an example response was: “the conversation with
the two person dialog system feels like a question-answering
system”. Regarding questions 2 and 7, seventeen and eighteen
of the twenty subjects, respectively, preferred the three person
dialog system. In fact, with regard to all questions, many sub-
jects preferred the three person dialog system significantly(z-
test, two-sided, p < 0.05).

However, with regard to questions 1 and 5, the opinions of
the subjects were split. Conversely, subjects who gave a high
evaluation to the two person dialog system were of the opinion
that “it felt like I was facing a barrage of questions from the
agents in the three person dialog system” . The same subjects
gave a high evaluation to the two person dialog system in both
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Table 2: Speech recognition performance (words correct) and frequency of dialog phenomena in two and three person systems.

speaker Correct [%] OOV [%] dialog duration # user turns # system turns
two three two three two three two three two three

1 72.5 82.8 4.5 0.0 4’21” 4’14” 38 35 62 52
2 73.5 81.3 2.9 4.5 4’18” 4’50” 44 46 59 63
3 80.7 73.6 2.1 4.9 4’23” 4’32” 44 45 62 60
4 70.4 76.2 2.4 5.4 4’48” 5’03” 66 52 79 72
7 67.6 63.8 3.7 1.7 4’57” 4’44” 34 32 55 77
17 49.0 54.1 2.1 1.3 5’42” 6’00” 49 52 70 76
18 49.4 44.0 10.0 9.5 5’11” 5’30” 66 66 82 78
19 45.3 44.1 10.3 7.1 4’43” 4’48” 59 56 81 77
20 55.4 27.9 7.7 17.7 5’58” 5’50” 48 48 67 63

average 62.7 61.3 4.6 6.3 4’56” 5’04” 50.2 48.0 70.0 69.4
correlation with Correct -0.46 -0.65 ― ― -0.22 -0.40 ― ―

questions 1 and 5. This is because the utterance timing of the
conversation between agents happens immediately after the end
of the first agent’s utterance. In a future work, we intend to
control the timing of the conversation between the agents as
well.

In addition, there was a high correlation 0.45 between ques-
tions 5 and 7. From this fact, we guess that the users want to
use a system that can lively interact.

3.2.2. Absolute evaluation

In addition to the relative evaluation, each subject evaluated the
two and three person dialog systems using an absolute evalu-
ation scale ranging from (disagree) 1–5 (agree) for questions
such as “ Is it easy to talk to the agent(s)?” Answers to the sur-
vey questions are given in Fig. 4. Responses to all the questions
with respect to the three person dialog system were rated more
highly than those for the two person dialog system, especially
the evaluation of “easy to speak to”(T-test, p < 0.1), “vari-
ous opinions”, “lively conversation” and “like chatting”(each
p < 0.05). Thus, the results of the experiments show that the
three person dialog system was rated more highly in terms of
ease of conversation and users can talk with the agents more
like chatting.

3.3. Objective evaluation

As an objective evaluation, Table 2 shows a part of the auto-
matic speech recognition (ASR) performance (Cor), Out Of Vo-
cabulary rate (OOV), and frequency of dialog phenomena, that
is, for only typical 9 speaker(users) out of 20 speakers. Speakers
1-4 have best 4 Cor and speakers 17-20 have worst 4 Cor. In-
cluded in the system’s turn is aizuchi. All the dialogs comprised
about 100 turns over five minutes. Regarding the correlation be-
tween ASR performance and the OOV (two, three) indicates a
significant correlation. By comparing with two/three person di-
alog systems on ASR performance (Cor) and OOV, we found
there was not significant difference on ASR performance (Cor),
but OOV rate, that is, 13 out of 20 subjects uttered more OOVs
for the three dialog system. We guess that this is caused by
more lively talking with the three person system.

Moreover, speakers 7 and 20 gave higher scores to the two
person dialog system in the relative evaluation. However, ac-
cording to the table, the system had many turns in the three
person dialog with speaker 7, and as a result, in his evaluation,
he stated that it was not easy to talk to the agents. Moreover,
speaker 20 had a much lower ASR performance in the three

Figure 4: Absolute evaluation: average

person dialog than in the two person dialog. Thus, if ASR per-
formance and the frequency of the system ’s response worked
better, we could conclude that users had an overall good im-
pression of the three person dialog system. Interestingly, in
all speakers, regarding the correlation between Cor (ASR) per-
formance and “like chatting” indicates a significant correlation
0.40 in the two person dialog system in absolute evaluation and
0.13 in the three person dialog system. On the other hand, “like
chatting” of absolute evaluation is a higher evalutaion in the
three person dialog system than the two person dialog system
as shown in Fig. 4. So, the subjects felt like that the conversa-
tion with the three person dialog system is chat, independent of
ASR’ performance.

4. Conclusion
In this paper, a spoken dialog system consisting of one user and
one agent was extended to a three person conversation system
with two agents. Both systems were compared in terms of user
behavior and satisfaction. Based on the results of the exper-
iments, the three person dialog system achieved better results
in terms of “familiarity with the agent”, “interest in the topic”,
especially, “easy to speak to” , “various opinion”, “lively con-
versation” and “like chatting”. In future work, we intend to
compare both systems in another domain (e.g., trip to Hokkaido
(snowy region) vs. trip to Okinawa (tropical region)) and to
compare synthesized speech with recorded voice with regard to
the response speech.
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