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Abstract. In this paper, we propose a turn-taking simulation system using ani-
mated agents. To develop our system, we analyzed eye-gaze and turn-taking 
behaviors of humans during actual conversations. The system, which can gen-
erate a wide variety of turn-taking patterns based on the analysis, will play an 
important role for modeling the behaviors at turn-takings, such as gazes, head 
orientations, facial expressions and gestures. The paper describes the system 
concept, its functions, and implementations. The findings obtained from inves-
tigations using the system will contribute to development of future conversa-
tional systems in which agents and robots communicate with users in a lively 
and emotional manner. 
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1   Introduction 

In recent years, animated agents have been used in a wide range of applications, in-
cluding entertainment, virtual environments, and e-commerce. In order to enrich 
communications between agents and humans and make it smoother, many researchers 
have investigated effective nonverbal behaviors of agents, such as facial expressions, 
voice tones, and body language. There has also been a major issue in investigating not 
only nonverbal behaviors of well-known but also turn-taking behaviors during con-
versations. The psychological literature has analyzed the relationship between eye-
gaze behaviors and turn-taking [5, 1]. Moreover, it was found that a listener being 
looked at by a speaker tended to start speaking [8, 12]. Based on these findings, sev-
eral existing agents and robots have a turn-taking function that detects a speaker’s 
gaze using eye-tracking equipment [6, 9, 4].  

The existing agents and robots are equipped with rigid turn-taking rules, and have 
difficulties communicate with users in a lively and emotional manner. A typical rule is, 
for example, while a speaker is speaking, the hearer (agent) looks at the speaker, and 
then at the end of the speaker’s utterance, the agent must begin speaking. We must 
develop a variety of other rules, as in the following three examples: 1) even if the 
speaker does not look at the hearer, he/she starts to speak; 2) before the speaker fin-
ishes speaking, the hearer interrupts and starts to speak; and 3) even though the speaker 
gazes at the hearer, the latter does not start to speak because he/she does not want to 
say anything. These turn-taking rules are promising for enriching communications 
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between agents and humans. And human may use the other turn-taking rules in conver-
sation, and we need to observe the actual conversation and improve the conversational 
behavior model. 

In our research, we developed a turn-taking agent simulation system using new 
rules based on the analysis of the relationship between eye-direction and turn-taking 
in actual conversations. The system generates various kinds of turn-taking behaviors, 
such as those that involve excitement, activity, silence, and boredom. A user can ob-
serve the conversations and control those behaviors of the agent that influence the 
conversation. Moreover, we investigated the relationship among turn-taking patterns, 
time lags, and the emotional expressions of the agents. Then, we can also generate 
conversational moods between agents and humans by controlling turn-taking patterns.  

In future, it will be useful to build the sophisticated conversational model. Addi-
tionally, the findings derived from observations of conversations using our system 
will be useful in developing agents and robots that can communicate with humans in a 
lively and emotional manner. 

2   Previous Studies 

Many researchers have developed conversational robots and agents by focusing on 
nonverbal behaviors such as eye-gazing. In the area of humanoid robots, researchers 
have developed a conversational robot to take turns based on participants’ gazing 
behaviors and the voice directions of the speaker [6, 9, 4].  

Peters et al. have developed animated agents with a mathematical model of gaze 
behavior in a virtual world [7]. In their research, when one agent looks at another 
hearer, the gaze behavior of the former attracts the attention of the hearer, then the 
hearer takes the next turn.  

Prendinger et al. developed a web-camera-based agent that interacts with humans 
[4]. Garau et al. have shown that when an agent’s gaze is synchronized with speech, 
the user’s response to face-to-face impressions is improved compared with random 
gaze conditions [3]. Traum et al. have developed a conversational agent that takes 
turns in a multiparty conversation [10].  

The agent gives a simple rule-based response to the user, that is, when a user looks 
at an animated agent, the agent responds to the user. Duncan et al. showed several 
turn-taking categories (e.g., turn-maintaining, turn-yielding) and described the com-
plexity of the turn-taking [2]. We need to take into account more complicated rules of 
turn-taking than the simple rule. 

In our research, we developed a conversational agent system that has affective and 
efficient turn-taking that even causes interruptions and pauses during conversations. 
Through complicated rules, conversational agents can communicate with human in 
lively and emotional ways. 

3   Turn-Taking Agent Simulation System 

3.1   Concept of the System 

In order to build the conversational behavior model to communicate lively and emo-
tional way, we develop the turn-taking simulation system using animated agents. We 
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can observe the various kinds of virtual conversations by controlling the agents' be-
haviors. By using the simulation system, we can investigate the conversational behav-
ior model for multi-party conversation and which particular cues are important for the 
model. Human may use the turn-taking rules which we don’t know; therefore we need 
to observe the actual conversation in detail. For the first step, we observe the actual 
three-party conversation and build the basic conversational behavior model. 

3.2   Observation of Actual Conversations 

In order to make an efficient behavioral model of turn-taking, we analyzed the con-
versational scenes of three female university students recorded on video. As a result, 
we found three patterns for the selection of the next speaker at turn-takings. That is, 
the next speaker was selected in the following three patterns: Rule 1: the person being 
looked at by the previous speaker takes the next turn; Rule 2: the person not being 
looked at by the previous speaker takes the next turn, even though the previous 
speaker looks at another listener; and Rule 3: one of the listeners takes the turn even 
when the previous speaker look no one. Our analysis showed that the rate of Rule 1 
was 65%, which is much higher than Rule 2 (26%) and Rule 3 (9%).  

Through our analysis, we found that humans use not only the simple Rule 1–but 
also Rule 2 and Rule 3 that do not adhere to other mechanical and orderly rules. We 
used probabilities for modeling these rules to develop our turn-taking agent system. 

3.3   Implementation of the System 

Based on the analysis of turn-taking rules in previous section, we have developed a 
conversational autonomous turn-taking agent system using animated agents. In this 
system, we can control the probabilities of turn-taking rules, the timing of turn-taking, 
and facial expressions using the slide bars on the control panel (Figure 1). We applied 
TVML to a test bed environment [11]. We selected three characters from the TVML 
set as the agents that can produce various facial expressions, gaze directions, and 
mouth movements. The agents say random words that have no meaning from the 
word set (e.g., arabahika or ukujarah), preventing the meaning of the words may  
affect the turn-taking. 

 

Fig. 1. Agents and part of the control panel of our system 
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Based on the previous analysis, we implemented functions to control the following 
three probabilities: 

1. (P1) The probability that the “hearer” agent who is being looked at by the previous 
speaker starts to speak. (The probability 0 means “silence.”) 

2. (P2) The probability that the “hearer” agent who is not being looked at by previous 
speaker starts to speak. (The probability 0 means “silence.”) 

3. (P3) The probability that the “speaker” agent looks at someone when the agent 
finishes speaking. (The probability 0 means “speaker’s looking down.”) 

By regulating these probabilities, we can generate several patterns of conversations. 
For example: 

• Case 1: the most typical turn-taking pattern 
 P1 = 100%, P2 = 0%, P3=100%  
• Case 2: the pattern of two hearers starting to speak simultaneously 
 P1 = 100%, P2 = 100%, P3=100% 
• Case 3: the pattern of occasional silence 
 P1 = 30%, P2 = 0%, P3=100% 
• Case 4: the pattern in which a speaker looks down and silence occurs 
 P1 = 100%, P2 = 0%, P3=30% 

Figure 2 shows the case of turn-takings when the left agent finishes speaking and gazes 
at one of the hearers. Figure 2A shows the Case 1 that is the most typical turn-taking 
rule that a person who is being looked at by the previous speaker starts to speak.  
Case 2 indicates the collision of speaking by two hearers (Figure 2B). Here, not only 
the hearer who is looked at by the previous speaker, but also the hearer who is not 
looked at by the previous speaker, starts to speak. Figure 2B shows that both the center 
agent and right agent start to speak. The case can represent exciting conversations in 
which several people want to start to speak and frequently collision occurs. Case 3 is 
an example of the case when silence occurs. In this case, even though the speaker looks 
at the hearer, he/she starts to speak at only 30%, so, silence may occur. Case 4 is an-
other type of silence (Figure 2C). The speaker looks at the hearer at only 30%;  
occasionally, the speaker looks down and no one starts to speak and silence occurs. 

                         

(A) Case 1 (100%) and Case 3 (30%)             (B) Case 2                             (C) Case 4 

Fig. 2. Turn-taking patterns and agents’ behaviors 

The system can also generate other emotional turn-taking behaviors by controlling 
probabilities for each of the three agents. For example, the system can generate cases 
in which only two agents talk and the other agent seldom takes turns; only one agent 
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speaks for a while and the others rarely take turns; or two agents tend to hesitate to 
speak and the other agent has to start speaking more frequently. 

In addition, we have been improving the system to use facial expressions and body 
postures in a stepwise manner, in order to simulate a wide variety of conversations.  

4   Discussions 

Using our system, we generated various kinds of turn-taking patterns, including colli-
sion, silences, and others. It was found that we can generate many types of emotional 
conversations. Our findings are useful and efficient when designing the turn-taking 
and the conversations of the agents and robots. 

In addition, we think that turn-taking is very important factor for the mood of the 
conversation and the turn-taking changes the conversational mood significantly. For 
example, when a hearer interrupts the speaker before the speaker has finished, the 
mood is more exciting than using simple turn-taking. On the other hand, a case in 
which only one person continues to speak at length is very boring. Even if there are 
three people in a conversation, in a case in which only two talks, there is no chance 
for the other one to take turns and this is no fun. When silence occurs, we feel that a 
mood is not activated. 

Therefore, we have conducted a preliminary experiment to evaluate the patterns of 
conversational moods by subjective tests using volunteers. We have confirmed that 
the system generates activated/not activated and pleasant/unpleasant moods. We will 
investigate the relationship between turn-taking and the conversational mood in more 
detail. 

We have been developing a turn-taking system that can interact with a user with 
gaze equipment. The system detects the area of the user’s gaze using gaze-tracking 
equipment (Figure 3). The agents’ behaviors are controlled on TVML, and the system 
uses NAC Tech’s gaze tracker and speech recognition engine. By using this system, a 
user can communicate with two agents according to turn-taking rules in a virtual con-
versation. For example, when a user finishes speaking, he/she gazes at an agent, and 

 

 

Fig. 3. Turn-taking system using gaze-detection equipment 
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then the agent starts to speak. Not only is the agent gazed at by the user but the agent 
not gazed at by the user might start to speak, depending on the setting of probabilities 
of turn-taking.  

Based on these findings of the three agents’ system and two agents’ system involving 
a user, we will be able to develop the conversational agents to enrich the communications 
with humans. 

5   Conclusions 

Based on the concept of needing more turn-taking rules to make conversations livelier 
and more emotional, we developed an autonomous turn-taking agent system. The 
system generates various conversations, not only simple ones but also collisions, 
silence, boredom, and more. The findings of this investigation will contribute to the 
designing of agent behaviors that control the conversations between humans and 
computers. 
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