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Abstract. This paper examines human-robot interaction within a home envi-
ronment over the course of a 16 day-long experiment. Its purpose is to describe 
the human cognitive activities involving a symbiotic robot with dialogue inter-
face within domestic settings. The participants were a couple in their 60’s. 
Analysis of video data indicates that (a) the participants continuously used the 
robot’s dialogue interface, and persevered within this despite the performance of 
the voice recognition system (b) the participants checked out the robot’s function 
as a tool and gradually came to regard the robot as a companion, (c) fixed in-
struction expressions increased the use of the dialogue interface for the light 
controls, while the participants employed both the dialogue interface and the 
remote controller for the TV and light controls. 

Keywords: home robot, ubiquitous environment, dialogue interface, life ex-
periment, video analysis. 

1   Introduction 

In the near future, daily human-robot interaction in assigning tasks and enjoying con-
versations will be common within domestic settings. What kind of phenomena might 
we expect within homes from long-term human-robot interactions? 

Several studies have observed long-term interactions between humans and robots. 
For instance, the seal-like robot Paro was introduced into a care house for one month, 
and was found to increase the social interactions of the aged people and to have  
beneficial effects on their health [1]. The humanoid robot Robovie (which speaks 

                                                           
* Affiliated with Kyushu University until December, 2008. 
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English) was immersed in a Japanese elementary school for 18 days and the English 
abilities of the students improved [2]. Similarly, the social robot Qrio was immersed in 
a kindergarten for five months, with results suggesting that toddlers treated the robot as 
a peer rather than a toy at the end of the period [3]. Although these three studies provide 
minute descriptions concerning the quality of long-term human-robot interactions, the 
activation times for the robots were limited to a numbers of hours each day / week, 
because those studies were conducted at public institutions. It is difficult to observe 
human attitudes toward a robot that is activated for 24 hours each day, and, because of 
privacy issues, it is even more difficult to observe the “daily life” human-robot inter-
actions within domestic settings. 

The present project seeks to analyze daily human-robot interactions within a do-
mestic setting. We analyze the conversation log recorded by the robot’s voice recog-
nition system. During the early stage of the study, the participants interacted with the 
robot as a tool for some tasks, but they gradually became more accustomed to the home 
robot [4]. In an interview, the participants expressed attachment emotions towards the 
robot; “I wanted to go home early because the robot is there” [5]. Such comments 
suggest that the participants came to simultaneously regard the robot both as a tool and 
as a companion. We propose the concept of “companion model1” for the psychological 
behaviors toward symbiotic robots [4]. 

However, there are errors with voice recognition systems2. Accordingly, in the 
present paper, we analyze video data and aim to describe the human cognitive activities 
involved when using the dialogue interface of home robots. The dialogue interface is 
easy for everyone to operate. In the future, dialogue interfaces will be effective and 
realistic interfaces for home robots. Investigating this kind of emerging phenomenon 
can provide interesting insights into how human communicate with symbiotic robots 
within real home environment, notwithstanding the case study nature of the present 
study with a limited number of participants. 

2   The Design of the Experiment 

This section explains about the “Ubiquitous Home” environment, the home robot, the 
participants, and the instructions provided. 

2.1   Ubiquitous Home and the Home Robot Phyno 

As a so-called home of the future, the Ubiquitous Home has been built by the National 
Institute of Information and Communications Technology in Japan. The layout of the 
Ubiquitous Home is 2LDK (2 rooms in addition to a living-dining room and a kitchen) 
(Figure 1). 

                                                           
1 With the passage of time, the participants construct a psychological model concerning the 

functions and abilities of the symbiotic robot (cf. device model), while simultaneously seeking 
a psychological role for the robot on the assumption of a mind within the robot (cf. theory of 
mind). Thus, the participants regarded the robot both as a tool and, at the same time, as a 
companion (companion model). 

2 According to a previous study [5], the robot system was able to achieve a 60% recognition rate 
for participant utterances, when the participants talked to the robot. 
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Fig. 1. The layout of the Ubiquitous Home and positions of the installed cameras, microphones, 
and robots 

 
The purpose of the house is to provide a testing ground for the ubiquitous domestic 

environment [6]. In order to collect information and to present various forms of mul-
timedia content to residents, there are many networked cameras, microphones, dis-
plays, speakers, RFID system, and some small visible robots in the Ubiquitous Home. 
Residents are totally free to come and go as they please 24 hours a day, undisturbed by 
the presence of researchers, and so can live as if they were living 
in a normal apartment. 

The robot in the Ubiquitous Home is called “Phyno” (Figure 
2). Phyno is 25cm in height and does not walk. In the Ubiquitous 
Home, there is a total of five robots in each room. All the robots 
are equipped with voice recognition and synthesis systems, and 
an infant-like voice. The robots were activated for 24 hours each 
day, and provide residents with multiple services, such as TV 
program recommendations (living room), providing recipes (living room and kitchen), 
and a reminder service (entrance). The robot’s dialogue strategy is to repeat any words 
uttered by a user that are not part of its known vocabulary (e.g. “What is abc? (“abc” is 
the repeated part)). This strategy provides the user with feedback about the limitations 
with the vocabulary database, which helps them to understand the robot’s dialogue 
function [7]. 

All the cameras and microphones are located in the ceiling. In order to protect the participants’ privacy, the cameras 
and microphones on the bedroom and bathroom were not activated. 

 Ceiling camera  Ceiling microphone  Phyno robot 

 

Fig. 1. Phyno 
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2.2   Participants and Instructions 

For the live experiment in the Ubiquitous Home, we invited four families to live there. 
One family gave us permission to analyze the video data. The participants were a 
couple aged 64 (male) and 60 (female), respectively at the time of the experiment time, 
who were not related to the research project. They lived in the Ubiquitous Home for 16 
days, from 14 to 29, January 2006. The participants’ daily activities were recorded by 
the cameras and the microphones with the participants’ consent. 

The participants were provided with the following instructions: (1) The purpose of 
this experiment is to collect data relating to normal living in the home of the future, (2) 
Please follow your daily routines as naturally as possible, and feel free to talk to the 
robot, and (3) Please operate and adjusts the lightings, the TV, the air conditioner using 
robot dialogue interface. 

Before the experiment, the participants were provided with careful explanations 
about the installed sensors and the various services within the Ubiquitous Home. There 
were also provided with an easy-to-understand manual about requesting tasks of the 
robot. For instance, the participants can see several utterance examples in the manual, 
such as “If you say ‘Turn on the light’, and the system controls the light”. Typical 
examples were also demonstrated.  

Concerning the presence of robots in each room, the participants were told that while 
each robot had the same program, the services provided and volume adjustment would 
vary depending on the room. In order to observe the participants’ cognitions towards 
the five robots, no further information about the robots was provided. 

3   Video Analysis 

The experimental data analyzed is available to the public [8].  

3.1   Video Data 

Daily activities in the Ubiquitous Home were recorded by a total of 17 ceiling cameras 
with the motion JPEG format of 5 frames per sec. At the same time, a total of 25 ceiling 
microphones recorded the sounds with 
the MP3 format of 64kbps. 

In total, the image and voice data 
consisted of approximately 1,671 GB. 
In this study, we analyze data recorded 
in the living room, selecting one ceil-
ing camera (C02 in Figure 1) and one 
microphone (M31 in Figure 1). After 
extracting sections where the partici-
pants were in the living room (Figure 
3), the video data was produced to 
synchronize the image data with the 
voice data. The video data consists ofapproximately 37.2 GB. All the utterances by the 
participants and the robot within the living room were transcribed for the 16-day  
period. 

 

Fig. 3. The experimental setting in the living room. 
The living room is extends from the dashed line. 
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3.2   Lengths of Stays in the Living 
Room 

The male (husband) went to work on the 
weekdays and the female (wife) spent a 
great deal of time in the Ubiquitous 
Home. The total time that the partici-
pants spent in the living room was 
187:2:43 (h:m:s) (average; 11:41:25 / 
day). Table 1 shows the lengths of stays 
in the living room and visitor informa-
tion. During the daytime, the wife’s 
friends visited and, in the evenings, 
sometimes their family (their son’s fam-
ily) visited the house. We did not include 
visitor utterances in the analysis. The 
system was down on the ninth day. 

4   Analysis Results and Discussion 

Before the experiment, the participants were not provided with explanation concerning 
all vocabularies that the robot can recognize, so they had to discover which vocabulary 
items could be recognized by the robot during the experimental period. The dialogue 
interface in the home robot substitutes for a traditional TV remote control and light 
switch, and also provides new services. The instruction provided to the participants 
asked them to use the robot’s dialogue interface whenever the system was running, but 
it is interesting to examine whether the participants would diligently follow the request 
to keep using the robot’s dialogue interface that would sometimes make recognition 
errors in a real domestic environment. 

This paper focuses on examining (a) human cognitions when probing the new func-
tions of the home robot, (b) human efforts with the dialogue interface, and making (c) a 
comparison in terms of usage between the dialogue interface and the remote controller. 

4.1   Exploring the Robot’s Functions 

In order to examine how the participants explored the new functions of the robot and 
the new words that the robot could recognize, we exclude from the analysis situations 
where the participants conformed to the instructions provided. The analysis utilized the 
voice data obtained from the microphone in the living room. 
 

Exploration Examples. For example, when the system failed to recognize the utter-
ance “please turn down the volume”, the participants paraphrased this saying “please 
make the sound smaller”. Similarly, when the robot was printing out a retrieved recipe, 
it failed to recognized the utterance “please copy it”, so the participant then tried other 
words, such as “printer”, “print” and “please print”. As an example of applying  
instructions from the manual, the phrase of “please turn off the air conditioner” was 

Table 1. Lengths of stays in the living 
room and other information 

Day  h:m:s visitors 
1 Sat 10:39:28 daytime 
2 Sun 9:57:00  
3 Mon 16:17:50 daytime 
4 Tue 7:12:40  
5 Wed 18:59:15 daytime 
6 Thu 14:27:21 daytime 
7 Fri 13:37:32  
8 Sat 7:01:12 evening 
9 Sun 9:44:47  

10 Mon 15:49:40 daytime 
11 Tue 9:16:14  
12 Wed 17:10:55 daytime 
13 Thu 9:46:43 evening 
14 Fri 13:14:18  
15 Sat 7:46:43 daytime 
16 Sun 6:01:05 daytime 

Total  187:02:43  
* System down on the 9th day. 
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paraphrased as “please turn off the stove”. When the participants requested the robot to 
retrieve a recipe, they tried an applied dialogue of “please teach dinner”. In another 
case, they paraphrased “arigato” (thank you in Japanese) as “thank you”. The partici-
pants also tried new words. For example, during recipe retrieving, they asked the robot 
“Is there another (recipe)?”. While in another situation, the participants tested the ro-
bot’s recognizable vocabulary, by asking “How’s your feeling? … ‘feeling’, can you 
understand the word ‘feeling’?”. Through trial and error, the participants identified 
some aspects of the robot’s actions; for instance, they discovered the robot is equipped 
with a repeat function, and that that an apology is the robot response to loud sounds. 
 

Changes in the Quantity of Function Explorations over Time. In total, there were 
76 explorations over the 16-day experimental period. Figure 4 presents the frequencies 
of these explorations as a bar graph. The frequencies of such explorations gradually 
decrease. During the first day, the participants wanted to communicate in the manner 
shown in the provided manual, but the voice recognition system did not function well. 
Accordingly, the participants tried some new words that were not in the manual, and 
also varied their pronunciations. 
 

Changes in the Quality of Function Explorations over Time. Explorations for the 
robot’s tasks employing the dialogue interface can be categorized into two types: (a) 
Explorations of task performance functions (including the voice recognition function) 
and (b) Explorations of communication functions (such as greetings and responses). 
Figure 4 presents the frequency changes as a line graph. Although the frequency of task 
requests was high during the first day, these gradually decreased. Having achieved a 
certain level of understanding about the robot’s communication vocabulary, there were 
no communication explorations during the period from Day 13 to Day 16. While the 
participants initially explored the robot’s functions as a device, they gradually came to 
explore its functions as a companion. This shift indicates their construction of the 
“companion model” [4]. 

 

 

Fig. 4. Explorations Frequencies for Robot Functions Employing the Dialogue Interface 

4.2   Efforts in Using the Robot’s Dialogue Interface 

In this section, we discuss the participants’ efforts to utilize the robot’s dialogue in-
terface. Although the participants are instructed to use the dialogue interface, most 
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attempts at voice recognition by the system were not successful straightaway. Recog-
nition errors were due not only be daily noises, but also to the participants’ lack of 
experience with voice recognition systems. It has been reported that participants learn 
to use appropriate utterances over time when employing voice recognition systems [5]. 
How did the participants persevere with the voice recognition system? 

The analysis results identified 774 attempts (48.375 trials / day in Table 2) em-
ploying the dialogue interface. Figure 5 presents the numbers of attempts until the voice 
operation was successful, as well as the numbers of attempts until the participants gave 
up during the 16-day period. Apart from Day 8, the participants would make at least 
four attempts irrespective of whether they were successful or gave up. Through the 16 
days of the experiment, the participants continuously and eagerly persevered in using 
the dialogue interface. 

There are two reasons why the participants persevered in their efforts to employ the 
dialogue interface. One reason is the instruction provided to the participants to use the 
robot dialogue interface. Another reason seems to be an attachment emotion towards 
the robot. In an interview with the participants [5], they would comment about the state 
of the robot after using the dialogue interfacing, saying things such as “it is more fun to 
use the robot than the remote controller” and “the robot’s voice is like a little kid’s and 
it is so cute”. Moreover, such positive evaluations concerning the robot’s reactions after 
voice operation could be observed in the video data. 

Table 2. Frequencies of Task Request Attempts Employing the Dialogue Interface 

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total 
Trial 37 54 77 32 66 71 33 19 16 77 54 55 58 35 42 48 774 

 

Fig. 5. Perseverance in Efforts to Attempt Task Requests Using the Dialogue Interface: 
Until Successful versus Until Giving-up 

4.3   Usage Comparison with Remote Controller 

The Ubiquitous Home has two types of interfaces for the lighting, the TV, and the air 
conditioner control; namely, the dialogue interface and a remote controller. In the video 
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analysis, the remote controllers for the lighting and the TV were clearly visible. In the 
present analysis, voice data obtained from the living room was analyzed. 

Figure 6 and Table 3 present the usage frequencies for both the dialogue interface 
and the remote controls for lighting and the TV. In their daily lives, people do not adjust 
the lighting so frequently, and there are relatively limited ways in which such instruc-
tion can be expressed, such as “turn on / off the light”. We can assume that the par-
ticipants tended to use the dialogue interface because it has appropriate instruction 
expressions. 

On the other hand, the frequencies for using the dialogue interface of TV were high 
on Days 1 and 2. However, usage of the remote controls was much higher from Day 3 
to Day 7, and from Day 8, the frequencies for using the dialogue interface and for using 
the remote controls were fairly similar (Figure 6). The remote controller was used when 
the participants were flicking through the channels for a program they wanted to watch. 
There were no set instruction expressions for controlling the TV. For example, various 
expressions could operating the TV, such as “turn the TV on”, “I want to watch TV”, 
and “yesterday’s TV, please”. There was also much variety in terms of selection ex-
pressions, such as “change the program”, “I want to watch channel 1”, “change to 
program A”, and “Please show me the recommended comedy”. This variety of ex-
pressions was a factor reducing the robot’s voice recognition rates, and, in turn, might 
have had a negative impact on the participants’ motivations to use the dialogue  
interface. 

According to Matsumoto et al. [9], there are two points that encourage users to 
persevere in their efforts to use dialogue communication with the robot through the 
dialogue interface in requesting tasks (e.g., TV control, light control); (a) the existence 
of alternative tools, such as the remote control, and (b) the quantity of the instruction 
expressions. In the present study, there was an alternative remote control (or switch) for 
both the TV and the lighting, and so the participants were not totally dependent on the 
dialogue interface alone. However, the relatively limited set of fixed instruction ex-
pressions for controlling the lights did promote use of the dialogue interface to operate 
the lights. 

 

Fig. 6. Usage comparison for the dialogue interface and the remote controller for lighting (upper) 
and TV (lower) control 
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Table 3. Usage Frequencies for the dialogue interface and the remote control 

 Day 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total 

Light D 
6 13 8 8 7 8 5 8 0 4 6 15 9 4 4 2 107 

 R 
1 0 6 1 5 1 2 2 8 4 3 2 3 1 1 4 44 

TV D 75 43 28 10 38 12 8 7 1 29 36 28 9 41 34 10 409 

 R 10 7 41 39 77 112 85 14 10 33 28 22 28 3 35 43 587 

Total 
97 85 119 71 160 176 106 36 19 89 73 68 80 49 74 60 1147 

*D: dialogue interface, R: remote control. 

5   Conclusion 

This paper has focused on the dialogue communications between humans and robots 
during a 16-day real-life experiment within the “Ubiquitous Home” environment. The 
participants were a couple of their 60’s. Video analysis results indicate that the par-
ticipants made continuous use of the robot’s dialogue interface over the whole 16-day 
period. They patiently persevered in attempting to use the robot’s voice recognition 
system and restated task requests many times. 

During the early stage of the experiment, the participants explored the robot’s func-
tions, testing to see what words the robot could recognize. With the passage of time, the 
participants gradually began to regard the robot more as a companion and sought to use 
words that were more conversational in nature with the robot. 

In the experiment, there was an alternative to controlling the TV and the lighting 
through the dialogue interface in the form of remote controllers for the TV and the 
lights. In terms of operating the TV and lights, the participants made use of both 
methods. However, the more limited range of set instruction expressions seems to have 
increased the use of the dialogue interface when adjusting the lighting. 

Although the present study only analyzes the data for two participants (the one 
couple), the study is significant in that it utilizes and analyzes data obtained from an 
almost natural living environment. Thus, the results can provide interesting insights 
concerning how to study actually humans living with dialogue robots. 
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