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Abstract:

In this paper, we consider effects of an agent’s comprehension of user features on a

user’s sense of emotional attachment to the agent. Recently, some research studies in Human-Agent
Interaction (HAI) have examined the strategies that make users continue to use spoken dialogue
systems over a long period of time. In this paper, we propose a system that discriminates a user’s
activity from the speech prosody and accumulates the prosody and the actual activity as training
data to use in subsequent discrimination. Our results indicate that our proposed system performs
more stable discrimination than heretofore, and that higher discrimination accuracy inspires a

sense of emotional attachment more effectively.

1 INTRODUCTION

Currently, facilitated by advances in key technologies
such as speech recognition and image recognition, ad-
vanced systems for interaction with users are being
implemented. These systems are not only handling
tasks with fixed roles such as book searches and book-
ing of tickets, but also the interaction itself or the en-
tertaining of users via interaction, such as pet robots
[4]. However, the problem with such systems is that
at the outset, users actively dialogue with the sys-
tem, but as time progresses, boredom sets in and users
lose interest in having dialogues with the system, and
so begin to use it less frequently. It is believed that
factors such as novelty and humor can improve the
sustainability of dialogue continuance desire in the
Human-Agent Interaction (HAI) field and, as a result,
research is actively being conducted in this direction.

We believe that there are factors that can improve
the sustainability of dialogue continuance desire be-
sides novelty and humor, and therefore focus on a
user’s sense of emotional attachment to a system. Mu-
nakata et al. [8] have already shown that a sense of
emotional attachment to an interface makes a user
want to use it for a long time even if there is no new
development on the content side. In this paper, using
the hypothesis that the sustainability of dialogue con-
tinuance desire with a spoken dialogue system is also
improved by a user’s sense of emotional attachment to
a system, we propose and verify a technique to inspire
a sense of emotional attachment to a spoken dialogue
system.

In this paper, we define ”sense of emotional at-
tachment to a system” as the sense that a user is con-
scious that a new value is not inherent in the system
and wants to continue to use the system rather than
other systems. Emotional attachment to a family or
a friend has been studied in the fields of developmen-
tal and social psychology. In those fields, it is often

defined as an emotional bond between one person and
another another [1]. Nakata et al. classified emotional
attachment as a sense of belonging, and defined emo-
tional attachment as a feeling of wanting to strengthen
a connection between a target and oneself. They also
argue that emotional attachment is able to target even
things that do not posses a will, such as plants, non-
biological objects, and locations [3]. In addition, Kino
et al. showed that similarities exist between emotional
attachment to a person and to a thing [6]. Saito et
al. further clarified that a user feels ”Personification
Partnership,” meaning that users tend to personify
and characterize information equipment during their
interactions with it [9]. Hashimoto et al. cited the fol-
lowing four factors for sensing emotional attachment
to a thing, and argues that by possessing them users
are induced to feel "Not abandoned” and "I want to
continue to use it” [10]:

(1) Structure and function of the thing is excellent,
therefore users are able to experience the height
of performance and ease of use.

(2) Material and texture of the thing is superb, there-
fore users feel pleasant.

(3) The thing has features; therefore, users take plea-
sure in possessing it.

(4) Users are conscious that a new value is not inher-
ent in the thing, such as experience of encounter
and memories.

Of the above factors, factors (1) to (3) are values that
are innate in the thing (primary value), factor (4) is
value that a user adds to it (secondary value). The
system to be used in our study was not owned by an
individual user. It operated by user speech, and its
internal processes were hidden from users, therefore,
its users did not know its structure, composition, and
exact function. Accordingly, factors (1) to (3) ware
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not applicable in this study, and so we defined emo-
tional attachment with focus on factor (4).

2 PROPOSED APPROACH

In this paper, we propose comprehension of user fea-
ture by a system as an approach to inspire a sense of
emotional attachment in the user. In this approach,
the spoken dialogue system learns about the user through
interaction with the user, and gives feedback as sys-
tem reactions. The feedback imbues in the user a sec-
ondary value, ” This system understands my own fea-
ture,” and inspires a sense of emotional attachment.
In this study, we adopt the relationship between ac-
tivity and prosody, which is believed to make a large
individual difference in user feature comprehension,
and we construct a model to discriminate between
speech emitted in a state of high and low activity as
the method to comprehend user’s activity. In addi-
tion, we adopt the changing of system utterances ac-
cording to user activity as system reaction. Further,
to efficiently inspire a sense of emotional attachment,
our system collects training data about users via prac-
tical interaction, which it then uses to gradually in-
crease discrimination accuracy by constructing a dis-
criminant model specialized to the user. We believe
that by gradually increasing discrimination accuracy,
a user feels the system that did not understand his
feature gradually comprehends it—which inspires a
sense of emotional attachment to the system.

3 SYSTEM DESIGN

In our study, we used a spoken dialogue system for
book management by means of RFID tags in exper-
iments. The system comprised communication robot
PaPeRo (manufactured by NEC) and RFID reader
(manufactured by Sobal Co., Ltd.). The borrowing
and returning of books by each user is done by allo-
cating an RFID tag to each book and user. Oper-
ations other than closing the RFID tag is performed
using speech dialogue in this system. In our study, we
conducted evaluation experiments in which we added
a dialogue to discriminate user activity before book
management tasks.

3.1 Flow of Activity Discrimination Di-
alogue

Fig. 1 illustrates the flow of dialogue that is used to
discriminate user activity. Explanation for the num-
bers in Fig. 1 are given below.

(1) When the user brings the RFID tag close to the
RFID reader, the system recognizes the user.

(2) After obtaining the user ID, the system greets
the user with ”"Hello,” to which the user replies
with ”Hello” too.

S: System, U: User
U : (Closing RFID tag to the RFID Reader) ===(1)
S1: Hello.

Ul: Hello. ===(2)
S2 : You look down,

S3: aren’tyou? ===(3)
U2: Yes. ===(4)
S4 :  Areyou all right? Cheer up! ===(5)

Figure 1: Flow of Dialogue

(3) System discriminates user activity from greeting
speech, and, according to user activity, replies
with ” You are looking good!” or ” You look down.

”

(4) System questions the success or failure of discrim-
ination in (3). After the user answers, system
stores in the database the feature value of speech
with the correct label that system created from
the user answer.

(5) In order to make the dialogue flow naturally, ac-
cording to success or failure of activity discrimi-
nation and correct activity, system makes utter-
ances such as "I'm glad to be correct! ”, "I'm
sorry made a mistake. ” or 7 Are you all right?
Cheer up! .

3.2 Disicrimination Method

In our study, we adopted the maximum likelihood
estimation model based on Gaussian Mixture Model
(GMM) as the activity discrimination model. In or-
der not to disrupt the discrimination process even
when training data was small, we selected a few fea-
tures from the previous studies [5][11]. The features
adopted are displayed in Table 1. We used the z-score
of these features practically. In this system, there is
a need to re-build the discriminant model when sys-
tem discriminates user activity, because training data
increase in every dialogue. The flow of activity dis-
crimination in the system in as follows:

(1) Load training data (high activity group and low
activity group)

(2) Learn GMMSs from training data (GMM1 from
high activity group, GMM2 from low activity

group)
(3) Extract features from discrimination target speech

(4) Calculate likelihoods from GMM1, GMM2

(5) Discriminate user activity using Maximum likeli-
hood estimation

This system held 40 pre-recorded speeches emitted
in a state of high and low activity from eight speakers



Table 1: Feature Values

Type Feature Value
Fundamental Mean Value
Frequency Maximum Value
(Fo) Minimum Value
Range
Mean of Frame Difference
Power Mean Value
Maximum Value
Minimum Value
Range
Mean of Frame Difference
Value when FO is Maximum Value
Time Duration of Speech

(men and women) in a database as general discrim-
inant criterion before it comprehended user feature.
Before a user used the system two times, the sys-
tem discriminated at random because it could not
calculate z-score. Following that, the system used
pre-recorded speeches and the user’s past speeches as
training data. The system treats a user’s past speech
as 10 speeches to learn the discriminant criterion spe-
cific to the user quickly.

4 EVALUATION

In order to demonstrate the effectiveness of our pro-
posed approach, we conducted an evaluation exper-
iment. In the experiment, we had subjects use our
system, and evaluated their degree of emotional at-
tachment to the system over a period of times.

4.1 Purpose

The purpose of this experiment was to verify the hy-
pothesis that feature comprehension by the system
inspires a sense of emotional attachment. We focused
on the following 3 points:

(1) Discrimination Accuracy
(2) Change of Emotional Attachment

(3) Learning Discriminant Criterion Specific to the
User

4.2 Procedure
4.2.1 Preparation

We had subjects answer a questionnaire to evaluate
whether they liked PaPeRo, which is used in the sys-
tem, and divided them into test group and control
group based on its results. In the questionnaire, we
implemented nine-grade evaluation with an improved
version of Japanese Love-liking scale applied to an
agent [7], and used the total score from 7 items as fa-
vor degrees. The following items comprised the ques-
tionnaire:

Figure 2: Experimental Environment

(1) Even with PaPeRo, I still did feel any change
from the usual.

(2) I think that PaPeRo is a robot with the ability
to adapt.

(3) I am able to leave responsible work to PaPeRo.
(4) PaPeRo is good compared with other robots.
(5) I trust PaPeRo’s judgements.

(6) I think that PaPeRo is a being that is liked by
many people.

(7) I prefer PaPeRo to other robots I know.

4.2.2 Using the System

Subjects used the system and assumed that they were
borrowing books from and returning books to the lab-
oratory. The experimental environment used is de-
picted in Fig. 2. The Test group used the system that
comprehended user features, while the Control group
used a system that discriminated using unchanged
general criterion.

4.2.3 Evaluation of Impressions

In order to evaluate whether a sense of emotional at-
tachment was inspired in the subjects, we had them
answer a nine-grade questionnaire related to a sense
of emotional attachment. The items comprising that
questionnaire are listed below:

(1) I feel PaPeRo accepts me.

(2) If I lose PaPeRo, I have no problem with getting
a replacement.

(3) For me, PaPeRo is not just a book management
system.

(4) It is a problem for me that the performance of
PaPeRo deteriorates.

(5) Even if there is a book management system that
is better in terms of function and quality, I still
want to use PaPeRo.
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Figure 3: Flow of the Experiment

(6) My feelings for PaPeRo are one way.

(7) PaPeRo is able to discriminate whether I am cheer-
ful or not.

Of the above items, items (1) to (6) are related to
the sense of emotional attachment; item (7) measures
whether subjects correctly recognize the discrimina-
tion accuracy of the system; items (2), (4) and (6) are
inverse items. We prepared items (1) to (6) by refer-
encing previous research related to emotional attach-
ment to things [2] and scale of emotional attachment
in interpersonal relationships. We considered the to-
tal score of items (1) to (6) ((2), (4), (6) to inverse) of
the above as the sense of emotional attachment score.
The flow of the experiment conducted is shown in
Fig. 3. To equalize the number of dialogues with the
system and the experimental period as much as pos-
sible, we had subjects have a dialogue three days in
a week; the first day twice, other days four times per
day—a total of 22 times in two weeks—and answer
a questionnaire related to their sense of emotional
attachment after the 2nd, 12th, and 22nd dialogues.
We call these questionnaires first questionnaire, sec-
ond questionnaire, and third questionnaire below. Be-
cause the first two times it is used the system is not
able to calculate z-scores and discriminate user activ-
ity at random, the subjects in both groups answered
were under the same conditions for the first question-
naire. We observed changes in the sense of emotional
attachment by using subsequent questionnaires.

4.3 Results and Considerations

Our subjects comprised 10 persons of researchers and
students from our laboratory. According to the re-
sult of the questionnaire for measuring whether the
subject likes PaPeRo, we had five subjects in the test
group and the others in the control group. We labeled
the subjects in the test group subject Al to A5, and
subjects in the control group subject B1 to B5. The
results of our experiment are described and analyzed
below with respects to each point described in section
4.1.

-30 Number of Dialogues

Figure 4: Log Likelihood

4.3.1 Discrimination Accuracy

The discrimination accuracy of each subject, and the
mean of the test and control groups are shown in Ta-
ble 2. Table 2 shows that in the test group, the dis-
crimination accuracy of all subjects was 0.70, or more
in the range of 13th to 22nd (in 13th-22nd) dialogues.
For subject A5, in particular, the discrimination ac-
curacy increased from 0.40 in the 3rd-12th dialogues
to 0.70 in the 13th-22nd. In contrast, although there
ware subjects with high discrimination accuracy (B2,
B3), there was a subject with discrimination accu-
racy 0.50 (B1), and a subject whose discrimination
accuracy in the 13th-22nd dialogues decreased com-
pared to the 3rd-12th. From these results, we believe
that subjects A5, B1, and B5 have features that are
difficult to discriminate correctly by general discrimi-
nant criterion, and subjects B2 and B3 have features
that are concordant with general discriminant crite-
rion. Thus, we can say that our proposed approach
functions effectively even for a user who has features
that are difficult to discriminate correctly by general
discriminant criterion from the discrimination accu-
racy of subject A5 increased to 0.70 in the 13th-22nd
dialogues.

Furthermore, in order to analyze the effect of ac-
cumulation of training data on discrimination, we cal-
culated the likelihoods of the test group. The log like-
lihood (The larger value of to GMM of high activity
and low activity) in the 3rd-22nd dialogues in Fig. 4.
From Fig. 4, it can be seen that although there are
some small values up to the 5th dialogue, likelihood
is stable at a comparatively large value in the 6th-
16th dialogues. This suggests that the system learned
rough features of each subject in five dialogues. How-
ever, there ware some subjects whose likelihood was
reduced again after the 16th dialogue. This likely oc-
curred because the speeches in those dialogues had
features that were appearing for the first time. From
these results, it can be inferred that learning rough
features requires about five dialogues, whereas learn-
ing detailed features requires more dialogues.



Table 2: Discrimination Accuracy

Subjects Dialogue Count
3rd-12th 13th-22th | 3rd-22th
(First (Second (Whole)

half) half)

Al 0.70 0.80 0.75
A2 0.70 0.70 0.70
A3 0.70 0.70 0.70
A4 0.80 0.90 0.85
A5 0.40 0.70 0.55
Mean of Test Group 0.66 0.76 0.71
B1 0.50 0.50 0.50
B2 0.80 1.00 0.90
B3 0.90 1.00 0.95
B4 0.50 0.70 0.60
B5 0.80 0.60 0.70
Mean of Control Group 0.70 0.76 0.73

4.3.2 Change in Sense of Emotional Attach-
ment

In order to analyze changes in the sense of emotional
attachment of the subjects, we calculated the differ-
ences from the first questionnaire to the second ques-
tionnaire and from the first questionnaire to the third
questionnaire. The changes in the scores across the
questionnaires are illustrated in Fig. 5. Fig. 5 shows
that score changes in the test group are in a compara-
tively narrow scope, whereas they are more dispersed
for the control group. With the exception of subjects
B2 and B3 whom the system was able to discrimi-
nate virtually correctly, there is a tendency for the
score changes to be larger in the test group than in
the control group in the second and third question-
naires. This shows that our proposed approach in-
spires a sense of emotional attachment that is more
stable than the method using only general discrimi-
nant criterion. In addition, this tendency is similar
to the discrimination accuracy shown in Table 2, and
there is also a tendency for the sense of emotional
attachment to increase with discrimination accuracy.
We also analyzed how subjects recognized the discrim-
ination accuracy correctly. The scores for item (7) in
the second and third questionnaires and the discrimi-
nation accuracy are shown in Figs. 6 and 7. Although
the sample size is small, there are a strong positive
correlation between the scores and the discrimination
accuracy. (Correlation Coefficient: 0.88 in the sec-
ond questionnaire, 0.83 in the third questionnaire.)
This shows that subjects recognized the discrimina-
tion accuracy correctly. In summary, we have shown
that there is a tendency for a user to feel that a sys-
tem understands his own feature more correctly and
is effectively imbued with a sense of emotional attach-
ment by using the system with higher discrimination
accuracy.

Furthermore, for the five subjects whose discrim-
ination accuracy was not reduced the sense of emo-
tional attachment was reduced from the second ques-
tionnaire to the third (subjects A2, A3, A4, B2, B3).
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Figure 5: Score Changes in a Sense of Emotional At-
tachment

From the fact that these subjects have a compar-
atively high discrimination accuracy in the second
questionnaire in common, we deduce that they had
moved past the stage of recognizing the system un-
derstanding their own feature gradually over time and
been satiated with no changes dialogue with the sys-
tem. Fig. 4 shows that the system is not able to learn
a users features in detail from only 20 dialogues. In
spite of that, subjects had been satiated with the sys-
tem dialogues. This indicates the following: If the
system learns user features and shows the result of
learning to the user, the user becomes satiated before
the system learns his feature in detail. In order to
avoid that, we considered the adjusting the timing of
learning features and showing the result of learning
(e.g., the system learns from all dialogues and takes
some actions only when discrimination of user’s low
activity speeches) is effective.

4.3.3 Learning Activity Discrimination Model
Specialized for Each User

We analyzed how the activity discrimination models
were specialized for each subject after learning 22 di-
alogues in the experiment. For example, for subjects
A2 and A5 the FO mean model shows that the dif-
ference is significant with each other in Fig. 8 and 9.
Although there is a tendency that FO mean is higher
in a state of high activity than low activity in both
subjects, in subject A2 there are three peaks of the
low activity state on position lower than the peak of
the high activity state, and in subject A5, there are
two peaks of the low activity state on position holding
two peaks of the high activity state between. These
figures show that activity discrimination models spe-
cialized for each subject were learned in our proposed
approach.

5 CONCLUSION

In this paper, we focused on a sense of emotional at-
tachment as a factor that can improve the sustainabil-
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Figure 6: Score for Item (7) in the second Question-
naire and Discrimination Accuracy in 3rd-12th Dia-
logues

8 ° o
~
S—
£ 7 ¢
(7]
=
- 0 o *
L
o
o ° .
O
u :

4 '

05 06 0.7 0.3 049 1
Discrimination Accuracy

Figure 7: Score for Item (7) in the third Question-
naire and Discrimination Accuracy in the 13th-22th
Dialogues

ity of dialogue continuance desire, and propose an ap-
proach that inspires a sense of emotional attachment
by comprehending the features of each user. Specifi-
cally, the approach uses the relationship between ac-
tivity and prosody as user features, uses maximum
likelihood estimation using GMM as a discrimination
method, and that discriminates user activity from
prosody, gets the actual activity from user response,
accumulates the prosody and the actual activity as
training data to use in subsequent discrimination, in-
creases discrimination accuracy gradually, and makes
a user feel ”this system understands my own feature”
and inspires a sense of emotional attachment via these
functions. The results of the evaluation experiment
prove that discrimination accuracy is improved more
steadily in our proposed approach than in the method
using only general discriminant criterion, there is a
tendency for the user to feel that the system under-
stands his own feature more correctly and inspires a
sense of emotional attachment more effectively by us-
ing a system with higher discrimination accuracy.
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Figure 8: GMM of FO Mean (Subject A2)
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Figure 9: GMM of FO Mean (Subject A5)

5.1 Future Works

In this study, we proposed an approach for inspiring
a sense of emotional attachment more effectively in
users. The effects of the sense of emotional attach-
ment on dialogue continuance desire and the size of
the sense of emotional attachment required to sustain
dialogue continuance desire need further study. De-
tailed verification is also required for the reduction of
the sense of emotional attachment that is observed
in the evaluation experiment and which seems to be
cause satiation. In addition, we plan to research the
adjustment number and timing of learning features
and how to show the result of learning.

Moreover, in this study we extracted 12-dimensional
feature values and used all of them for learning GMM.
We clarified that each user has different features that
are effective for discrimination. We believe that by
extracting many features and selecting only the valid
features to learn the activity discrimination model for
each user from those features will improve accuracy
of user features comprehension.
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