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Study of Interest Change Model for TV-Watching Companion Robots

Using Program Viewing History

Mari Uemurat (member) , Yuta Hagiot (member) |,
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Summary We propose a method to generate and change the interests of a TV-watching robot based on the user's program viewing history. As a result

of a simulation assuming that the robot and the user watched TV together for five years, we confirmed that the robot's interests were similar to those of the

user, but had their own unique interests.
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1. Introduction

Watching television with multiple people is not only enjoyable from the
program itself, but also has the effect of creating fun and new discoveries by
encouraging people to communicate with each other, share emotions, and
spend time together. However, the number of people in an average household
in Japan is decreasingl) and the diversification of viewing styles due to the
spread of various viewing devices such as smartphones2 ) means that
opportunities for multiple people to watch television together are on the
decline.

Therefore, we developed a communication robot that can watch TV together
and speak and converse according to the content of the program, aiming to
recreate the “living room viewing” style that matches the current viewing style.
We are currently conducting research and development of a television viewing robot.3)

In order for a robot to spend a long time with the user in the home, just like
a family member, it is important that the robot becomes attached to the user,
for example by changing the content of the robot's speech and actions
depending on the user. In this paper, we propose a method to generate the
robot's interests from the viewing history of programs the robot has watched
with the user and to continuously change them (interest change model), so
that the user will become attached to the robot and will not get bored of
communication with it. In this study, we conducted a simulation based on five
years of user viewing data, assuming that a robot equipped with the proposed
model and a user watched TV together, and confirmed the effectiveness of

the proposed model.
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2. Giving TV-watching robots personality

Since watching television is a daily activity, it is necessary to consider ways
to encourage people to use the robot continuously.
[4] clarified that forming a personality that becomes the robot's individuality
through long-term communication with the user improves the impression and
affection of the robot. In addition, Uchida et al. [5] demonstrated that a robot
can grow by acquiring new keywords from the user's utterances, starting from
a state of no knowledge like a child.
By doing so, we demonstrated that a wide range of users have impressions
of the robot, such as "cute" and "friendly."

Based on these existing studies, we hypothesized that by giving a TV-
watching robot different personalities (interests) for each user through TV
viewing, attachment would be created, and that continually changing those

personalities (interests) would lead to long-term use by users.

3. Proposal of a model for changing robot interests

3.1 Design of interest change model

In designing a model of interest changes for a TV-watching robot,
We organized the requirements

based on our hypotheses: 1) Robots have their own interests that

are different from the user. 2) Their interests change depending on

the programs watched together with the user. 3) The robot's interests

are influenced by the user's interests. Next, based on these requirements,
we designed a

method to quantify the robot's interests. It is said that human interests
change over time, increasing due to past behavior, decreasing due to

boredom, or becoming stationary6). Additionally, marginal utility is a

representative theory in economics that describes changes in consumer utility (satisfaction).
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7) Marginal utility indicates the increase in consumer satisfaction obtained when
one unit of the same product is consumed. The increase in satisfaction differs
depending on the number of times of consumption. The authors consider watching
a program to be consumption, and apply marginal utility to the generation of
interest in a robot. In addition, since there are generally few opportunities to
broadcast and watch the same program, they position the keywords related to the

program watched, rather than the program itself, as the product in marginal utility,

and calculate the function of the time series change in the robot's interest level for each keyword (inte?egt”_

We decided to generate a taste intensity increase/decrease function.

3.2 Generation of interest increase/

decrease function Viewed programs were identified using the user's personal viewing
history (individual record), and keywords were extracted from the program titles and
summaries in the EPG (electronic program guide) of the programs viewed. In addition,
the interest increase/decrease function was generated using the program history of a
specific individual (individual record separate from the user). An example of generating
an interest increase/decrease function and installing it in a robot is shown in Figure 1.

All keywords contained in the EPG of each individual record are extracted (Fig.
1, y¥), and the interest level and number of views for each keyword on a monthly
basis are calculated (Fig. 1, y). The interest level is calculated using an interest
estimation method8). Then, based on the interest level and number of views for
each keyword calculated from the individual records for each month, the change in
interest is calculated, which increases or decreases each time the robot views each
keyword (Fig. 1, y). The formulas for calculating the interest level intwi ,mj for a

keyword wi in a certain month mj and the change in interest incwi,mj for the number

of views Cwi, mj are as follows:

(int oy )

incw m
i’ ©
wmi

Here, incwi ,mj-1 is the interest level for keyword wi in the previous month mj-1,
and i and j are natural numbers. This calculates the degree of change in interest,
which is added up each time the robot views keyword wi once. Additionally, incwi ,mj
is the degree of change in interest, which is added up until the robot views keyword
wi Cwi ,mj times , and the degree of change in interest after the Cwi,mjth viewing
is calculated based on the interest level and number of viewings in the following
month mj+1 . Using these methods, the degree of change in interest for each
keyword in the individual records for all months is calculated.

The robot calculates the number of times each keyword was viewed from the
user's individual record, and adds up the interest change degree based on the
number of times it was viewed (Figure 1 ).

This makes it possible to create a robot that can reproduce the changes in interests of individual users.
4. Simulation of changes in robot interests

4.1 Simulation Settings

We conducted a simulation in which a robot equipped with the proposed interest
change model and a user watched TV together for five years. To generate the
interest rate increase/decrease function for the robot, we used individual data from
a single man living alone (ages 26-30, five years). The individual data were collected
by Intage Inc. from 2016 to 2019.

Viewing history of programs from NHK and five commercial broadcasters collected in 2020
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Figure 1 Example of how to generate an interest level increase/decrease function

We used "i-SSP (Intage Single Source Panel)". The robot was equipped with
200,065 keywords, which were extracted from EPG information data of programs

broadcast in the past five years.

We used the individual records of the following three users with different attributes to simulate
their television viewing behavior over a five-year period.
*User 1: A woman (50-54 years old) who is a married couple and has a
child. «User 2: A married man (40-44 years old) *User 3: A single
man (27-31 years old) who lives alone.
4.2 Simulation Results To confirm the
similarity between the interests of the robot and the user, we calculated the
cosine similarity of the interest level for all keywords. The user's interest level for
each keyword was calculated by extracting keywords from the subtitles and EPG
information data of the programs the user watched , and using an interest estimation
method8). Figure 2 shows a graph showing the change in similarity between the
robot and each user over a five-year period.
As shown in Figure 2, user y has attributes similar to those of the individual records used
to generate the robot's interest level increase/decrease function, and so the similarity was

relatively high from the first month, reaching a high level of over 0.6 by the 13th month. After

the 13th month, there was no tendency for the similarity to increase, and the similarity was over 0.5.
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Figure 2. Changes in similarity between robots and users over a five-year period

User 1 has also maintained a score of 0.3 or higher since the seventh month. User
2 is more interested in
Taste similarity is low, but tends to increase from the beginning to the 9th month.
From the 9th month onwards, the similarity between the interests of the user and
the robot was higher than in the early stages. In addition, because the degree of
similarity varied depending on the user, it was confirmed that the degree of empathy
for each other's interests differed for each user.

Check the time changes of keywords that the robot is interested in
To this end, Figure 3 shows a word cloud of keywords of high interest for the robot
and user one month and five years after they started watching TV. The size of the
keyword represents the level of interest, with keywords common to the user and
robot shown in color, and different keywords shown in black. The results are for
two users, User ¥, who tended to have low

similarity, and User ¥, who tended to have high similarity. Figure 3 shows that
User y only had one common keyword one month after they started watching TV
together, but five years later many common keywords appeared, such as "TV
series" and "news." On the other hand, the robot had many similar keywords, such

as "Rakuten” and “fashion.”

User 3 had high similarity from the beginning, and four common keywords such as
"music" and "gold medal" appeared in the first month, and after five years, even

more common keywords such as “"theme song," "land,” and "America" appeared.

On the other hand, the robot has user preferences such as "sushi* and “resorts."
Keywords different from those in 3) appeared.

From the above, we confirmed that by watching TV together with the user, the
robot is influenced by the user's interests, and while it has common interests, it
also has its own interests, which change over time. We also confirmed that a robot

with different interests can be generated for each user.

5. Conclusion

In this paper, we proposed a model of how interests change in a robot watching
TV with a human, and performed a simulation assuming that the robot watched TV
with the user for five years. As a result, we confirmed that as the robot continued
to watch TV with the user, the robot's interests became similar to those of the user,
while also acquiring its own interests. We also confirmed that robots with different
interests (personalities) were generated for each user. In the future, we will
implement this model in a TV-watching robot and investigate whether it is possible

to make the robot feel attached to people by having it speak based on its own

interests.
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Figure 3 Robot and user interest keywords
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