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Young and old persons’
subjective feelings when facing
with a non-human
computer-graphics-based
agent’'s emotional responses in
consideration of differences in
emotion perception
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Kaori Karasawa?®

tResearch & Development Group, Hitachi, Ltd., Kokubunji, Japan, ?Faculty of Sociology, Toyo
University, Tokyo, Japan, *Graduate School of Humanities and Sociology, The University of Tokyo,
Tokyo, Japan

Virtual agents (computer-graphics-based agents) have been developed for
many purposes such as supporting the social life, mental care, education,
and entertainment of both young and old people individuals. Promoting
affective communication between young/old users and agents requires clarifying
subjective feelings induced by an agent’s expressions. However, an emotional
response model of agents to induce positive feelings has not been fully
understood due to differences in emotion perception between young and old
adults. We investigated subjective feelings induced when facing with a non-
human computer-graphics-based agent’'s emotional responses in consideration
of differences of emotion perception between young adults and old adults.
To emphasize the differences in emotion perception, the agent’s expressions
were developed by adopting exaggerated human expressions. The differences in
their emotion perception of happy, sadness, and angry between young and old
participants were then identified through a preliminary experiment. Considering
the differences in emotion perception, induced feelings when facing with the
agent’'s expressions were analyzed from the three types of emotion sources of
the participant, agent, and other, which was defined as subject and responsibility
of induced emotion. The subjective feelings were evaluated using a subjective
rating task with 139 young and 211 old participants. The response of the agent
that most induced positive feelings was happy when participants felt happy, and
that was sad when participants felt sad, regardless emotion sources in both
young and old groups. The response that most induced positive feelings was
sad when participants felt angry and emotion sources were participant and the
agent, and that was angry when the emotion source was other. The emotion
types of the response to induce most positive feelings were the same between
the young and old participants, and the way to induce most positive feelings
was not always to mimic the emotional expressions, which is a typical tendency
of human responses. These findings suggest that a common agent response
model can be developed for young and old people by combining an emotional
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mimicry model with a response model to induce positive feelings in users and
promote natural and affective communication, considering age characteristics
of emotion perception.

KEYWORDS

social agent, emotion in human-computer interaction, adaptation to user state,
influencing human emotional state, subjective perception, emotional expression

1 Introduction

As artificial intelligence and robotics technologies have
advanced, various communicative robots and virtual agents
(computer-graphics-based agents) have been developed in a variety
of fields for a wide range of applications. Computer-graphics-based
agents have the potential to be widely used by many people because
their applications can be installed in common devices such as
smartphones, tablets, and PCs. Such agents also have an advantage
in making expressions without physical restriction including
exaggerated emotional expressions. Non-human agents have been
developed for many purposes traditionally handled by human
agents, such as supporting the social life of individuals, mental
care, education, and entertainment (Kidd et al., 2006; Miklosi and
Gdcsi, 2012). Most agents have been developed with human or
non-human emotional expressions as a means to promote affective
communication with various types of users such as young and
old people. To achieve affective communication between users and
agents, two essential factors need to be considered when choosing
the expressions to be used by an agent to express emotion: the user’s
emotion-perception characteristics and current emotional state.

Understanding the characteristics of the user’s emotion
perception when observing an agent’s expression would enable
more natural expressions to be chosen for the user, leading to more
affective communication with a wide range of users. In human-to-
human communication, emotion perception varies depending on
the characteristics of each person (Orgeta, 2010; Tu et al., 2018),
which makes seamless communication difficult among different
people by using monochronic expressions. Age in particular has
a significant effect on the emotion perception in human facial
expressions (Isaacowitz et al.,, 2007; Khawar and Buswell, 2014).
Although the effect of aging on emotion perception is not a simple
decline, in many cases, old people are worse than young people at
identifying happiness, sadness, anger, fear, and surprise in human
facial expressions (Isaacowitz et al., 2007; Ruffman et al., 2008; Sze
etal,, 2012; Khawar and Buswell, 2014; Goncalves et al., 2018; Hayes
et al., 2020).

Previous studies have also explored emotion perception
in robots and computer-graphics-based agents (Jung, 2017;
Moltchanova and Bartneck, 2017; Hortensius et al., 2018), and they
have demonstrated the effect of age on the emotion perception
for emotional expressions of robots and agents (Beer et al., 2009,
2015; Pavic et al., 2021). Beer et al. (2009, 2015) investigated
the effect of age on emotion perception by using human-like
facial expressions in an agent with a robotic head and found
age-related differences in the emotion perception in agent facial
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expressions as well as human facial expressions. They used agents
that resembled a human face, and the agent’s facial expressions
of emotion were based on Ekman’s facial expressions of emotion
(Ekman et al., 1980). Although the effect of age on perceiving an
agent’s emotional expression is not fully understood, age should be
considered when analyzing emotion in expressions in human-to-
agents communication, and it is currently necessary to accurately
identify properly perceived emotional expressions for each agent,
in consideration of differences in emotion perception.

As well as the user’s emotion perception, the effect of an agent’s
emotional expression on a user’s subjective feelings depends on
the user’s emotional state when communicating with the agent.
Therefore, understanding how this effect depends on the user’s
emotional state could help in the development of expressions that
induce positive feelings in a user, which would lead to more positive
communication. In human-to-human communication, mimicry of
the partner’s behavior such as facial expressions, postures, and body
motions has been shown to elicit positive feelings (Lundqvist, 1995;
Chartrand and Bargh, 1999; Catmur and Heyes, 2013; Numata
et al., 2020). However, it is not clear that mimicry of negative
emotional expressions can elicit positive or negative feelings in a
person. On the one hand, mimicry has a positive effect on subjective
feelings (Chartrand and Bargh, 1999; Catmur and Heyes, 2013),
and people automatically tend to mimic emotional expressions
even if they are negative emotional expressions (Lundqvist, 1995).
On the other hand, expressions of negative emotions can induce
negative emotions in the partner (Friedman et al., 2004; Kulesza
etal, 2015). An imbalance in non-verbal communication would be
observed during subjectively positive rated conversation (Numata
et al., 2021). In fact, emotional mimicry is not a merely automatic
response of facial expressions in humans, and facial expressions
are used as means to communicate social intentions. Emotional
mimicry is modulated by several factors including emotional
feelings and social intention (Seibt et al, 2015; Hess, 2020).
Although many studies find anger mimicry, it is not consistently
found in the literature as mimicry of happy expressions (Seibt
et al., 2015). This is because that emotional mimicry occurs when
a person has the social intention of affiliation, and the mimicry
of anger expression is often conflicted with the social affiliative
intention (Seibt et al., 2015; Hess, 2020). Given this contradiction,
an emotional response model of agents to induce positive feelings
has not been fully understood yet, and we assumed that mimicry
of emotional expressions by agents is not always the way to induce
most positive feelings in users.

To understand the desirable emotional response of agents
to induce positive feelings, the social context during interaction
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between a user and agent plays an important role (Ochs et al,
2008). A user’s emotional state depends on the source of the
emotion, even among users with the same emotion type (Imbir,
2013). The emotion source is defined based on self/other control,
which is one of the appraisal dimensions in the cognitive appraisal
theory (Roseman, 1984; Scherer, 1984; Smith and Ellsworth, 1985).
The cognitive appraisal theory has assumed that emotion should
be induced by the evaluation of events along with appraisal
dimensions. Based on the cognitive appraisal theory, we had
empirically integrated the appraisal dimensions associated with
emotional event, and extracted appraisal dimensions including
self/other control (Mitani and Karasawa, 2005). In the previous
study, self/other control was extracted as a factor related to
the subject and responsibility of self and others. By extending
the definition of self/other control, the emotion sources in this
study are defined as three emotion sources; user itself, the agent,
and other. Thus, it can be assumed that a user’s emotional
state is affected by not only emotion type but also emotion
source. Development of an agent-response model that is based
on the user’s subjective feelings and takes into account emotion
type and emotion source should be useful in achieving affective
communication between users and agents. A versatile agent-
response model is needed that uses emotional expressions in which
most users can recognize the same emotion type, considering with
the difference characteristics in emotion perception.

The purpose of this study was to develop an agent response
model to induce positive feelings that is based on the user’s
subjective feelings and takes into account the user’s emotion
type and emotion source in consideration of age differences
regarding emotion perception. Various exaggerated emotional
expressions for a non-human computer-graphics-based agent were
developed to emphasize age differences of emotion perception,
and then two experiments (a preliminary experiment and a main
experiment) were conducted involving young and old participants.
The preliminary experiment was conducted to investigate emotion
perception by using the expressions and identify the expressions
that most young and old participants recognized as the same
emotion type. The main experiment was conducted to investigate
how subjective feelings depend on the emotion type and emotion
source by using the identified expressions. Although this study
was not preregistered, we set hypotheses in the experiments. In
the preliminary experiment, we hypothesized that the extracted
expressions that most young and old participants recognized as the
same emotion type would be different. In the main experiment, we
hypothesized that the emotion types of the response to induce most
positive feelings were the same between young and old participants
in consideration of differences regarding emotion perception, and
mimicry of emotional expressions by agents would not be always
the way to induce most positive feelings in users.

2 Material and methods

2.1 Computer-graphics-based agent
A computer-graphics-based agent called Piyota, which looks

like a chick (baby chicken), was used in this study. Piyota has
disproportionately large eyes, a quality known to induce affinity
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in humans (Heike et al., 2011). Since it should be effective to
develop various emotional expressions to extract the different
characteristics of emotion perception between young and old
users, the expressions were developed by adopting exaggerated
versions of various human emotional expressions. The expressions
of Piyota were developed on the basis of Plutchiks wheel
of emotions (Plutchik, 2001), which consists of eight primary
emotions (joy, trust, fear, surprise, sadness, disgust, anger, and
anticipation). Each emotion has three levels of intensity. Twenty-
four emotional facial expressions (eight emotions with three levels
of intensity each) were purpose-developed for Piyota, as shown in
Figure 1. Since exaggerated expressions of a human agent induce
a feeling of strangeness (Mikirdinen et al., 2014), a non-human
agent, such as Piyota, has an advantage in adopting exaggerated
human expressions. We assumed that adopting exaggerated human
expressions enabled the participants to easily recognize the agent’s
emotion depending on the characteristics of emotion perception.
For instance, the agent’s mouth did not open horizontally for the
expression of joy whereas a person’s mouth opens widely and
horizontally in Ekman’s expressions (Ekman et al., 1980). Although
the agent’s expressions were more human-like and less chick-like,
they extended the diversity in agent expressions from previous
studies (Beer et al., 2009, 2015).

Because these expressions were developed under the guidance
of professional animation designers, it was expected that
most people would easily recognize and understand them.
However, subjectivity is inevitable when working with handmade
expressions, so the expressions did not always express the target
emotion. We extracted properly perceived expressions for each
emotion in the preliminary experiment, which then enabled us
to compare the subjective feelings between the young and old
participants in the main experiment.

2.2 Preliminary experiment (emotion
perception)

2.2.1 Design

The purpose of the preliminary experiment was to demonstrate
the different characteristics of emotion perception between young
and old participants and identify the agent expressions that most
young and old participants recognized as the same emotion
type. We assumed that the characteristics of emotion perception
depended on the participant’s age, as assumed in previous studies
(Beer et al., 2009, 2015). We also assumed that the expressions
that achieved the highest matching rates differed between the two
groups. These assumptions were verified by comparing emotion
perception between the young and old participants. The protocol
was approved by the ethical committee of the authors’ institution.
The data were obtained in accordance with the standards of the
internal review board of the authors’ institution, following receipt
of the participants’ informed consent.

2.2.2 Procedure
A form with 24 alternative forced-choice tasks was used to
identify the agent expressions that most young and most old
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Emotion ; Emotion :
Expression Expression
category category
Joy Sadness
Pensiveness
Trust Disgust
Boredom
Fear Anger
Annoyance
Surprise Anticipation
Distraction Surprise Amazement Interest Anticipation Vigilance
FIGURE 1
Exaggerated expressions of Piyota computer-graphics-based agent used in this study. They are based on Plutchik’s wheel of emotion.
Example) Please look at the character’s expression and place a circle in the box
corresponding to the emotion being expressed.
joy sympathy fear surprise | sadness | disgust anger
FIGURE 2
Example task, including instructions, for emotion-perception experiment. Actual instructions were in Japanese.

participants recognized as the same emotion type by using the
developed 24 expressions of the computer-graphics-based agent.
For each task, the participants were asked to identify the emotion
conveyed in the agents expression, which expressed one of seven
emotions (joy, sympathy, fear, surprise, sadness, disgust, and
anger). They were instructed as follows; “You will be presented
with character non-human agents with various expressions. For
each expression, please choose from seven options what emotion
you feel the agent is feeling. Please choose intuitively without
thinking too much.” Figure 2 shows an example task. The task
was performed by using a paper form; thus, the static images
of agent expressions (approximately 24mm X 24mm) were
presented on paper. Because the size of the task-instruction text
was approximately 4mm (12 pt), and we confirmed that there
were no uniform selection (the answers were not only one type)
among participants, the size would not be a problem even for
the old participants. There was no time limit. Since it was quite
difficult to distinguish 24 emotion types on the basis of Plutchik’s
wheel of emotion, we set choices by using consolidated emotion
types. Selection of the emotions used was based on Ekman’s facial
action coding system (Ekman et al., 1980)—the expressions of joy,

Frontiersin Computer Science

04

fear, surprise, sadness, disgust, and anger were easy to understand.
Sympathy was added because the effect of sympathy on human-
agent communication has been verified in previous studies (Hasler
et al, 2014; Macedonia et al, 2014), and expressing sympathy
is useful for promoting affective communication in human-agent
communication. Whereas it is difficult to recognize sympathy from
facial expressions only (Keltner and Buswell, 1996), non-verbal
behavior would improve recognition (Hertenstein et al., 2006). We
thus anticipated that studying non-human exaggerated expressions
of sympathy in an agent would contribute to the understanding
of the recognition of sympathy and that expressions conveying
sympathy might be found from among the agent’s expressions.

2.2.3 Participants

Sixty-two young Japanese (34 men, 28 women) and 39 old
Japanese (13 men, 26 women) took part in the preliminary
experiment. The average age £ standard deviation of the young
participants was 21.5 £ 3.3 years (ranging 20 to 30) and that of
the old participants was 83.1 & 8.5 years (ranging 63 to 103).
The level of care needed for old participants was zero or low and
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Parti | Expression/ Emotion type
ci- Consistency
pant | for matching Joy Sympathy| Fear Surprise | Sadness | Disgust Anger
Expression
Youn
9 ;
Consistency
for matching
Expression
oid
Consistency
for matching
FIGURE 3
Emotional expressions with maximum consistency for matching within group for each emotion type. Consistency was calculated for agent
expressions that most participants recognized as same emotion type

they lived independently with no or light nursing care. Sample
size in this study was set to be no less than those in previous
studies in the field of emotion perception (Goncalves et al., 2018),
and the participants were widely recruited from various locations
simultaneously including university and old care facilities.

2.2.4 Data analysis

The number of times an emotion was selected for each agent
expression (emotion-selection distribution) was derived using
the emotion-perception data. The accuracy for matching pre-
specified emotions on Plutchik’s wheel of emotions and consistency
for matching within group were then calculated and compared
between the young and old participants.

The accuracy for matching pre-specified emotions was the
rate at which the participants’ emotion perception matched that
in Plutchik’s wheel of emotion. Although the agent expressions
did not always convey the target emotion on Plutchik’s wheel of
emotions, comparing the accuracy between the young and old
participants should nevertheless be useful to demonstrate different
characteristics of emotion perception between them. The accuracy
was calculated as follows. First, the emotion selection distribution
for each expression was derived. Next, the numbers of expressions
selected by the participants were grouped by emotion type on
Plutchik’s wheel of emotion. Finally, the ratios of successful matches
were calculated. The consistency of matching within a group was
also calculated for the agent expressions that most participants
recognized as the same emotion type. That is, the agent expressions
that represented the maximum consistency for each emotion type
were identified for the young and old participants. If the rate of
consistency for an emotion type was more than 75% for both the
young and old participants, the identified agent expressions for that
type were used in the main experiment.

Accuracy was used to compare the characteristics of emotion
perception between young and old participants. To evaluate this
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accuracy, each emotion selection distribution for the expressions
was statistically compared by emotion type by using Fisher’s exact
test. The statistical significance level was set at p < 0.05.

2.3 Main experiment (subjective feelings
when facing with an agent’s responses)

2.3.1 Design

The purpose of the main experiment was to investigate how
subjective feelings depend on the emotion type and emotion
source and construct an agent-response model that is based on
the emotion type and source to induce positive feelings for the
young and old participants. In this experiment, the subjective
feelings induced by the agent’s expressions in the young and
old participants were measured. We assumed that mimicry of
emotional expressions by agents is not always the way to induce
most positive feelings in both young and old people. We also
assumed that the model was the same for young and old people in
consideration of differences in emotion perception (i.e., expressions
that achieved the highest consistency in the young and old
participants in the preliminary study were used. Actual expressions
are shown in Figure 3 from the preliminary experiment). The
experimental protocol was approved by the ethical committee
of the Faculty of Letters, the University of Tokyo. The data
were obtained in accordance with the standards of the internal
review board of the Research & Development Group, Hitachi, Ltd.,
following receipt of the participants” informed consent.

2.3.2 Procedure

A paper instrument with statements expressing emotion was
used to evaluate the subjective feelings of the participants induced
by the agents expressions. The experiment was conducted in a
laboratory room and the task was performed by using a paper
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TABLE 1 Emotional episodes used in the main experiment in this study.

Emotion type

Joy

[\ [e}

1

Emotion source

[Self/ Agent/Other]

Emotional episodes

Today I bought a new sweet [at the convenience store/that Piyota recommended/that my friend recommended]
and it was really delicious! It was just what I was looking for, and I was so happy!

[Self/ Agent/Other]

I went to the amusement park on a weekday, and as [T expected/Piyota told me/my friend told me], there were
only a few people and it was a rundown, so I was able to enjoy the attractions as much as I wanted! I could enjoy
the attractions as much as I wanted! I'm glad I went!

[Self/Agent/Other]

I tried studying while listening to [my favorite music/the music that Piyota chose for me/recommended music
on the Internet], and I think I got much more done than usual! I usually study without listening to music, so I'm
glad I made a great discovery!

[Self/ Agent/Other]

[I found a good part-time job for a short-term on the Internet, so I joined it! It was easier than I thought it
would be,/I got a part time job at a short term event that Piyota found for me! It was a lot of fun for the whole
time,/I got a part time job at a short term event that a friend found for me! It was a lot of fun for the whole
time,] and I got paid by the hour, so it was great!

Sadness

[Self/Agent/Other]

[I took an umbrella with me tonight thinking it would rain/Piyota said it was going to rain tonight, so I took an
umbrella/My parents said it was going to rain tonight, so I took an umbrella], but it was sunny the whole
time....... Too bad I went all the way home once to get it.

[Self/Agent/Other]

T ordered [some fashionable clothes/the clothes that Piyota recommended/some recommended clothes] on the
Internet. I was shocked to see that the actual color of the clothes looked totally different from the image on the
Internet! I think I'm getting the wrong color........

[Self/ Agent/Other]

Today I took a picture of the scenery at a place that [I thought was beautiful/Piyota said was beautiful/my friend
said was beautiful] and uploaded it to a social networking site. But the picture didn’t look good and I didn’t get
much likes....... It made me sad.

[Self/ Agent/Other]

I went to a new hair salon today [that I chose/that Piyota recommended/that my friend recommended] and
they cut my bangs shorter than I wanted. I'm very depressed....... I should have gone to my regular hair salon.

Anger

[Self/Agent/Other]

[T made a weight loss plan by myself/I followed Piyota’s instructions/I followed a trainer’s instructions at the
gym] to control my diet and exercise and aimed to lose 5 kg in 6 months. I did not lose any weight, [even
though I believed in myself! I believed in myself, but I failed!/It was a failure to believe in Piyota!/It was a
mistake to believe the trainer!]

[Self/ Agent/Other]

I want to go to bed early because I have to get up early tomorrow, but I can’t sleep at all because [I am
wide-awake! I'm so frustrated!/Piyota wanted to talk. It's driving me crazy!/it seems like my neighbor was
having a drinking party in his room and it was so noisy. It’s so irritating!

[Self/ Agent/Other]

On last month’s trip, [I/Piyota/my friend] missed my reservation and didn’t get to eat at the restaurant I was
supposed to eat at! I was looking forward to it because it was a famous restaurant for its dishes, but it was ruined!

[Self/ Agent/Other]

[I bought a cell-phone battery on a time sale/I bought a cell phone battery on sale at a store that Piyota told me
about/I bought a cell phone battery on sale at a store that a friend told me about] last week, but today I checked
the Internet and found a site that sells them for even less! I feel like I'm losing money!

The original emotional episodes were in Japanese. Phrases in brackets in the emotional episodes indicate that the first phrase was used when emotion source was self, the second phrase was used

when it was the agent, and the last phrase was used when it was the other.

instrument. The instrument included emotional episodes we made
on the basis of the cognitive appraisal theory of emotion (Roseman,
1984; Scherer, 1984; Smith and Ellsworth, 1985). This theory
assumes that emotions are induced by the evaluation of events
along with appraisal dimensions. On the basis of the cognitive
appraisal theory, we had empirically investigated the appraisals
associated with emotional event along the appraisal dimensions
such as pleasantness, motivational state and coping potentials, and
found associations between each emotion and its appraisal profiles
(Mitani and Karasawa, 2005). By using the representative features
of associations between the emotions of joy, sadness, anger and
their appraisal profiles, we made the emotional episodes listed
in Table 1. The validity of the instrument was reviewed by two
social psychologists before the experiment. The participants were
asked to read the statements as if they were speaking to an agent.
They were instructed as follows; “The character agent (Piyota)
understands the emotions you express and responds to you with
expressions. The words and feelings you expressed to Piyota and
Piyota’s expressions in response to those words and feelings are
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presented. Please answer how you felt about the expression that
Piyota gives you when you are in the emotional state as your
expressed emotion.” Each statement expressed one emotion type
and one emotion source. The static images of agent expressions as
the reaction to the statements were presented on paper form. The
agent’s expressions extracted in the preliminary experiment for the
young and old participants represented joy, sadness, and anger, and
these three emotion types were expressed in the statements. We
created four statements for each type, so there were 12 statements
on the instrument.

We defined three emotion sources: the participant (hereafter,
self), agent, and other (neither self nor agent). In previous studies,
the emotion sources were classified into self and other (Bartneck,
2002; Mitani and Karasawa, 2005; Steunebrink et al., 2009). Since
the agent should be distinguished from other in emotional episodes,
we defined these emotion sources. In case that the emotion source
was self, the subject and responsibility in an emotional episode was
wholly set to user itself. In cases that the emotion sources were agent
and other, the subject and responsibility in emotional episodes
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were partly set to the agent and other, respectively. In this example
statement, “Today, I ate a new sweet that I bought. It was really
delicious, and I was so glad to find such a wonderful sweet!” joy is
the emotion type, and the self is the emotion source. Using the same
emotion episode, when the statement was begun with “Today, I ate
a new sweet that you suggested,” the agent is the emotion source,
and when the statement was begun with “Today, I ate a new sweet
that my friends suggested,” other is the emotion source. Since we
used common emotion episodes except descriptions in regard to
emotion sources among different emotion sources, we randomly
divided the participants into three groups, each with three types
of paper instruments. The participants were asked to read each
statement and then observe the agent’s expression in response to the
statement. Both the emotional episodes and the agent’s expression
were presented by using a paper instrument, and participants read
the emotional episodes and watched the agent’s expression by their
own pace. In the paper, each emotional episode was printed on the
top of the paper, and then the agent’s expression was printed on
the bottom of the paper apart from the texts of emotional episode.
Therefore, participants generally read the emotional episodes and
then watched the agent’s expression as the reaction. On basis of the
positions of each emotional episode and agent’s expression and the
task instruction, most participants would understand the agent’s
expression as the reaction. The participants’ subjective feelings
about the agent’s expressions were recorded using a visual analog
scale (VAS) (Torrance et al., 2001). The participants were told to
record their subjective feeling after observing the agent’s expression
by drawing a vertical line at the point on a horizontal line that
corresponded to their feeling, where the horizontal line had “Very
good feeling” at the right end and “Very bad feeling” at the left end.

2.3.3 Participants

One-hundred-thirty-nine young Japanese (65 men, 74 women)
and 208 old Japanese (105 men, 106 women) took part in the
main experiment. The average age + standard deviation of the
young participants was 19.9 £ 1.1 years old (ranging 18 to 24)
and that of the old participants was 68.1 £ 5.0 years old (ranging
60 to 86). Sample size in this study was set to be no less than the
preliminary experiment, and the participants were widely recruited
from various locations simultaneously including university.

2.3.4 Data analysis

The subjective feelings measured using the VAS ranged from
—50 to 50; “Very good feeling” was calculated as 50, and “Very
bad feeling” was calculated as —50. Each participant’s subjective
rating was averaged by emotion type and used as the participant’s
subjective feeling.

The subjective feelings were compared among the agent’s
emotional expressions in response to the emotional statements for
the young and old participants. The effect of the agent’s emotional
expression was compared by emotion source and agent expression
using two-way analysis of variance (ANOVA). Age group was not
included as a factor because agent expressions used were not exactly
same between young and old participants. Although the emotion
perception by using the agent’s expressions should be same between
young and old participants, it is quite difficult to separate the effects
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FIGURE 4
Average accuracy for matching pre-specified emotions for agent
expressions. Accuracy was derived by calculating the ratios of
successful matches with pre-specified emotions on basis of
Plutchik’'s wheel of emotions.

of differences of agent’s expressions and age. Post-hoc tests for
comparison of emotion sources were conducted using Student’s ¢-
test, and those for comparison of the agent’s emotional expressions
were conducted using a paired t-test. Multiple comparison was
conducted using Bonferroni correction. The statistical significance
level was set at p < 0.05.

3 Results

3.1 Preliminary experiment (emotion
perception)

Figure 3 shows the emotional expressions with the maximum
consistency for matching within group for each emotion type. On
the basis of the threshold set for the maximum consistency, the
emotional expressions for joy, sadness, and anger were extracted.
Therefore, these emotions were used in the main experiment. The
maximum consistency for the old participants was consistently
lower, except for sympathy. There were also large differences
in emotion perception between the two age groups for several
expressions. For example, whereas the “ecstasy” expression had the
highest consistency (98.4%) for joy for the young participants, it
was recognized as joy by only 33.3% of the old participants.

Figure 4 shows the average accuracies for matching of pre-
specified emotions for the agent expressions. The accuracies for
the old participants were consistently lower, except for sympathy.
The accuracies for joy, sadness, and anger were relatively high
(more than 50%) for both age groups while those for the other
four emotions were relatively low. Table 2 shows a cross-tabulation
of the emotion selection distributions for the two age groups
of participants for each emotion type. There was a significant
difference [p < 0.001, N (young): 186, N (old): 117] between
the age groups for each emotion type. Focusing on the emotion
selection distributions for the old participants, we found that
unmatched emotion selection was not only biased to a different
specific emotion but also spread to various emotions. The old
participants had higher variability in emotion perception.
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TABLE 2 Cross-tabulation of emotion selection distributions for young and old participants by emotion type.

Emotion type P value Group Number of selections and ratio (%)
Joy Sympathy Fear Surprise  Sadness = Disgust Anger
Joy <0.01 Young 181 (97.3) 4(22) 0(0.0) 1(0.5) 0(0.0) 0(0.0) 0(0.0)
old 61 (52.1) 18 (15.4) 9(7.7) 7 (6.0) 9(7.7) 7(6.0) 6(5.1)
Trust <0.01 Young 157 (84.4) 23(12.4) 0(0.0) 1(0.5) 4(2.2) 1(0.5) 0(0.0)
old 66 (56.4) 18 (15.4) 3(2.6) 11(9.4) 14 (12.0) 4(3.4) 1(0.9)
Fear <0.01 Young 0(0.0) 9 (4.8) 107 (57.5) 48 (25.8) 13 (7.0) 9(4.8) 0(0.0)
old 11 (94) 7(6.0) 24(20.5) 26 (22.2) 41 (35.0) 3(26) 5(4.3)
Surprise <0.01 Young 1(0.5) 7 (6.0) 48 (25.8) 113 (60.8) 15 (8.1) 2(L.1) 0(0.0)
old 9(7.7) 5(4.3) 20 (17.1) 38 (32.5) 20 (17.1) 10 (8.5) 15 (12.8)
Sadness <0.01 Young 2(L.1) 20 (10.8) 4(2.2) 0(0.0) 153 (82.37) 7(3.8) 0(0.0)
old 7(6.0) 10 (8.5) 14 (12.0) 5 (4.3) 68 (58.1) 11 (9.4) 2(17)
Disgust <0.01 Young 0(0.0) 5(27) 2(1.1) 0(0.0) 55 (29.6) 73 (39.2) 51(27.4)
old 1(0.9) 9(7.7) 14 (12.0) 7 (6.0) 32(27.4) 14 (12.0) 40 (34.2)
Anger <0.01 Young 0(0.0) 1(0.5) 0(0.0) 1(0.5) 1(0.5) 17 (9.1) 166 (89.2)
ol 6(5.1) 2(1.7) 4(3.4) 4(3.4) 11(9.3) 11(9.3) 80 (67.8)
Anticipation <0.01 Young 75 (40.3) 12 (6.5) 0(0.0) 23 (12.4) 11(5.9) 45(24.2) 20 (10.8)
old 43 (36.8) 14 (12.0) 7(6.0) 10 (8.5) 13 (11.1) 11 (9.4) 19 (16.2)

3.2 Main experiment (subjective feelings
when facing with an agent’s responses)

Figure 5 and Table 3 show the statistical results of the subjective
feelings as measured using the VAS. Two-way ANOVAs revealed
significant interactions between the agents response and emotion
source for both the young and old participants when the
participant’s emotional state was sadness or anger [young: F(427)
= 6.450, p < 0.001, 12 = 0.087; F(4272) = 25.549, p < 0.001, 12 =
0.273; old: F(y.416) = 7.269, p < 0.001, N2 = 0.065; F(4 416 = 15.893,
p < 0.001, n2 = 0.133]. When the participant’s emotional state was
joy, the ANOVAs revealed a significant interaction for the young
participants [F(475) = 3.751, p = 0.009, n2 = 0.052] and not for
the old participants [F(4416) = 2.518, p = 0.062, n2 = 0.024].

When the emotional state was joy (Figures 5A, B), the post-
hoc test results revealed that most differences among the agent’s
responses were significant (p < 0.01) for both age groups regardless
of the emotion source. That is, the better way to induce positive
feelings was for the agents emotional expression to convey in the
order of joy, sadness, and anger.

When the participant’s emotional state was sadness (Figures 5C,
D) and the emotion source was the self or other, the post-
hoc test results revealed that all differences among the agent’s
responses were significant (all p < 0.01) for both the young and
old participants. That is, the better way to induce positive feelings
was for the agent’s emotional expression to convey in the order of
sadness, anger, and joy. When the emotion source was the agent,
the results revealed that the subjective feelings when the agent’s
response conveyed sadness were significantly better than those
when it conveyed joy or anger for both age groups (both p < 0.01).
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The subjective feelings when the agent’s response conveyed anger
and the emotion source was the agent were significantly worse than
those when the emotion source was the self or other for both groups
(all p < 0.01). Thus, when the emotion source was the agent, the
expression that most induce positive feelings was for the agents
emotional expression to convey sadness rather than joy or anger.
When the participant’s emotional state was anger and the
emotion source was self for the young participants (Figure 5E), the
subjective feeling when the agent’s emotional expression conveyed
joy was significantly worse than when it conveyed sadness or
anger (both p < 0.01). When the emotion source was the agent
for the young participants, the subjective feeling when the agent’s
emotional expression conveyed sadness was significantly better
than when it conveyed joy or anger (both p < 0.01). When the
emotion source was other for the young participants, all differences
among the agent’s emotional expressions were significant (all
p < 0.01). That is, the better way to induce positive feelings
was for the agent’s emotional expression to convey in the order
of anger, sadness, and joy. When the emotion source was self
or the agent for the old participants (Figure 5F), all differences
among the agent’s emotional expressions were significant (all p
< 0.01). That is, the better way to induce positive feelings was
for the agent’s emotional expression to convey in the order of
sadness, anger, and joy. When the emotion source was other,
the subjective feeling when the agents emotional expression
conveyed joy was significantly worse than when it conveyed
sadness or anger. For both age groups, when the agent’s emotional
expression conveyed anger, all differences among the emotion
sources were significant (all p < 0.01). That is, the emotion sources
leading to the most positive feeling when the agent’s emotional
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FIGURE 5
Results for subjective feelings about agent's response. Charts (A, B) show results when emotional state was joy, (C, D) show results when emotional
state was sadness, and (E, F) show results when emotional state was anger for young and old participants, respectively. Emotion sources are shown
on horizontal axis. “Self” means that source was participant, “agent” means that source was computer-graphics-based agent, and “Other” means that
source was neither participant nor agent. Subjective feelings were measured by using VAS. Bars represent participants’ subjective feelings about
agent's response. Error bars represent standard error. **p < 0.01, *p < 0.05, NS, not significant.

expression conveyed anger were in the order of other, self, and
the agent.

4 Discussion

4.1 Preliminary experiment (emotion
perception)

The emotional expressions for joy, sadness, and anger that most
young and most old participants recognized as the same type were
identified respectively, and they were used in the main experiment.
The old participants exhibited a higher degree of variability
in their emotion perception and the emotional expression for
other emotion could not be extracted. Such emotion perception
characteristics indicate that the emotion perceptions conveyed in
expressions displayed by the non-human agent developed in this
study are affected by the person’s age, as shown in previous studies
(Beer et al., 2009, 2015; Pavic et al., 2021). This means that it
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is important to clarify the individual characteristics of emotion
perception to achieve affective communication between old users
and non-human agents.

Although the effect of aging on the emotion perception is not a
simple decline, an age-related decrement in identifying happiness,
sadness, anger, fear, and surprise in human facial expressions has
been demonstrated in previous studies (Isaacowitz et al., 2007;
Ruffman et al., 2008; Sze et al., 2012; Khawar and Buswell, 2014;
Goncalves et al., 2018; Hayes et al., 2020). The high degree of
variability in the emotion perception of the old participants when
observing the agent’s expressions conveying joy, anger, sadness,
fear, and surprise (Table 1) is consistent with the findings of
previous research based on the emotion perception in Ekman’s
facial expressions of emotion (Ekman et al., 1980). The high degree
of variability in the old participants’ emotion perception of these
emotion types was affected by age. A high degree of variability in
the perception of disgust was not consistently observed in previous
studies (Isaacowitz et al., 2007; Ruffman et al., 2008; Sze et al.,
2012; Khawar and Buswell, 2014; Goncalves et al.,, 2018; Hayes
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TABLE 3 Statistical results for subjective feelings about agent’s response with statistics and effect sizes.

User's emotional = Young/old Emotion Compared
state source pair
Joy Young Self Joy-sadness 4.371 20.753 139 <0.001
Joy-anger 6.395 20.253 139 <0.001
Sadness-anger 0.465 3.277 139 0.001
Agent Joy-sadness 4.752 22.562 139 <0.001
Joy-anger 5.647 24.039 139 <0.001
Sadness-anger 0.930 6.550 139 <0.001
Other Joy-sadness 4.243 20.353 139 <0.001
Joy-anger 4.653 20.019 139 <0.001
Sadness-anger 0.485 3.447 139 0.001
Old Self Joy-sadness 5.228 21.680 208 <0.001
Joy-anger 4.071 22.687 208 <0.001
Sadness-anger 0.100 1.012 208 NS
Agent Joy-sadness 4.278 23.443 208 <0.001
Joy-anger 4.677 25.701 208 <0.001
Sadness-anger 0.332 3.318 208 0.001
Other Joy-sadness 3.798 21.115 208 <0.001
Joy-anger 4.317 24.057 208 <0.001
Sadness-anger 0.465 4.716 208 <0.001
Sadness Young Self Joy-sadness —3.026 —13.171 139 <0.001
Joy-anger —2.223 —9.070 139 <0.001
Sadness-anger 1.224 6.724 139 <0.001
Agent Joy-sadness —2.388 —10.289 139 <0.001
Joy-anger —0.446 —2.423 139 0.033
Sadness-anger 1.708 9.292 139 <0.001
Other Joy-sadness —1.633 —8.865 139 <0.001
Joy-anger —2.601 —11.207 139 <0.001
Sadness-anger 0.869 4.728 139 <0.001
Old Self Joy-sadness —2.644 —10.468 208 <0.001
Joy-anger —0.824 —5.251 208 <0.001
Sadness-anger 1.054 6.581 208 <0.001
Agent Joy-sadness —2.748 —14.376 208 <0.001
Joy-anger —0.338 —2.125 208 NS
Sadness-anger 2.298 14.143 208 <0.001
Other Joy-sadness —2.121 —11.256 208 <0.001
Joy-anger —0.587 —3.738 208 <0.001
Sadness-anger 1.440 8.992 208 <0.001
Anger Young Self Joy-sadness —2.412 —11.575 139 <0.001
Joy-anger —2.896 —10.499 139 <0.001
Sadness-anger 0.263 1.571 139 NS
Agent Joy-sadness —2.312 —10.022 139 <0.001
Joy-anger —0.516 —2.462 139 <0.001
Sadness-anger 1.416 8.283 139 <0.001
(Continued)
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TABLE 3 (Continued)

Emotion Compared

source pair

Other Joy-sadness —2.420 —11.379 139 <0.001
Joy-anger —3.210 —15.323 139 <0.001
Sadness-anger —0.629 —3.679 139 0.001

Old Self Joy-sadness —2.774 —11.867 208 <0.001

Joy-anger —1.211 —6.607 208 <0.001
Sadness-anger 0.698 4.521 208 <0.001

Agent Joy-sadness —2.390 —13.514 208 <0.001
Joy-anger —0.709 —3.814 208 0.001
Sadness-anger 1.509 9.637 208 <0.001

Other Joy-sadness —1.774 —10.176 208 <0.001
Joy-anger —1.971 —10.752 208 <0.001
Sadness-anger —0.352 —2.277 208 NS

et al., 2020). Given that the agent’s expressions in this study did
not always match the target emotion, the identification of disgust
by old participants was unlikely to be worse than that of young
participants although the high variability in disgust perception
likely reflected differences in emotion perception characteristics

between the young and old participants. Since younger adults
. . . Emotion source Self Joy ‘ Sadness Sadness
may be used to interpreting emotions from a non-human agent,
generally speaking, it is possible that the expressions of the agent Agent ‘
in this study were especially easy for the young participants to Other ‘ Anger

understand and difficult for the old participants to understand. To
clarify the general age-related characteristics of emotion perception
and to widen the diversity of agent expressions, further experiments
and analysis using various exaggerated and/or non-human-like
expressions are needed.

Compared with the expressions of the agent with a robot
head that resembled those of a human face in a previous study,
the maximum numbers of successful matches for fear, sadness,
and anger to the agent’s expressions for the young participants
(fear: 80.6%, sadness: 100.0%, anger: 96.8%) were higher than the
identification accuracy of the agent that had a human-like face in
the previous study (fear: 41%, sadness: 94%, anger: 31%) (Beer
et al,, 2015). In addition, the maximum numbers of successful
matches for the agents expressions conveying fear or anger for
the old participants (fear: 25.6%, anger: 79.5%) were higher than
the identification accuracy for the expression of a human-face-
like agent’s expressions (fear: 22%, anger: 5%) (Beer et al., 2015).
Although there were several differences in experimental conditions
between the two studies, several of the non-human expressions
displayed by the agent were more easily recognized by both young
and old participants in our study.

The accuracy of emotion identification for human-face-like
expressions of agents was found in a previous study to be worse
than that for human facial expressions (Beer et al., 2015), and
it was suggested that humanity could be an important factor
in emotion identification. However, the expressions of the agent
in this study had less humanity, and several of the non-human
expressions displayed by the agent were more easily recognized. It is

Frontiersin Computer Science

TABLE 4 Agent emotional expressions for inducing most positive feeling
in participant depending on participant’'s emotional state and emotion
source.

Participant’s emotional state

Joy Sadness Anger ‘

therefore thought that the level of humanity in emotion expression
is not always important for successful emotion perception, meaning
that exaggeration has the potential to be an important factor in
developing understandable agent expressions for both young and
old users.

Although it was expected that sympathy could be found in the
expressions of a non-human agent, the maximum consistency for
sympathy was low. Therefore, not only is it difficult to recognize
sympathy in human facial expressions (Keltner and Buswell, 1996),
but also difficult to recognize it in agent expressions. Moreover,
the maximum consistency for fear, surprise, and disgust in the
agent expressions was low (<50.0%) for the old participants. In
previous studies, dynamic facial expressions were found to enhance
the emotional response of various emotion types in human-human
communications (Rymarczyk et al., 2016). The characteristics of
emotion perception differ between faces and voices (Ruffman
et al., 2008). Therefore, dynamic emotional expressions alone or in
combination with emotional voice expressions should be useful for
improving successful emotion perception.

4.2 Main experiment (subjective feelings
when facing with an agent’s responses)

Table 4 lists the agent emotional expressions that most induced
positive feelings depending on the participant’s emotional state and
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FIGURE 6

Model of agent emotional expression for inducing positive feeling
depending on participant’'s emotional state and emotion source,
derived from results of main experiment.

emotion source, considering the differences in emotion perception
between the young and old participants. Overall, the expressions
were common between the two age groups. If the participant’s
emotional state was joy or sadness, the response should be an
expression that conveyed that emotion, regardless of the emotion
source. If the participant’s emotional state was anger, the response
should be selected depended on the emotion source. If the
source was other, the expression should be one that reflected the
participant’s emotional state, i.e., anger. If the source was self or
agent, the expression should be sadness, not one that reflected the
participant’s emotional state. Thus, a response model of the agent
to induce positive feelings was constructed for both the young and
old participants, as shown in Figure 6. By using this model, an
agent’s emotional expression for inducing a positive feeling can
be selected among expressions of joy, sadness, and anger, when
user’s emotional state is joy, sadness, or anger, depending on the
emotion source.

Since the agent emotional expressions that represented the
maximum consistency (joy, sadness, and anger) for both age
groups were used in the experiment, most participants had the
expected emotion perception of the agent’s expressions. Overall, the
expressions that most induced positive feelings in the participants
were the same for both age groups. Although the subjective feelings
under certain conditions did not represent a fully positive value
when the emotion type was sadness or anger (e.g., when the
participant’s emotional state was anger and the emotion source
was the agent for the young participants), it should be considered
that the statements on the paper instrument negatively affected
the participants’ subjective feelings. In other words, we can assume
that the subjective feelings when the participants read the sadness
or anger statements were negative and that they were positively
improved by the expression of the agent.

The expressions of the agent that most induce positive feelings
depended on the emotion source, and reflection of the participant’s
simulated emotional state was not always the way to induce most
positive feelings in the participant. When the emotion source was
self and the agent’s response conveyed anger, the participants likely
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felt that they were being scolded by the agent. Therefore, it is
reasonable that the agent expression that most induced positive
feelings was sadness when the participant’s emotional state was
anger, and the emotion source was self or agent. In other words,
the agent should show sadness to show understanding that the
participant was angry and to show sadness because anger is a
negative emotion in this case. This differs from the typical human-
like response in which people tend to mimic emotional expressions
even if they are anger expressions (Lundqvist, 1995), which suggests
that mimicry of emotional expressions is not always the way to
induce most positive feelings. In fact, emotional mimicry is not
a merely automatic response in humans, and it is modulated by
several factors including emotion and social affiliative intention
(Seibt et al., 2015; Hess, 2020). Although many studies observed
anger mimicry, it was not consistently found (Seibt et al.,, 2015).
This is because it has been argued that emotional mimicry occurs
when a person has the social affiliative intention, and the mimicry of
anger expression is often conflicted with this intention (Seibt et al.,
2015; Hess, 2020). When applied to this study, on one hand, the
agent expression should have been sadness when the participant’s
emotional state was anger, and the emotion source was self or the
agent, because the mimicry of anger expression conflicted with the
social affiliative intention. On the other hand, the agent expression
should have been anger when the emotion source was other,
because the mimicry of anger is felt as a group emotion toward a
common opponent (van der Schalk et al., 2011) and matched the
social affiliation intention. Agents have an advantage in that they do
not have any natural tendency, which should be useful to take into
account the emotion source when choosing the agents response
along with the social affiliative intention. The emotion source can
be detectable in the user’s statements in a conversation between
users and agents as well as in the statements in our experiment. This
indicates that the combination of our agent-response model with
a voice-recognition function should be useful in achieving more
affective communication and in creating empathy between users
and non-human agents.

It should be noted as a limitation to the main experiment
that only three emotion types were used, and only the emotion
expressions that represented the maximum consistency were used.
To construct a better agent-response model for inducing positive
feelings, it would be useful to clarify the personal characteristics of
emotion perception and evaluate subjective feelings by using agents
with various appearances and expressions for a wide range of users.
It should be also noted that age group was not included as a factor of
ANOVA because agent expressions used in the experiment were not
exactly same between young and old participants. To include the
age group as a factor, it would be necessary to make various agent’s
expressions and explore common expressions to be precepted
same emotion between young and old participants. Further, the
paper instrument was originally made in this study. Although the
emotional episodes were made based on the representative features
of associations between emotions and their appraisal profiles and
they were reviewed by social psychologists, it should be desirable be
verified the validity of the emotional episodes empirically. In detail,
it should be verified that the emotional state was induced by reading
the emotional episodes and it was considerably responsibility of
emotion source as expected. In addition, it should be validated that
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the scenarios were similarly meaningful and appropriate for young
and old participants. Moreover, since we used a paper instrument
and both the emotional episodes and the agent’s expression were
presented by using a paper instrument, it is difficult to rule out
the possibility that some participants checked the agent’s reaction
first. In this study, we made and used a paper instrument because
of two reasons. One was that reading speed of emotional episodes
should be widely varied especially among old participants and it
was necessary to provide instruments which enabled participants
read the emotional episodes by their own pace. The other was that
the use of PC or smartphones should be an additional cognitive
work load for old participants, which affect the subjective feelings.
Although agency has been conventionally studied by using various
materials including static pictures (Bock, 1986; Ruby and Decety,
2001), as a future work, it should be useful to apply such ICT
tools with fully practice for old participants to get used to using
the ICT tools. Finally, we focused on only subjective feelings to
evaluate feelings independently of indicators of specific emotions.
Based on only the subjective ratings, it should be quite difficult
to understand factors and mechanisms in related to the induced
subjective feelings. For example, social desirability as well as
participants’ social beliefs about appropriateness would affect the
results of subjective feelings. Therefore, objective measures should
be useful to understand such factors and mechanism as a future
work. In the viewpoint of emotional mimicry, measurement of
EMG (Electromyography) would be important, as for mimicry to
appear one interactive partner first needs to show a facial expression
which is then mimicked by the other interactive partner (Kroczek
and Mihlberger, 2022). For example, EMG measurements of the
M. corrugator supercilia and the M. zygomaticus major should be
useful to understand the emotion of the initial participants’ facial
expression. In addition, since it is reported that EMG responses
did not track subjective intensity of negative feelings (Golland
etal,, 2018), measurements of brain activity and autonomic nervous
activity would be also useful (Ruby and Decety, 2001; Numata
et al., 2019, 2020). For example, a measurement of activities of
anterior cingulate cortex would contribute to understand whether
the actual experience of emotional expression of the agent was
induced (Numata et al, 2020). Thus, it would be useful to
understand factors and mechanisms underlying the subjective
feelings in the experiment by combining subjective ratings and
objective measures.

4.3 General discussion

The results of both experiments indicate that a common agent-
response model could induce positive feelings in users, regardless
of age, when the agent’s emotional expressions are appropriately
recognized. Although we did not evaluate subjective feelings by
using the same expressions for both age groups, some of the
expressions represented large differences in emotion perception
between the groups. Therefore, the expressions to be used by an
agent should be chosen with consideration of the differences in
emotion perception between young and old users. Thus, extracting
the age characteristics of emotion perception should be important
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over the age characteristics of the agent response model for more
seamless communication with non-human agents.

Although the agents expressions were developed from
exaggerated human expressions, the way to induce most positive
feelings was not always to mimic the emotional expressions, which
is a typical tendency of human emotional responses. This means
that development of an agent-response model that is based on
simple emotional mimicry may not be the best way to induce
positive feelings. For natural and affective agents, it might be
useful to combine an emotional-mimicry model with a response
model to induce positive feelings. An alternative is to carefully
choose a response model from between them, depending on the
characteristics of the user and agent, such as the user’s personality
and agent’s appearance (similarity to a human face), situation, and
purpose of the communication. Taking these factors into account
should lead to more affective communication between people and
non-human agents.

There were several limitations in this study. One is that
the participants’ characteristics were limited in terms of age
and nationality. Participants in this study were only young
and old people (e.g., middle-aged people were not considered).
The participants were also all Japanese, whereas it is known
that emotion perception and emotion context have cultural
differences (Masuda et al., 2008). Therefore, investigation of
emotion perception and subjective feelings with wide range of age
groups and various cultural groups is left for future work. Another
limitation is that we used were limited to static images on paper.
Although static images could be displayed on both paper and
a screen, their impression on users cannot be always common.
Therefore, it would be useful to understand the differences in
the effects on subjective feelings depending on the presentation
methods. In previous studies, dynamic facial expressions were
found to enhance the emotional response of various emotion
types in human-human communications (Rymarczyk et al., 2016).
Although using dynamic expressions is complex (e.g., exploration
of appropriate present timing is needed to use dynamic expressions
as reactions in an emotion episode), extracting differences in
subjective feelings between static and dynamic expressions should
be useful for improving emotion perception and subjective positive
feelings in human-agent interaction. These further investigations
with preregistration studies would be desirable to understand the
subjective feelings induced in this study and apply the agents
response model to induce positive feelings in real cases of human-
agent communication.

5 Conclusion

We investigated subjective feelings induced when facing with a
non-human computer-graphics-based agent’s emotional responses
by taking into account the user’s emotion type and emotion source
and considering differences in emotion perception between young
and old adults. Twenty-four exaggerated emotional expressions
were developed for the non-human agent to emphasize age
differences in emotion perception and used in the experiments.
Despite the differences in emotion perception characteristics
between the young and old participants, the expressions that most
induced positive feelings were common between both groups.
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When the participant’s emotional state was joy or sadness, the
response that most induced positive feelings was an expression
that conveyed that emotion, regardless of the emotion source.
When the participant’s emotional state was anger, the response that
most induced positive feelings depended on the emotion source;
if the source was other, the expression was one that reflected the
participant’s emotional state. If the source was self or agent, the
expression that most induced positive feelings was sadness, not
one that reflected the participant’s emotional state. These findings
suggest that a common agent-response model can be developed for
both young and old people by combining an emotional mimicry
model with a response model to induce positive feelings in users
and promote natural and affective communication by taking into
account age characteristics of emotion perception.
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