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ABSTRACT

With the rapid development of service robots in the senior care industry, academics
have paid more attention to the study of the expression and perception of affinity
for companion robots in order to reduce user barriers and mistrust. We designed an
aging-in-place service robot, CareBot, and proposed six design guidelines for affinity
expressions of child-like characteristics. These affinity expressions were evaluated by
simulating the interaction experiment of aging in place. The results showed that parti-
cipants identified three of the affinity expressions (enthusiastic, indifferent and safety)
significantly more correctly than the other three (pleasant, friendly and approachable).
We further found that the appearance of robots with child-like interaction characteri-
stics such as big-eyed expressions, cute movements, and children’s voices are more
approachable to the elderly and are easily appreciated by them.
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INTRODUCTION

The continued aging of the population will pose a great challenge to heal-
thcare resources, service facilities, and elderly care providers. With the
application and promotion of artificial intelligence technology, intelligent
elderly robots are largely helping family members, medical staff and commu-
nity personnel to care for the elderly population in order to reduce the burden
on medical resources and service providers (Salichs et al., 2021). In the deve-
lopment of service robots, the emotional expression of robots has attracted
extensive research (Takahashi et al., 2021; Hong et al., 2021; Chebotareva
et al., 2019), and how to establish a good emotional connection with users
through the emotional expression of robots and improve the acceptance of
robots has become the key to the development of elderly service robots.

“Affinity” is a concept that originated in the field of chemistry and refers
to the correlation between two atoms, and is later often used to describe
human relationships. Affinity also has some initial applications in the field of
affective design of robots, for example, (Lee et al., 2017) adding the concept
of aesthetic experience to human-robot interaction to create social affinity of
robots. The aim of companion robot design is to create products that are close
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rather than distant to humans, and robot affinity is expressed by using emo-
tional design to create an intimate connection between humans and robots
(Sejima et al., 2021; Thellman et al., 2021; Andreasson et al., 2018), which
can significantly affect the efficiency and quality of the human-robot inte-
raction experience. The “intergenerational kinship” of the Chinese elderly is
a special kind of affinity, which represents a close relationship between the
elderly and their grandchildren. And a strong sense of attachment between
older adults and children, which influences their judgments and preferences
for similar behavioral characteristics and makes it easier to establish close
bonds (Wang et al., 2019). The care of children by grandparents in modern
society can ease the burden of housework on the children’s mothers. This
allows them to go out and seek work opportunities to increase the family’s
financial income (Chen et al., 2011). At the same time, care geared toward
grandchildren can have a healing effect on the elderly. Research has shown
that intergenerational caregiving leads to a greater sense of self-worth, fulfill-
ment, life satisfaction, and respect from their grandchildren (Choi and Zhang,
2021). In addition, Chinese seniors usually consider a good diet as an indi-
cation of a high quality of life, so they often raise children with a rounded
body shape (Liu et al., 2022), which is consistent with the preference of older
users for a rounded robot appearance.

In this paper, we designed an abstract anthropomorphic companion robot
CareBot, which does not have body parts such as head, hands and feet exa-
ctly like a human in appearance and form. However, it can mimic human
actions through voice, expression and other demeanor to increase the social
attributes of the robot. At the same time, we proposed six affinities with
different degrees of child-like characteristics and evaluated them experimen-
tally to measure older adults’ perceptions of robot affinities. In addition, we
also conducted research on the elderly’s preference for children’s demeanor,
movement, language and tactile perception, and applied them to the mor-
phological design of the elderly companion robot, so as to bring the user a
friendly, comfortable and pleasant experience when using the robot.

Experiment

Affinity Expression Design
CareBot is an abstract anthropomorphic design robot that was intentionally
designed to not look exactly like a human because the “Valley of Terror”
theory tells us that robots that look too much like humans can cause psych-
ological discomfort to older people (Appel et al., 2020; Kim et al., 2022).
However, it is somehow similar to human beings, where “similar” refers to
abstract anthropomorphism.

Based on a meta-analysis of previous studies, this study designed six
expressions of affinity (safe, friendly, pleasant, approachable, warm, and
indifferent) states for the robot in terms of visual, auditory, and tactile senses
(Johansson et al., 2020). We can conclude from the literature on children’s
emotions and behaviors that children who are attached to their caregivers,
in a happy state, like to open their eyes and gaze at other people’s faces
(Broz et al., 2019). The smaller size andweight of robots that mimic children’s
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images and the slower nature of their speech will reduce the psychological
stress of those who come into contact with them, thus gaining a sense of
security (Nakata et al., 2022). Children often make comical, exaggerated
gestures and expressions as a way of expressing their closeness and enthusi-
asm for the contact (Taylor and Pacini-Ketchabaw, 2017). Apathetic, autistic
children have relative difficulty recognizing and expressing emotional states
and often do not look others directly in the eye, as well as lack communi-
cation with others (Demetriou and Fanti, 2022). In addition, children who
show a happy face are approachable, and happiness with the corners of their
mouths turned up creates a sense of trust and security, while an angry and
expressionless face is cold and untrustworthy (Siddique et al., 2022). After
analysis, we set the characteristics of the robot in different modalities: visual
modality includes lighting, expression, action and movement speed, auditory
modality is the change of sound tone, and tactile modality is the touch of
different materials on the body (Frederiksen and Stoy, 2019). After analyzing
previous studies, we also invited three PhDs who are well versed in robo-
tics and user experience research to review the robot morphological features.
Mark Yes for features with child-like characteristics and No for those that
do not. In the end, the robot morphological features with agreed child-like
characteristics were selected (as shown in Table 1).

Based on the results of the review and the robot’s own conditions, we assi-
gned different degrees of child-like characteristic morphology to the robot’s
affinity expression (as shown in Table 2).

Research Questions and Hypotheses
-RQ1 How do participants evaluate the robot’s expression of affinity?

We hypothesized that having a robot with child-like characteristics would
positively influence participants’ evaluation of the robot’s expression of
affinity.

-RQ2 Which child-like characteristics would give the robot better affi-
nity? We hypothesized that robots that mimic child-like characteristics
through visual and auditory modalities would be more likely to establish an
affectionate emotional connection with participants.

Method
In this section, participants watched and evaluated the robot’s expression
of six affinities. When the robot has completed all the behaviors, actions and
emotions, participants selected the affinity category they thought the CareBot
showed in the interaction experiments (as shown in Figure 1).

Questionnaire
Questionnaire were used to collect information from participants:

(1) Do you live with children? (2) How many children are there in the
household? (3) How much time do you usually spend with children? (4)
What characteristics do you like most in children? (5) How much do you
like children with big eyes? (6) What is your preference for children’s body
type?
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Table 1. Expert review of which features have the properties of the class child, with
those with marked as Yes and those without marked as No.

Participants
Our participants (32 in total, including 18males and 14 females, the youngest
age was 63 and the oldest age was 83) were unpaid volunteers recruited from
the Senior Activity Center of Huazhong University of Science and Technology
(as shown in Figure 2), with the largest number from central China, followed
by southwest and north China. All participants had no significant hearing or
vision loss and were in good physical condition.
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Table 2. Affinity expression design principles for the CareBot robot.

Affinity Children’s emotionally
expressive behavior

Robot emotional
expression behavior

State of the robot

Safe Eyes fully open, the
mouth opens naturally

Open both eyes, open
mouth, the body twists
from side to side, children’s
voices

Friendly Eyes fully open,
upturned lips, body
moves forward

Eyes fully open, upturned
lips, no body rotation,
children’s voices, medium
speed forward approach

Pleasant Curved eyes, upturned
lips, the body twists
from side to side

Eyes half open, upturned
lips, the body twists from
side to side, children’s
voices, medium speed
forward approach

Approachable Eyes slightly open,
mouth closed, hands
down naturally

Eyes slightly open, mouth
closed, slight body twist,
children’s voices, slow
moving

Enthusastic Open eyes and smile
happily, rapid body
twists and dances, hands
to be embraced

One eye is wide open, the
other blinks, mouth open
to smile, the body twists
from side to side, and fast
approaching, children’s
voices

Indifferent Head down, eyes not
open, mouth closed,
body twisted and
backed up

Slow rotation of the body
from side to side, backing
away

Figure 1: CareBot robot in a simulated home care service.



Design and Evaluation of Affinity Expressions for Child-Like Characteristics Robots 493

Figure 2: Participant age and gender distribution.

RESULTS

RQ1: How do participants evaluate the CareBot’s expressions of affinity?
The results of the participants’ evaluation of the CareBot affinity expressi-

ons showed that the rate of correct answer selection was significantly higher
than other random choices (as shown in Figure 3, all p < 0.0001, using bino-
mial test). Among all the expressions, “safe”, “indifferent”and “enthusiastic”
had the highest recognition rate, especially “enthusiastic” and “indifferent”.
But “friendly”was mostly confused with “pleasant” and “approachable” (as
shown in Table 3). This might be due to the robot’s affinity for expressing
design principles and the limitations in CareBot’s movements.

Figure 3: Results of participants’ evaluation of six affinity expressions, all selected
correct expressions were above chance level (p < 0.0001, using binomial test).
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Table 3. Confusion matrix of evaluation results for robot affinity expressions.

Choice (%) Safe Indifferent Friendly Pleasant Enthusiastic Approachable

safe 56.3 6.3 3.1 15.6 0 18.8
indifferent 0 84.4 0 0 0 12.5
friendly 15.6 0 25 40.67 0 34.4
pleasant 9.4 0 313 34.4 6.3 6.3
enthusiastic 0 0 3.1 0 90.6 0
approachable 18.8 9.4 31.3 9.4 3.1 28.1

Table 4. Participants’ interpretations and comments on the evaluation of emotional
expression.

Affinity Comments from participants Key Information

Safe “It is a bit shy and coy, I don’t know which one to choose.”
“It seems to be frightened and needs to be protected and
given a sense of security.”
“It looks surprised.”

“Surprised”
“Safe”
“Shy and copy”

Friendly “I think it was friendlier, and the cap on its head rose
halfway up, like it was saying hello to me.”
“The children’s voices give a very friendly feeling”
“I think it is pleasant, the corners of its mouth open in a
smile toward me.”
“I’m not quite sure exactly what kind of emotion it was, it
was supposed to be pleasurable.”
“Its eyes are open very round, similar to other emotional
behavior, like pleasure.”
“There was a smile at the corner of his mouth, alittle bit of
happiness, and I picked the pleasant ones.”

“The concerns of the
mouth open”
“Children’s Voice”
“Round eyes”
“Friendliness”
“pleasure”

Pleasant “Its eyes are not all open, it feels like it’s being naughty
and should be more pleasant on its own.”
“It wiggled its body at me and had a little smile that I
thought belonged to a friendly one.”
“I can’t tell the difference, it seems like it looks friendlier.”
“It didn’t fully open its eyes and wasn’t particularly
happy.”
“I feel like it’s friendly.”
“It was wiggling itself, and I think it was pleasurable or
happy.”

“Pleasure”
“Friendliness”
“Eyes not fully open”
“Not so happy”
“Swinging/twisting
body”
“Happy”

Approachable “I couldn’t tell which emotional behavior it fell into, as if it
was cold or calm.”
“It should have been friendly because it was seen with its
eyes all slightly open and moving over to me relatively
quickly.”
“I think it’s friendly.”
“The eyes are not very bright, the expression is rather dull,
and I would like to choose indifference.”

“Friendly/approachable”
“Indifference”
“Dull eyes”
“Fast movement”
“The expression is a bit
dull”

Enthusastic “I think it just is enthusiastic and it moves a lot.”
“Its movements are a little exaggerated, and it feels like it’s
excited.”
“When I heard its voice, I felt like it was like a small child,
quickly coming over to ask me to hug it.”
“The eyes are discharging and very naughty, I’ll go with
enthusiastic.”

“Enthusiasm”
“Large range of motion”
“Exaggerated
movements”
“Like a child”
“Fast movement”
“Eye Discharge”

Indifferent “Its eyes and mouth were not open and it looked
unhinged.”
“I thought it was cold and it didn’t look like it wanted to
communicate with me.”
“I felt like it was in shock and kept backing up.”

“No spirit”
“Indifference”
“Backward movement”
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RQ2: Which child-like characteristics will make robots have better
affinity?

In order to investigate which child-like characteristics make the robot
have better affinity, we compared the participants’ interpretations and com-
ments(as shown in Table 4) of the evaluation with the results of a survey of
participants’ preferences for child-like characteristics. The results of statisti-
cal analysis of the data showed that the main characteristics of the robot’s
child-like are reflected in the similar movements, sounds and expressions of
children (as shown in Figure 4).

Figure 4: The most child-like characteristics in terms of robot movements, sounds and
expressions (at least half of the total).

CONCLUSION

The purpose of this study is to investigate how child-like characteristics affect
the evaluation results of robot affinity and to examine users’ morphologi-
cal preferences for robot affinity. As emotional methods of communication
and building become increasingly important in improving the acceptance of
intelligent products, we propose six design principles for the expression of
affinity with child-like characteristics, and the results show that child-like
characteristics of robots facilitate the evaluation of affinity. Unlike traditi-
onal anthropomorphic robots, these findings can improve user acceptance
of robots. Furthermore, although many affinity expressions could be cor-
rectly identified, especially positive and negative affinities, the limitations
of the CareBot’s functionality and the participants’ age, experience with
children, and familiarity with electronics resulted in poor recognition of
neutral affinities. The results also showed that the design features of wide-
eyed expressions, cute movements, and children’s voice interactions are easily
preferred by older adults.

Our proposed design principles can be used as a reference paradigm for
affinity expression of companion robots, which enriches the design theory
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of emotional expression of anthropomorphic robots. This approach of affi-
nity expression not only solves the psychological discomfort of the elderly in
using the robot, but also improves the efficiency and experience of the users.
The paradigm can be promoted more and expanded in the field of AI pro-
ducts (robots, smart home devices, smart wearable devices, etc.). Of course,
the limitations of our experimental study also provide good suggestions for
improvements in the iteration of the CareBot and clear directions for future
research. All in all, we hope that our research will provide an important
step in the enhancement of smart devices in the senior care industry, so that
companion robots can truly become intelligent assistants in the lives of users.
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