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Acceptance of a minimal design of a human infant for facilitating
affective interaction with older adults: A case study toward interactive
doll therapy*

Hidenobu Sumioka' and Masahiro Shiomi' and Nobuo Yamato? and Hiroshi Ishiguro®

Abstract— We introduce a minimal design approach to
achieve a robot for interactive doll therapy. Our approach aims
for positive interactions with older adults with dementia by just
expressing the most basic elements of human-like features and
relying on the user’s imagination to supplement the missing
information. Based on this approach, we developed HIRO, a
baby-sized robot with abstract body representation and without
face. The recorded voice of a real human infant emitted by
robots enhance human-like features of the robot and then
facilitate emotional interaction between older people and the
robot. A field study showed that HIRO was accepted by older
adults with dementia and facilitated positive interaction by
stimulating their imagination.

I. INTRODUCTION

Dementia is a major cause of dependency and disability
in older adults and significantly impacts them as well as
their families, caregivers, and society. 40-50% of those with
dementia suffer from cognitive, psychological, and behav-
ioral problems (BPSD), including hallucinations, depression,
and agitation. Such problems force caregivers to pay more
attention to such people, which increases their burden and
the cost of care. Therefore, BPSD reduction is a major
social challenge [1]. Although pharmacological interventions
are often used for this purpose, non-pharmacological in-
terventions are recommended first to avoid potential side
effects [2]. Many attempts related to non-pharmacological
interventions have been addressed.

Doll therapy, which usually provides a human baby doll
to seniors with dementia, is one of non-pharmacological
intervention. Studies reports that some seniors with dementia
show such care actions for the dolls as holding, talking,
feeding, cuddling, or dressing and then they increase levels
of engagement with others and reduce BPSD as a result [3].
Although typical doll therapy uses a baby doll without any
interactive functions, robotic technology can enhance the
interaction with older people. For example, Babyloid [4],
which is a baby robot modeled on a beluga whale baby,
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Fig. 1.
HIRO

A minimal design of a human infant for interactive doll therapy,

is an application for an interactive doll therapy because it
can show such reactions as six kinds of emotional facial
expressions as well as play a recorded voice of a one-year-
old child and move its neck, mouth, and eyes in response to
the actions of seniors.

Since typical doll therapy provides no response from the
doll, its appearance is the only factor that can be modulated
to enhance senior’s feeling of human presence. Therefore,
they seem to prefer a doll with a more human-like appear-
ance [5]. However, for a baby robot, since it is possible to
interact with older adults in a multimodal way, both the
interaction and the multimodal information are obviously
important and must be designed carefully. One technically-
challenging approach is to make every feature as realistic
as possible so that the robot actually resembles a human
baby. However, such an approach might cause an adaptation
gap, which indicates that the differences between the actual
functions of artificial agents and those expected by users
before their interaction with them affect the users’ final
impressions of the agents [6]. Another potential problem
is the uncanny valley effect, which describes the eeriness
and discomfort when we encounter realistic virtual/artificial
humans [7]. This approach also increases both the expense
and fragility of the robots, adding to the burden of care costs
and fueling care staff resistance.

Another approach explores simpler designs to eliminate
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such negative effects described above. This approach also
helps to make the user understand the cognitive and socio-
emotional information from a robot easily because it elim-
inates unnecessary elements and clarifies the information
to be conveyed. In particular, older adults have problems
integrating information from multiple modalities due to cog-
nitive and socio-emotional decline and mental illness [8].
This implies that conveying the information in less modal-
ities makes older adults understand the information easily.
Furthermore, it also helps us build a robot which is cost
effective and less fragile. Therefore, the investigation of the
minimal requirements of an interactive robot for doll therapy
is important to realize doll therapy in effective ways.

In this study, we apply the minimal human design ap-
proach to an interactive baby robot to create a positive
interaction for users by expressing only the minimum el-
ements of human-like features and relying on the user’s
imagination to supplement the missing information. We
developed a teleoperated android named Telenoid as a test
bed to investigate its effectiveness with older people with
dementia [9], [10] ( [11] for a review). Although Telenoid
lacks emotional expression functions of its face, older people
were able to imagine its smile from the information contained
in the voice of the human operator. We expect that the
design that facilitates user’s imagination to a robot like
Telenoid enhances positive attitude toward the robot. Based
on a minimal human design approach, we developed HIRO'.
Although its shape and size resemble a human baby, we
eliminated such facial expressions as gazes and emotional
expression as well as such detailed body parts as hands.
Instead of a simple appearance, we used the recorded voice
of an actual human infant with multiple emotional states
to facilitate emotional interaction. HIRO vocalizes based on
its emotional states, which respond to older adults person’s
actions as well as its own internal mechanism.

It remains unclear whether this new baby robot will
actually be accepted by older people with dementia and how
they will interact with it since it has untypical appearance.
The aim of this paper is to investigate these points before
performing interactive doll therapy, hypothesizing that the
baby robot which is designed based on the minimal human
design approach induce longer interaction with older adults
than typical baby robot. We introduce HIRO and a typical
baby robot into an elderly nursing home to investigate their
influences on older people through experiments in their living
environments. We evaluate whether older adults with de-
mentia show positive interaction with HIRO or typical baby
robot at least five minutes. We also observe the interaction
between older people and the robots and figure out common
and unique responses of older adults to the robots.

II. RELATED WORK

Robot therapy has been proposed with several types of
social robots to provide mental support for older adults.

I'HIRO-chan is a commercial version manufactured by Vstone Co., Ltd.
https://vstone.co.jp/products/hiro/index.html
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Some works suggest that effective interaction with a robot,
such as touching and caring for older adults, may affect well-
being by reducing anxiety, for example [12], [13].

A seal-shaped companion robot, “PARO”, is one of the
most famous robots for robotic therapy. Many studies have
shown that it provides not only psychological and physi-
ological effects in older adults but also helps them expand
their social networks [14]. These effects have been confirmed
in Japan and other countries [15]. On the other hand, a
study with doll therapy reports that many older people with
dementia preferred dolls to stuffed bears in doll therapy [16].
Therefore, an interactive baby robot may be more suitable
for dementia sufferers to whom doll therapy is effective.

Babyloid [4], modeled on the beluga whale, is a baby
robot that shows potential for interactive doll therapy. It can
perform facial expressions with six types of emotions and
such multimodal reactions as a recorded voice of a one-year-
old and body movements. In a two-week experiment with
five healthy, older adults, interaction with Babyloid averaged
about seven minutes, and their scores on the Geriatric De-
pression Scale (GDS), which measures depression, improved
after the experiment. However, no studies have been reported
that actually involve older adults with dementia. In addition,
although various features were implemented, no functional
requirements were explored.

We developed a teleoperated android named Telenoid
based on a minimal human design approach to support
communication with older adults. Telenoid only has mini-
mal functions for communication and a simple movement
mechanism for its arms, neck, and mouth. It has no function
for emotional expression though it has eye, nose, and mouth.
Its appearance is neutral in terms of gender and age. How-
ever, the human operator’s voice information conveyed from
Telenoid allows users to project personal traits and emotional
states onto Telenoid. In fact, some older adults claimed that
Telenoid smiled during their interactions although such a
function is not implemented [11]. Another study described
how older people with dementia often made physical con-
tact with Telenoids [10]. Such touch interactions probably
increase the intimacy between older adults and robots and
strengthen their social bonds [17].

On the other hand, it requires a human operator since Te-
lenoid is a teleoperated robot. However, for older adults with
moderate to severe dementia, verbal communication is often
difficult, and simpler communication should be sufficient.
In addition, previous studies have shown that many such
older people treat Telenoid like a toddler even when adult
care staffs teleoperated it [9], implying that a more child-
specific design that elicits their imagination through simple
communication may be sufficient. Therefore, we designed an
interactive baby robot based on a minimal design approach.

III. MINIMAL DESIGN OF HUMAN INFANT

Figure 1 shows a prototype of the minimal design of a
human infant, HIRO (W210 x D165 x H 300 mm and 610 g).
Its ABS control module, which is covered with a polyester
fabric, includes a computer, a 3-axis accelerometer, and a
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Fig. 2. A typical baby robot in Face group

speaker. The module can be removed from its back. HIRO
is also equipped with a microphone and a touch sensor, but
we did not use them in this study.

Its appearance resembles a human baby. The distinction
among its head, torso, and limbs is recognizable but its face
is excluded. Previous studies confirmed that a distinction
between head and torso is the minimum requirement for
enhancing a feeling of a human presence and that the
expression of limbs does not significantly enhance human
impressions [18]. Although we could have removed the
limbs, we left them so that older people can intuitively
understand the robot’s orientation and its attitude to the in-
teraction. The emotional mismatch between faces and voices
complicates the perception of emotion [19], suggesting
that if facial expressions are designed poorly, they may
interfere with the transmission of emotions and negatively
impact the human-robot interaction. In addition, since older
adults imagine facial expressions through communication
with Telenoid [11], we excluded facial expression to facilitate
positive interactions.

Instead of visual information, we enhance humanlikeness
in auditory information. We recorded the voice of a human
infant about one year old and cut out 91 voice patterns and
categorized them into the following emotions: positive: 20;
weakly positive: 25; weakly negative: 17; and negative: 29.
Positive and negative categories include voice patterns which
we was able to recognize as positive and negative clearly. The
voice patterns which we relatively recognize as positive and
negative were categorized into weakly positive and weakly
negative. Weakly positive also included three sounds of baby
babbling, which means such meaningless articulated sounds
that a human baby utters as “ma ma ma”, and the rest of the
sounds were different patterns of laughing and crying.

The design of the interaction between older adults and
the robot is a critical aspect. The following is the robot’s
speech generation process. The current internal state (se (7))
is calculated with previous state s,(f — 1), the output value of
the internal generator s,(¢), and the value that represent the
effect of the interaction with older adults s;(z), reflected as

978-1-7281-6075-7/20/$31.00 ©2020 |IEEE

sensor information. Based on the sum of these three values,
se(t) is selected between negative (1) and positive (4), and
a current voice is randomly selected from the selected emo-
tional category. For example, if s.(¢) = 4, one of the voices
classified as positive is randomly selected. In this study, the
internal generator generated +1,0,—1 with a probability of
50,20,30%. The interaction effect s;(¢) was changed based
on the L2 norm of three values of the accelerometer so that
it reacts when the robot is lifted up or down. If the L2 norm
is larger than a certain threshold, we set s;(#) = 1 otherwise
si(t) = 0. This implies that the robot’s emotional state is
more often positive if there is more interaction from the
participant and less often positive if there is less interaction
from the participant. If s.(f) is higher(lower) than 4(1),
we set s.(t) =4 (s.(t) = 1). This processing interval was
randomly changed within 2 to 5 seconds. In this study, we
set the initial state to s.(0) = 1, which means HIRO has a
negative emotional state at beginning of the interaction.

IV. EXPERIMENT

HIRO is an interactive doll robot that uses minimal visual
information and human-like emotions transmitted by voice
to induce positive interaction with older adults. Since this
is the first attempt to introduce a faceless robot into elderly
care, we addressed the following research questions (RQ)
before applying HIRO to practical doll therapy: RQ1) Will
it actually be accepted by seniors? RQ2) If it is accepted,
will it be more easily accepted than a doll with a typical
baby robot, which has more body representations and facial
expressions? RQ3) Does it elicit different interaction patterns
from a typical baby robot?

A. Farticipants

Our experiment was carried out in an elderly nursing home
in Hyogo Prefecture with 21 senior (18 women) participants.
Their average age was 86.6 years (SD:5.4), and their average
level of required care (Care Level), which is used in Japan
to evaluate how much the person require care service 2,
was 3.38 (2-5). Older adults were selected by the nursing
home’s staffs to join the experiment. All the participants and
their families received information and signed an informed
consent form approved by the ATR Ethics Committee with
their doctor’s permission.

B. Procedure

Participants were randomly assigned into two groups:
participants in one group (11 participants (2 males)) were
given a HIRO (No-face group), and the other group (10
participants (1 male)) were given a robot with a more human-
like appearance (a typical robot hereafter), shown in Fig. 2
(Face group). This robot has a smiling face, ears, and fingers.
It also has a small camera inside its head, which was not used
in this study. Both robots wore identical clothing (Fig. 2).
All participants have more than one son or daughter and had
experience raising their child except for one participant for

’https://www.mhlw.go. jp/english/topics/elderly/
care/index.html
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each group. The demographic information of the participants
in each group is shown in Table I.

We investigated whether the participants would continue
to care for their baby robot for five minutes when they were
given it by a staff member. This interval was suggested by the
care staff as a minimum interval that can reduce their burden.
The experiment was carried out in the participants’ private
rooms. Participants who had no problem walking were asked
to sit in the chairs in their room. People in wheelchairs
were asked to remain in them. In addition, one bedridden
participant in each group joined.

The procedure is as follows. The staff and experimenter
entered the participant’s room and introduced the robot they
were holding and asked the participant to hold and soothe it
(pre-interaction phase). This phase helped the participants
understand the robot’s function. The experimenter began
video recording and left the room.

Following a call from the experimenter after about one
minute, the staff member asked the participant to continue to
care for the robot and left the room, leaving the participant
and the robot alone (interaction phase). In this phase, we
asked the staff member to stay in the room for a half of par-
ticipants in each group to exclude the possibility that leaving
the participant and the robot alone forces the participant to
continue to care for the robot. In this case, the care staff
avoided actively interacting with them. During the interaction
phase, the experimenter (and the staff member if they had
left from the participant’s room) observed the situation in
the room from outside by an external monitor. After five
minutes or after the participant lost interest in the robot, the
experimenter (and the staff member if they had left) entered
the room, thanked the participant for caring for the robot,
retrieved it and the video camera, and left the room. After
the experiment, we interviewed the staff members to get their
opinions and reactions to the participants’ interaction with
the robot compared to their normal states. We also collected
histories of the robot’s emotional states in the interaction
phase.

C. Evaluation

We investigated RQ1 by examining whether the older
participants hold this robot for five minutes and how they
interact with it. We counted the participants who continued to
hold HIRO or the typical robot for five minutes and compared
the numbers to investigate their acceptance for the robot. We
also analyzed the proportion of emotional states selected by
the robot during the interaction and examined whether the
frequency of the robot’s emotional expressions affected the
interaction times with older adults to investigate RQ2.

In addition to these quantitative evaluations, we observed
the participants’ speech and behavior toward the robot to
investigate RQ2 and RQ3 and extracted the shared and
different characteristics of the participant responses. We also
interviewed the care staff who observed the reactions of the
participants and compared their impressions to their normal
reactions of the participants.

978-1-7281-6075-7/20/$31.00 ©2020 |IEEE

TABLE I
DEMOGRAPHIC INFORMATION OF PARTICIPANTS

Group Age £ SD  Care Level = SD
No-face 86.3+4.21 3.36+0.81
Face 86.9+6.62 3.4+0.97

60 m No-face mFace

~4

IS

230

g

& 20
10
0

Negative Weak neg. Weak pos. Positive

Fig. 3. Average ratio of robot’s emotional states during interaction

V. RESULT
A. Quantitative results

Regardless of the group, most participants positively en-
joyed engaging with the robot. 60% in the Face group and
81.8% in the No-face group continued to hold it for five
minutes. One sample proportion test showed that the No-
face group was significantly higher than 50% (x> =4.45,p =
.017) while the Face group was not (x> = .4, p = .26). In the
Face group, one participant completely stopped holding the
robot, and two participants called the staff member to remove
the robot after caring for it for less than five minutes. Another
participant returned the robot because it started crying. In the
No-face group, one participant completely stopped holding
the robot and one participant fell asleep during caring for it.
Although more participants continued to care for the robot
in the No-face group, we found no statistically significant
difference in terms of proportions using the chi-square test
(X>=1.22,p=27).

We investigated the proportion of the robot’s emotional
states that occurred during the interaction to determine
whether there was a difference in the way participants
engaged with the robot across the conditions. Figure 3 shows
the average of the ratio of the emotional states of the robots
over a five-minute period for each group. Since the normality
in the negative and positive states was confirmed with the
Shapiro-Wilk test, we did a Welch’s t-test, and a Mann-
Whitney’s U test for weak negative and weak positive states.
Although the No-face group tended to have more negative
states than the Face group (¢(18.7) = —1.80,p = .089,d =
.79), there were no significant differences (weak negative:
W =63,p=.60,r =.17; weak positive: W =68, p=.39,r =
.28; positive: 1(16.1) = 1.23,p = .24,d = .55).

Figure 4 shows the percentage of emotional states that
occurred during the interaction with each participant. An
asterisk indicates participants who did not care for the
robot for the entire five minutes. We found no distinctive
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Fig. 4. Ratio of robot’s emotional state during interaction. Letters indicate
each participant. * shows participant who failed to care for robot for entire
five min.

differences between the groups or whether they interacted
with it for the entire five minutes.

B. Qualitative results

All participants who interacted with HIRO or the typical
robot for five minutes showed positive attitudes toward them.
They engaged as they might with a typical actual infant:
sang songs, lifted the robot up, kissed, cuddled, and rocked
it. Even in the No-face group, participants interacted while
looking at the robot’s face, even though it has no facial
expression. The participants who were able to communicate
addressed it regardless of the condition: “It’s so cute” or
“What’s your name?” They talked to it about things related
to the robot and themselves.

The participants also responded to the robot’s crying and
laughing:“Don’t cry” or “It’s laughing.” They also tried to

978-1-7281-6075-7/20/$31.00 ©2020 |IEEE

interpret the robot’s babbling. For example, participant R
said, “Don’t say no” to the robot’s babbling, and participant
L said, “It says that its name is Kentaro.” An older adult
with severe dementia (participant O) who had difficulty
communicating parroted the robot’s voice.

In the No-face group, participants L. and T talked about
HIRO’s face. Participant T, looking at HIRO, remarked that
“he has no eyes or mouth!”” Participant L also lamented that
he had no eyes or mouth while pointing at his face. However,
the lack of facial expressions did not interfere with their
interactions because they both positively cared for HIRO.

Many of the participants seemed to be actively caring
for the robot even though they knew that it was a robot.
For example, participant T said, “It’s sturdy.” Participant E
asked, “What’s the doll’s name?” On the other hand, two
participants seemed confused whether the robot was actually
human. For example, when HIRO started crying, participant
N who has severe dementia in the No-face group said, “/
can’t breastfeed him,” which implies that she thought HIRO
was hungry. Participant C who has severe dementia in the
Face group repeatedly touched the robot’s crotch and tried to
undress it when it started crying. The staff member thought
that “it looked like she was checking the robot’s diaper.”

VI. DISCUSSION

We introduced a minimal design approach and developed
an interactive doll called HIRO to investigate the necessary
elements of a robot for interactive doll therapy. HIRO had
minimal representation as a human baby and no facial
expression. Nevertheless, the older adults continued to hold
ito and showed positive interaction with it. One sample
proportion test also supports this. Therefore, we can answer
yes to RQ1: the older adults accept HIRO.

We developed RQ2 and RQ3, expecting that eliminating
non-essential information and allowing users to imagine
the missing information would promote positive interaction
and be more acceptable to a wider range of older adults
with dementia. Unfortunately, we found no significant effect
compared to the typical robot, which means that we should
answer no to RQ2. The participants’ observations confirmed
that both robots elicited positive attitude and a variety of
imaginative reactions from older adults, which indicate RQ3
should be answered with no. One possibility is that since
our experiment was only five minutes long, its effect may
not have had a significant impact. We need to test longer
and multiple interactions.

Another possibility is that the lack of information about
appearance may not have had a great effect because we used
an actual baby’s voice. Japanese people tend to rely more
on auditory information than European people when visual
and auditory information are presented simultaneously [20].
In addition, since dolls with more human-like features are
preferred in doll therapy [5], perhaps the interaction through
human voice emitted by robots has become primary for
older people with dementia. It will be interesting to examine
whether a similar effect is achieved in the future when low
quality speech or synthetic speech are used.

779



This result also suggests that voice-specific interactions
such as HIRO may be more effective with European people.
Although no cultural differences have been found in previ-
ous studies with a teleoperated android, perhaps Telenoid’s
human-like appearance will work effectively for European
people, and its human voice is effective in Japanese. We are
looking forward to investigating cultural differences in robot
design guidelines in interactive doll therapy.

One advantage of baby robots that can make multimodal,
emotional expressions, such as Babyloid, is that they can
expand the range of older adults who can be supported. For
example, HIRO and Telenoid can not facilitate emotional
interactions with deaf older people. In this case, interaction
through facial expressions is generally effective although the
intuitive design of facial expressions for older adults should
be explored for smooth emotional interaction.

Multimodal interaction is important for rich emotional
interaction, and humanoid robots are an effective means
to do so. But on the other hand, increasing the quality of
every modality increases the cost and fragility of robots. The
minimal design approach, which searches for the minimum
necessary elements to facilitate emotional interaction, limits
the robot’s functions, resulting in a cheaper and more robust
machine. In fact, HIRO-chan, the product version of HIRO,
is less expensive (about 5000 yen) than other robots and
interactive toys. Since it is covered with a soft material, it is
reasonably safe from being broken even when it is handled
carelessly or roughly. Therefore, care staff members can use
it with less concern about damage.

There are several limitations in this study. First, sample
size is relatively small and the degree of dementia was not
balanced across the groups. Future experiments with larger
samples are needed to control the participants’ dementia
levels and measure them with objective indicators such
as Severe Mini Mental State Examination (sSMMSE). We
must also objectively assess whether HIRO actually reduces
BPSD symptoms. In addition, due to such large individual
differences, we must perform validation in a within-subject
design for future research.

VII. CONCLUSIONS

We introduced a minimal design approach to achieve a
robot for interactive doll therapy. Based on this approach, we
developed HIRO, a baby-sized robot with an abstract body
representation and without facial expressions. Emotional
interaction was achieved with the voice of an actual baby to
activate the imagination of seniors with dementia. Field work
for older adults with dementia showed that they accepted
HIRO. Additional experiments with more samples are needed
in the future. In addition, we must verify whether it actually
reduces BPSD symptoms using objective indicators.
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