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Aim: With the rapidly declining birth rate and population aging in Japan, the government supports the use of
robots to address the problems of insufficient human resources and economic funding to provide adequate
care to older adults. This study aimed to analyze the changes in eye gaze and cerebral blood flow during
conversations between humans and robots to objectively evaluate its impact on humans.

Methods: The research was conducted from April to December 2022. The study participants were three
nursing students in their 20s to 40s at University A. PALRO (Fujisoft) was used as the communication robot
(CR). The participants wore a HOT-2000 (NeU) brain activity meter and had a 15-minute conversation with
the CR after resting for 15 min in a room separate from the experimental room. The gaze data were divided
into six areas, and descriptive statistics were obtained.

Results: The cerebral blood flow (right and left) was categorized into that obtained at rest time, during the
conversation, and during characteristic scenes (scenes from which participant smiles and laughter were
extracted). Welch’s one-way ANOVA was performed. The participants most commonly gazed at the area
around the face, even if the other party was the robot. Blood flow was significantly higher during scenes
involving laughter than during other scenes. The heart rate also increased, suggesting an effect on the human
autonomic nervous system.

Conclusion: Although the participants who experienced this experiment were not older adults, many
communication robots have been installed in facilities for the elderly in Japan. This result considers that
conversations with a robot are effective in preventing lonely older adults from decreasing their activities and
the resultant decline in activity of daily living (ADL) and function.
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Introduction

The birth rate is rapidly declining while the population is aging

to support the introduction of robots and their practical use (Ministry
of Health, Labor, and Welfare, [3]). The Ministry of Economy, Trade,
and Industry (METI) and the Japan Agency for Medical Research and

in Japan. The aging rate, which is the percentage of the total pop-
ulation older than 65 years, was 28.4% in 2019 and is expected to
rise to 38.4% by 2065 (Cabinet Office and Government of Japan, [1]).
This rapid population aging has caused a shortage of human resourc-
es and economic funding to provide adequate care for older adults
(Muramatsu & Akiyama, [2]). To address this issue, the Ministry of
Health, Labor, and Welfare in Japan has launched the “Promotion of
the Development and Dissemination of Nursing Care Robots” project

Development (AMED) launched the Robot Care Equipment Develop-
ment Project to support the development of robots to solve problems
in nursing care facilities (Ministry of Economy, Trade, and Industry
& Japan Agency for Medical Research and Development Announce-
ments, [4]). In medical and welfare fields, advanced technology is re-
quired to detect information, make judgments, and take action.
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A robot that assists in nursing care is defined as an intelligent
mechanical system that possesses the three elemental technologies
of “sensing” (sensor system), “judging” (intelligence/control sys-
tem), and “operating” (drive system). Consequently, the introduction
of robots in the medical and nursing care fields is expected to be an
effective countermeasure in an aging society with a declining birth
rate. Humans engage in extremely complex communication, and a
combination of verbal and nonverbal cues are used to effectively send
and receive information to others. According to Birdwhistell [5], only
30-35% of meaning is conveyed through words, and the rest is con-
veyed through nonverbal communication. Mehrabian [6] also stated
that only 7% of the attitude and personality tendencies of individuals
are estimated using words; 38% and 55% are based on peripheral
language and facial expressions, respectively. In addition, communi-
cation in medical care settings requires more advanced techniques
than ordinary communication due to a combination of factors, such
as the illness and age of a person.

If robots in medical and nursing care settings cannot make appro-
priate nonverbal expressions or understand the nonverbal responses
of users, their conversations will feel unnatural, and good relation-
ships will not be established with them (Mathur & Reichling, [7]).
However, only a few studies have objectively evaluated the reactions
of participants to using communication robots. An appropriate evalu-

ation of eye gaze and nonverbal responses of humans will enable ro-
bots to be equipped with functions to compensate for unnaturalness
in the future. Therefore, this study aimed to analyze the changes in
gaze and cerebral blood flow during conversations between humans
and robots to objectively evaluate their impact on humans.

Methods
Study Design

The study was conducted from April to December 2022, and the
participants were three nursing students in their 20s and 40s at a uni-
versity. PALRO (Fujisoft) was used as the communication robot (CR).
Before the experiment, adjustments were made to set the eye level
to that of the CR, and the distance between the CR and the partici-
pants was 50 cm. The participants wore a HOT-2000 (NeU Corpora-
tion) brain activity meter and had a 15-minute conversation with the
CR after resting for 15 min in a room separate from the experimental
room. The participants were asked to speak naturally using the same
dialogue program built into the robot when it was sold. During the
conversation, gaze information was collected using a gaze analyzer
(Tobii Technologies), and changes in heart rate (HR) and cerebral
blood flow (HbT: total hemoglobin [Hb] change (left/right)) were
measured using the HOT-2000. Video recordings were used for sub-
jective evaluations (Figure 1).
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Figure 1: Experiment settings.
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Ethical Considerations

This study was conducted with the approval of the ethics commit-
tee of the institution of the researchers (No. 4221). No harm to the
participants was observed. The participants were notified that their
privacy would be protected.

Previous Studies on Eye Gaze

We used a Tobii Eye Tracker 4C from Tobii Technologies (150 eye
movements/s) to perform gaze analysis. The Tobii Eye Tracker 4C is
a noncontact device that detects the gaze of a person using infrared
reflections, and is currently used in home video game consoles. It has
been used in a nursing study that reported differences in how nurses
gaze at electronic medical records (Takami, et al. [8]) and intravenous
injections (Sugimoto, et al. [9]) depending on their clinical experience.

Previous Studies on Cerebral Blood Flow

The HOT-2000 meter was developed by the NeU Corporation. It

Figure 2: Participants conversing with a communication robot.

Statistical Analysis

The gaze data were divided into six (2 x 3) locations, with (X, Y) =
(0, 0) as the coordinates of the center of the participant’s gaze range
(the central part of the CR face), and descriptive statistics (frequency
and percentage) were obtained. Cerebral blood flow was divided into

is used to measure cerebral blood flow, and it uses light at a wave-
length that is easily absorbed by hemoglobin (approximately 800 nm)
based on the principle of optical topography. When brain regions on
the light path are activated, blood flow and light absorption increase,
allowing for the non-invasive evaluation of brain activity. The system
can be used only by attaching a headset; therefore, data collection can
be performed with minimal burden on the participant. It has been
used in medical studies and has shown the relationships between
brain oxygenation levels during sleep deprivation and poor cogni-
tive performance of nurses during night shifts (Duran-Gémez, et al.
[10]). It has also been used to study the effects of sex on brain activity
during mental workload (Keshmiri, etal. [11]), limitations of near-in-
frared spectroscopy (NIRS) data analysis (Keshmiri, et al. [12]), and
the relationship between cerebral blood flow and mental stress using
NIRS (Komuro, et al. [13]). Figure 2 shows a conversation between a
human and the CR.

H

that before the conversation, during the conversation, and character-
istic scenes (scenes in which participant smiles and laughter were
extracted). Welch’s one-way ANOVA was analyzed, followed by the
Games-Howell method for post-hoc testing. Statistical significance
was set at p-values of <0.05. All statistical analyses were performed
using SPSS for Windows (version 20.0; SPSS Inc., Chicago, IL, USA).
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Results

The results of the gaze analysis showed that Area 2 (n=2016,
44.15%) was the most frequent for Participant 1, followed by Area
3 (n=1708, 37.41%). For Participant 2, Area 2 (n=14606, 96.44%)
was the most frequent, followed by Area 3 (n=362, 2.39%). For Par-
ticipant 3, Area 2 (n=21750, 94.07%) was the most frequent, fol-
lowed by Area 1 (n=680, 2.94%) (Figure 3). The changes in cerebral
blood flow and heart rate are shown below. The changes in the right
cerebral blood flow in Participant 1 were highest for the character-
ized scenes (0.91+0.14), followed by during (0.87+0.18) and before
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(0.50+0.15) conversation, with significant differences for all scenes
(p<0.05). The changes in the left cerebral blood flow were significant-
ly different (p<0.05). The highest value was obtained before the con-
versation (-1.47+0.21), followed by that for the characteristic scene
(-1.57+£0.12), and that observed during the conversation (-1.58+0.13).
The heartrate changes during conversation (83.18+5.67) were signifi-
cantly higher than before conversation (80.47+14.88) (p<0.05), and
those occurring during the characteristic scenes (83.11+5.98) were
significantly higher than those before the conversation (80.47+14.88)
(p<0.05).
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Figure 3: Frequency and percentage of participants” gaze within each area.
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The changes in the right cerebral blood flow in Participant 2 sig-
nificantly differed (p<0.05) for the characterized scene (0.62+0.07),
during the conversation (0.23%2.37), and before the conversation
(0.15£0.14). The changes in the left cerebral blood flow were also sig-
nificantly different (p<0.05) for the characteristic scenes (0.53+0.24)
and during (0.10£2.21) and before (0.01+0.10) the conversation. The
heart rate changes were higher during the conversation (81.47+5.76)
than for the characteristic scenes (78.41+2.78) and before the con-
versation (73.91+3.37) (p<0.05). The changes in the right cerebral

blood flow in Participant 3 differed significantly (p<0.05) before
(-0.33+0.09) and during (-0.46£0.12) the conversation and for the
characterized scenes (-0.52+0.13). The changes in the left cerebral
blood flow were higher during the conversation (0.09+0.10) than for
the characteristic scenes (0.07+0.10) and before the conversation
(-0.38+0.18) (p<0.05). The changes in the heart rate were higher for
the characteristic scenes (74.97+3.24) and before (73.66+2.60) and
during (73.09+3.48) the conversation (p<0.05) (Table 1).

Table 1: Welch’s Analysis of Variance Results for robot and human conversation.

Parice | Indides for Com- | A: Rest Time (requency) | ™ DutingComversion | C:Chitateisticcene | | p | Posthoe
pants parison
Mean SD Mean SD Mean SD
RtHb (mMmm) | 0.50(n=5672) | £+ | 015 | 0.87(n=8819) | = | 0.18 | 0.91(n=1021) | £ | 0.14 | 9862.24 | *** a<b<c*
1Slig2§tic' ItHb (mMmm) | -1.47(n=5672) | + | 0.21 -1.58(n=8819 | + | 0.13 | -1.57(n=1021) | + | 0.12 | 855.71 i b<c<a*
HR(/minute) | 80.47(n=5672) | + | 14.88 | 83.18(n=8819) | + | 5.67 | 83.11(n=1021) | + | 598 | 130.04 | *** a<b*,a<c*
RtHb (mMmm) | 0.15(n=9006) | + | 0.14 | 0.23(n=9058) | + | 237 0.62(n=121) + | 007 8.40 hx a<b<c*
tzlncigaa;; ItHb (mMmm) | 0.01(n=9006) | + | 0.10 | 0.10(n=9058) | + | 2.21 0.53(n=121) + | 024 13.26 i a<b<c*
HR(/minute) 73.91(n=9006) | £ | 3.37 | 81.47(n=9058) | + | 576 | 78.41(n=121) | + | 2.78 | 5821.40 | *** a<b<c*
RtHb (mMmm) | -0.33(n=9016) | £ | 0.09 | -0.46(n=8637) | = | 0.12 | -0.52(n=751) | £ | 013 | 324818 | *** C<b<a*
S'diP:rrliic— ItHb (mMmm) | -0.38(n=9016) | + | 0.18 | 0.09(n=8637) | + | 0.10 0.07(n=751) + | 010 | 24895.82 | *** a<b<c*
F HR(/minute) 73.66(n=9016) | £ | 2.60 | 73.09(n=8673) | + | 348 | 7497(n=751) | = | 324 | 17310 | *** b<a<c*

Note: Welch’s Analysis of variance, abbreviations: SD, standard deviation, RtHb: Right to Homogrobin, HR: Heart Rate, *p<0.05, **p<0.01, ***p<0.001.

Post hoc test Games-Howe.

Discussion

The gaze analysis showed that the participants most frequently
gazed at the periphery of the face of the robot. This means that basic
communication skills, such as making eye contact with another hu-
man (or patient) and gazing around the face (University of Minnesota,
[14]), were used during conversation with a robot. However, PALRO, a
CR, is designed to show various responses with 60 LED lights placed
around its face, instead of nonverbally demonstrating pleasure, anger,
sadness, or pleasure like a human face. Therefore, it is possible that
the participant was trying to obtain response information by gazing
at the area around the face of the PALRO (FUJISOFT website, [15]).
The cerebral blood flow values were the highest for participants 1 and
2 during the characterized scenes. Laughing during conversation is
considered an emotional change and may affect cerebral blood flow.
Sugawara et al. [16] stated that laughing causes changes in blood
pressure and heart rate, resulting in temporary but beneficial chang-
es in the vascular system. The ability of a robot to stimulate emotional
changes in humans is considered effective in maintaining cognitive
function, and robot use in facilities for older adults is expected to have
benefits.

Studies have shown that robotic interventions have improved the
state of asthenia in patients with dementia (Valenti Soler, et al. [17]).
However, the left cerebral blood flow changes varied depending on the

participant. The involvement of the right brain has also been studied.
Brain activity changes varied when the participant was engaged in
conversation, as the left brain generally concerns language functions
during conversation (Taylor & Regard, [18]). Itis possible that the val-
ue changed significantly for the scenes during which the participant
actively spoke to the robot, and it is necessary to scrutinize the con-
tent of the conversation and the number of statements made. Heart
rate is known to fluctuate with psychological factors, and transient
changes occur with excitement and pain, among others (Levy, et al.
[19]). The heart rates of participants 1 and 2 were significantly higher
during conversations. Communication with a robot is considered to
affect human autonomic nervous system activity, leading to changes
in heart rate. Based on the above, conversations with robots can be
objectively evaluated for their effect on human cerebral blood flow,
heart rate, and the autonomic nervous system activity that controls
them. Starting a conversation with a robot may effectively prevent
lonely older adults from decreasing their activities and the decline of
ADLs and function. We will continue to conduct experiments under
the same conditions on the older adults and evaluate the results.

Limitations

While changes in eye-gaze frequency and cerebral blood flow
were measured, it is difficult to directly compare a robot and a human
in an experiment. It is also difficult to maintain similar conversational
content across all participants.
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Conclusion

In this study, we focused on human-robot conversational situa-
tions and objectively evaluated the impact of communication with ro-
bots on humans. The results showed that even if the other party was a
robot, humans frequently gaze at the area around the face. The chang-
es in cerebral blood flow showed differences; blood flow increased
significantly for scenes involving laughter relative to the others. While
addressing problems such as human resource shortages, robots may
also have a positive effect on humans by stimulating conversations
and increasing human activity such as recreation, conversation, phys-
ical exercise etc..
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