
Effect of a human-type communication robot on 
cognitive function in elderly women living alone

Masaaki Tanaka1
ABCDEF, Akira Ishii1

ABCD, Emi Yamano1
ABCD, Hiroki Ogikubo2

ABCD, 
Masatsugu Okazaki2

ABCD, Kazuro Kamimura2
ABCD, Yasuharu Konishi3

ABCD, 
Shigeru Emoto2

ABCD, Yasuyoshi Watanabe1,4
ABCDEFG

1 Department of Physiology, Osaka City University Graduate School of Medicine, Abeno-ku, Osaka, Japan
2 PIP Co., Ltd., Chuo-ku, Osaka, Japan
3 ROBOLUTION Co., Ltd., Takasago, Osaka, Japan
4 Center for Molecular Imaging Science, RIKEN, Chuo-ku, Hyogo, Japan

Source of support: Departmental sources

Summary

 Background: Considering the high prevalence of dementia, it would be of great value to develop effective tools 
to improve cognitive function. We examined the effects of a human-type communication robot on 
cognitive function in elderly women living alone.

 Material/Methods: In this study, 34 healthy elderly female volunteers living alone were randomized to living with ei-
ther a communication robot or a control robot at home for 8 weeks. The shape, voice, and motion 
features of the communication robot resemble those of a 3-year-old boy, while the control robot 
was not designed to talk or nod. Before living with the robot and 4 and 8 weeks after living with 
the robot, experiments were conducted to evaluate a variety of cognitive functions as well as saliva 
cortisol, sleep, and subjective fatigue, motivation, and healing.

 Results: The Mini-Mental State Examination score, judgement, and verbal memory function were improved 
after living with the communication robot; those functions were not altered with the control robot. 
In addition, the saliva cortisol level was decreased, nocturnal sleeping hours tended to increase, 
and difficulty in maintaining sleep tended to decrease with the communication robot, although al-
terations were not shown with the control. The proportions of the participants in whom effects on 
attenuation of fatigue, enhancement of motivation, and healing could be recognized were higher 
in the communication robot group relative to the control group.

 Conclusions: This study demonstrates that living with a human-type communication robot may be effective for 
improving cognitive functions in elderly women living alone.
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Background

The life expectancy of females is longer than that of males; 
therefore, many elderly females live alone, without a spouse 
[1]. Considering the high prevalence of dementia with ad-
vanced age, it is important in caring for elderly women living 
alone to evaluate how well they are functioning cognitively 
and to determine what assistance they require. In addition, it 
would be of great value to develop effective treatment meth-
ods for the cognitive decline of elderly women living alone.

Recently, a human-type communication robot was devel-
oped (Kabochan Nodding Communication ROBOT; PIP 
Co., Ltd., Osaka, Japan and WiZ Co., Ltd., Tokyo, Japan). 
Since the opportunity for communication with others often 
decreases with advanced age and a poor communication en-
vironment is associated with impaired cognitive function in 
the elderly [2], improvement of the communication envi-
ronment may promote cognitive function in elderly wom-
en living alone. Therefore, it was hypothesized that living 
with the communication robot may improve cognitive out-
comes in elderly women living alone.

The aim of our study was to determine whether the commu-
nication robot was effective for improving cognitive func-
tion in elderly women living alone. In this study, elderly 
female volunteers living alone were randomized to living 
with either the communication robot or the control robot 
at home for 8 weeks. Experiments were conducted to eval-
uate a variety of cognitive functions as well as variables such 
as physical, emotional, and lifestyle factors before interac-
tions with the robot and 4 and 8 weeks after the start of liv-
ing with the robot.

Material and Methods

Participants

Forty elderly [≥65 years of age (66–84 years of age)] wom-
en living alone were recruited. Subjects with dementia di-
agnosed during an examination by a medical doctor (M.T.) 
were excluded. In addition, we excluded current smokers, 
subjects with body weight less than 35 kg, those with blood 
hemoglobin levels less than 10.5 g/dl, and those with a Mini-
Mental State Examination (MMSE) score less than 24. Good 
health was required for participation and was assessed by 
physical examination, blood chemistry panel (glucose, cre-
atinine, uremic nitrogen, sodium, potassium, chloride, uric 
acid, aspartate aminotransferase, alanine aminotransferase, 
gamma-glutamyl transpeptidase, and creatine phosphoki-
nase levels), lipid profile (total cholesterol and triacylglyc-
erol levels), and complete blood count [3]. The study pro-
tocol was approved by the Ethics Committee of Osaka City 
University, and all the participants gave written informed 
consent to participate in this study.

Experimental design (Figure 1)

After the enrolment and initial assessment of cognitive func-
tion using the MMSE, the participants were randomly as-
signed to 2 groups, matched for age and MMSE score, to 
live with either a communication robot or a control robot 
at home for 8 weeks. Experiments were conducted before 
(baseline) and 4 and 8 weeks after the start of living with the 

robot. While living with the robot, subjects refrained from 
strenuous mental and physical activity and followed normal 
dietary behaviour, drinking patterns, and sleeping hours, 
and completed questionnaires dealing with diet, sleep, ac-
tivity, physical and mental condition, life events, and com-
munication with the robot every day at home.

After a visit at 10:00 a.m. on the experimental day, ques-
tionnaires were distributed to subjects and height and body 
weight were measured to assess body mass index (BMI) in a 
room at Osaka City University. BMI was calculated as body 
weight in kilograms divided by height in meters squared. 
Thereafter, subjects performed cognitive task trials and 
accelerated plethysmography (APG), and blood and sali-
va samples were collected. At the end of the all the exper-
imental procedures, subjects answered questions about 
whether living with the robot for 8 weeks at home had ef-
fects on attenuation of fatigue (yes or no), enhancement 
of motivation (yes or no), healing (yes or no), pleasure 
(yes or no), and relaxation (yes or no). This study was con-
ducted in a quiet temperature- and humidity-controlled 
environment and during the experiment subjects could 
only drink water.

Robots (Figure 2)

The participants lived with the human-type communication 
robot (Kabochan Nodding Communication ROBOT) or a 
control robot at home for 8 weeks. The robots are 28 cm 
in height and 680 g in weight. The features of shape, voice, 
and motion resemble those of a 3-year-old boy. The robot 
was programmed to behave as if communicating with cus-
tomers and to release affective behavior that could devel-
op a friendly relationship, in particular with elderly people. 
Loaded with software developed by PIP Co., Ltd. (Osaka, 
Japan), this communication robot senses the situation and 
environmental surroundings using light, sound, and mo-
tion sensors, and is able to communicate by talking and 
nodding. The control robot has the same shape as that of 
the communication robot; however, it was not designed to 
talk or nod to the participants.

Communication robot Living with robot
at home

4 weeks 4 weeks

Living with robot
at home

Control robot Living with robot
at home

4 weeks 4 weeks

Living with robot
at home

Figure 1.  Experimental design. Participants were randomised to 
either the communication robot group or control robot 
group. Before and 4 and 8 weeks after the start of living 
with the robot at home, experiments (shown as arrows) 
were conducted.
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MMSE

The MMSE tests general cognitive function and the total 
score for the examination ranges from 0 to 30, with higher 
scores indicating a greater level of general cognitive func-
tion [4]. Normal cognitive function was determined as the 
MMSE score ≥24 [5].

Cognistat

Cognistat (formerly known as the Neurobehavioral Cognitive 
Status Examination) is widely used to evaluate a variety of 
cognitive functions and is useful in outlining recommen-
dations for further evaluation [6]. Cognistat is a neuropsy-
chological screen that takes 10 to 30 minutes to adminis-
ter and was designed to give an independent assessment 
of 10 central cognitive domains. The following 10 corre-
sponding subtests are scored: attention, naming, similari-
ties/verbal abstraction, everyday/concrete judgement, un-
derstanding of simple commands, repetition of sentences, 
visuoconstruction, verbal memory, calculation, and orienta-
tion, each of which is scored separately. Therefore, it does 
not use a single summary score as the other screening tests 
do. Correct responses in each subtest are summed, and the 
test result was presented as a differentiated cognitive pro-
file. If the participants pass the screening test, they are pre-
sumed to function normally in that domain, and the testers 

continue to the next domain. When a participant fails the 
screening test, it continues with a metric portion that ex-
plores a possible deficit further. This permits both stream-
lined administration and more in-depth evaluation of ar-
eas of deficit. It has been found to be more sensitive (less 
false-negatives) than the MMSE because it does not com-
bine the results of performance in the different areas into 
a single score, but rather scores each domain separately 
[7]. Therefore, successful performance in one area will 
not obscure deficits in other areas. Furthermore, the use 
of a graded series of test items within each domain increas-
es the likelihood of detecting mild deficits. It also indepen-
dently assesses more areas of cognitive function, allowing 
for the detection of isolated deficits with greater frequency 
than the MMSE. Results of the Cognistat were analyzed us-
ing the Cognistat Composite Score [8]. The attention sub-
set contains 8 questions (this subset does not contain any 
screening questions), each question was scored 0 (incor-
rect response) or 1 (correct response), and the total score 
of the subset (0 to 8) was transformed to 1 to 10, according 
to the Cognistat Composite Score. The naming subset con-
tains 8 questions (this subset does not contain any screen-
ing questions), each question was scored 0 (incorrect re-
sponse) or 1 (correct response), and the total score of the 
subset (0 to 8) was transformed to 0 to 10, according to the 
Cognistat Composite Score. The similarities/verbal abstrac-
tion subset contains 4 questions (this subset does not con-
tain any screening questions), each question was scored 
0 to 2, and the total score of the subset (0 to 8) was trans-
formed to 6 to 11, according to the Cognistat Composite 
Score. The everyday/concrete judgement subset contains 3 
questions (this subset does not contain any screening ques-
tions), each question was scored 0 to 2, and the total score 
of the subset (0 to 6) was transformed to 6 to 12, accord-
ing to the Cognistat Composite Score. The understand-
ing of simple commands subset contains 1 screening ques-
tion and 6 metric questions, and if the participants passed 
the screening test, the testers continue to the next domain 
and the score of this domain was 6. If the participants did 
not pass, they performed the metric questions. Each met-
ric question was scored 0 (incorrect response) or 1 (correct 
response), and the screening score (6) or the total score 
of the subset (0 to 6) was transformed to 1 to 10, accord-
ing to the Cognistat Composite Score. The repetition of 
sentences subset contains 1 screening question and 6 met-
ric questions, and if the participants passed the screening 
test, the testers continue to the next domain and the score 
of this domain was 12. If the participants did not pass, they 
performed the metric questions, each metric question was 
scored 0 to 2, and the screening score (12) or the total score 
of the subset (1 to 11) was transformed to 1 to 10, accord-
ing to the Cognistat Composite Score. The visuoconstruc-
tion subset contains 1 screening question and 3 metric ques-
tions, each metric question was scored 0 equal to or (more 
than 60 sec), 1 (less than 60 sec), or 2 (less than 30 min) 
(screening question was not scored), and the total score of 
the subset (0 to 6) was transformed to 4 to 11, according 
to the Cognistat Composite Score. The verbal memory sub-
set contains 4 questions (this subset does not contain any 
screening questions), each question was scored 0 to 3, and 
the total score of the subset (0 to 12) was transformed to 
4 to 10, according to the Cognistat Composite Score. The 
calculation subset contains 1 screening question and 4 met-
ric questions, and if the participants passed the screening 

Figure 2.  Photograph of a communication or control robot. The 
robot is 28 cm in height and 680 g in weight. The features 
of shape, voice, and motion resemble those of a 3-year-
old boy. The robot was programmed to behave as if 
communicating with customers and to release affective 
behavior that could develop a friendly relationship, in 
particular with elderly people. The control robot has the 
same shape as the communication robot, however, the 
control robot was not constructed to talk or nod to the 
participants.
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test, the testers continue to the next domain and the score 
of this domain was 4. If the participants did not pass, they 
performed the metric questions, each metric question was 
scored 0 (incorrect response) or 1 (correct response), and 
the screening score (4) or the total score of the subset (0 
to 4) was transformed to 2 to 10, according to the Cognistat 
Composite Score. Finally, the orientation subset contains 8 
questions (this subset does not contain any screening ques-
tions), each question was scored 0 or 1or 2, and the total 
score of the subset (0 to 12) was transformed to 0 to 10, ac-
cording to the Cognistat Composite Score.

Questionnaires

Paper-and-pencil questionnaires were distributed to the 
participants. The questionnaires completed by each partic-
ipant dealt with age, appetite, sleep, depressive symptoms, 
and activities of daily living (ADL). Subjects were asked 
to subjectively rate their levels of appetite on a visual ana-
logue scale (VAS) from 0 (minimum) to 100 (maximum) 
[9]. Questions about sleep included items about nocturnal 
sleeping hours, difficulty in initiating sleep using a 4-level 
scale (no = 1, sometimes = 2, often = 3, and everyday = 4) 
scale, difficulty in maintaining sleep using a four-level (no 
= 1, sometimes = 2, often = 3, and everyday = 4) scale, and 
early morning awakening using a 4-level (no = 1, sometimes 
= 2, often = 3, and everyday = 4). The Geriatric Depression 
Scale-15 (GDS-15) was used to assess the number of depres-
sive symptoms, as well as the depressive state. This question-
naire was specifically developed for older subjects and con-
sists of 15 questions using a 2-level (0–1) scale that evaluates 
the functional and mood-associated symptoms of depression 
[10–12]. The total score for the 15-item depression scale 
ranges from 0 to 15, with higher scores indicating a greater 
number of depressive symptoms. The Tokyo Metropolitan 
Institute of Gerontology Index of Competence was used to 
assess the ADL level. This questionnaire consists of 13 ques-
tions using a 2-level (0–1) scale [13,14]. The total score of 
the 13-item scale ranges from 0 to 13, with a higher score 
indicating a greater level of ADL.

Blood and saliva sample analyses

Blood samples were collected from the brachial vein. The 
blood samples for the serum analysis of albumin were cen-
trifuged at 1700 g for 10 minutes at 4°C. The blood samples 
for the analysis of blood cell counts were collected in an eth-
ylenediamine-N,N,N’,N’-tetraacetic acid- and dipotassium 
salt-containing tube and kept on ice until analyzed. Saliva 
samples for the analyses of cortisol were collected in a tube 
(Salivette; Sarstedt, Rommelsdorf, Germany) and kept on 
ice until centrifuged at 1700 g for 5 minutes at 4°C. All su-
pernatants were stored at –80°C until analysis. Assays were 
performed at Special Reference Laboratories (Tokyo, Japan).

Accelerated plethysmography (APG)

APG has been used for the evaluation of autonomic activi-
ties [15–18]. In the present study, APG was performed us-
ing a pulsimeter (Artett, U-Medica, Osaka, Japan) with the 
sensor positioned on the tip of the ventral side of the index 
finger. Photoplethysmography was used to measure chang-
es in the absorption of light by hemoglobin, which is related 
to blood flow volume. The pulsimeter performed automatic 

analyses of the second derivative of the photoplethysmo-
graphic waveform, which is known as the APG waveform. 
The participants underwent APG sitting quietly with their 
eyes closed for 1 min. Sensor output of the pulsimeter was 
preprocessed by a second-order analogue low-pass filter with 
23 Hz of cut-off frequency. Data were recorded (3.3 volts to 
10 bits) using an analogue-to-digital converter and a real-
time sampling rate of 1000 samples per second. These dig-
ital data were processed with the 67th order, finite impulse-
response filter using the Hanning window. Detected peak 
times were interpolated to sub-millisecond order. Frequency 
analyses for pulse-interval variation were analyzed with fast 
Fourier transformation. The resolution ability for the power 
spectrum was 0.001 Hz. For the frequency analyses, the total 
power was calculated as the power within a frequency range 
of 0–0.4 Hz, the low-frequency component power (LF) was 
calculated as the power within a frequency range of 0.04–0.15 
Hz, and the high-frequency component power (HF) was cal-
culated as that within a frequency range of 0.15–0.4 Hz. The 
average power densities in these frequency bands were log-
transformed (ln) for normalization. The HF is vagally me-
diated [19–21], whereas LF originates from a variety of sym-
pathetic and vagal mechanisms [19–22]. The LF/HF ratio is 
considered to represent sympathetic activity [22].

Statistical analyses

Differences between the baseline condition and the condi-
tion 4 or 8 weeks after living with the robot were compared 
using a paired t-test or Wilcoxon’s signed rank test where 
appropriate, with Bonferroni correction. Categorical vari-
ables were compared using Fisher’s exact test. In the anal-
yses, the number of cases varied due to incidental missing 
values. All P values were 2-tailed, and P values less than .05 
were considered statistically significant. Statistical analy-
ses were performed using the SPSS 20.0 software package 
(SPSS, Chicago, IL).

results

Among 40 subjects, 3 subjects decided not to participate in 
this study, 2 subjects were excluded because of misuse of the 
control robot, and 1 subject was excluded because of a tech-
nical error of the communication robot. The remaining 34 
participants were enrolled (18 participants in the commu-
nication robot group and 16 in the control robot group).

The effects of living with the control or communication ro-
bot on various parameters are shown in Table 1. BMI and 
VAS score for appetite were not altered after living with the 
communication or control robot at home for 4 or 8 weeks. 
As for sleep, nocturnal sleeping hours tended to increase 
and difficulty in maintaining sleep tended to decrease after 
living with the communication robot for 8 weeks, while liv-
ing with the control robot did not show this effect. GDS-15 
score, ADL level, serum albumin level, and blood lympho-
cyte counts were not altered after living with the communi-
cation or control robot at home for 4 or 8 weeks. In addi-
tion, APG parameters, i.e., LF, HF, and LF/HF ratio, were 
not altered after living with the communication or control 
robot at home for 4 or 8 weeks. The saliva cortisol level was 
decreased after living with the communication robot for 8 
weeks, while this level tended to increase after 4 weeks in 
subjects living with the control robot.
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As for cognitive functions, the MMSE score was increased 
after living with the communication robot for 8 weeks, al-
though the score was not altered with the control robot 
(Table 2). Among the 10 Cognistat subtests, calculation 

and orientation were not included in the statistical analyses 
because most of the participants obtained high scores on 
all of the items. Although the attention, naming, similari-
ties/verbal abstraction, understanding of simple commands, 

Control 
robot

Communication 
robot

n 16 18

Age (years old)  73.1±5.3  73.6±4.4

BMI (kg/m2)  

 Baseline  24.3±2.4  23.4±2.6

 After 4 weeks  24.3±2.4  23.7±2.8

 After 8 weeks  24.1±2.5  23.7±2.9

VAS score for appetite

 Baseline  79.6±16.3  75.0±16.5

 After 4 weeks  76.3±16.4  73.7±14.6

 After 8 weeks  75.8±13.8  75.6±15.4

Nocturnal sleeping hours

 Baseline  7.0±1.1  6.6±0.9

 After 4 weeks  6.8±1.1  6.5±1.1

 After 8 weeks  7.0±1.1  7.1±1.1#

Difficulty in initiating sleep

 Baseline  1.56±0.63  1.83±0.79

 After 4 weeks  1.63±0.62  2.06±0.87

 After 8 weeks  1.56±0.81  1.59±0.80

Difficulty in maintaining sleep

 Baseline  1.63±0.81  1.61±0.85

 After 4 weeks  1.56±0.81  1.56±0.78

 After 8 weeks  1.44±0.63  1.28±0.57#

Early morning awakening

 Baseline  1.25±0.45  1.17±0.38

 After 4 weeks  1.31±0.48  1.33±0.77

 After 8 weeks  1.31±0.60  1.11±0.32

GDS-15 score

 Baseline  3.3±4.4  2.6±2.9

 After 4 weeks  3.1±4.2  2.1±2.7

 After 8 weeks  2.3±4.1  2.1±2.1

Table 1. Effects of living with a control or communication robot.

Control 
robot

Communication 
robot

ADL score

 Baseline  12.6±0.9  12.5±0.9

 After 4 weeks  12.4±1.0  12.3±1.0

 After 8 weeks  12.5±1.0  12.4±1.0

Serum albumin (g/L)

 Baseline  46.1±2.9  44.7±2.2

 After 4 weeks  46.9±3.0  44.8±3.5

 After 8 weeks  43.5±1.8  44.6±2.3

Blood lymphocytes (109/L)

 Baseline  2.1±0.7  1.9±0.6

 After 4 weeks  2.2±0.7  2.0±0.8

 After 8 weeks  2.1±0.7  2.0±0.7

Saliva cortisol (nmol/L)

 Baseline  2.51±0.92  3.12±1.61

 After 4 weeks  3.48±1.35#  2.79±1.69

 After 8 weeks  2.21±0.87  2.16±0.89*

APG

 LF (ms2)

  Baseline  5.9±2.0  5.3±1.3

  After 4 weeks  5.5±1.1  5.3±1.3

  After 8 weeks  6.1±1.3  5.6±1.5

 HF (ms2)

  Baseline  5.1±2.0  4.9±1.1

  After 4 weeks  4.7±1.3  5.0±1.1

  After 8 weeks  5.5±1.1  5.3±1.4

LF/HF ratio

 Baseline  1.18±0.26  1.09±0.20

 After 4 weeks  1.23±0.30  1.10±0.26

 After 8 weeks  1.11±0.16  1.08±0.23

Data are shown as mean ±SD.
* P<0.05; # P<0.1, significantly different from the baseline condition (Paired t-test or Wilcoxon’s signed rank test where appropriate, with Bonferroni 
correction). BMI – body mass index; VAS – visual analogue scale; GDS-15 – Geriatric Depression Scale-15; ADL – activity of daily living; 
APG – accelerated plethysmography; LF – low-frequency power; HF – high-frequency power.
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repetition of sentences and visuoconstruction scores were 
not altered after living with the communication or control 
robot for 4 or 8 weeks, the everyday/concrete judgement 
and verbal memory scores were increased after living with 
the communication robot for 8 weeks, while these scores 
were not altered with the control robot (Table 2).

The proportions of the participants in whom effects on at-
tenuation of fatigue, enhancement of motivation, and heal-
ing could be recognized were higher in the communication 
robot group relative to those in the control robot group. 
The proportion of the participants in whom effects on plea-
sure and relaxing could be recognized tended to be higher 

Control 
robot

Communication 
robot

MMSE score

 Baseline 28.3±2.2
24–30)

28.2±1.5
25–30)

 After 4 weeks 29.0±1.5
26–30)

29.2±1.4
26–30)

 After 8 weeks 29.2±1.6
25–30)

29.7±0.7
28–30)**

Cognistat

 Total score (25–105)

  Baseline 95.1±5.8
80–104)

95.1±5.1
79–101)

  After 4 weeks 96.4±4.3
87–103)

96.5±5.9
83–103)

  After 8 weeks 95.5±5.8
86–104)

97.6±5.1
89–105)

 Attention (1–10)

  Baseline 9.1±1.4
5–10)

9.5±1.0
7–10)

  After 4 weeks 9.3±1.0
7–10)

9.5±1.0
7–10)

  After 8 weeks 9.0±1.8
3–10)

9.5±1.0
7–10)

 Naming (0–10)

  Baseline 8.0±3.1
1–10)

7.7±3.0
3–10)

  After 4 weeks 8.0±2.6
3–10)

7.8±3.5
0–10)

  After 8 weeks 7.3±3.5
0–10)

7.6±3.8
0–10)

  Similarities/verbal 
abstraction (6–11)

 Baseline 9.7±0.9
8–11)

9.9±0.6
9–11)

 After 4 weeks 9.6±1.0
7–11)

10.2±0.6
9–11)

 After 8 weeks 9.8±0.7
8–11)

10.2±0.6
9–11)

Table 2. Effects of living with control or communication robot on cognitive functions.

Data are shown as mean ±SD (minimum-maximum).
** P<0.01; *P<0.05, significantly different from the baseline condition (Wilcoxon’s signed rank test with Bonferroni correction). 
MMSE – Mini-Mental State Examination.

Control 
robot

Communication 
robot

  Every-day/concrete 
judgement (6–12)

  Baseline 9.9±0.9
9–10) 9.9±1.1 8(11–)

  After 4 weeks 9.9±0.9
9–11)

10.4±1.1
9–12)

  After 8 weeks 10.2±0.9
9–12)

10.7±0.9
9–12)*

  Understanding of simple 
commands (1–10)

  Baseline 9.8±0.8
7–10)

10.0±0.0
10–10)

  After 4 weeks 10.0±0.0
10–10)

9.8±0.7
7–10)

  After 8 weeks 9.6±1.0
7–10)

10.0±0.0
10–10)

  Repetition of sentences  
(1–11)

  Baseline 10.3±1.1
8–11)

10.6±1.0
8–11)

  After 4 weeks 10.8±0.4
10–11)

10.7±0.8
8–11)

  After 8 weeks 10.8±0.5
9–11)

10.9±0.5
9–11)

 Visuoconstruction (4–11)

  Baseline 8.6±1.6
6–11)

8.2±1.3
5–11)

  After 4 weeks 8.8±1.2
7–11)

8.2±1.1
6–11)

  After 8 weeks 8.8±1.4
7–11)

8.8±1.3
6–11)

 Verbal memory (4–10)

  Baseline 9.6±0.7
8–10)

9.4±0.7
8–10)

  After 4 weeks 9.9±0.3
9–10)

9.8±0.4
9–10)

  After 8 weeks 9.9±0.3
9–10)

10.0±0.0
10–10)*
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in the communication robot group relative to those in the 
control robot group (Table 3).

discussion

In this study, we demonstrated that the MMSE score and 
the judgement component of executive function and verbal 
memory function were improved after living with the com-
munication robot for 8 weeks in the elderly women living 
alone, while the cognitive functions were not altered with 
the control robot. In addition, the saliva cortisol level was 
decreased, nocturnal sleeping hours tended to increase, 
and difficulty in maintaining sleep tended to decrease af-
ter living with the communication robot for 8 weeks, while 
alterations were not shown with the control robot. Finally, 
the proportions of the participants in whom effects on at-
tenuation of fatigue, enhancement of motivation, and heal-
ing could be recognized were higher in the communication 
robot group relative to those in the control robot group.

Normal aging is associated with impairments in the executive 
and memory functions [23]. Impairments of these cognitive 
functions have been shown in patients with Alzheimer’s dis-
ease [24,25] and are also associated with the ADL decline 
and mortality in the elderly [26]. Interestingly, living with the 
communication robot improved these executive and mem-
ory functions in elderly women. This result emphasizes the 
important implications of living with the communication 
robot for the cognitive functions, as well as daily activities, 
morbidity, and mortality in the elderly. Neuroimaging stud-
ies using magnetic resonance imaging (MRI) suggest that 
normal aging is associated with the brain atrophy, primarily 
in frontal [27] and to a lesser extent in parietal [28,29] and 
temporal [29] cortices, and a positron emission tomogra-
phy (PET) study showed that the frontal cortex is associat-
ed with executive and memory functions [30]. Therefore, 
living with the communication robot may have favorable 
effects on the frontal cortex in elderly women living alone.

One possible mechanism by which living with the commu-
nication robot is associated with the improved cognitive 
functions is that the increased opportunity for communi-
cation contributed to the favorable cognitive outcomes, 
since the improved communication environment promot-
ed cognitive functions in the elderly [2]. Communication 

is essential to maintain motivation [31] and motivation im-
proves cognitive functions [32,33]. Increased motivation 
caused by living with the communication robot thus may 
contribute to the cognitive benefits. Therefore, increased 
communication opportunities and enhanced motivation 
may lead to more favorable cognitive outcomes in the el-
derly women living alone.

We demonstrated that the saliva cortisol level was decreased 
after living with the communication robot and the propor-
tions of the participants in whom effects on relaxing, heal-
ing, and pleasure could be recognized were higher in the 
communication robot group than in the control robot group 
in the study population. Stress impairs cognitive function 
by reducing the amount of available attentional resources 
[34] and by cognitive interference [35]. This may be an-
other possible explanation for the improved cognitive func-
tion in elderly women living with the communication ro-
bot. Decreased levels of cortisol stress may have contributed 
to the favorable cognitive outcomes. Stress affects sleeping 
hours [35–38], sleep quality, the ability to maintain sleep 
[40], and fatigue [41,42]. Since poor sleep [43–46] and fa-
tigue [47,48] are associated with cognitive impairment, im-
proved sleep and decreased fatigue resulting from living 
with the communication robot may contribute to the cog-
nitive benefits. Therefore, decreased stress accompanying 
the improved sleep and decreased fatigue caused favorable 
cognitive outcomes in the study population. Finally, the in-
struments used for the cognitive assessment were the cog-
nitive function tests for screening and the clinical impli-
cation of the results are limited, and thus the use of more 
tests to evaluate specific cognitive functions such as execu-
tive function and memory would be beneficial.

The present study has 2 limitations. First, we performed 
this study with a limited number of participants. To gener-
alize our results, studies involving a larger number of par-
ticipants are essential. Second, the time span for living with 
the communication robot may be too short to sufficient-
ly evaluate the effect of the robot on cognitive function. 
Future studies with longer observation periods are neces-
sary to address this issue.

conclusions

In conclusion, we demonstrated that living with the human-
type communication robot was effective for the improvement 
of cognitive function, in particular executive and memory 
functions, in elderly women living alone. This is the first 
study to demonstrate favorable cognitive outcomes using a 
communication robot in the elderly and it is important to 
improve our understanding for the factors affecting cog-
nitive decline in the elderly and to develop effective treat-
ment strategies to prevent or minimize cognitive decline 
in elderly women living alone. Living with a human-type 
communication robot is a novel strategy to improve cogni-
tive functions and prevent cognitive decline, and may pro-
vide beneficial outcomes for daily activities, morbidity, and 
mortality in the elderly.
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Enhancement of motivation 10 (63) 18 (100)**

Healing 12 (75) 18 (100)*

Pleasure 13 (81) 18 (100)#

Relaxation 13 (81) 18 (100)#

Table 3.  Comparisons between the control and communication 
robots.

Data are shown as number (%).
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