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a case study

Jumpei Mizuno' , Ken Sadoharaz, Misato Nihei3,
Shinichi Onaka4, Yuko Nishiura' and Takenobu Inoue'

Abstract

Objective/background: Agitation is a common behaviour of Alzheimer’s Disease (AD). Although healing robots have
previously been used for alleviating agitation for people with dementia in hospitals and other healthcare facilities, its
effects remain unclear whether an information-support robot capable of disseminating information with user needs may
have similar effects when it is applied in community dwellings. This study was to investigate the effects of information-
support robots for reducing agitation in older people with AD residing alone in community-dwellings.

Methods: One participant with AD who lived alone in a community-dwelling was recruited. Participant’s frequencies,
durations, and time courses of four patterns of agitation at home at baseline and during intervention were analysed. In
this study, agitation was defined as: (a) restlessness going to the corridor (RLtoC), (b) restlessness going to the toilet
(RLtoT), (c) restlessness going to the entrance (RLtoE), and (d) restlessness going to multiple places (RLtoMP). In the
intervention phase, the information-support robot disseminated daily schedule or date information to the participant.
Results: RLtoC and RLtoMP were significantly reduced in frequency during the intervention. The durations of each
episode of RLtoT and RLtoMP in the intervention were slightly reduced than those at the baseline. There were no
differences in time courses of episodes of RLtoC and RLtoMP after the intervention.

Conclusion: This case study showed that information-support robot was useful to alleviate agitation of an older adult
with AD living alone in a community-dwelling. Further study is warranted.
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Introduction

As society ages, the number of older people living alone
is gradually increasing (Cabinet Office of Japan, 2018).

In one community-based sample, 28% of people with
dementia were found to be living alone (Nourhashemi
et al., 2005). A previous study found that two thirds of
older people with dementia in community-dwellings
had psychiatric symptoms, such as psychosis, depres-
sion, and agitation (Chan et al.,, 2003). However,
Lehmann et al. (2010) pointed out that knowledgeable
informants and primary-care physicians, as well as
patients themselves, were less likely to be aware of
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demented symptoms in patients who lived alone, as
compared with those who live with other people.

Agitation is a neuropsychiatric symptom of
Alzheimer’s Disease (AD), of which the prevalence is
estimated to be 67.5% for sufferers in community-
dwellings (Tractenberg et al., 2002). This leads to a
lower quality of life in care-home residents with demen-
tia (Livingston et al., 2017), increased admission rates
to care facilities (Okura et al., 2011), and heightened
monetary costs (Morris et al., 2015). According to the
Agitation Definition Working Group formed by the
International Psychogeriatric Association, agitation
includes various behaviours, including rapid changes
in mood, irritability, pacing, restlessness, yelling,
speaking in an excessively loud voice, grabbing, and
shoving (Cummings et al., 2015). While this symptom
is known to be highly prevalent in hospitals or care
facilities, an earlier study has suggested that it is also
common among community-dwelling people with AD
(Halpern et al., 2019).

Previous studies have reported the effects of non-
pharmacological interventions for agitation. Music
therapy reduced the agitation of people with AD,
regardless of whether they had a music background
(Brotons & Pickett-Cooper, 1996). Lighting interven-
tion reduced the agitation-assessment score in people
with AD and related dementias (Gfigueiro et al., 2014).
Some studies have reported the effects of socially assis-
tive robots upon agitation. Robotic cats indicated a
trend toward decreasing agitated behaviour during
intervention in a nursing home (Libin & Cohen-
Mansfield, 2004). Therapy with a humanoid
robot (NAO) resulted in improvements in the
neuropsychiatric-inventory score, including agitation
assessment, in a day-care center (Valent{ Soler et al.,
2015). Paro — a baby-seal robot — has been found to
reduce agitation for people with major neurocognitive
disorders in general hospitals (Demange et al., 2018).
Moyle et al., (2017) showed that Paro was more effec-
tive for people with dementia in long-term-care facili-
ties, as compared with the usual care in video data.
Other studies have found improvements in the brief
agitation-rating scale in the Paro group, as compared
with the control group in the nursing home (Joranson
et al., 2015). Regarding information support devices
for dementia, a previous study has reported that an
IC recorder outputting the schedule reduced restless
behaviours in the day-care center (Yasuda et al., 20006).

The above studies have reported some effects on
improving agitation; however, the effects in home set-
tings remain unclear. Moreover, as for overall studies
of agitation, Livingston et al. (2014) have pointed out
that future study was needed to clarify the effects on
agitation in home settings, although the effects of non-

pharmacological intervention upon agitation have been
observed in hospitals or other facilities.

We have developed an information-support robot
capable of distributing information needed by the
user (Inoue et al., 2012). This robot has been developed
to allow older people with cognitive disorders or
dementia to live independently longer in community-
dwellings, and allows families or caregivers to input
information concerning the daily activities of older
people via the cloud services, install it in the houses
of older people living alone, and deliver the informa-
tion at the time when it is needed. The robot system
does not require users to complicated operations, and
has been shown to attract the attention of older people
with cognitive impairment at the rate of more than
90% (Nakayama et al., 2018). Occupational therapists
have participated in the development of the
information-support robot, and have evaluated the
effects of the robot. The results showed that
information-support incorporating to occupational
therapy treatment enhanced the effects of the robot
(Nishiura et al., 2014). Although the information-
support robot may affect the performance of daily
activities. it is not clear what impact it has upon the
agitation of people with dementia. To our knowledge,
there have been few reports about the effects of the
information-support robot on people with agitation
in home settings.

In the present study, we focused on restlessness in
the agitated behaviours and explored it. Restlessness
has been shown to be presented in 29-44% of older
people with dementia (Schonfeld et al., 2007; Woods
et al., 2009), and associated with a greater burden on
caregivers of people with dementia (Regier & Gitlin,
2018). Dealing with restlessness is essential for promot-
ing the independence of older people with dementia,
since it is associated with decline in cognitive function
and independence of daily activities (Zahodne et al.,
2015).

This study aimed to clarify the effect of the
information-support robot upon the restless behav-
iours of older people living alone with dementia in
community-dwellings. We hypothesised that the robot
would result in a decrease in the frequency and dura-
tion of restless behaviour, as well as a declining tenden-
cy in the time course of such episodes depending on the
time at which the robot’s support was given.

Methods

We recruited a participant from one city in Japan with
the following characteristics: (a) having restless behav-
iours, (b) living alone, (c) able to listen, comprehend
and follow the robot’s information and (d) consent to
participate in the study. Exclusion criteria were: (a)
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having severe auditory impairment except those using
hearing aids, and (b) having a risk that the robot might
promote further restless behaviours. We explained the
experiment to the participant and her family in written
form, and observed an interaction between the partic-
ipant and the robot prior to the experiment. The par-
ticipant signed a consent form upon expressing the
intention to participate. This study was approved by
the ethics committee of the National Rehabilitation
Center for Persons with Disabilities.

Case information

The participant was a 70-year-old woman who lived
alone in a community-dwelling and was diagnosed
with AD two years prior to the start of the study. In
addition to AD, she had also been diagnosed as suffer-
ing from high blood pressure and took two medications
— Aricept and Amlodipine — daily. According to the
criteria for determining the daily-life-independence
level (bedridden level) of the older people with disabil-
ities (Ministry of Health Labor and Welfare of Japan,
2012), she had been rated Al, meaning that she could
go outside with care and was out of bed for most of the
day. In fact, she was not physically impaired and could
move autonomously, but did not have the opportunity
to go out without assistance. Although daily-living
activities were at autonomous levels, she was unable
to cook with fire. Thus, her daughter, who was her
primary care giver, had helped to prepare meals. The
participant’s cognitive function was assessed by the
Mini-Mental State Examination — Japanese (MMSE-
J) and the Japanese version of the Neurobehavioral
Cognitive Status Examination (COGNISTAT) before
and after the experiment. According to the results, she
was rated as having dementia on the MMSE-J (a pre-
dictive validity classifying less than 24 scores into
dementia has been identified (Sugishita & Hemmi,
2010)). Her COGNISTAT results showed cognitive
impairments involving time orientation, attention,
naming, constructional ability, memory, calculation,
similarities, and judgment (scores below 9 are recog-
nised as impaired (Matsuda et al., 2001)) before the
intervention phase (Table 1). She used a public day
service and helper service for four days and one day a
week, respectively.

An OT interviewed the participant, her daughter
and her day-service staff in advance. According to
this interview, we learned that the participant had
missed meals and forgotten day services due to her
time-orientation impairment, and previously had a
heat stroke due to dehydration. However, the partici-
pant had not had any anxiety behaviour in activities of
daily living, and had not had any sleep problem or
moving around at night, had never developed delirium.

Table I. The cognitive function of a participant before and after
the intervention.

After
intervention

Before
intervention

MMSE-] COGNISTAT 14 18
Orientation 2 2
Attention 6 6
Comprehension 10 10
Repetition I I
Naming 5 7
Constructional 5 7
Memory 6 5
Calculation 4 4
Similarities 6 8
Judgment 8 7

Both her daughter and the day-service staff said that
the participant was a bit rigid and inflexible in follow-
ing daily routine. Her daughter also expressed a wish
that the participant could live alone as independently
as possible. The day-service staff noted that the partic-
ipant frequently forgot the days upon which she was
scheduled to receive service, such that she was sleeping
or unprepared when the staff arrived in the morning,
and often behaved in a restless or fidgeting manner
during the service itself. Additionally, the day-service
staff noted that the participant was very resistance to
change her mind in daily life, and that she was quite
restless both during the day service and returning
home.

Assessment and intervention device

The MMSE-J and the COGNISTAT tests were admin-
istered twice by an OT at the end of baseline and inter-
vention phases to assess cognitive function.

We adopted the motion sensor to detect transfers
from room to room. The sensor is composed of BLE
SoC (BCM207373s, Broadcom) and PIR motion
sensor (EKMBI1101111, Panasonic) that have been
widely used in studies in smart home applications
(Stucki et al., 2014). The sensors were 50.4-mm wide,
70.0-mm tall, and 38.0-mm thick and were operated by
tablet via a Bluetooth function. They switched from off
to on upon detecting a heat source. If no heat source is
detected for 10s, the sensors switch off. In the present
study, five sensors were installed in the participant’s
house: in living room, toilet, and entrance, as well as
the corridor in front of kitchen and the corridor in
front of washing machine (Figure 1(a)). Each sensor
was mounted on the wall or ceiling, such that the par-
ticipant would pay as little attention to it as possible.
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Figure |. (a) The floor plan indicating the installed sensors and the information-support robot. (b) The system diagram including data
collection and the flow that the robot distributed the information. (c) The research protocol.

We used PaPeRo i, which was manufactured by
NEC, as a platform. It is equipped with voice synthesis,
an intention-recognition module, and an interaction
system consisting of a light indicator and a head
motion. It can distribute necessary information for
the case via the cloud and customise the information
schedule by specifying the time and day of the week.
Furthermore, it can record the participant’s response
while the robot is distributing information. Figure 1(b)
shows a system diagram that used in this study.

Experimental procedure

Before we introduced the information-support robot to
the participant’s house, motion sensors were installed
in each room for two weeks to measure the baseline-
activity data, including the number of transfers and the
time spent in rooms without the information-support
robot. After completion of the baseline phase,
the information-support robot was introduced to the
living room and bedroom for two weeks. During the
intervention phase, activity data were also measured by
the motion sensors. The OT evaluated the participant’s
cognitive function before and after the intervention.
Figure 1(c) shows the research protocol.

Development of the information support contents

The information-support robot distributed necessary
information that was determined in advance before
the intervention in order to establish comfortable
daily routine for the participant. First, an OT drafted
the content of the information in line with the partic-
ipant’s needs, her cognitive and interview performance.

The OT adopted an information support approach that
reliably deliver information to older people when draft-
ing (Inoue et al., 2012). Next, another OT, one cultural
anthropologist, and two engineers reviewed the draft,
repeatedly revised and developed a provisional version.
Finally, we asked the participant, her family and day-
service staffs to confirm the provisional version and
adopted the contents with their consent for the final
version and the time of delivering the robotic interven-
tion. Table 2 shows the distributing schedule and the
information content.

Definition of restless behaviours

We defined restless behaviours as following four pat-
terns: (a) The first was restlessness going to the corridor
(RLtoC), which is sequential transfer from the living
room to the corridor and back. (b) The second was
restlessness going to the toilet (RLtoT), which was
sequential transfer from the living room to the corridor
to the toilet and back again. (c¢) The third was restless-
ness going to the entrance (RLtoE), which was sequen-
tial transfer from living room to the corridor to the
entrance and back again. (d) The fourth was restless-
ness going to multiple places (RLtoMP), which was
sequential transfer that did not fit the other three pat-
terns, e.g. movement from the living room to the cor-
ridor, the entrance, the toilet, the corridor, and back to
the living room.

Statistical analysis

We used a paired t-test to compare the number of epi-
sodes of restlessness between the baseline and
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intervention phases, and performed analysis using the
IBM SPSS statistics 25 software.

Result

Robotic intervention was successfully implemented
without problems over the course of the intervention
phase. We confirmed that the participant mostly
responded to the robot during the intervention phase
by means of recorded utterances.

MMSE-J and COGNISTAT showed changed scores
for cognitive function before and after the intervention
(Table 1). Regarding MMSE-J, the total score
increased on four points after intervention. The
COGNISTAT showed improvements in the Naming,
Constructional ability, and Similarities subcomponents
after intervention. However, these subcomponents
remained at an impaired level.

Table 2. The information distributing schedule and the
contents.

Distributing

time Contents

7:00 Good morning

7:30 Breakfast time notice

8:00 Encouraging hydration

8:45 Date information and
Prepare the day service

12:00 Lunch time notice

14:00 Encouraging hydration

16:00 Encouraging hydration

18:00 Dinner time notice and
Encouraging tooth brushing

20:00 Encouraging hydration

21:00 Good night

Frequency of restlessness

Table 3 shows the average number of four restless epi-
sodes per day. It can be seen that the number of RLtoC
episodes in the intervention phase was significantly
lower than that in the baseline phase (¢[12]=2.25,
r=.55, p=.044). Although the number of RLtoT epi-
sodes did not significantly differ between the baseline
and intervention phases, there was a substantial
decrease in their frequency in the intervention phase
(f[121=2.14, r=.53, p=.054). The number of
RLtoMP episodes significantly decreased during the
intervention phase (7[12]=2.96, r=.65, p=.012); on
the other hand, the number of RLtoE episodes
increased in the intervention phase (#[12]=-0.47,
r=.14, p=.644).

Duration of restlessness

Table 3 shows the average duration of one restless
action in the baseline and intervention phases. The
durations of RLtoC episodes were mostly shorter
than those of episodes of the other three types restless-
ness. The mean duration of RLtoC episodes increased
in the intervention phase, as compared with the base-
line phase (mean duration Bp: 62.1 + 64.5s/times, Ip:
73.8 +£79.5s/times). Regarding RLtoE episodes, the
mean duration and standard deviation in the interven-
tion phase also increased compared to their baseline
values (mean duration Bp: 153.1 £100.0s/times, Ip:
198.0 £ 137.2 s/times). By contrast, the mean duration
of RLtoT episodes in the intervention phase was
shorter than that in the baseline phase. Additionally,
the deviation of duration in the intervention phase was
narrower than that in the baseline phase (mean dura-
tion Bp: 306.5 + 141.8 s/times, Ip: 256.2 £ 95.8 s/times).
A similar deviation tendency was observed for

Table 3. The number of the four types of restless episodes and the duration.

Baseline phase Intervention phase Effect size p-values
mean (SD) mean (SD)
RL to C
Frequency 43.9 (17.2) 32.6 (10.5) .55 .044
Duration in second 62.1 (64.5) 73.8 (79.5)
RLto T
Frequency 13.5 (6.3) 8.5 (4.9) .53 .054
Duration in second 306.5 (141.8) 256.2 (95.8)
RL to E
Frequency 5.7 3.3) 6.2 (2.0) .14 .644
Duration in second 153.1 (100.0) 198.0 (137.2)
RL to MP
Frequency 5.9 (2.9) 3.2 (1.7) .65 .012
Duration in second 423.6 (222.4) 420.5 (194.3)

RL to C: restlessness going to the corridor; RL to T: restlessness going to the toilet; RL to E: restlessness going to the entrance; RL to MP: restlessness

going to the multiple place.
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RLtoMP episodes (Mean duration Bp: 423.6 +222.45s/
times, Ip: 420.5 4 194.3 s/times).

Time course of restless behaviours

We plotted RLtoC and RLtoMP episodes over the
time course, which significantly decreased in frequency,
to identify the effects of the time at which the robot
distributed the information. There is no unambiguous
evidence that the time of information distribution
affected these time courses. As shown in Figure 2, the
number of RLtoC episodes prominently decreased
between 8:00a.m. and 9:00 a.m., and that of RLtoMP
episodes indicated a slight decrease from 2:00 a.m. to
6:00 a.m. and from 9:00 a.m. to 10:00 a.m.

Discussion

We have conducted an intervention study to explore
the effects of an information-support robot upon the
restless behaviours of an older person with AD in a
community-dwelling. Our findings showed that the
robot’s intervention might significantly alleviate rest-
less behaviours in the home and reduce the duration
of restless actions.

Impact of the information support robot upon the
cognitive function

MMSE-J and three subscores of COGNISTAT showed
an increase after the robot intervention. These findings
suggested that the information-support robot changed
the participant’s communication  environment.
Previous study has reported that a human-type com-
munication robot improved the cognitive performance
of older people living alone (Tanaka et al., 2012).
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An appropriate opportunity for communication has
been reported to be useful to maintain cognitive func-
tion in community-dwelling older people (Kimura
et al., 2019). Therefore, the information-support
robot might be able to improve the MMSE-J and
COGNISTAT scores due to the new opportunities
for communication with the participant living alone.

Impact of the information-support robot upon the
frequency of restlessness

In the present study, the frequency of RLtoC and
RLtoMP episodes significantly decreased compared
with the baseline. Previous studies have demonstrated
that socially assistive robots influence the motor behav-
iour of older people with dementia; specifically, the
intervention of Paro was shown to reduce the step
count of older people with dementia during daytime
(Moyle et al., 2018). Another study showed that Paro
had an impact upon the agitated behaviour of people
with dementia (Joranson et al., 2015). These previous
studies suggest that Paro can provide comfort to people
with dementia. In terms of reducing the frequency of
restless action, the present findings were consistent with
those of previous studies.

It is notable that the robot used in this study distrib-
uted information needed by the participant.
Furthermore, the OT established this information in
line with the case’s cognitive impairment, especially in
terms of time orientation and memory. Assistive tech-
nologies generally support people with dementia by
focusing upon their real needs. A previous study devel-
oped COGKNOW, a cognitive device combined with
smart-home technology, to help people with mild
dementia (Meiland et al., 2007). Other studies have
developed AP@LT, an application to compensate the

ﬁ
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Figure 2. This shows the two restless episodes over the time course of a day. (a) RL to C: restlessness going to the corridor, and

(b) RL to MP: restlessness going to the multiple place.
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memory problems of people with AD (Imbeault et al.,
2014). Although these technologies have shown their
effectiveness for planned activities such as medication
taking, little is known about whether they affect
unplanned daily activity around the home. From the
findings in this study, we infer that information sup-
ports in line with the participant’s needs and the char-
acteristics of cognitive function can impact on reducing
the restlessness in the house.

Increase of MMSE-J and COGNISTAT scores
might indicate that the information supports impacted
on reducing the participant’s restlessness. One study
has reported that older people with anxiety tented to
decline the cognitive function and anxiety could be
attributed to cognitive decline (Kassem et al., 2017).
In this study, the information supports were in line
with the participant’s needs, and might contribute to
the improvement of cognitive function, leading to the
reduction of restlessness.

Impact of the information-support robot upon the
duration and time course of restlessness

Although most facets of restlessness decreased in fre-
quency during the intervention phase, the mean dura-
tion of RL to C episodes showed an increase compared
with the baseline phase. This means that the time spent
in the corridor increased, even though the frequency
decreased. This might indicate that the purposeful
activities increased at the kitchen and the laundry
area of the participant’s house. Additionally, the stan-
dard deviations of RL to T and RL to MP were nar-
rower during the intervention phase than during the
baseline. These results supplement the idea that the
information-support robot may reduce restlessness
not only quantitatively but qualitatively.

Moreover, the number of RL to C episodes promi-
nently decreased from 8:00 a.m. to 9:00 a.m., and that
of RL to MP episodes decreased from 2:00 a.m. to 6:00
a.m. There is a possibility that the participant might
calm down in the certain time course with the
information-supports due to some needs being met.
Restlessness is associated with an increased neurologi-
cal need arising from an inability to integrate various
stimuli (Woods et al., 2009). Therefore, the present
results suggest that ecither the information-support
robot or the information itself met the participant’s
needs, as a result, the participant calmed down from
8:00 a.m. to 9:00 a.m. Decline in RLtoMP episodes
might indicate that sleep fragmentation decreased,
since the participant is generally likely to be asleep
from 2:00 a.m. to 6:00 a.m. Approximately 65% of
people with AD have sleep disturbances attributable
to change in circadian rhythms (Wennberg et al.,
2017). The participant had not had any sleep problems

but given that one or more RLtoMP episodes on aver-
age were recognised from 2:00 a.m. to 6:00 a.m. in the
baseline phase, the results suggest that the intervention
of the information-support robot might influence sleep
conditions.

The time at which these results were represented
may be significant. Agitated behaviours, such a
pacing, were more disruptive in the morning than in
the afternoon (Cohen-Mansfield, 2008). In general,
people with dementia exhibit more time-orientation
disruption in the morning than in the afternoon
(Iwamoto & Hoshiyama, 2012). Therefore, an interven-
tion by using the information-support robot might pro-
vide a solution for people with these symptoms, their
families and caregivers.

Limitations

All the present results were obtained from a single case,
making them difficult to generalise. Thus, we need to
conduct a large-sample study to investigate the effects
of the information-support robot. It is necessary to
further investigate the quality of restless behaviours,
since the behaviours defined in the present study may
include daily-living activities. In particular, it is diffi-
cult to determine if the decrease in restless behaviour
was positive. It should be noted that the present study
focused on the restlessness. Agitation includes not only
restlessness but various behaviours, and so we cannot
infer that the information-support robot is effective for
all agitation. In addition, assessments directly reflecting
participant’s levels of independence should be required
to clarify effects of the information-support robot on
promoting the independence of older people living
alone. In particular, sleep condition is necessary assess-
ment for levels of the independence of older people
with dementia, since it was associated with the indepen-
dence and agitation in people with AD (De Oliveira
et al., 2014). From the present study, it is, however,
difficult to discuss effects of the information-support
robot on the sleep conditions. Regarding an increase
of the cognitive assessment scores, the present study
cannot rule out the possibility of leaning effect due to
the short-term intervention. The effects of the informa-
tion support robot on cognitive function remains to be
determined in future studies.

Future development

In future, a randomised control study to generalise the
findings of this study and a long-term intervention
study should be conducted to investigate the long-
term effects of the information-support robot.

This study investigated the possibility of using
information-support robot might contribute to



Mizuno et al.

57

promoting the independence of older people living
alone with dementia, since previous study has shown
that agitated behaviours are associated with decline in
the independence of AD (Zahodne et al., 2015). In this
study, occupational therapists were responsible for
developing the information-support contents distribut-
ed by the robot, the results of this case study would
be significant to the occupational therapy in robot
application.

Conclusion

We conducted a case study to clarify the effects of an
information-support robot upon the restlessness of an
older person living alone with AD in a community-
dwelling. The information-support robot was found
to alleviate restlessness in the house and reduce the
duration of restless actions. These findings suggested
that the information support robot can promote the
independence of older people living alone with demen-
tia. However, it is necessary to conduct a further
large-sample study to investigate the effects of the
information-support robot upon people with dementia.
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