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Abstract

As people live longer, a larger percentage will live with multiple chronic con-
ditions and functional impairments such as difficulties with activities of daily
living, mobility, and the management of one’s household. The purpose of this
paper is to examine the care of older persons in a technologically advanced
nursing future by discussing roles and responsibilities of nurses who practice
gerontological nursing, and explaining how a technologically advanced future
would change the delivery of home health care for older persons in the com-
munity. The theory of Technological Competency as Caring in Nursing
grounds 3 processes of nursing as knowing persons as caring, wholeness is
oneness, and caring as a multi-dimensional process. Harnessing technology
for the health of older persons would enable them to live independently, so-
cially engaged, and safely. A technologically advanced nursing future leads to
concomitant sustainable disruptive and frugal innovations in healthcare.
Nurses in practice must take advantage of these disruptions and consider
frugal innovations as the futures of nursing education, practice, and research
are here.
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1. Introduction

The world is experiencing a dramatic sociodemographic shift. From 2015 to

2050, the proportion of the world’s population that is over 60 years old will be
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nearly double (from 12% - 22%). By the year 2020, people aged 60 years and
older will outnumber children younger than 5 years old [1]. All nations face
considerable challenges to cope with this shift in demographics.

As people live longer, a larger percentage will live with multiple chronic con-
ditions such as diabetes, hypertension, or dementia [2] and functional impair-
ments such as difficulties with activities of daily living, mobility, and the man-
agement of one’s household [3]. One of the most difficult health care challenges
the world is facing is ensuring that older persons with chronic illnesses continue
to be independent as long as possible. As older persons experience the aging
process, healthcare providers are needed to assist in achieving the best quality of
life.

Admission episodes for people in the 65 - 84 age group have seen the greatest
increase in volume across the last ten year period. The admission episodes rose
from over 2 million episodes in 2006-2007 to 6.3 million in 2016-2017. In con-
trast, episodes from the 15 - 44 age group only increased from 300,000 to 4.7
million in the same period [4]. Gerontologic Nursing has become a very relevant
specialty in nursing in addressing future problems caused by the rapid graying of
the population.

About 50% of WHO Member States have reported having less than 3 nursing
and midwifery personnel and about 25% reported having less than 1 nursing and
midwifery personnel per 1000 population in 2018 [5]. Experts say that the nurs-
ing workforce is not sufficiently prepared for the number of older persons who
are living longer, and sicker, with more chronic and complex health conditions
[6]. To address the problem of the nursing shortage, the American Organization
of Nurse Executives (AONE) made specific recommendations to examine the

use of technology to improve the capacity of a reduced nursing workforce [7].

2. Purpose

The purpose of this paper is to examine the care of older persons in a technolo-
gically advanced nursing future by discussing roles and responsibilities of nurses
who practice gerontological nursing, and explaining how a technologically ad-
vanced future would change the delivery of home health care for older persons
in the community.

The unstoppable growth of the population of older persons globally will sig-
nificantly impact the reshaping of contemporary nursing care patterns. Solutions
to the challenges of providing effective healthcare to a growing number of older
persons are developed but rarely tested. Therefore, we suggest that research is
needed to examine the role of technology in the care of older persons in a tech-

nologically advanced future.

3. Nursing in a Technologically Advanced Future

Older persons with fragile health often need specialized care as minor health-related

issues oftentimes rapidly spin out of control if unattended or untreated. A ge-
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rontological nurse is a type of nurse who specializes in the care of older persons,
undergoes specialized training in assessing the unique needs of older persons.
This specialized training enables them to care for older persons with competence
and evidence-based practice [8].

Technological breakthroughs occur at an ever-increasing pace [9], thereby
revolutionizing wellbeing and health care [10]. Technological advancements
have drastically changed the structure and organization of nursing [11] so much
so that the modal changes in modern healthcare have transformed nursing’s de-
livery of care. Healthcare technology serves as tools and guideposts for caring
[12]. As nurses integrate emerging technologies in their practice, nurses need to
consider technological advancement as promising solutions to meeting the
healthcare needs of older persons [13].

In a technologically-advanced future, person-centered care is a timely con-
ceptual framework to base healthcare systems’ infrastructure [14]. In per-
son-centered care, the nurse and the patient collaborate in managing the health-
care needs of the patient. Person-centered care in nursing focuses on the per-
son’s individual needs, desires, and goals so that they are considered as the cen-
tral concepts in nursing practice [15]. The person’s needs, for example, as de-
fined by the patient are clearly prioritized, and performed above those that have
been identified by healthcare professionals. Person-centered care puts more im-
portance on the health experiences of patients concerning their health, illness,
freedom, injury, need, and safety [16]. The patient and nurse become central

figures to influence patient-centered care.

4. The Theory of Technological Competency as Caring
in Nursing

The theory of technological competency as caring in nursing provides the pers-
pective through which nursing care is expressed with the patient as the central
focus. The theory is derived from the general concept of Nursing as Caring [17].
Technological Competency as Caring in Nursing is a middle range theory that
illustrates nursing practice with technological competency is expressed as caring.
Its key conceptual tenet is based on the coexistence among technology, caring,
and nursing as a discipline of knowledge and as a practice profession.

The legitimacy of the theory is supported by five assumptions. First, persons
as caring by virtue of their humanness. This assumption accentuates the expres-
sion of caring as beneficial to all persons who care, although their expression of
caring can vary. This realization is crucial in the appreciation of the fullness of
the value of human beings as always caring persons, 2) second, the idea of
wholeness is a perspective of oneness. The idea of wholeness provides the recog-
nition of human beings as always complete in their being, without referencing its
composition of parts [18]. This allows the nurse to focus on nursing as a lived
experience that is shared between the nurse and the patient [17].

The third assumption focuses on knowing persons as caring is a multidimen-
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sional process [19] in which the patient and the nurse, concentrate on celebrat-
ing, appreciating, affirming, and supporting each other as caring persons while
permitting the mutual recognition of the meaningfulness of their being as dy-
namic participants in human caring. The fourth assumption is that health and
nursing technologies are elements for caring [19]. Through the use of technolo-
gies, nurses in practice would be capable of knowing human beings more fully as
persons who are active contributors in their care rather than simply objects of
care. Lastly, nursing is a discipline of knowledge and a practice profession [19].
As a profession and a discipline, paramount to its existence is knowledge devel-
opment. Advances in the practice of nursing are concentrated on enhancing its
legitimate contribution with regard to healthcare, in which the practice of nurs-
ing is a significant element to the attainment and maintenance of human well-
being and health.

Knowing Persons as a Process of Nursing

The theory of Technological Competency as Caring in Nursing [19] grounds
three processes of nursing as “knowing persons as caring”. It unfolds as tech-
nological knowing, mutual designing and participative engaging. Technological
knowing is the utilization of technologies for the purpose of knowing persons
more fully as caring persons. With technological knowing, health care technolo-
gies and being experts in these technological advances are greatly recognized as
essential to the practice of nursing.

Possessing this information about the patient allows the nursing encounter
(engagement) between the nursed and the nurse in order to know the person
more fully as a person. Mutual designing emphasizes the valuing of persons as
collaborators in their care rather than being objects of care or human bodies
containing diseased organs. With the nursing encounter that is mutually de-
signed, participative engaging occurs so that both the caregiver and the cared
for, are able to live their lives more meaningfully as caring persons with hopes,
dreams, and aspirations.

Therefore, person-centered care in nursing is guided by the process of
“knowing persons as caring in nursing”. The theory of Technological Compe-
tency as Caring in Nursing can be implemented at the participative level, focused
on the person being nursed as always whole, and complete rather than on fixing

the person or completing or replacing the person’s missing parts [13].

5. Technologies in Older Persons’ Care

Advances in technology enable nurses to perform their activities and care for pa-
tients more safely and efficiently. There is a host of healthcare technologies to-
day that monitor the status of the patient, new ways of documentation like the
electronic health record, and the use of telehealth technologies that enable pa-
tients to receive care in their preferred locations are some instances of technolo-

gical advances changing the way nursing is being practiced today.
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Consequently, nursing today isn’t the same as it was 30 or so years ago. Simi-
larly, gerontologic nursing today isn’t the same as it was 30 years ago as well.
“Gerontechnology” [20] began in the late 1990s when gerontologists and tech-
nology experts met and discussed the design and development of technologies
that support demands and concerns of older persons. The goal was to improve
life satisfaction of older persons with or through the use of technology.

Technology is a tool to fast-track the three aims of healthcare, to 1) improve
the experience of patients to care, 2) improve the health of the populations, and
3) reduce the cost of health care per capita [21]. The American Geriatrics Society
Expert Panel on person-centered care [22] suggests that the continuous sharing
of information and integrated communication is essential to the achievement of
person-centered care. This integration and sharing can be completed through
technological means [23]. Technology has also been considered as the solution
to workforce shortages, home management of complex chronic illnesses, and the
omnipresent health equity issues such as rural and urban access to health care
can be addressed through technology.

Harnessing technology for the health of older persons would enable them to
live independently and safely. Technological inventions such as devices that en-
able older persons to connect with family and friends like GrandPad [24], a sim-
plified computer/tablet, smartphones and video chats like Skype or FaceTime
[25] [26]; and medication management devices like medication reminders [27],
pill dispensers [28]; or telehealth systems that monitor blood pressure, pulse,
blood glucose, and more [28]; and devices that promote exercise and fitness ac-
tivities like the Wii Fit Plus [29]; or games that encourage seniors to participate
in cognitive activities, altogether declare the technological dependency of older
person for care today. Technology has also made it possible for older persons to
live alone safely through home monitoring systems [30], Personal Emergency
Response Systems [31], and GPS tracking systems that prevent wandering
among patients with dementia [32].

Gerontologic nurses of the future need to integrate emerging technologies in
their practice, education, and research. To ensure that the technology would be
responsive to the needs of older persons, nurses need to be involved in its de-
velopment [13]. For nurses to remain relevant in a technologically advanced
future, nurses need to ensure the evidence-based delivery of care through the
use of technologies. Gerontologic nurses of the future will be overseers of care
[13], delegating tasks to intelligent machines like the monitoring of vital signs,
checking of blood sugar levels, the incidence of pressure ulcers, or the risk for
falls. Using these technologies in the care of older persons will be a mandate of

nursing care.

5.1. Home Health Care

Home Health Care is a system of care for home-bound patients that are pro-
vided by skilled health care practitioners under the direction and supervision

of a healthcare professional. Nursing care is included in home health care ser-
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vices. The goals of home health care services are to 1) assist persons to im-
prove their level of functioning and live with greater independence, 2) pro-
mote an optimal level of well-being and, 3) prepare the patient to remain in
their respective homes and avoid hospitalization, admission, or readmission to
institutions for long term care [33] [34] [35]. Rosati [36] identified six advan-
tages to home-based care, they are: 1) enhanced view of patients and caregivers
that would lead to better comprehension of important issues, like how they
manage nutrition and medications; 2) enhanced access to health care that is
very relevant to patients with physical and socioeconomic barriers to health
care; 3) a more collaborative clinician-patient relationship; 4) an expression of
the act of humility by stepping out of their comfort zones to be with the pa-
tient and that the patient and the patient’s family are worthy of being known
and visited; 5) desired services are made available to patients at lower costs;
and 6) a greater safety for frail elders, due to fewer common complications of
hospitalizations like nosocomial infections.

Han, Kim, Storfjell, & Kim [37] found that home health care services had an
effect on clinical outcomes including activities of daily living, instrumental activ-
ities of daily living, quality of life of patients, functional status, and functional
capacity. Functional status is an important ingredient in independent living and
the improvement of the quality of life while functional capacity is key for home
health care in the maintenance of the ability of older persons to live indepen-
dently and safely at home [38]. It has also been noted by Roy and others (2018)
that the majority of older persons prefer to remain in their homes for as long as
possible [39]. Because of the advantages of home health care services, the home
and the community in the future will emerge as the primary settings for a di-
verse consortium of health care services [34]. Homes and health services will be
synonymous that it would not be referred to as home care but as “modern
healthcare” [36].

5.2. Technology in Modern Healthcare

Technology in modern healthcare fosters and engenders community-based
independence. Technologies such as electronic health records [40], mo-
bile-assisted devices [41], biofeedback systems monitor a patient’s involun-
tary body functions like temperature, blood pressure, blood sugar, and heart
rate, thereby preventing the occurrence of conditions like high blood pres-
sure, fever, hyperglycemia or hypoglycemia [42], and alarm integration
technology [43]. While caregivers play the most significant role in keeping
older persons healthy at home, technology for modern healthcare provides
the tools essential to enable cost-effective healthcare. Telehealth including
remote monitoring will be a crucial factor in modern healthcare as it uses
advanced technologies that support long-distance care for patients [44].
Home health remote monitoring or telehealth gives the caregiver the ability

to screen, measure, and monitor the patient’s health condition from a dis-
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tance [45]. These systems can record and monitor a wide range of items such
as an electrocardiogram (ECG), vital signs, blood glucose, pulse oximetry,
and weight [46]. Data from a variety of chronic diseases such as congestive
heart failure, diabetes, asthma, and hypertension can also be collected from
patients [45].

Technology also allows healthcare professionals to remotely communicate
with their patients, make changes on their care plans and interventions on a
real-time basis, and monitor the patients’ physical response to those changes
[47]. Studies have shown the effect of remote monitoring on reducing read-
missions for older persons with chronic heart failure and reduced number of
nursing visits per week for those with diabetes [48] [49]. The healthcare system
is currently facing a multitude of challenges such as increasing healthcare ser-
vices needed by older persons, a grave healthcare provider shortage, tightening
of state and federal budgets, and insurance limits. The use of telehealth/remote
monitoring systems would play a crucial role in the provision of access and
continuity of care for the older persons, enabling them to stay at home as long
as possible [46]. Furthermore, telehealth could be a solution to addressing the

problem of nursing shortage around the world [50]

5.3. Other Technologies Revolutionizing Home Health Care for
the Older Persons

5.3.1. Mobile Devices

A technology that can support older persons’ healthcare are mobile devices. As
a person ages, there is an increasing likelihood of having multiple health prob-
lems and this leads to an increasing need for health and/or disease manage-
ment interventions [51]. A systematic review by Whitehead and Seaton [52]
found evidence indicating the potential of applications in improving the man-
agement of symptoms through self-management interventions. They have also
concluded that the use of mobile device applications has the potential for
health outcome improvement among those living with chronic conditions
through enhanced symptom control. There are a number of applications in
smartphones that have been developed specifically for older persons (Table 1)
and further optimization, innovation, and rigorous research around the poten-
tial of mobile device applications will move the technology toward the reality

of improved health care delivery and outcomes.

5.3.2. The Internet-of-Things

The Internet-of-Things (IoT) is a network of devices that are embedded with
electronics, sensors, software, and network connectivity and this enables these
devices to collect and exchange data [65]. Several definitions of IoT can be taken
from different perspectives. From the viewpoint of services provided by devic-
es, IoT means a reality where devices can automatically communicate with
computers and with other devices that provide services that humankind can

benefit from [66]. From the viewpoint of connectivity, IoT means anyone has
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Table 1. Examples of smartphone applications for older persons.

Category

Disease diagnosis or
management

Treatment and
Medication

Mobile Application

iGeriatrics
(IOS and Android)

MICROMEDEX
(IOS and Android)

Medscape

MIMS

Lexicomp

Epocrates

Use

iGeriatrics is a composite of all the American Geriatrics Society’s clinical information
into one easy to use application. Included is information from the following titles:

*  Geriatrics Cultural Navigator

*  Guide to common immunizations

*  Prevention of Falls Guidelines

¢ AGS Beers Criteria

*  GeriPsych Consult

*  Management of Atrial Fibrillations [53]

MICROMEDEX is a collection of several databases for drugs which includes
Martindale, DRUGDEX, POISONDEX, DISEASEDEX, the Physician’s Desk Reference
(PDR) and a host of other alternative healthcare databases. Medications can be
searched by generic name, trade name, or even “street” name [54].

The Medscape application provides accurate and fast clinical answers at the point of
care and is the number one medical resource for physicians, nurses, medical students,
and a host of other healthcare professionals [55].

The MIMS application is built with an intuitive, multi-concept search engine that is
connected to the comprehensive MIMS Drug Database and is equipped with complete
educational resources to aid healthcare professionals in making informed clinical
decisions [56].

The Lexicomp Mobile Application offers an extensive online drug reference where
users can access more than 20 drug databases, featuring timely, in-depth information
on natural products, drugs, drug interactions, medical calculations and more [57].

Epocrates application provides clinical reference information on drugs, diagnostics,
diseases, and management of patients [58].

Applicationsfor
hearing loss

uHear (I0S)

hearScreen
(Android)

The uHear application is a self-administered screening tool for the identification of
hearing impairment [59].

The uhear Screen application is a smartphone hearing screening that is accurate,
cost-effective, and clinically-validated [60].

Applications for
Dementia and
Alzheimer’s
Disease

AngelSense

Dementia Screener
(Android)

The AngelSense device is attached to the clothing of a loved one and provides
monitoring of a loved one’s location, routes, and transit speeds and sends an instant
alert to the smartphone of the caregiver if the loved one is in an unfamiliar place. Also
gives caregivers the ability to listen to what is happening around their loved one, can
receive alerts if their loved one is missing an appointment and also allows caregivers to
communicate with their loved one. The device also has a GPS tracking system so an
alarm can be sent to caregivers to locate their loved ones [61].

Dementia Screener application diagnoses if someone has symptoms of dementia. It is
used for the detection of early symptoms of Alzheimer’s disease [62].

Applications for
Parkinson’s Disease

Parkinson’s LifeKit
(10S)

MyTherapy

Parkinson’s LifeKit application tracks symptoms of Parkinson’s and finds patterns over
time. The application tracks daily physical movement, emotional state, cognitive
function, and medication phases. It also provides a detailed log of the medication
regimen, set reminder alerts for activities and medication, and creates reports for the
healthcare professional [63].

The MyTherapy application tracks symptoms of Parkinson’s disease over time. The
application also has a medication reminder and has a highly customizable scheduler for
reminders. The application is also capable of keeping a Parkinson’s journal that
documents medication taken, the evolution of Parkinson’s symptoms, and state of
health. The application also visualizes measurements, medications, and symptoms in a
PDF health report that can be shared with healthcare professionals. The application
also reminds the user about his/her next appointment and it also manages medications
and alerts the user on the number of Parkinson’s medication available [64].
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connectivity anytime or anyplace and will now have connectivity to anything
[67]. From the viewpoint of communications, IoT refers to a network of inter-
connected devices uniquely addressable and are based on standard communica-
tion protocols that span worldwide [68]. And, from the viewpoint of networking,
IoT is the evolved form of the Internet from a network of interconnected com-
puters to a network of interconnected devices [69]. The recent developments in
IoT technology can play a significant role in the design of a suitable healthcare
system for older persons. Smart homes can revolutionize the method in which
healthcare services are being provided to older persons by integrating health and
other ambient assisted living technologies [70].

1) IoT Devices that Promote Medication Adherence

Studies have shown [71] that if patients are aware that their treatment habits
are being monitored, adherence improves by 20 percent. IoT is able to take it
further—beyond just notifying the patients of their status in adherence, con-
nected device technologies can provide an end-to-end medical solution. An ex-
ample is smart packaging. Sensors in a connected medication package can
transmit information about the time a package is opened, which will be trans-
mitted through a secure network and onto a platform for management that al-
lows monitoring [72].

Devices such as the Sensemedic [73], is capable of “smart dispensing”. A
smart dispenser is capable of audibly or visually alerting a patient that they need
to take their medication. The dispenser is tamperproof or lockable to avoid
overdosing. Adherence of each patient can be accurately determined and this al-
lows healthcare professionals to implement measures that can guide and support
patients better: working from the existing behavior towards an improved intake
pattern [74].

2) IoT Enabled Wearable Healthcare Devices

IoT enabled wearable healthcare devices allow for remote monitoring of dif-
ferent vital signs and states of health and allow healthcare providers to stay con-
nected with their patients and to gain better visibility into their health [75]. The
biggest benefit of IoT-enabled wearable healthcare devices is the provision of
information to individuals that can give them better control over their health
outcomes. Individuals can monitor different factors of fitness, health, wellness
and track progress towards health goals. IoT enabled wearable healthcare devices
also enable those with conditions that need close monitoring to track important
health indicators on a day-to-day basis. The data collected can be shared with
healthcare providers for a more detailed understanding of the condition. It is al-
so capable of updating in real-time electronic health records through cloud-based
accessibility [75].

The growing accuracy of IoT enabled wearable healthcare devices would ben-
efit healthcare providers more because care plans can be formulated through the
evaluation of data recorded in the devices [76]. IoT enabled wearable healthcare
devices are improving self-management abilities and are also becoming key di-

agnostic instruments for healthcare providers. Recorded data from such devices
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are wirelessly transmitted, and the healthcare provider can assess important sta-
tuses without having to schedule an appointment [77].

5.3.3.10T Enabled Smart Homes

A smart home that is integrated with assisted living technology and e-health can
potentially play a crucial role in revolutionizing the healthcare system for older
persons [70]. In a smart home, actuators and sensors are connected via a Per-
sonal Area Network (PAN) or Wireless Sensor Network (WSN). Wearable
healthcare devices such as electrocardiogram (ECG), electromyogram (EMG),
electroencephalogram (EEG), oxygen saturation and body temperature devices
can be connected in a Wireless Body Area Network (WBAN) or Body Sensor
Network (BSN) for obtaining continuous, automated, and real-time measure-
ment of physiologic statuses [70].

The central computing system collects environmental, activity, and physio-
logical data for analysis and sends feedback to the user or trigger activation of
actuators to control appliances such as oxygen generator, air conditioner, humi-
difier, or even the oven. It also functions as the central home gateway that is ca-
pable of sending measured data to healthcare providers over the internet. An IoT
enabled smart home is also capable of automated emergency call systems which
enable the older persons to communicate with healthcare providers in cases of
emergencies. Smart homes are also equipped with automated activity and fall
detection systems that compare normal and abnormal activities in order to re-
spond appropriately through the use of video-based systems [70].

Frequent and immediate medical intervention may be required by older per-
sons. Such emergency situations can be avoided by constant monitoring of the
physiological status and activities of the older persons. Remote health monitor-
ing in a smart home platform allows the older persons to remain in a comforta-
ble home environment rather than in nursing homes that are expensive and li-
miting or hospitals [78]. Smart homes also ensure maximum independence to

occupants [79].

5.3.4. Big Data Analytics
The recent and rapid increase in digital data generation and the rapid devel-
opment of computational science has enabled the extraction of new insights
from massive data sets known as “big data”. Data whose scale, diversity and
complexity require new architecture, algorithms, techniques, and analytics to
manage and extract value and hidden knowledge from it is known as “big da-
ta” [80]. Big data analytics utilizes the various algorithms of data mining. Data
mining is the automatic extraction of useful and previously unknown informa-
tion from huge databases or datasets utilizing advanced search techniques and
algorithms for the discovery of patterns and correlations in large pre-existing
databases [81].

The three drivers of the era of big data are to improve healthcare quality and

patient outcomes, increasing the availability of data, and increasing capabilities
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in the analysis [82]. The potential value of big data analytics are: 1) the delivery
of therapies that are personalized; 2) the use of clinical decision support systems
such as the mining of literature in medicine; 3) personalized diagnostic and
treatment decisions and educational messages to support desired behaviors of
patients through the use of mobile devices; 4) big data-driven health analyses of
populations revealing new patterns in health data; and 5) fraud prevention and
detection [83].

In older persons care in a technologically advanced future, there are a number
of methods in which data is being collected including electronic health records,
social media, mobile health applications, health surveys, wearable health devices,
various medical devices, and remote monitoring systems [84]. For seniors, the
optimized collection and use of available data can make a significant difference
in meeting health care’s Triple Aim of improving the health of populations, en-
hancement of the experience of care, and reducing costs [85].

Optimal use of big data from seniors can help improve health outcomes in
many ways. The use of predictive models and evidence-based care that can be
achieved through clinical analytics may enable support for earlier intervention
for individuals who may be at more risk to rapid decline [86]. Furthermore, be-
cause the older person population is especially vulnerable to healthcare-acquired
infections and chronic conditions, making it possible to receive care at home
with the support of remote monitoring makes the use of big data an attractive
alternative—in addition to improving quality of life [87]. And finally, seniors
who experience especially high rates of chronic disease, which are very respon-
sive to frequent or continuous remote monitoring of specific data points that can
inform early diagnosis and treatment can also help limit disease progression and

recurrent hospitalizations [88].

5.3.5. Robots for Older-Persons’ Care

Although we are still a long way from the imagined future in the movie “Robot
and Frank” where robots are capable of almost everything humans can do, stu-
dies have shown [89] [90] [91] [92] that autonomous robots that are pro-
grammed to interact and communicate with humans could address issues of so-
cial interaction and care. These robotic technologies are believed to reduce lone-
liness and increase the independence of the elderly.

A substantial increase in the older person population results in a number of
issues in healthcare such as the inadequacy of healthcare professionals, centers,
and services [93] and huge burdens of costs in healthcare [94]. In order to de-
crease the costs related to transportation and readmissions, and also to improve
the quality of health-care services and the independence of the older persons,
healthcare services are shifted to the homes of the older persons from medical
institutions [95].

This necessitates the creation of different types of assistive medical robots
(Table 2) to fulfill the various needs of the older persons and compensation of

disabilities [96]. Studies have shown that assistive medical robots also improved
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Table 2. Examples of robots for the care of older persons.

Robot’s Name

Robear

Pepper

Care-O-bot 4

ASIMO

Dinsow

ElliQ

MiRo

PARO

Resyone

TREE

Description

A nursing care robot that performs tasks such as assisting the older persons in standing up, or lifting them from a bed into
a wheelchair [102].

A humanoid robot that can be used in nursing care for older persons with the ability to read and respond to human
emotions and this enables it to have conversations with older persons. Pepper’s capabilities can be added through
personalization and will include: independent movement; assisting the older persons in everyday tasks like keeping track
of bills, assistance in to-do lists; providing health-related assistance like medication reminders, physical exercise, or
emergency alarm; providing easy access to technology like access to the internet, smart appliances for home automation,
video calls; and providing entertainment like playing music, videos, games, and reading [103] [104].

A general purpose service robot that has been given the ability to adapt to different situations, environments, and
requirements. The design enables the robot to configure with the situation and is able to create a positive emotional bond
on all three levels (behavioral, visceral, and reflective) with necessary social cues provided. The Care-O-bot 4 may be
deployed in a variety of environments from home setting to medical assistants and can assume different roles [105].

Stands for Advanced Step in Innovative Mobility, is a humanoid robot that is capable of independent walking and stair
climbing. It can also understand preprogrammed gestures and spoken commands, interface with IC communication
cards, and recognize voice and faces. ASIMO’s arms and hands give it the capability of doing things like turning on light
switches, carry objects, open doors, and push carts. ASIMO has been designed to help those in a society that needs
assistance like older persons [106] [107].

An elder care robot designed to assist older persons. It can keep a record of an older persons’ medication and also re-
minds them when to take them, it also tracks their health and automatically answers calls family or healthcare
professionals. It is also capable of setting up a video chat with the family or with healthcare professionals. It is also
equipped with a karaoke feature with the purpose of amusing and entertaining the older persons [108].

A companion robot. It is a smart voice assistant integrated with a personality that can help in reminding the older
persons with their upcoming calendar appointments, display pictures from family, receive and send messages, play music
and videos. It is equipped with a swiveling head and removable tablet and cameras. It is also capable of responding to
requests. It can be asked to play games or tell jokes. It can also be asked to suggest activities [109] [110].

A companion robot. It is emotionally engaging through the cute and dog- inspired looks and is capable of showing emo-
tion through the display of different colors in the shell part of its body. It is equipped with impressive optical

navigating skills, a host of smart sensors for the detection of its surroundings and to tell when it is being stroked or patted,
face recognition technology, medication reminders, monitor vital signs, calls for an emergency during cases of falling and
more. It is envisioned as a tool that could one day play an essential role in the company for older persons. With the
correct programming, MiRo will be able to engage emotionally with older persons. It would be able to provide amusement
and companionship while the older persons are alone which alleviates isolation and encourages the older persons to look
after themselves [111] [112] [113] [114].

A companion robot that is modeled after a baby harp seal. It is covered with soft artificial fur to mimic the feeling of
touching a real animal and is also antibacterial. It has a diurnal rhythm of the morning, daytime, and night (it gets active
during the day and less active at night). It is equipped with 5 different kinds of sensors for the perception of people and
the environment: light, posture sensors, tactile, temperature, and audition. It is administered to patients in environments
such as hospitals and extended care facilities and allows the documented benefits of animal therapy. It has been found to
be effective in reducing stress in patients and their caregivers, it is capable of stimulating interaction between patients and
caregivers, it improves the relaxation and motivation of patients, it is also capable of improving the socialization of
patients with other patients and caregivers. PARO can be programmed to user preferences and respond to its new name.
It responds as if it is alive by moving its head and legs, showing preferred behavior, and making sounds [115] [116] [117].

An electric bed embedded with a section that can be separated and converted into a reclining wheelchair that runs on
electricity. It is able to help the older persons get out of bed [118] [119].

A one-hand assistive robot that provides easy-to-understand feedback with the use of video and audio which allows users
to visualize on the spot the practice records and contributes to the increase of their motivations towards

rehabilitation. This assistive robot also accompanies users during walking rehabilitation. It records and manages data
during practice that enable users to review the progress in every training session. It measures foot pressure, checks on the
load on each foot on a real-time basis to provide a comfortable training experience [120]].
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Continued

Jibo

Stevie

Buddy

Moxi

A humanized, highly interactive social robot that has a range of capabilities that makes it the ideal companion in a home.
It is capable of many social interactions using cues that are natural, emotive, and social for better understanding which
establishes Jibo as more socially acceptable. It is capable of: telling interactive stories using movement, sound, and
animation; it can recognize and track the faces of members of the family; it can accept voice commands from anywhere in
a home; is able to detect natural cues like speech, movement, and smile to know when a person is posing for a picture; it
can set reminders; send messages to the correct people at the correct time and place, text and voice messages are brought
to life with expression packs; and video chat and telepresence with a camera capable of see-and-track makes it easy to turn
and look at people through Jibo [121].

An automaton that performs functions ranging from reminders for medication, light conversation, staging video calls
with family members. Is equipped with three wheels with a face comprised of a screen which can host pictorial prompters
for those with impairments in hearing and can also be used to independently contact services for an emergency if the user
becomes unresponsive. It is used to minimize risks such as falling, errors in medication, or carbon monoxide poisoning
[122].

A companion robot that is capable of expressing a range of emotions throughout the day based on interactions with users.
It has a range of capabilities such as monitoring for security, fire detection, and sends alerts for unusual situations; hands
free control of connected devices in a smart home; it is a mobile telepresence robot; shares photos and videos;

connects to social networks; it has a memo, timer, reminder, and provides practical info like weather, news, and
definition; it is also a moving interactive jukebox capable of taking photos and video calls; is capable of interactive games,
mathematics, memory exercises, and introduction to programming; and can be personalized by downloading applications
and adding new accessories [123].

A healthcare service robot equipped with a face, head, arm, and four wheels that is capable of a host of activities like grab
and store medical supplies and deliver them to healthcare providers or patients. It uses sensors and artificial

intelligence to enable it to learn about its environment and avoid obstacles. The screen displays information related to the
tasks it is currently executing [124] [125].

the older person’s quality of life and maintained their independence [97] [98]
[99] [100] [101].

Using robots in the delivery of nursing care to older persons effectively aids in
the under-staffed healthcare system [91]. A nursing robot system that has been
designed specifically for the older persons may be able to carry out tasks that
help the older persons like doing household chores and may be programmed to
administer medical treatment to the older persons [126]. Use of robots may also
lower the costs of healthcare services by lowering the cost of human labor [127].
Use of robots for transcription and storage of medical information with a mini-
mized possibility for error helps healthcare providers in the care of the older
persons [127].

Robots aid older persons to remain independent by reducing the need for
human carers and institutionalization in professional care homes. Robots can
remind the older persons when to eat, drink, or take their medication, perform
exercises, or attend an appointment. And lastly, robots are very useful in conti-
nuous data collection and monitoring of older persons with the data relayed to
healthcare providers for possible actions to be taken.

Tanioka, et al [129] recommended the design and direction of development
for humanoid nursing robots. In a nonhuman-to-human relationship that is the
case for humanoid nursing robots, it is essential to consider what is required
from them when it comes to human safety and ethical concerns. If humanoid

nursing robots are to interact directly with patients, these robots will be required
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to have the same level of comprehensive judgment ability and responsiveness
like that of human nurses that include the ability to deeply observe, quickly re-

spond, judge, and conduct caring with an emphasis on individuality.

6. Challenges in the Adoption of New Technologies in
Older Person Care

6.1. The Learning Curve

Adoption of new healthcare technologies too quickly can result in an increased
risk of patient harm [130]. Healthcare professionals have been advised to avoid
using new devices without first considering awareness, education, and training
needed to ensure safety [131]. There is a need for standardized training pro-
grams, rules governing healthcare professionals’ credentialing and competence,
and guidelines to follow when new technologies become available.

Formal processes should be used to train healthcare professionals in the use of
new technologies in healthcare [132]. Additionally, specific credentialing re-
quirements should be adopted by healthcare professionals to ensure that they are
properly trained and proficient in the use of a new technology/device. There
should be specific policies and procedures in place to evaluate new equipment

prior to their purchase and use on patients.

6.2. The Cost of New Technologies

A major factor that contributes to the increasing cost of health care is the proli-
feration of new healthcare technologies which may be new devices. Between 50%
- 75% of the increase in health care costs every year can be attributed to new de-
velopments in healthcare technology [133]. It can be argued that healthcare
technologies can increase healthcare costs but new technologies do, on average,
improve the quality of health care by improving health outcomes [134]. But in-
novation does reduce costs. An excellent example is Moore’s law where a signif-
icant set of technologies are not just improving, but exponentially improving
and reducing costs (examples are the use of mobile devices in the diagnosis and

management of a host of disease conditions) [135].

6.3. Security

An important concern for every healthcare application is security because no
security breach is acceptable for the confidential health data of any person. The
healthcare industry is still in a rigorous need for cryptographic security that dic-
tates the encryption, transmission, and decryption of data in a secure method
[136]. In the creation of a telehealth application that is compliant with various
regulations like HIPAA and HL7, a secure encryption algorithm needs to be im-
plemented in order to meet regulated security standards [137].

6.4. Simpler User Interface

With new applications approaching the healthcare industry, the user interface
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remains the main point of concern for an application’s adoption. A simpler and
engaging user interface increases the chances of an application in getting
adopted more popularly [138]. People are reluctant to adopt new technologies in
the healthcare industry [139]. Therefore, a user-friendly interface is a necessity

in healthcare applications [140].

6.5. Liability Issues

The mechanical nature of technology makes it impossible to attribute them with
liability in cases of malfunctioning or any adverse consequence [141]. Attribut-
ing civil and criminal liability will be very complicated. Such liability could
theoretically fall on several key persons such as the manufacturer, the program-
mers, the technicians, or the providers [142]. Such confusion may lead to a defi-
ciency in accountability and may burden the affected person/patient on deter-
mining the responsible individual. The issue of liability is even more compli-
cated if artificial intelligence and its application to robots becomes the main is-
sue. One of the main purposes in the provision of artificial intelligence to nurs-
ing care robots is to make them autonomous by giving them decision-making
abilities [143]. Attributing liability for an adverse event caused by an erroneous
decision made by a robot with artificial intelligence could become a legal con-

undrum.

6.6. Employment Issues

Because robots are assured of achieving a high level of efficiency and productiv-
ity at a reduced cost when compared with humans, robots can become a very at-
tractive alternative for healthcare providers [144]. As what is happening in al-
most every other industry, the substitution of humans with robots in the
workplace is raising widespread concerns. The reduction of demand in hu-
man-provided healthcare services could be a further detriment to a sector that is

already in crisis.

7. Conclusions

The integration of healthcare technologies into the home leads to concomitant
sustainable changes in healthcare. Nurses and nursing practice must take advan-
tage of these technological innovations in healthcare because nursing care pro-
vided in a highly technological work environment is the future of nursing prac-
tice [145]. The current challenge of future gerontologic nursing is to integrate
these technologies into their practice, educational, and research specific aims
and competencies. Artificial intelligence cannot truly outperform the agility of
the human brain because of the constantly changing, subjective and individually
unique nature of healthcare scenarios [146]. Future gerontologic nurses should
take advantage of this in order to keep themselves relevant in the healthcare sys-
tem.

Person-centered care in nursing is guided by the process of ‘knowing persons
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as caring’ in nursing within the theory of technological competency as caring in
nursing [19]. This dynamic process and theory could be implemented at a parti-
cipative level in a healthcare system that is dominated by technology. Through
evidence-based use of technologies, nurses are able to become more familiar
with human beings and see them more fully as persons who are active partners
in their care rather than merely as an object of care [18]. The focus of nursing
would be on knowing the whole person being nursed rather than on fixing the
person or replacing a person’s missing parts [13].

This paper suggests that nursing care of older persons will be very different in
a technologically advanced future. Technology in the future which is here and
now enables older persons to live independently, therefore these technologies
should consistently progress and change to meet this goal. In the future, which is
here and now, older persons will prompt a shift in the methods of healthcare de-
livery.

Passive reliance on hospitals and healthcare facilities will not be efficient as a
viable solution, which is why with technological advancements, home health
care is seen as a sustainable system, an alternative to the current institu-
tion-based healthcare delivery system. Furthermore, technology would have
more roles and functions in the care of older persons, however, nurses would
always be critically needed for human interaction, empathy, and autonomy. As
long as nurses are willing to grow professionally and transform their practice
based on nursing disciplinary perspectives, a better version of extraordinary
healthcare practice will develop, thereby assuring that nurses would always have
a vital place in the human healthcare arena, particularly in the care of older per-

sons in a technologically advanced future.
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