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Abstract

The internet of things is becoming a new sensation in the medical and healthcare field.
Healthcare is one of the sustainable development areas across different regions. This study aims
at developing an analysis of Internet of Things (1oT) in the healthcare sector for the purposes of
achieving sustainable development. The study took a direction of applied descriptive research. The
methodology applied was Fuzzy Analytical Hierarchy Process (FAHP). This is a single cross-
section survey research. After data gathering, the agreed paired comparison matrices, allocated to
weighted criteria and the priority of internet of things usage were determined. The two criteria,
quality of life and economic prosperity had the highest priority for internet of things sustainable
development in the healthcare system. Fall detection, dental health, and ultraviolet radiation were
among the areas where loT was found to be applied prominently.
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The internet revolution in the past decades indicated that new technologies could affect all
aspects of business. Today, ubiquitous communication has been made possible by new
advancements in network connections, wireless technologies and sensors [1]. Communication
across devices and communication between humans and devices has improved tremendously.
Internet of things (1oT) has developed has become a new factor to consider in technology and how
it is applied to achieve various goals and objectives for businesses [2]. 10T is a new ICT
development that has a great potential to deliver on different business aspects. The medical and
healthcare sector is also benefiting from different technologies and 10T is being applied in various
aspects of healthcare service delivery. Therefore, the 10T has become one of the essential
technology trends that has to be followed for organizations and industries to be effective in
delivering their services [3].

The Internet of Things is a new development on the internet that empowers different
objects to connect with each other. Prioritizing 10T is essential for the development of a sustainable
healthcare sector. The connectivity between different devices is vital in creating solutions to be
used in the management of different healthcare needs [4]. The development of smart technologies
has been critical in enhancing the application of 10T in various healthcare platforms. The rise in
the need for healthcare services has prompted the need to strategize and deliver highly effective
and sustainable methods of delivering the needs of the society in terms of enhancing accessibility
and affordability of healthcare services [5].

Healthcare resources are constrained and there is a need to develop an effective means
through which the issue can be handled effectively. Developing a sustainable healthcare sector is
vital in the delivery of healthcare services to all in the society [6]. For instance, in the developing

world, healthcare services are not accessed by many people and there are limited resources to
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develop highly effective healthcare systems [7]. Internet of Things can be used in the healthcare
system to enhance the delivery of services because there are many factors that come into play as
the sector develops. It is important to have an effective means through which healthcare services
can be delivered to people without any further straining of resources [8].

An important aspect of loT is the way information is used. Data is critical in the
development of 10T systems for effectiveness to be achieved in the application of the technology.
Big data and big data analytics plays a vital role in the development of an effective means through
which 10T can be applied in the healthcare sector [9] and [10]. The purpose of this study is to
prioritize the functional areas in the healthcare sector where development of 10T can enhance
sustainable development in the sector. [11] Economic prosperity and quality of life that people
lead in the society is influenced by the nature of healthcare services available for people in the
society [12].

Industry Description

The healthcare sector is essential in the society. The facilities are not adequate to serve all
humanity effectively [13]. There are techniques that have been developed to ensure all people
receive adequate healthcare services [14]. This is an essential factor to consider in the management
of different issues that arise [44]. Technology has been embraced in the healthcare sector and there
are tremendous advancements in terms of delivering effective services in the [15]. Some of the
technologies have enhanced the analysis of the human body to identify different problems that
they have and treatment can commence [16].

Improvements in data security and information security systems has been one of the
important factors necessary in the delivery of effective means through which 10T develops [17].

This is an essential factor to consider in the development of various systems that are necessary in
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the management of different services in the healthcare system [18]. Blockchain technologies have
been applied to ensure all transactions and data are safe in the application of l1oT. Information
security is one of the essential factors that should be used to deliver an effective 10T system and
safeguard different sets of data from possible cyber-attacks [19].

Literature Review

The Internet of Things was used in 1999 for the first time. Different things had a digital
identity where the identities could be used to ensure effectiveness is achieved in the
communication between these devices and objects [20]. This was an important development in the
society because it could be used for the delivery of an essential means through which different
objects could be connected [45]. The internet played a vital role in developing loT because it
provided a platform on which the objects could communicate. People could communicate with
objects and objects could communicate with each other easily to deliver different services [21].
The digital identities that are developed are used by the computer to manage the objects and that
creates an effective means through which the devices can be used to deliver different forms of
communication within the devices and between the devices and humans [46].

Today, the internet connects people but IoT connects objects. The available applications
such as the ones used in smartphones are used to control the objects for effectiveness to be achieved
in the delivery of different services [47]. loT has led to the development of capabilities of sending
data and different forms of information across a network [46].

Big data has become an essential asset in healthcare. Practitioners are able to diagnose
people and develop effective interventions because they can access different data which creates
effective information to be used in the delivery of healthcare services [22] [23]. Smart devices

have been developed and they can give information about patients. Wearable devices are vital in
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managing different healthcare issues because they monitor individuals’ health statuses [24].
Monitoring the body is essential in identifying problems early and sending signals that medical
attention is required for such individuals. This has been an essential factor in delivering healthcare
services to people who otherwise would be having problems. [25] Technology has been embraced
in the healthcare sector making it highly effective in managing [26]. The Internet of Things is
likely to enhance the delivery of these services to the community [48].

Integrating technology in the healthcare sector has become an important aspect that will
deliver a highly effective means through which different issues in the healthcare sector can be
solved [27]. 10T is an important development in the sector where there is a need to deliver an
effective means through which services are delivered in the [28]. The healthcare industry has
developed over time because of technology. It is important for policy makers in various medical
facilities to encourage the application of 10T in the management of different healthcare issues [29]
loT is important because the devices used in the medical field can communicate with each other
and perform various analyses which are essential in managing different healthcare situations [30].
Developing solutions is made easier with these technologies in the sector. It is important to have
highly effective means through which healthcare services can be delivered through engaging the
effective technologies [49].

In business, most organizations are focusing more on loT and that has an impact on how
they deliver on the services that they provide in the different sectors. Customer relationship
management has been made easier in business because it is through such a factor that different
issues can be managed effectively (Ghazal et al., 2021) [50]. The internet of Things has served
different businesses well by ensuring there is effectiveness in the way they handle different

services. In the medical field, the technology has played a vital role in delivering various services
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to individuals more effectively [51]. A lot of improvements have been experienced in the
healthcare sector as a result of having highly effective means through which different issues are
managed. Different loT-based technologies have been developed for the healthcare sector and it is
because of such developments that it has been essential in building a highly effective means
through which the healthcare system can benefit from these developments in technology [31].
Applying lIoT in medicine is vital in enhancing sustainable development in the healthcare sector.
Smart Health

The Internet of Things has a promising future for e-health. In fact, some technologies have
been developed based on IoT and they are effective in managing different healthcare issues for
patients. According to Aladwani (2019) [32] ongoing monitoring of people or patients is essential
in the delivery of an effective means through which prevention of diseases can be achieved.
Sharma and Tripathi (2020) [33] deduce that the devices used in monitoring people’s health are
essential in developing an effective means through which their quality of life improves. Verdejo
et al. (2021) argue that the smart technology has been an essential factor in the healthcare sector
since there are many different factors that can be used to communicate various issues regarding
the patient needs [52]. Patients are empowered because they are able to develop a means through
which they can access different medical services as a result of managing themselves. Chandy
(2019) [34] argues that using 10T provides various platforms that can be used to deliver vital
information for the management of various healthcare issues. When a patient has access to
different forms of information, it becomes easy for them to manage themselves and achieve the
most desired outcomes [35]. There are different services that are available for the 10T technology

in medicine as discussed in subsequent sections.
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Fall Detection — Patient falls are a common phenomenon. The application of IoT on
patients who are at risk makes it easy for them to be monitored and managed effectively to mitigate
the risk of falls. Patient falls can be mitigated through having effective technologies that will
monitor incapacitated patients [36]

Sportsmen Care — Athletes’ health is supposed to be monitored and that can be done
through wearable devices which monitor their bodies and detect any anomalies. These devices are
vital in managing different issues for effectiveness to be achieved [53].

Chronic Disease Management — Reducing the number of patients in the healthcare facilities
is vital. This is achieved through remote management of chronic diseases where patients can
monitor themselves and doctors can access information regarding their progress [37].

Indicators of 10T Sustainability in Healthcare

Sustainable development of the healthcare sector is vital because there is an increase in the
need for these services [41]. The Internet of Things is the one that will be used to deliver an
effective means of offering healthcare services which will be used to manage different issues in
the healthcare sector [38]. The quality of life people lead is critical for the improvement of the
quality of life they lead. The application of technology in the healthcare sector is a vital source of
having a highly sustainable healthcare sector because it will ease the pressure on the healthcare
facilities and enhance the performance of different healthcare service providers [39]. Technology
is sustainable in all fields and the healthcare sector has to embrace it for sustainable development.
Technology should be given top priority in the medical field because it is evident that
improvements in the sector have come as a result of embracing technology [54].

Conceptual Model
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The conceptual model chosen for the study which prioritizes the use of 10T for sustainable
development of the healthcare sector is Fuzzy Analytical Hierarchy Process (FAHP).
Methodology

This study applied descriptive non-experimental research. The Fuzzy Analytical Hierarchy
Process (FAHP) was applied in weighting the prioritization of 10T in the healthcare sector [40]. In
the beginning, each of the economic prosperity, quality of life and environmental protection
criteria were weighted. Various criteria were applied to develop an understanding of the healthcare
environment. Comparison questionnaires were developed and applied to analyze the nature of the
environment. The application of 10T in each of the healthcare sector was compared applying the
different criteria. A decision matrix was then obtained from the analysis of the results. The
statistical population comprised of experts who are aware of the applications of IoT in the
healthcare system. The snowball method was then applied because of the limited number of experts
that were used in this research.

Fuzzy Analytical Hierarchy Process (FAHP).

1. Fuzzy Analytical Hierarchy Process (FAHP). Is a multifactor decision making process that
was developed by professor Saaty. This was an essential model to apply for this study
because it covers various aspects of the parameters effectively. The process of applying
FAHP is described below.

2. Evaluating literature to determine sustainability criteria and the use of 10T applications
within the healthcare sector.

3. Forming a decision team to ascertain validity of questionnaire.

4. Distributing questionnaire and developing paired comparisons matrix.

5. Weighing of the criteria.
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Table: 1. Ranking of the 10T usage in the healthcare sector using the FAHP method.

Intensity of | Fuzzy number Definition Membership function
importance
9 9 Extreme importance | (8, 9, 10)
7 7 Very strong | (6, 7, 8)
importance
5 5 strong importance (4,5, 6)
3 3 Moderate in| (23,4
importance
1 1 Equal importance (1,1,2)

Analysis and Results

Determination of the weighting criterion was conducted after having several meetings for

the purposes of filling the questionnaires. The paired comparison criterion was applied and using

FAHP, weights were obtained and a decision matrix developed. Each option’s weight was applied

to deliver an effective means through which the matrix was developed.

Ranking of Options

Using the weights obtained for sustainable development criteria and decision matrix, the

final rank for the application of 10T in each of the healthcare sector was achieved.

Table: 2. Weight of criteria sustainability

Economic Prosperity

Quality of Life

Environment protection

45.32%

31.05%

23.63%
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Table: 3. Decision matrix as it was derived from average weights of each criterion.

Options Economic criteria of | Quality of life Environment
Prosperity protection

Fall detection 0.109 0.096 0.14

Medical fridges 0.084 0.11 0.039

Sportsmen healthcare | 0.069 0.0136 0.153

Patient surveillance 0.117 0.0954 0.121

Chronic diseases | 0.079 0.104 0.025

management

Ultra violet radiation | 0.113 0.132 0.176

Hygienic hand control | 0.098 0.094 0.12

Sleep control 0.068 0.143 0.059

Dental health 0.183 0.142 0.167
Table: 4. Scores according to priority

Options Ranking Score

Ultra violet radiation 1 0.0567

Dental health 2 0.0555

Fall detection 3 0.0374

Patient surveillance 4 0.0371

Hygiene hand control 5 0.0340

Sportsmen healthcare 6 0.0311

Sleep control 7 0.0297
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Medical fridges 8 0.0271
Chronic diseases management | 9 0.0247
Conclusions

According to the results of this study, it is evident that economic prosperity is one of the
criteria that has the highest ranking with 45.32%. Investing more in 10T in this sector will lead to
automatic improvement in the other sectors. Satisfaction of hospital personnel is key to the
improvement of healthcare service provision. This is an important observation that should be
followed in the delivery of effective healthcare services as 10T is implemented in the sector [42].

The application of 10T in the hospitals was done and from the analysis, it is evident that
the use of technology is more observed in the hospital where ultraviolet radiation is used. This is
one of the ways through which various examinations are carried out to detect diseases or anomalies
in the body [43]. The order in which various applications of 10T are implemented in hospitals has
been developed in table 4 and it shows the nature of investment that should be done in the
healthcare sector to improve its performance.

Recommendations

The need for embracing IoT is evident and there is a need for policy makers to ensure there
is effective management of resources to deliver an effective means through which the individuals
can achieve various improvements in the healthcare sector. Embracing loT in healthcare would be
essential in achieving sustainable development of the sector. This is because there will be a
reduction in the pressure that is exerted on the healthcare facilities. When patients can manage
themselves remotely, it becomes easy for the healthcare facilities to attend to other critical cases

more effectively.
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