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Abstract. The increase in elderly population escalates the challenges in the elderly healthcare service. To
increase the quality of healthcare service for elderly, patient-centered care approach has been proposed.
However, there are few issues need to be highlighted. Among the issues are the need of continuous
monitoring that requires continuous clinical data collection. This involves huge labor and increase medical
service cost. Apart from that, most elderly patients have multimorbidity that requires health services from
multiple care providers and multiple care environments. Transmission between care providers and care
environment require more efficient health information sharing method. To overcome these problems, the use
of the Internet of Things has been introduced to help in terms of data collection and data transmission. This
paper presents a conceptual model on Internet of Things based Patient-Centered Care for elderly healthcare
monitoring. It comprises the Internet of Things layer, two principles from Patient-Centered Care Model and
Comprehensive Geriatric Assessment Process.

Keywords: Internet of Things, Software Engineering, Smart Healthcare, Patient Centered Care, Elderly

1. Introduction

The provision of health and social care to the growing elderly population is one of the greatest challenges
for society in the coming decades. This is due to the increase of elderly population all over the world over the
decades. Elderly healthcare has become one of major concern since they are usually unable to care for
themselves that lead to the important of Patient-Centered Care (PCC) approach. PCC allow caregivers to
identify and manage common elderly health problems appropriately. It incorporates the important of family
and friends’ participation and highlight the importance of patient preferences.

In current era, there are various efforts to use system-based elderly care technologies. Most of them are
primarily restricted application to assist the elderly needs (e.g. health protection, safety control, etc) and
relying on physicians to evaluate patients conditions. However, current solutions have many challenges
regarding data integrations and information sharing across different care providers and care environments
and therefore does not support the concept of PCC [1]. One of the most critical areas is in clinical data
collection. Since health monitoring is one of important aspect in elderly healthcare, it is very important to
have continuous clinical data collection of the elderly. Manual data collection is time consuming [2] and
require huge amount of labour and traveling time for patient for physical examination. It also have high risk
in human error, missing information [3,4] and low data quality [5] that might lead to clinical errors caused
patient health deterioration and, in some cases, death [6].

Furthermore, in PCC implementation, patient’ clinical data needs to be captured not only inside care
environment (e.g., hospitals, clinics) but also outside care facilities. However, current technologies lack the
support of documenting patient’s data (e.g., physical exams, laboratory tests) both inside (e.g., hospitals) and
outside of care environments (e.g., at home) [7]. Moreover, PCC implementation also require the integration
of Patient Generated Data (PGD) regarding patients’ beliefs, behavior, environment [2] and other variables
(e.g., physical activity, sleep patterns, self-reported sign and symptoms, blood sugar levels, or behavior
tracking) [8]. PGD data collected directly from patient [8], can be useful in personalized treatment decisions
and optimizing PCC implementation [2, 8]. However, current solutions lack in contextual data support for
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Patient Generated Data (PGD) [2, 7] and thus are insufficient for coordination in treatment decisions and
planning [9].

In this situation, the Internet of Things (loT) is a promising solution to offer continuous, objective, and
holistic monitoring, alleviating the burden of human caregiver effort and supporting clinical decision making.
The goal is to help this large group of elderly people to live safely in their homes as far as they can and to
prevent unnecessary further hospitalization in the future. Rapid networks and the emerging sensor
technology will also play an important role in meeting the needs of an increasing population. This research
paper presents a conceptual model of 10T health care solutions that incorporate important elements from
patient-centered care perspective. The conceptual model has been developed based on three different
perspectives that are elderly healthcare monitoring, patient-centered care approach and internet of things.

The paper is structured as follows. Section 2 presents previous work related to this study related to 10T,
PCC and elderly healthcare. Section 3 presents research methodology that has been used to develop the
proposed conceptual model. Section 4 presents the conceptual model of 10T based patient-centered care for
elderly healthcare. Meanwhile final section presents conclusions of this paper.

2. Previous Works

2.1. Elderly healthcare

The distribution of the world's elderly population (age 65 and above) structure estimated to growth from
10% in 2017 to 22% by 2050 [10]. This phenomenon is highly noticeable in Europe as it is projected that the
proportion of the elderly population would reach 35% by 2050 [10]. Longer lives offer numerous incentives,
but the magnitude of the chances of improved survival would, however, mostly depend on one main factor:
the health [11]. WHO study in 2014 shows that while serious disabilities for older people might have
decreased significantly, no substantial improvements in less extreme disabilities have been observed over the
last 30 years (that include support from another person over simple tasks such as eating and washing) [12].
Geriatric syndromes, multimorbidity, and disability are closely interrelated and prevalent among ageing
population [11]. Many of such Geriatric conditions had been categorized by [13] as show in Fig. 1.
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Fig. 1: Age related diseases[12]

Identifying geriatric conditions by performing a geriatric assessment can help clinicians manage these
conditions and prevent or delay their complications. This is important especially to isolate someone who
actually has infectious disease such as COVID-19 and avoid placing lots of people under risk[14]. Therefore,
a multi-dimensional, cross-diagnostic method for determining the medical, psychological and cognitive
capacities of a vulnerable elderly person also known as Comprehensive Geriatric Assessment (CGA) had
been proposed for this study. CGA is not only a full diagnosis to identify frailty, but also a clinical roadmap
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to human multidisciplinary optimization of a fragile patient [15]. CGA's potential advantages include
improving the diagnosis precision, optimising patient treatments, enhancing prognoses, restoring
maintenance, supporting lack of choice and autonomy and improving the quality of life [16]. Figure 2 shows
the CGA processes.

Fig. 2: Comprehensive geriatric assessment [15]

2.2. Patient centered care

Picker’s Patient Patient Centered care (PCC) is a model of health care which offers a holistic approach to
patient care. This covers physical treatment, emotional care, environmental (hospital or home) and self-care
[17]. 1t comprises listening to patients, educating them, and involving them in their treatment. It is a
personalized care approach that helps health professionals to develop patient-specific care plans. PCC is
defined as: “providing care that is respectful of and responsive to individual patient preferences, needs, and
values and ensuring that patient values guide all clinical decisions” [17].

PCC is a term used by healthcare providers to define the level of interaction between patients and
healthcare professionals that has an effect on patient treatment [18]. It promotes the relationships in which
physicians and patients share information in a two-way manner, discuss patients' values and preferences,
assist patients and their families in making treatment choices, facilitate access to adequate treatment, and
allow patients to stick with the often difficult behavioural improvements required to sustain or improve
health [19]. A summarised view of Picker’s eight principles by [20] are discussed as below:

e Respect for patients” values, preferences includes an understanding of quality-of-life issues,
participation in decision-making, integrity, and commitment to patient wishes and autonomy.

¢ Information and education on clinical status, progress, prognosis, and processes of care in order to
facilitate autonomy, self-care, and health promotion.

e Physical comfort including pain management, help with activities of daily living, and clean and
comfortable surroundings.

o Emotional support and alleviation of fear and anxiety about such issues as clinical status, prognosis,
and the impact of illness on patients, their families and their finances.

o Involvement of family and friends in decision-making and awareness and accommodation of their
needs as caregivers.

e Access to care with attention to time spent waiting for admission or time between admission and
placement in a room in the inpatient setting, and waiting time for an appointment or visit in the
outpatient setting

o Coordination and integration of care across clinical, ancillary, and support services and in the context
of receiving frontline care

o Continuity and transition as regards information that will help patients care for themselves away from
a clinical setting, and coordination, planning, and support to ease transitions

This study is focused on proposing a solution that solves the healthcare coordination and transition issues

among multiple care providers and care environments, therefore, the scope of study will focus on two
principles from Pickers’ PCC model that are Coordination and Integration of Care and Continuity and
Transition.
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2.3. Internet of things in elderly healthcare

The 10T is described as a network of information developed by RFID and communications technologies
[21]. It can be defined as a networked interaction of physical objects or devices that can coordinate
themselves, exchange knowledge, data and resources, respond and act in situations and environmental
changes [22]. The foundation of 10T architecture [23] is composed of three fundamental elements. The first
element is hardware that includes sensor nodes, its integrated communication and interface circuitry. The
second element is middleware that comprises of network communication, data process and analysis.
Meanwhile the third element is presentation that consists of effective visualization platforms, compatible
with various systems for various applications, and present data in an accessible way to end-users. Physical
objects, sensors, cloud servers, developers, actuator layers, customers, business layers, and 10T protocols all
play a role in loT architecture. There is no single consensus on a standardised loT architecture because of the
broad variety of Internet objects. Most researchers see traditional 10T architecture as being at three levels:
Perception Layer, Network Layer and Application Layer [24](Jabraeil Jamali et al., 2020).

Some of the previous studies aim on accuracy and reliability of clinical data [25]. Meanwhile other study
focuses on remote monitoring [25, 26, 27], clinical data collection [25, 26, 28], data transmission and sharing
[25, 26, 27] behavioural monitoring [29, 30], rehabilitation and recovery [30] and mobility monitoring [31].
Some of the studies were carried out with concern about cost effectiveness [26,28].

3. Research Methodology

The first step in this was to study was to understand the concept of PCC, 10T and elements required to
build 10T based PCC conceptual model. The references comprised of books, journals, referenced and non-
referenced white papers, reports, thesis and public policy. The literature review was intensively and
systematically reviewed and analysed with important content in tabular form to give a broader understanding
of each aspect studied. The study was focused on elderly healthcare context and understanding of current
issues within the context of the study. The next step was aimed at identifying important elements necessary
for conceptual model development based on IoT, PCC and elderly healthcare domain. All identified elements
had been extracted from literature has been analysed to identify groups of elements in each domain. Final
step is to study the relation between elements and develop the conceptual model.

4. The Conceptual Model of 10T based PCC for Elderly Healthcare

In this section, a conceptual model of patient centred care is being proposed. As shown in Fig. 3, the
conceptual model focuses on three domain that are 10T, PCC and elderly healthcare monitoring. Two
principles from PCC have been chosen related to identified problems that are Coordination and Integration of
Care; and Continuity and Transition. Based on these principles key elements needs to be considered to
achieve PCC in healthcare has been identified that are clinical data and participants data. Participants data
contain information of patient, multiple care providers (e.g., healthcare professionals, family, and patient)
and multiple care environments (e.g., hospital, nursing facilities, home, primary and special care offices).

loT Components PCC Components

Fig. 3: 10T based PCC for elderly healthcare conceptual model

In order to understand the clinical data requirements for elderly healthcare monitoring, Comprehensive
Geriatric Assessment(CGA) process has been adapted as a base foundation. CGA proposes data collection
related to patient’s functional, physical, socioeconomic/environment, mobility, psychological factors need to
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be collected and assessed to create specialized care plans for elderly. Therefore, in the conceptual model,
clinical data has been linked to CGA data requirements. For the purpose of inducing loT to assist in data
collection and data sharing in elderly healthcare, layers in 10T architecture has been linked to support both
PCC elements. In 10T architecture, Perception layers is directly linked with data collection, while network
layer is linked with data access and transmission.

5. Conclusion and Limitations

Elderly healthcare require technology empowerment to increase its efficiency, affordability, and quality
of life. Main concern that had been highlighted in this paper is the issue in data collection and data sharing of
elderly healthcare monitoring. Current practice in elderly healthcare monitoring is not time efficient, require
high labour that contribute to high medical service cost and low data quality. This paper proposed a
conceptual model of 10T based Patient-Centered Care for elderly healthcare. The model is based on three
main domains that are Internet of Things, Patient-Centered Care principles and Comprehensive Geriatric
Assessment that specifically for elderly healthcare monitoring. This study used qualitative data analysis
methodology based on previous literature. However, empirical study will be executed to gather a complete
and verified element dan sub element for the model based on real elderly healthcare monitoring environment.
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