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ABSTRACT

The rapid aging of Malaysia’s population presents significant challenges to
traditional housing and eldercare systems. Senior living technologies, including
smart home systems, health monitoring devices, and telehealth platforms, have
emerged as promising solutions to enhance the quality of life, safety, and
independence of older adults. This study explores the integration of senior living
technologies in Malaysian real estate developments, focusing on their adoption,
associated challenges, and impact on senior residents. Employing a qualitative and
exploratory research design, semi-structured interviews were conducted with real
estate developers, industry experts, and policymakers to uncover insights into the
motivations, barriers, and outcomes associated with these technologies. Key
findings reveal critical barriers such as financial constraints, regulatory gaps,
cultural resistance, and infrastructure disparities, alongside transformative benefits
in safety, health, and social connectivity. The study identifies the need for targeted
strategies, including public-private partnerships, regulatory reforms, and culturally
sensitive, cost-effective solutions to advance the adoption of senior living
technologies in Malaysia. These insights provide a foundation for designing
inclusive, technology-enabled environments that cater to the needs of Malaysia’s

aging population, contributing to sustainable societal development.

Keywords: senior living technologies; aging population; smart housing; telehealth

platforms; Malaysia
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CHAPTER 1

INTRODUCTION

The growing global aging population has prompted widespread interest in creating
innovative solutions to address the unique challenges faced by senior citizens.
Senior living technology, encompassing tools like smart home automation, health
monitoring devices, and telehealth platforms, has emerged as a transformative
approach to enhance the safety, independence, and well-being of older adults. This
chapter outlines the background and context for the study, articulates the research
problem, objectives, and questions, and discusses the significance, scope, and

structure of the research.

1.1 Background

The global demographic landscape is undergoing a significant transformation
characterized by an increasing proportion of older adults. According to World Bank
(2022) data, the global population aged 65 and above increased from approximately
152 million in 1960 to over 805 million in 2023, marking a more than fivefold
increase as shown in Figure 1.1. Projections indicate that by 2030, the number of
individuals aged 65 and above will surpass one billion, accounting for 12 percent
of the global population (Ollevier et al., 2020, United Nations, n.d). This remarkable
growth reflects advancements in healthcare, improved living standards, and
declining fertility rates, resulting in longer life expectancy and a rising share of
older adults within the global population. However, this demographic shift also
brings significant challenges, including increased demands on healthcare systems,
social services, and pension schemes, underscoring the need for innovative

solutions to address the evolving needs of aging populations.

Page 1 of 110



Figure 1.1: Trend in Global Population Aged 65 and Above (1960-2023)

1000000000

800000000

600000000

POPULATION (65+)

400000000

200000000

0
1960 1970 1980 1980 2000 2010 2020 2023

YEAR

Note: Adapted from World Bank (2022). Population ages 65 and above, total.

Technological innovations are critical for addressing these challenges, offering
solutions such as smart homes, health monitoring devices, and telehealth platforms
that enhance independence, safety, and well-being (WEF, 2021). Artificial
Intelligence (AI) powered technologies, in particular, have shown promise in

improving health outcomes and facilitating independent living (Berlyn, 2024).

Malaysia mirrors this trend, with the proportion of those aged 65 and above rising
to 7.4 percent in 2023, projected to reach 14.5 percent by 2040 (Siddharta, 2024;
Zailani, 2023). This demographic shift necessitates senior living technologies to
support aging in place and reduce caregiving burdens. Al-driven health monitoring
and smart home adaptations have proven effective in improving safety, health, and
social engagement, while addressing challenges like isolation and limited mobility

(Berlyn, 2024; Grace, 2024).

Globally, there is a growing emphasis on designing age-friendly housing equipped
with assistive technologies to promote autonomy and quality of life (WEF, 2021).
Malaysia’s adoption of such technologies in real estate projects can address the
cultural and social needs of its aging population, ensuring community-based

support (Zailani, 2023).
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The convergence of demographic aging and advancements in senior living
technology presents Malaysia with an opportunity to enhance quality of life for

older adults and promote sustainable societal development.

1.2 Problem Statement

The integration of senior living technology into Malaysian real estate developments
is imperative given the country’s rapidly aging population. However, multiple
barriers hinder its widespread adoption, leaving significant gaps in housing
solutions for older adults. These challenges are compounded by demographic trends,
regulatory shortcomings, and the limited empirical evidence available on the

implementation and impact of such technologies in Malaysia.

Malaysia’s demographic trajectory highlights a critical need for innovative
solutions to support aging populations. By 2030, Malaysia is expected to achieve
"aged nation" status, with 15 percent of its population aged 65 and older (Siddharta,
2024). This shift places immense pressure on housing infrastructure to provide
environments conducive to “aging-in-place”, a concept central to maintaining
seniors’ independence and quality of life (WHO, 2021). Despite this urgency,
senior-friendly housing remains limited, with few developments incorporating

advanced technologies tailored for older adults.

Globally, senior living technologies such as fall detection systems, health
monitoring devices, and telehealth platforms have transformed housing for seniors
(WEF, 2021). In Malaysia, however, adoption is fragmented due to high costs,
limited expertise, and a lack of awareness among developers. Regulatory
inconsistencies and infrastructure disparities exacerbate these challenges, with
urban centres like Kuala Lumpur having better connectivity than rural areas, where

limited internet access hampers scalability (Zailani, 2023).

Additionally, cultural attitudes also play a significant role in shaping the adoption

of senior living technologies. Malaysia’s caregiving traditions emphasize familial
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care, often creating resistance to external solutions like smart home systems or
telehealth platforms (Berlyn, 2024). Furthermore, older adults and families often
lack awareness of these technologies’ benefits, further contributing to

underutilization.

Additionally, limited empirical research on senior living technology in Malaysia
creates gaps in understanding its effectiveness and developers’ implementation
challenges. Most existing research focuses on global or generalized contexts,
neglecting the unique demographic, cultural, and infrastructural challenges present
in Malaysia but lack of data evaluating the effectiveness of these technologies in

improving the quality of life for senior residents (Ismail et al., 2019).

The fragmented integration of senior living technology in Malaysia’s real estate
developments poses a significant challenge to addressing the needs of the aging
population. Regulatory ambiguities, infrastructure gaps, cultural resistance, and
limited empirical research collectively hinder progress. Addressing these issues is
essential to creating sustainable, technology-driven housing solutions that enhance

the well-being and independence of Malaysia’s seniors.

1.3 Research Objectives

The research aims to address critical gaps in the understanding and implementation
of senior living technologies in Malaysian real estate developments. These
objectives are formulated to provide a structured approach to analysing the current
state of technology integration, identifying challenges, and evaluating its impact on
senior residents. By achieving these objectives, the study seeks to contribute

valuable insights for developers, policymakers, and other stakeholders.

The primary objective of this research is to examine the extent to which senior
living technologies have been integrated into Malaysian real estate developments.
The study focuses on understanding the current practices, barriers, and benefits of

these technologies within the local context. This exploration is essential for aligning
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Malaysia’s housing strategies with the needs of its rapidly aging population. To

achieve the overarching goal, the study is guided by three specific objectives:

1. Exploring the Current Integration of Senior Living Technology
The first objective is to explore the types of technologies integrated into Malaysian
senior living environments. This includes identify and assess the adoption of
technologies such as smart home systems, health monitoring devices, and telehealth
platforms in senior living environments. Evaluate regional disparities in technology
use, particularly between urban and rural areas. The key questions addressed:

e  What types of technologies are being implemented?

e  Which areas or developments are leading in technology adoption?

2. Identifying Challenges in Implementing Senior Living Technology

The second objective is to identify the key challenges faced by developers in
adopting senior living technologies. These barriers may include financial
constraints, regulatory hurdles, cultural resistance, and infrastructural limitations.
The study seeks to provide an in-depth analysis of these obstacles and how they
vary across different regions and types of developments. The key questions
addressed:

e  What financial, regulatory, and cultural challenges hinder adoption?

e How do these challenges differ between urban and rural settings?

3. Assessing the Impact of Senior Living Technology on Seniors' Quality of
Life
The third objective is to assess the impact of these technologies on the well-being
and quality of life of senior residents by examining areas such as safety, health
outcomes, independence, and social connectivity, if it meets the specific needs of
older adults in Malaysia. This assessment also explores the perception of
technology among senior residents and their families to gauge acceptance and
satisfaction levels. The key questions addressed:
e How do these technologies enhance the safety, health, and independence of

senior residents?
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e What are the perceptions and attitudes of seniors and their families toward

these technologies?

By focusing on these objectives, the study seeks to provide a comprehensive
understanding of the opportunities and challenges in integrating senior living
technologies into Malaysian real estate, paving the way for inclusive and

technology-enabled housing solutions for the aging population.

1.4 Significance of the Study

This study addresses a pressing and complex issue in Malaysian real estate
development on the integration of senior living technologies to support an aging
population. The significance of this research lies in its potential to contribute to
academic knowledge, inform practical implementation strategies, and influence
policy development. By systematically examining the current state of technology
integration, identifying barriers, and evaluating its impact on seniors, the study
holds value for various stakeholders, including developers, policymakers,

researchers, and society at large.

Academic Contributions
The research contributes to the growing body of literature on aging-friendly housing
and the role of technology in enhancing the quality of life for older adults. While
global studies have extensively explored senior living technologies, limited
empirical research focuses on Malaysia’s unique demographic, cultural, and
infrastructural challenges. This study addresses critical gaps by:

e Examining the extent of senior living technology integration in Malaysia.

e Highlighting the interplay between cultural caregiving traditions and

technological adoption.
e Providing empirical insights into how these technologies impact seniors'

well-being in the Malaysian context.
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These contributions enrich the theoretical understanding of senior living
environments in developing countries, offering a foundation for comparative

studies across similar regions.

Practical Implications

The findings of this study offer actionable insights for developers and real estate
professionals to design and implement senior-friendly housing projects. By
identifying barriers to technology adoption such as financial constraints, regulatory
ambiguities, and cultural resistance, the research provides a roadmap for
overcoming these challenges. Practical implications include:

e Developers can use the findings as a guiding to incorporate cost-effective,
scalable technologies tailored to the needs of seniors.

e Senior living technologies can serve as a differentiator in the real estate
market, meeting growing demand for aging-friendly housing which
improving the market competitiveness.

e Insights into seniors’ perceptions and preferences can inform the design of

intuitive and accessible solutions to enhance the user experience.

Ultimately, the study empowers developers to create innovative, technology-driven

housing environments that cater to Malaysia’s aging population.

Policy Contributions
The study’s findings hold significant value for policymakers seeking to address the
challenges of an aging society. Current regulatory frameworks for smart housing
and senior care in Malaysia are fragmented, hindering cohesive implementation of
senior living technologies. This research provides evidence-based
recommendations to:

e Developed a centralized policies which can standardize the practices and

streamline the adoption of senior living technologies.
e Promote public-private partnerships (PPPs) which able to accelerate the

development and scaling of innovative solutions.
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e Bridge urban-rural disparities in where the policy interventions can focus on
improving digital infrastructure and addressing affordability issues in rural

areas.

Such measures can align Malaysia’s housing strategies with its demographic

realities, fostering an inclusive approach to aging.

Societal Impact
At the societal level, the study addresses the broader implications of creating
technology-enabled senior living environments. These include:

e Technologies such as telehealth platforms, smart home systems, and health
monitoring devices can promote independence, safety, and well-being
among older adults.

e By supporting aging-in-place, these technologies can alleviate the physical,
emotional, and financial strain on caregivers.

e Tools that reduce social isolation, such as communication platforms and Al

companions, can improve emotional well-being and connectivity for seniors.

These outcomes not only benefit individuals and families but also contribute to
societal resilience by reducing healthcare costs and promoting sustainable aging

solutions.

Broader Relevance

The significance of this study extends beyond Malaysia, offering insights relevant
to other developing nations facing similar demographic and infrastructural
challenges. The findings can inform global discussions on aging-friendly housing
and the role of technology in addressing the needs of an aging society. It emphasizes
the importance of cultural sensitivity and localized strategies in creating effective

aging-friendly housing solutions.

The study’s significance is multifaceted, encompassing academic, practical, policy,
and societal dimensions. By addressing critical gaps in the literature, providing

actionable recommendations, the research aims to pave the way for inclusive and
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sustainable housing solutions. In doing so, it contributes to Malaysia’s readiness to
meet the needs of its aging population and offers a framework for other nations

navigating similar challenges.

1.5 Scope of the Study

This study defines its scope by focusing on three core dimensions to provide a
comprehensive understanding of senior living technology adoption in Malaysian

real estate.

First, the study gathers insights from both real estate developers directly involved
in senior living projects and those who, while not directly engaged, can offer
valuable perspectives on industry trends, challenges, and opportunities. This dual
approach broadens the analysis and provides a holistic view of senior living

technology adoption.

Second, the research focuses on the integration, challenges, and impacts of three
key types of senior living technologies: smart home systems, health monitoring
systems, and social connectivity tools (WHO, 2021). It examines the extent of
adoption, the barriers faced by developers, and the benefits these technologies offer
in improving safety, independence, and quality of life for senior residents. The study
aims to provide actionable insights for enhancing senior living experiences and

guiding real estate development decisions.

Third, the study centres on urban areas, specifically Klang Valley, Malaysia’s
economic and developmental hub (DOSM, 2020). It also includes insights from
developers outside Klang Valley to capture a broader range of challenges and

emerging trends in diverse contexts.

Finally, the research explores developers' motivations for adopting senior living
technologies, the challenges they face, and the perceived impact on residents' safety,

independence, and overall well-being.
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By addressing these dimensions, the study seeks to contribute meaningful insights
to the discourse on senior living technologies in Malaysia, supporting the
development of more inclusive and innovative housing solutions for the aging

population.

1.6 Chapter Arrangement

The research paper is organized into five chapters to ensure a logical and coherent

progression from problem identification to actionable solutions.

Chapter 1, the Introduction, establishes the study's foundation by outlining the
research problem, objectives, significance, and scope. It contextualizes the
challenges of Malaysia’s aging population and emphasizes the need for innovative

housing solutions, providing a clear roadmap for the research.

Chapter 2, the Literature Review, synthesizes existing research on senior living
technologies, focusing on global advancements and their application in the
Malaysian context. It highlights barriers such as financial constraints, cultural
resistance, and regulatory challenges, identifies research gaps, and develops the

study's theoretical framework.

Chapter 3, Research Methodology, details the qualitative approach employed,
including the use of semi-structured interviews with developers and experts. It
explains the sampling strategy, thematic analysis process, and ethical considerations,

ensuring the study's methodological rigor.

Chapter 4, Findings and Discussion, presents results organized into themes such as
the extent of technology integration, challenges faced by developers, impacts on
seniors’ quality of life, and cultural dynamics. These findings are contextualized

with existing literature to deepen insights and reinforce the study’s contributions.
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Finally, Chapter 5, Conclusion and Recommendations, synthesizes the key findings
and provides practical recommendations for stakeholders. It addresses strategies to
overcome adoption barriers, improve regulatory frameworks, and foster public-
private collaborations while highlighting the study’s contributions to academic

knowledge and future research directions.

This structure ensures a seamless progression from problem identification to

actionable outcomes, maintaining clarity and focus throughout the paper.
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CHAPTER 2

LITERATURE REVIEW

The literature review provides a comprehensive analysis of existing studies related
to the integration of senior living technologies in real estate developments. It
examines global advancements, regional applications, and the unique challenges
faced within the Malaysian context. By exploring relevant theories, case studies,
and empirical evidence, this chapter establishes a solid foundation for the research.
It identifies key components of senior living technologies, highlights their impact
on the quality of life for seniors, and addresses barriers such as financial constraints,
regulatory gaps, and cultural resistance. Furthermore, the chapter underscores the
knowledge gaps that this study aims to address, offering insights into the interplay
between technology adoption and Malaysia’s demographic and infrastructural

dynamics.

2.1 Introduction to Senior Living Technology

Senior living technology refers to a broad range of technological innovations aimed
at enhancing the quality of life, safety, and independence of older adults. These
technologies play a crucial role in addressing the growing challenges posed by an
aging population, particularly as societies face increasing demands for eldercare
services and resources. This section provides an overview of senior living

technology, its key categories, and its relevance in addressing global aging trends.

2.1.1 Definition and Scope

Senior living technology refers to a range of digital and physical innovations that

support older adults in various aspects of their lives. These technologies are tailored
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to meet the physiological, psychological, and social challenges associated with

aging. The primary objectives of senior living technologies are:

Enhancing safety

Smart home systems, such as automated lighting, smart thermostats, voice-activated
assistants, and fall detection systems, improve accessibility, reduce physical strain,
and enhance safety for seniors. Home monitoring systems provide real-time safety
alerts and enhance independence, particularly through unobtrusive technologies
(Hoof etal., 2011). Automated lighting and smart thermostats contribute to creating
energy-efficient and adaptive environments tailored to seniors' needs (Jo et al.,
2021). Voice-activated assistants enhance convenience and provide an intuitive
interface for seniors with limited technological expertise (Kim & Choudhury, 2021).
Emergency response tools integrated with fall detection systems have proven
successful in reducing response times and improving outcomes after critical
incidents (Rantz et al., 2015). Specifically, the wearable and ambient sensor-based
technologies have demonstrated effectiveness in identifying and mitigating risks

associated with falls (Pannurat et al., 2014).

Promoting health and wellness

Health monitoring systems, such as wearable devices, telehealth platforms, and
remote patient monitoring systems, allow real-time tracking of vital signs and
chronic conditions, enabling preventive care and timely medical intervention.
Wearable devices offer a reliable solution for the continuous monitoring of vital
signs, playing a crucial role in the early detection and management of chronic
conditions, including cardiovascular diseases and diabetes (Kong et al., 2022).
These devices have been shown to provide accurate and user-friendly
measurements of key health metrics such as heart rate, blood pressure, and oxygen

levels, thereby supporting proactive healthcare management (Damania, 2017).

Telehealth platforms have proven effective in reducing hospital readmissions by
facilitating remote monitoring and management of chronic diseases, a benefit that
became particularly evident during the COVID-19 pandemic (Patel et al., 2022).
These platforms offer accessible healthcare solutions for patients in remote areas,

simultaneously lowering healthcare costs and improving outcomes for chronic
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disease management (Fan & Zhao, 2021). Remote patient monitoring systems
enhance patient engagement and adherence, leading to better health outcomes and

reduced hospitalization rates (Dalloul et al, 2023; Kong et al., 2022).

Fostering social connectivity

Video communication platforms and Al-powered companions play a vital role in
addressing social isolation, a common issue among older adults. Video chat
technologies have been shown to reduce loneliness and enhance social engagement,
benefiting individuals with or without mild cognitive impairments (Nie et al., 2020;
Noone et al., 2020). These platforms foster participation and interaction, leading to
improved social and emotional well-being (Doppler et al., 2018). Al-powered
virtual companions, including social robots and chatbots, provide emotional support
and companionship, effectively reducing loneliness and improving mental health
(Corbett et al., 2021; Ta et al., 2020). Additionally, customized Information and
Communication Technology (ICT) solutions tailored to the unique needs of older
adults further promote social connectivity by fostering a sense of belonging and

active participation in their communities (Thangavel et al., 2021).

2.1.2 Global Aging Trends

The global aging population is increasing at an unprecedented rate, with individuals
aged 60 and above expected to reach 2.1 billion by 2050 (WHO, 2021). This
demographic shift is driving a growing need for innovative solutions to address
challenges such as rising healthcare demands, caregiving burdens, and the need for
senior-friendly housing. Senior living technologies have emerged as transformative
tools to support aging in place, reduce dependency on institutional care, and

alleviate pressure on healthcare systems.

Countries such as Japan, Singapore, and the Netherlands are leading in the adoption
of these technologies. Japan leverages robotic companions like Paro to enhance
emotional well-being and address caregiver shortages. Singapore integrates [oT-
enabled health monitoring and emergency response systems into public housing

through its “Smart Nation” initiative, promoting safety and independent living. The
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Netherlands focuses on smart home systems and integrated care programs that

enhance quality of life and reduce care fragmentation.

These examples illustrate how senior living technologies can improve safety,
independence, and overall well-being, offering innovative solutions to the

challenges posed by an aging population.

2.1.3 Categories of Senior Living Technologies

Senior living technologies encompass a wide range of innovations designed to
address the unique needs of older adults, enabling them to live safely, independently,
and with an enhanced quality of life. These technologies are broadly categorized
into three aspects: safety and security, health and wellness, and social connectivity.
Each category offers distinct functionalities that collectively contribute to creating

a supportive environment for seniors.

Safety and Security

Falls are a leading cause of injury among older adults, with significant physical and
psychological impacts. Fall detection systems, such as wearable sensors and in-
home monitoring devices, automatically alert caregivers or emergency services
during falls. Devices like the Apple Watch and Lively Mobile Plus offer fall
detection and health monitoring, with studies confirming their usability and
effectiveness among seniors (Strauss et al., 2021). Systematic reviews highlight
wearable and ambient sensors' ability to detect falls and reduce emergency response
time, enhancing safety and independence (Chaudhuri et al., 2014; Pannurat et al.,

2014; Singh et al., 2020).

Automated emergency response systems, including panic buttons and IoT-
connected alarms for smoke or gas leaks, ensure prompt intervention during
emergencies. Systems like Philips Lifeline provide wearable panic buttons and
predictive analytics, enabling real-time alerts and immediate assistance (Nasir et al.,

2022; Simons & Schertzer, 2016). Integrating these systems with smart home
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technologies enhances rapid detection and response capabilities for critical events

(Dziyauddin et al., 2018; Rantz et al., 2015).

Smart home security systems, such as smart locks, doorbell cameras, and motion
sensors, improve home security for seniors, especially those living alone. Devices
like the “Ring Doorbell” allow remote monitoring via smartphones, reducing risks
of theft or intrusion. Research indicates that loT-enabled security systems are well-
received by seniors when prioritizing privacy and usability, providing both safety
and independence (Choi et al., 2020; Demiris et al., 2008; Oyebola & Odueso,
2016).

These technologies collectively enhance safety, independence, and quality of life

for seniors by addressing critical risks and ensuring timely responses in emergencies.

Health and Wellness
Health and wellness technologies significantly improve older adults’ health
outcomes and reduce reliance on healthcare facilities, addressing chronic disease

management and mobility limitations.

Wearable health monitoring systems help seniors proactively manage their health.
Devices like the Fitbit Sense, Omron HeartGuide, and Fitbit Charge monitor vital
signs such as heart rate, blood pressure, and oxygen levels, enabling early detection
of potential issues. Studies validate their accuracy and benefits in managing chronic
conditions and reducing hospitalizations (Gorny et al., 2017; Harfmann et al., 2023;

Kong et al., 2022; Nelson & Allen, 2019).

Telehealth services allow remote healthcare access, especially vital in rural areas
with limited facilities. Singapore’s telehealth programs during COVID-19
demonstrated effective remote diabetes care and medication management, reducing
hospital visits (Lian et al., 2021). Despite digital literacy challenges, older adults
increasingly adopted telehealth during the pandemic (Man et al., 2023).

Medication Management Technologies such as automated pill dispensers, for

example MedMinder and mobile apps like Pillboxie enhance medication adherence,
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reducing missed doses and errors. These systems improve outcomes for patients
with chronic conditions, particularly when integrated with telehealth for real-time

tracking (Hoffmann et al., 2017; Mira et al., 2014; Patel et al., 2020).

Al-powered systems predict risks like falls or deteriorating health, enabling
preventive care. In Japan, Al-based predictive analytics in senior living facilities
identify health risks, while machine learning tools effectively assess fall risks and
monitor anomalies, supporting early intervention and better care (Hu et al., 2020).;

Hughes et al., 2023; Nakatani et al., 2020).

These technologies collectively promote independence, enhance safety, and

improve quality of life for seniors by addressing critical health and wellness needs.

Social Engagement
Social connectivity technologies address the critical issue of social isolation among

older adults, fostering engagement and improving mental health and well-being.

Video Conferencing Platforms like Zoom, Skype, and WhatsApp enable seniors to
maintain social ties, reducing loneliness and providing emotional support. During
the COVID-19 pandemic, these tools were essential for mitigating isolation, with
studies highlighting their effectiveness in improving emotional well-being (Martins

et al., 2021; Noone et al., 2020; Shapira et al., 2021).

Online communities tailored for seniors, such as Stitch, offer opportunities for
learning, sharing, and building connections. Research demonstrates that these
communities enhance psychological well-being, foster joyfulness, and support
successful aging strategies, while also improving oftline social engagement
(Nimrod, 2013; Nimrod, 2014). Online health communities further empower

seniors and caregivers, promoting resilience and self-care (Kamalpour et al., 2020).

Robotic companions like Paro, Jibo, and Elliq provide emotional support and
cognitive engagement, particularly for seniors with dementia. These robots reduce
loneliness, improve mood, and encourage physical activity. For example, Paro has

been shown to reduce anxiety, enhance social interaction, and even decrease the use
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of psychoactive medications (Moyle et al., 2013; Petersen et al., 2016). Robots like
Ryan and robotic pets also improve quality of life through proactive engagement

and stress reduction (Abdollahi et al., 2017).

Gaming and virtual reality (VR) technologies offer cognitive stimulation and
physical activity for seniors. VR systems like Rendever enable virtual travel,
improving mental well-being, while VR-based exergames support physical
rehabilitation and cognitive training, enhancing neural efficiency and daily activity
engagement (Liao et al., 2020; Mufioz et al., 2021). Gaming consoles and VR also
reduce depressive symptoms, foster curiosity, and increase motivation through

interactive activities (Yen & Chiu, 2021).

These technologies collectively enhance seniors’ emotional, cognitive, and physical
well-being, providing innovative solutions to combat social isolation and improve

quality of life.

2.1.4 Summary

Senior living technology represents a transformative approach to addressing the
challenges and opportunities of an aging population. By integrating innovations
across safety and security, health and wellness, and social connectivity, these
technologies enhance the quality of life, independence, and well-being of older

adults.

As global aging trends continue to accelerate, the adoption of such technologies
plays a crucial role in enabling aging in place, alleviating pressures on healthcare
systems, and fostering a more inclusive and supportive environment for seniors.
Successful implementations worldwide underscore the potential of these solutions
in creating sustainable and adaptive eldercare systems, paving the way for improved

outcomes and greater dignity in aging.
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2.2 Technology Integration in Real Estate Developments

The integration of senior living technologies into real estate developments is
transforming the way housing solutions are designed for aging populations. These
technologies support the concept of aging in place by enabling older adults to live

independently and safely in their own homes for as long as possible.

2.2.1 Aging-in-Place Solutions

Aging in place focuses on enabling older adults to live safely and independently in
their homes and communities, aligning with their preference for familiar
environments over institutional care. This approach addresses the physical, health,
and social needs of seniors while reducing reliance on caregiving services and
institutionalization. Globally, aging-in-place solutions are increasingly integrated

into real estate developments to create senior-friendly housing environments.

The World Health Organization (WHO) identifies aging in place as critical for
maintaining seniors’ quality of life and reducing healthcare burdens. Studies
indicate that most older adults strongly prefer to remain in their homes as they age,
provided they can do so safely (Vanleerberghe et al., 2017). This approach also
helps preserve seniors’ community connections and routines, positively impacting
mental and emotional well-being (Schorr & Khalaila, 2018). However, successful
aging in place requires supportive environments that integrate advanced
technologies to address challenges such as mobility, chronic health conditions, and

social isolation (Khosravi & Ghapanchi, 2016).

Senior living technologies play a transformative role in fostering independence and
safety for older adults. Smart home systems, for example, have emerged as essential
tools in addressing the physical challenges faced by seniors. Automated lighting
systems, which use motion-sensitive technology to illuminate spaces during
nighttime activities, have been shown to reduce fall risks and enhance safety (Yu et

al., 2019). Voice-activated assistants like Amazon Alexa and Google Home have
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revolutionized daily living for seniors by enabling hands-free appliance control,
medication reminders, and emergency communication, significantly enhancing
autonomy for those with cognitive or physical limitations (Pradhan et al., 2020).
Additionally, smart thermostats maintain optimal indoor temperatures, particularly
benefiting seniors with conditions like arthritis or cardiovascular diseases,

promoting health and comfort in their living environments (Choi et al., 2020).

Health monitoring technologies also play a crucial role in managing chronic
illnesses and preventing acute medical events. Wearable devices such as fitness
trackers and smartwatches monitor vital signs, including heart rate and blood
pressure, enabling early detection of health issues and improved chronic disease
management (Kamei et al., 2020). Telehealth platforms complement these devices
by offering remote consultations, ensuring timely medical advice and reducing
hospitalizations, which proved especially valuable during the COVID-19 pandemic
(Kong et al., 2022). Furthermore, medication management systems, including
automated pill dispensers and digital reminders, address the issue of medication
non-compliance, demonstrating high effectiveness in ensuring adherence to

treatment plans (Reeder et al., 2013).

Safety is another critical area addressed by aging-in-place technologies. Fall
detection systems, which utilize accelerometers and Al algorithms, automatically
identify falls and alert caregivers or emergency services, enabling timely
interventions and reducing the risk of severe health complications (Singh et al.,
2020). Global Positioning System (GPS) trackers have become invaluable for
seniors with cognitive impairments, offering real-time location tracking that
provides reassurance to caregivers and family members (Stavropoulos et al., 2020).
In addition, smart doorbells and security cameras enhance home security by
allowing seniors to monitor visitors and their surroundings, providing peace of mind

and ensuring safety within their living spaces (Gharti, 2020).

Addressing social isolation, a significant challenge for seniors living alone,
connectivity technologies offer promising solutions to enhance emotional well-
being. Video calling platforms such as Zoom and Skype have become vital tools for

maintaining communication with loved ones, reducing loneliness, and promoting
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mental health (Noone et al., 2020). Al companions like Paro and Pepper provide
interactive experiences and cognitive stimulation, especially for seniors with
dementia or Alzheimer’s disease, with studies showing that these devices can
alleviate anxiety and depression while fostering emotional connections (Hung et al.,
2019). Online community platforms designed specifically for seniors create digital
spaces for virtual social engagement, reducing isolation and improving emotional

well-being (Doppler et al., 2018).

In conclusion, aging-in-place solutions integrate advanced technologies to create
environments that enhance safety, independence, and quality of life for older adults.
By addressing physical, health, and social challenges, these innovations align with

seniors’ preferences and contribute to sustainable and inclusive eldercare strategies.

2.2.2 Key Drivers for Integrating Technology

The integration of senior living technologies in real estate developments is
influenced by multiple interrelated factors, including market competitiveness,
resident demand, cost-efficiency, policy incentives, demographic shifts,
urbanization, and technological advancements. These drivers reflect a convergence
of economic, social, and technological trends that shape the strategies of developers

and stakeholders in addressing the needs of aging populations.

Market Competitiveness

In competitive real estate markets, senior living technologies provide a strategic
advantage, enabling developers to differentiate their projects and attract targeted
buyer segments. Developments equipped with smart home systems, health-
monitoring devices, and telehealth capabilities are increasingly appealing to tech-
savvy seniors and their families, offering modern solutions aligned with their needs
(Sapci & Sapci, 2019). Premium housing projects incorporating these features cater
to affluent buyers who prioritize safety, convenience, and quality of life, allowing
developers to justify higher pricing and enhance their brand reputation (Grant et al.,
2015; Noel et al., 2004). This integration also positions developers as innovators

addressing societal challenges, fostering long-term success in the industry.
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Resident Demand

The growing awareness of aging-related challenges has increased demand for
housing that addresses health, safety, and social needs. Modern seniors are familiar
with smart technologies and expect housing to integrate IoT-enabled health
monitoring and emergency systems. For instance, in Singapore, seniors widely
embrace IoT-enabled apartments equipped with these features, viewing them as
essential for safe and independent living (Choi et al., 2020; Wang et al., 2017).
Health and safety technologies, such as fall detection systems, enhance security
while providing peace of mind for families (Stavropoulos et al., 2020). Additionally,
the strong preference for aging in place, shared by over 80 percent of older adults
in surveys, further drives the demand for technologically equipped housing

(Courtney et al., 2008).

Cost-Efficiency

Although senior living technologies require significant initial investment, they
deliver long-term economic benefits for both developers and residents.
Technologies such as automated lighting, energy-efficient systems, and loT-enabled
maintenance tools reduce operational costs by optimizing resource use and
preventing costly repairs (MareSova et al., 2020). Residents also benefit from
reduced healthcare expenses through wearable health trackers and telehealth
platforms, which enable preventive care and decrease hospital visits (Sapci & Sapci,
2019). The scalability of these technologies allows developers to manage costs
incrementally, starting with foundational systems and expanding to advanced

features as resources and demand evolve (Perera et al., 2021).

Policy and Incentives

Government policies and incentives play a pivotal role in promoting the adoption
of senior living technologies. Programs like Singapore’s “Smart Nation” initiative
provide subsidies and tax benefits to developers integrating loT-enabled health and
safety systems (Choi et al., 2020). Regulatory frameworks also provide clear
benchmarks for implementation, as seen in European Union standards for smart
housing, which have facilitated seamless technology integration in eldercare

facilities (Demiris et al., 2008). These measures reduce financial burdens for
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developers and encourage innovative practices aligned with national aging

strategies.

Demographic Shifts and Urbanization

The global aging population, projected to double by 2050, and increasing
urbanization drive the need for senior-friendly housing. Urban centres with robust
infrastructure, such as Klang Valley in Malaysia, enable seamless integration of IoT-
enabled health monitoring and safety systems, creating environments conducive to
aging in place (Choi et al., 2020; Shafi & Mallinson, 2021). Urbanization
accelerates the adoption of these technologies by providing the necessary
infrastructure for smart solutions, aligning real estate developments with evolving

demographic trends.

Technological Advancements

The rapid evolution of IoT, Al, and telehealth has significantly lowered adoption
barriers for senior living technologies. Affordable devices such as smart thermostats
and automated lighting systems are now mainstream, enhancing accessibility and
usability in eldercare settings (Stavropoulos et al., 2020). Al-powered tools further
enhance these technologies by analysing data from health monitors to generate
predictive insights, supporting proactive medical care (Sapci & Sapci, 2019).
Improved user interface designs, such as voice-activated assistants, have bridged
the gap between seniors and technology, fostering widespread adoption and

enhancing quality of life (Ermolina & Tiberius, 2021)

2.2.3 Summary

The integration of senior living technologies is driven by diverse factors that reflect
economic, social, and technological imperatives. From market competitiveness and
resident demand to cost-efficiency, policy support, demographic shifts, and
technological advancements, these drivers collectively underscore the importance
of innovation in creating supportive, efficient, and inclusive environments for aging
populations. These solutions not only enhance safety and independence for seniors

but also position real estate developments as future-ready and sustainable.
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2.3 Challenges in Technology Integration

Despite the benefits of senior living technologies, their integration into real estate
developments faces significant challenges. These barriers stem from financial
constraints, technical complexities, regulatory ambiguities, and resistance to change.
This section explores these challenges from global and Malaysian perspectives and

discusses strategies employed by developers and policymakers to address them.

2.3.1 Financial Constraints

The high initial costs of implementing and maintaining senior living technologies
present significant challenges to their widespread adoption. Technologies such as
IoT devices, telehealth platforms, and Al-based solutions demand substantial
investment in hardware, software, and skilled labour, creating financial obstacles

for stakeholders.

Globally, these constraints are evident. For example, in Japan, deploying robotic
companions like Pepper in eldercare facilities often surpasses the budgetary
capacities of smaller institutions, limiting their accessibility (Stavropoulos et al.,
2020). Similarly, in the United States, smart home systems are largely adopted by
higher-income households, leaving lower-income seniors without access to these

innovations.

To address these barriers, some governments and developers have introduced
subsidies and cost-sharing models. Singapore’s “Smart Nation” initiative
exemplifies this approach by providing grants to developers incorporating smart
technologies into public housing, ensuring broader accessibility for seniors (Choi

et al., 2020).

However, in Malaysia, financial constraints are exacerbated by the high costs of
importing advanced technologies and the limited availability of locally developed

alternatives. This economic challenge is further compounded by the lack of

Page 24 of 110



government incentives specifically tailored to senior living projects, which
discourages developers from investing in smart housing solutions. Without
sufficient financial support or targeted incentives, the adoption of senior living
technologies in Malaysia remains constrained, impeding efforts to meet the needs

of its aging population (Tan et al., 2021).

2.3.2 Lack of Technical Expertise

The integration of senior living technologies necessitates specialized knowledge in
IoT, Al and telehealth, a requirement that many developers lack, posing a
significant barrier to adoption. Globally, this challenge is evident in countries like
Australia, where developers face difficulties hiring professionals with expertise in
implementing IoT systems in housing projects. To overcome this, collaborations
between technology providers and developers have become a common strategy.
Partnerships with companies such as Amazon and Google have enabled the
deployment of user-friendly voice-activated systems in retirement villages,
providing practical solutions despite the shortage of in-house expertise

(Stavropoulos et al., 2020).

In Malaysia, this issue is particularly acute due to a limited pool of skilled
professionals experienced in smart housing solutions. The problem is further
exacerbated by a fragmented real estate market, where smaller developers often lack
the financial and organizational capacity to train their staff or form partnerships
with technology providers. Local universities and training institutions have begun
offering specialized courses in relevant fields to bridge this gap. However, these
initiatives have had limited widespread impact, highlighting the need for more
coordinated efforts to develop technical expertise within Malaysia’s real estate

sector (He & Tang, 2021).

2.3.3 Regulatory Ambiguities
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The absence of clear and supportive regulatory frameworks poses a significant
barrier to the adoption of senior living technologies, often delaying their
implementation. Globally, these challenges include privacy concerns related to
health monitoring systems, data security issues in loT devices, and inconsistent
standards for smart housing technologies. For instance, in the European Union,
developers must comply with stringent General Data Protection Regulation (GDPA)
requirements, which add complexity and costs to the deployment of data-driven
solutions (Wachter, 2018). However, proactive approaches in regions like the
Netherlands have established comprehensive guidelines that balance innovation
with consumer protection. These include protocols for data management and
incentives for developers to adopt compliant practices, creating a more supportive

environment for integrating senior living technologies (Pirzada et al., 2021).

In Malaysia, regulatory ambiguities present similar challenges. The lack of specific
policies for senior living technologies hampers progress, with issues such as data
privacy and the interoperability of smart devices remaining largely unregulated.
Developers often rely on international standards that may not align with Malaysia’s
local context, increasing implementation complexity and costs. These barriers
discourage widespread adoption and hinder the growth of senior living solutions.
Addressing these gaps through localized regulatory frameworks and clear
guidelines is crucial to fostering the adoption of senior living technologies in

Malaysia (Hira et al., 2022).

2.3.4 Resistance to Change

Cultural resistance and low digital literacy among seniors are significant barriers to
the adoption of senior living technologies, often delaying their integration into
eldercare practices. Globally, this resistance is evident in countries like South Korea,
where older adults frequently express reluctance to use smart devices due to
concerns about complexity and privacy. To mitigate this, initiatives such as South
Korea’s “Silvernet Korea” have been implemented, providing seniors with training
on using smartphones and social media. These programs aim to build confidence

and facilitate the transition to digital tools (Baek et al., 2022).
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In Malaysia, cultural caregiving traditions emphasizing family-based support
further complicate the adoption of senior living technologies. Many seniors,
especially in rural areas, view these solutions as impersonal or unnecessary,

reducing their acceptance.

Low digital literacy among older adults exacerbates the challenge, making it
difficult for them to engage with technology-driven solutions. Addressing these
issues requires a multi-faceted approach, including the development of user-
friendly designs, targeted training programs, and community workshops to improve
digital skills and foster trust. Simplifying technology interfaces and demonstrating
their benefits are essential to ensuring broader adoption of senior living

technologies in Malaysia (Yusif et al., 2016).

2.3.5 Infrastructure and Market Fragmentation

The readiness of infrastructure and the fragmented nature of the market are crucial
factors influencing the feasibility of integrating senior living technologies into

housing developments.

Globally, inadequate infrastructure, particularly in rural areas, remains a significant
challenge. In countries like the United States and Australia, limited internet
connectivity restricts the deployment of IoT-enabled solutions. To address this,
Australia has implemented initiatives such as the National Broadband Network,
which aims to provide high-speed internet access even in remote areas. These
investments have been instrumental in enhancing connectivity for telehealth and
smart housing technologies. However, bandwidth limitations in rural regions
continue to constrain telehealth initiatives, underscoring the ongoing need for

infrastructure upgrades (Bradford et al., 2016; Jang-Jaccard et al., 2014).

In Malaysia, similar infrastructure disparities hinder the adoption of senior living
technologies. Urban centres like Klang Valley benefit from advanced infrastructure,

supporting the deployment of IoT and telehealth solutions. In contrast, rural areas
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often lack reliable internet connectivity and stable power supplies, making it
challenging to implement these technologies effectively. Additionally, Malaysia's
fragmented real estate market exacerbates these issues. While large developers
possess the resources and expertise to invest in innovative technologies, smaller
players frequently struggle to allocate sufficient capital or navigate the complexities

of technological integration.

Addressing these challenges requires coordinated efforts to enhance infrastructure
nationwide and promote collaboration across the real estate market. Investments in
reliable internet connectivity and power supply in rural areas, coupled with support
for smaller developers, are essential to ensuring the broader adoption of senior

living technologies in Malaysia (Bell et al., 2023).

2.3.6 Strategies to Overcome Challenges

Developers and policymakers have implemented various strategies globally and in
Malaysia to address challenges associated with integrating senior living
technologies, focusing on cost reduction, capacity building, and localized

innovation.

PPPs have proven effective in fostering innovation and reducing costs by enabling
resource and expertise sharing among governments, developers, and technology
providers. For example, Singapore’s Housing and Development Board (HDB)
collaborates with private companies to deliver affordable, technologically advanced
smart housing projects (Nurjono et al., 2019). In Malaysia, while PPPs have been
successfully applied in healthcare delivery, their use in senior living technologies
remains limited, presenting an opportunity for expanded application (Phua et al.,

2014).

Financial incentives, including subsidies and tax breaks, play a pivotal role in
offsetting the high initial costs of implementing senior living technologies. These

incentives stimulate innovation and make advanced solutions more accessible,
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encouraging developer participation and enhancing market readiness (Hashim et al.,
2019).

Educational initiatives are also essential for addressing technical expertise gaps and
overcoming cultural resistance. Training programs tailored to developers, residents,
and caregivers can improve technical proficiency and foster acceptance of
technology. In Malaysia, universities and non-governmental organizations are well-
positioned to design and deliver these programs, raising awareness and building

capacity (Hoque & Sorwar, 2017).

Localized solutions tailored to Malaysia’s unique needs provide another pathway to
overcoming adoption barriers. Affordable and culturally sensitive technologies,
such as intuitive interfaces for seniors and mobile health (mHealth) solutions for
rural areas, can bridge infrastructure gaps and improve usability. These innovations
ensure that senior living technologies address Malaysia’s diverse population needs,

promoting broader adoption (Changizi & Kaveh, 2017).

Together, these strategies represent a multifaceted approach to addressing
challenges in integrating senior living technologies, paving the way for sustainable

and inclusive adoption in Malaysia.

2.3.7 Summary

The integration of senior living technologies in real estate developments faces
significant challenges, including financial constraints, technical barriers, regulatory
ambiguities, cultural resistance, and infrastructure disparities. While global
examples provide valuable strategies to address these issues, Malaysia’s unique
context requires tailored approaches that consider its socioeconomic and cultural
dynamics. By addressing these challenges through policy support, partnerships, and
localized innovation, Malaysia can accelerate the adoption of senior living

technologies and enhance the quality of life for its aging population.
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2.4 The Impact of Technology on Senior Residents

The integration of technology into senior living environments has profoundly
transformed how older adults experience their later years. By addressing key
challenges such as safety, health management, and social isolation, senior living
technologies enhance the overall quality of life and well-being of residents. This
section reviews the benefits of technology integration, presents global evidence of
its positive impact, and discusses how these technologies improve seniors’ overall

well-being.

2.4.1 Enhanced Safety

Safety remains a primary concern for older adults, particularly those living
independently, and advancements in technology have revolutionized how safety is
managed in senior living environments. Fall detection systems and emergency
response devices play a critical role in addressing one of the leading causes of injury
among older adults. Wearable technologies such as Life Alert and IoT-enabled fall
detection systems utilize motion sensors and emergency response buttons to provide
immediate assistance during incidents. These systems have been shown to
significantly reduce response times, thereby mitigating the severity of injuries

resulting from falls (Rantz et al., 2015).

Home automation technologies further enhance safety by addressing risks
associated with mobility limitations. Automated lighting systems, for instance,
illuminate pathways during nighttime movement, reducing the risk of falls. Voice-
activated devices such as Amazon Alexa and Google Home enable seniors to control
their living environments with minimal physical effort, enhancing convenience and
safety. Studies in Australia demonstrate the effectiveness of automated lighting,
showing a 30 percent reduction in nighttime falls within senior living communities

(Pietrzak et al., 2014).
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In addition to physical safety, smart security systems provide older adults with
enhanced home security. Tools such as smart doorbells, surveillance cameras, and
automated locks allow seniors to monitor and control access to their homes remotely,

offering peace of mind and reinforcing a sense of independence.

Collectively, these technologies highlight the transformative role of automation and
IoT-enabled devices in creating safer living environments for older adults, ensuring

both physical well-being and security (Choi et al., 2020).

2.4.2 Improved Health Outcomes

Advancements in health monitoring technologies and telehealth platforms have
significantly transformed the delivery of healthcare to seniors, enabling more
effective management of chronic conditions and improving overall health outcomes.
Remote health monitoring through wearable devices such as Fitbit and Apple Watch
provides real-time tracking of vital signs, including heart rate, blood pressure, and
oxygen levels. This data is shared with caregivers and healthcare providers,
allowing for the early detection of potential health issues and timely interventions.
Research indicates that the integration of wearable technologies with telehealth
systems enhances chronic disease management and significantly reduces

hospitalizations among older adults (Rattanawiboomsom & Talpur, 2023).

Telehealth services further improve healthcare access by enabling seniors to consult
with healthcare providers remotely, minimizing the need for in-person visits. These
platforms are especially advantageous for older adults with mobility challenges or
those living in remote areas with limited access to healthcare facilities. During the
COVID-19 pandemic, the global adoption of telehealth surged, with studies
reporting substantial reductions in hospital visits for non-urgent conditions among
seniors, underscoring the efficacy of telehealth in improving care delivery

(Nancarrow et al., 2016).

Medication management technologies also play a vital role in improving health

outcomes. Tools such as smart pill dispensers and medication reminders ensure
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adherence to prescribed treatment plans, preventing missed doses and reducing
complications associated with medication errors. These technologies, often
integrated into remote monitoring devices, have demonstrated high user satisfaction
and improved adherence rates among older adults, contributing to the overall

success of treatment plans (Reeder et al., 2013).

Collectively, these innovations highlight the transformative potential of technology

in delivering personalized, efficient, and effective healthcare solutions for seniors.

2.4.3 Reduced Social Isolation

Social isolation is a pervasive challenge among seniors, often contributing to
depression and cognitive decline. The advent of communication technologies and
social platforms has emerged as a critical solution to mitigate loneliness and foster

meaningful connections.

Video calling applications such as Skype, Zoom, and WhatsApp have made it easier
for older adults to maintain regular communication with family and friends. In
South Korea, for example, seniors living in smart apartments equipped with video
conferencing tools reported significantly lower levels of loneliness, highlighting the

positive impact of these technologies (Thangavel et al., 2021).

In addition to communication platforms, online communities specifically designed
for older adults have proven effective in promoting social engagement. Digital
platforms like SilverNest create virtual spaces for seniors to connect based on
shared interests, enabling the formation of new friendships and reducing feelings of
isolation (Latikka et al., 2021). These platforms play a vital role in fostering

community engagement and improving overall well-being among seniors.

Al companions, such as Japan’s Paro and Pepper, further address the emotional and
social needs of older adults, particularly those with dementia. These robotic
companions provide not only interaction and companionship but also emotional

support, contributing to improved mood and reduced anxiety. Studies have
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demonstrated that the use of these devices in eldercare settings significantly

enhances the emotional well-being of elderly residents (Gasteiger et al., 2021).

Collectively, these technologies underscore the potential of innovative solutions in

reducing social isolation and enhancing the quality of life for older adults.

2.4.4 Enhanced Well-Being and Quality of Life

The integration of senior living technologies has a profound cumulative impact,
significantly enhancing the overall well-being and quality of life for older adults.
These technologies foster greater independence and autonomy by automating
routine tasks and supporting mobility, allowing seniors to manage their daily lives
with minimal assistance. Research from the Netherlands highlights that older adult
residing in technology-integrated housing report higher levels of satisfaction and
autonomy compared to those in traditional living arrangements, demonstrating the

transformative potential of such innovations (Dermody et al., 2020).

In addition to physical independence, these technologies positively influence
mental and emotional health. Interactive tools like VR platforms offer cognitive
stimulation and recreational opportunities, proving particularly effective in memory
care settings. VR technologies have been shown to improve cognitive function and
alleviate symptoms of depression, creating engaging and therapeutic experiences

for seniors (Afifi et al., 2022).

Physical health and activity are also significantly supported through wearable
fitness trackers and mobile health applications. These devices encourage seniors to
maintain active lifestyles by tracking physical activity levels and offering
personalized fitness recommendations. Initiatives like Singapore’s Healthy365
program, which provides wearable devices to older adults, have demonstrated
tangible benefits, including improved physical health metrics and enhanced social

engagement through community-based activities (Recio-Rodriguez et al., 2019).
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Together, these advancements illustrate how senior living technologies contribute
to a holistic enhancement of life quality, addressing physical, mental, and emotional

well-being while empowering seniors to lead fulfilling and independent lives.

2.4.5 Summary

The integration of senior living technologies has revolutionized the lives of older
adults, addressing critical areas such as safety, health, social connection, and overall
quality of life. By enabling real-time monitoring, improving healthcare access, and
fostering social engagement, these technologies empower seniors to maintain their

independence, enhance their well-being, and lead fulfilling lives.

Global evidence highlights their effectiveness in reducing injuries, managing
chronic conditions, and mitigating social isolation, ultimately creating safer,
healthier, and more connected living environments. Collectively, these innovations
underscore the transformative potential of technology in elevating senior living

experiences and meeting the challenges of an aging population.

2.5 Global Case Studies in Senior Living Technology Integration

The integration of senior living technologies into real estate developments has been
embraced globally, offering innovative solutions to address the challenges of aging
populations. These initiatives demonstrate how smart housing and technology-
driven practices enhance the quality of life for older adults, addressing issues such

as accessibility, health management, and social inclusion.

By examining key global case studies, this subsection highlights successful
strategies that provide valuable lessons for regions like Malaysia in advancing

senior living innovations.
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2.5.1 Japan

Over the past three decades, Japan has become a global leader in longevity, with 28
percent of its population aged 65 and above, making it one of the world's most aged
societies (Kojima et al., 2016; Suzuki et al., 2020). In response, Japan has
implemented a national eldercare strategy leveraging advanced technologies to

improve seniors' quality of life.

Robotic companions like Paro and Pepper are widely used in eldercare, offering
companionship, reducing loneliness, and alleviating dementia-related symptoms
(Hung et al., 2019). Pepper also supports care prevention programs, highlighting its
potential in interactive healthcare (Tanioka et al., 2019). Additionally, elder-friendly
housing integrates smart technologies such as motion sensors and loT-enabled

systems, enhancing independent living and safety (Choi et al., 2020).

These innovations are driven by Japan’s Society 5.0 framework, which integrates
IoT and Al into daily life to address aging challenges (Elsy, 2020). By combining
robotic companions, Al-driven systems, and loT technologies, Japan has improved
safety, reduced loneliness, and enhanced seniors' quality of life, exemplifying a

sustainable approach to eldercare (Shishehgar et al., 2018).

2.5.2 Singapore

Singapore is addressing its rapidly aging population, projected to exceed 20 percent
by 2030, through its “Smart Nation” initiative, which integrates advanced
technologies into public housing to support aging in place (Kamilaris et al., 2016).
The Housing and Development Board (HDB) collaborates with technology
providers to create smart-enabled apartments equipped with fall detection systems,
emergency response buttons, and IoT devices that monitor health and
environmental conditions, ensuring safety and support. Developments like
Kampung Admiralty exemplify this model, combining senior housing with

healthcare, retail, and social spaces (Chan, 1997; Lim & Thang, 2017).
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Telehealth services and IoT devices, including smart pill dispensers and wearable
trackers, enhance these housing solutions by facilitating medical consultations,
supporting medication adherence, and monitoring health metrics, reducing hospital

visits (Cao et al., 2022).

Community spaces within these developments encourage social interaction,
reducing isolation and fostering well-being among seniors (Soon et al., 2015). This
holistic strategy integrates technology with community-building, ensuring seniors

maintain independence, safety, and strong social connections.

The “Smart Nation” initiative exemplifies effective government leadership in
combining technology-driven housing, telehealth, and social engagement, offering
a scalable and innovative model for addressing the challenges of an aging

population (Low et al., 2021).

2.5.3 Netherlands

The Netherlands is a global leader in elder-friendly housing, emphasizing
sustainability and advanced technologies to support aging populations.
Developments like “Vitalis Senior Communities” combine energy-efficient housing
with smart technologies such as automated lighting, smart thermostats, health-
monitoring devices, and telehealth-integrated healthcare, promoting safety and

independence while reducing reliance on traditional healthcare (Coyle et al., 1995).

Dutch housing initiatives prioritize aging in place through smart technologies like
personal emergency alarms, automated locks, and digital health platforms, enabling
autonomy and caregiver connectivity. The Unattended Autonomous Surveillance
(UAS) system exemplifies how integrated monitoring balances independence with

safety (Hoof & Kort, 2008).

These innovations are driven by public-private collaborations among municipalities,
developers, and technology providers, resulting in affordable, technology-enabled

housing solutions. Remote health monitoring and telecare systems further meet the
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demand for cost-effective eldercare (Barlow et al., 2007). Together, these efforts
showcase the Netherlands’ commitment to empowering seniors through sustainable,

tech-driven living environments.

2.5.4 Australia

Australia is leveraging smart technologies to address its aging population, projected
to reach 22 percent by 2050 (Hu et al., 2017). Retirement villages feature advanced
systems such as voice-activated assistants, energy-efficient appliances, and IoT
devices for health monitoring, enabling seniors to manage daily tasks independently
while enhancing safety and convenience (Wilder, 2011). These initiatives,
integrating [oT for health monitoring and automation, support aging in place and

improve residents’ quality of life.

Telehealth services are crucial, offering remote consultations and continuous health
monitoring, particularly benefiting seniors in rural areas by reducing hospital visits
and ensuring consistent healthcare access (Bradford et al., 2016). Sustainability and
cost-effectiveness are also prioritized, with energy-efficient technologies
minimizing energy consumption and operational costs for older adults (Jayasena et

al., 2016).

Community-focused designs in these villages combine technology with shared
spaces and group activities, fostering social engagement and reducing caregiving
burdens. This integration promotes independent living in supportive environments
(Street et al., 2022). By combining smart home systems, telehealth, and community-
oriented features, Australia has created sustainable, inclusive environments that
enhance independence and well-being for older adults, providing a forward-

thinking model for eldercare.

2.5.5 South Korea
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South Korea's investment in ICT has transformed senior living, particularly in urban
areas with concentrated aging populations. Smart apartments equipped with IoT
devices and Al-based systems monitor health, predict risks such as falls, and notify
caregivers in real-time, promoting safety and aging in place through ambient-

assisted living technologies (Choi et al., 2019).

Social connectivity is a key focus, with initiatives like “Silvernet Korea” training
seniors to use digital technologies, fostering family and community connections
while reducing isolation. ICT solutions have been shown to enhance mental health

by improving accessibility and alleviating loneliness (Park et al., 2023).

These efforts are supported by South Korea's national ICT strategy, exemplified by
the “Ubiquitous City” initiative, which integrates smart technologies into urban
planning. Models like u-Healthcare extend ICT benefits to public health monitoring
and wellness programs, demonstrating the transformative potential of digital

innovations in eldercare (Bravo Santisteban et al., 2015).

South Korea’s ICT-driven approach enhances safety, connectivity, and the overall
quality of life for its aging population, showcasing the power of technology in

addressing senior living challenges.

2.5.6 United States

The United States is embracing smart aging communities that use technology to
support older adults’ independence and well-being. Led by organizations like the
American Association of Retired Persons (AARP), these initiatives integrate smart
home automation, telehealth, and fitness trackers, promoting aging in place while
reducing healthcare costs. Telehealth has proven effective in supporting

independent living and improving access to care (Noel et al., 2004).

Developments like “The Villages” in Florida showcase how technology enhances

senior living through smart home systems, telemedicine-equipped clinics, and
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community-wide Wi-Fi, seamlessly combining lifestyle and healthcare to foster

aging in place (Scharlach et al., 2012).

Private sector contributions, including collaborations by Google and Amazon, are
transforming senior housing with voice-activated devices, Al companions, and
predictive analytics. These innovations leverage IoT and Al to enhance healthcare
monitoring, foster independence, and create adaptive living environments tailored

to seniors' needs (Fritz & Dermody, 2019).

Together, these efforts highlight the United States's commitment to using
technology to create innovative, sustainable, and supportive communities for its

aging population.

2.5.7 Summary

These global case studies illustrate the potential of senior living technologies to
address the challenges of aging populations. These technologies empower seniors
to live independently while maintaining strong connections with their communities
and healthcare providers. While Malaysia has yet to fully implement such advanced
solutions, these examples provide a roadmap for integrating technology into its real

estate sector.

2.6 The Malaysian Context in Senior Living Technology

Malaysia faces a pressing need to address the challenges and opportunities
associated with its rapidly aging population. Senior living technologies, while still
in the nascent stages of adoption, offer a promising solution for enhancing the
quality of life for older adults. This section examines Malaysia’s demographic,
cultural, and economic factors influencing the adoption of senior living
technologies, explores the market and regulatory landscape, and identifies

opportunities for growth.
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2.6.1 Demographics

Malaysia is undergoing a significant demographic transformation, with the
proportion of older adults projected to exceed 20 percent of the population by 2040
(Shah et al., 2021). According to World Bank (2022) data, the population in this age
group rose from approximately 204,000 in 1960 to over 2.67 million in 2023 as
depicted in Figure 2.1. While Malaysia’s aging population comprises a smaller
proportion of its total population compared to many developed nations, the pace of
increase has accelerated in recent decades, reflecting its transition toward an aging
society. This trend mirrors global aging patterns observed across both developing

and developed countries.

Figure 2.1: Trend in Malaysia’s Population Aged 65 and Above (1960-2023)
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As Malaysia moves toward becoming an aging nation, as officially classified by the
United Nation, the need for innovative policies and technologies to address the
challenges of this demographic transformation becomes increasingly urgent (Zin et
al., 2016). Senior-friendly housing solutions that emphasize safety, accessibility,
and health monitoring are essential to meet the evolving needs of older adults.

Moreover, Malaysia’s urban-centric growth, particularly in regions like Klang
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Valley, underscores the importance of scalable solutions that can address the diverse

requirements of both urban and rural populations (Selvaratnam & Tin, 2007).

The aging population also places an increasing burden on Malaysia’s healthcare
system, necessitating effective strategies to manage this strain. Technologies such
as remote monitoring and telehealth platforms offer promising solutions by

enabling preventive care and reducing hospital admissions.

These innovations not only improve healthcare accessibility for older adults but also
help optimize resource allocation within the healthcare system, ensuring a more
sustainable response to the challenges of demographic aging (Noorani et al., 2018).
This demographic shift presents both challenges and opportunities for Malaysia to

pioneer solutions that support healthy aging and independent living.

2.6.2 Cultural Factors

Malaysia’s cultural landscape presents unique challenges to the adoption of senior
living technologies, influenced by traditional family-centered caregiving practices
and varying levels of digital literacy among older adults. In Malaysian society,
caregiving is deeply rooted in the family unit, with senior care often viewed as a
familial duty. This cultural norm can create resistance to technology-based solutions,
which are sometimes perceived as impersonal or inadequate substitutes for human
care. Addressing this resistance requires educating families on how technology can
complement, rather than replace, traditional caregiving by enhancing safety,

efficiency, and the overall well-being of older adults (Tan et al., 2022).

Low digital literacy among Malaysian seniors, particularly in rural areas, is another
significant barrier. Many older adults view smart devices and advanced
technologies as complex, unfamiliar, or untrustworthy, limiting their adoption. To
address this, developers and policymakers must prioritize the creation of user-
friendly designs that cater to seniors’ specific needs and abilities. Complementary
efforts should include targeted education programs and outreach initiatives to

familiarize older adults with the benefits and usability of these technologies. These
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programs can build trust and confidence, encouraging broader acceptance and

integration (Fadzil et al., 2023).

By combining education, user-centric design, and community engagement, these
strategies can bridge cultural and technological gaps, facilitating the successful
adoption of senior living technologies in Malaysia’s distinctive socio-cultural

context.

2.6.3 Market Trends

The Malaysian real estate market is increasingly focusing on senior living projects
in response to the country’s aging population. Notable developments like “Green
Acres Retirement Village” in Ipoh and “Eden-on-the-Park™ in Sarawak are
pioneering this trend, offering senior-friendly housing solutions with integrated
advanced living technologies. These projects emphasize health monitoring systems
and community-based care models, tailored to meet the unique needs of older adults.
Research highlights growing demand for such retirement villages, which promote
independent and supported living environments while addressing the specific

requirements of Malaysia’s aging demographic (Julaihi et al., 2022).

The Real Estate and Housing Developers’ Association of Malaysia (REHDA) has
been instrumental in advancing senior living projects. Through its Retirement
Villages Advisory Committee (RVAC), REHDA encourages developers to adopt
age-friendly designs and technologies. This platform facilitates stakeholder
discussions on emerging trends, challenges, and best practices in senior housing.
Insights from these initiatives reveal a strong preference among Malaysian seniors
for age-restricted communities with integrated healthcare facilities, aligning with
the global shift toward holistic, technology-driven senior living solutions (Ismail et

al., 2019).

These developments signal a promising future for senior living projects in Malaysia,
driven by innovation, increasing demand, and collaborative efforts among industry

stakeholders.
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2.6.4 Regulatory Landscape

Malaysia's regulatory framework for senior living technologies is currently
fragmented, creating significant challenges for their widespread adoption and
integration. While initiatives like the “National Policy for Older Persons” (Dasar
Warga Emas Negara) outline broad objectives for supporting the aging population,
they lack a specific focus on the deployment of smart housing technologies for
seniors. This regulatory gap includes the absence of clear standards for critical
aspects such as data privacy, device interoperability, and health monitoring
technologies. These ambiguities complicate implementation, discourage investment
in smart housing solutions, and hinder the seamless integration of advanced systems

(Aziz & Ahmad, 2019; Lim et al., 2023).

To address these challenges, Malaysia needs a harmonized regulatory framework
that aligns with international standards while considering the country’s unique
socio-economic and cultural context. A unified policy should establish clear
guidelines for implementing loT-enabled systems, telehealth platforms, and safety
technologies in senior housing projects. This framework would not only streamline
the adoption process but also encourage innovation, ensure the security and
effectiveness of these technologies, and build trust among developers and residents
(He & Tang, 2021). Regulatory clarity and consistency are essential for unlocking
the full potential of senior living technologies in Malaysia, facilitating broader

adoption and enhancing the quality of life for the country's aging population.

2.6.5 Infrastructure Gaps

Significant urban-rural disparities in infrastructure present challenges to the
scalability of senior living technologies in Malaysia. Urban areas, such as Klang
Valley, benefit from advanced infrastructure, including reliable internet connectivity,
robust electricity supply, and smart city initiatives. These factors create a supportive

environment for integrating senior living technologies, as demonstrated by pilot
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projects and technology-driven urban developments that showcase the feasibility of
large-scale implementation (Chang et al., 2022).

In contrast, rural areas face substantial infrastructure limitations, such as inadequate
internet penetration and inconsistent electricity supply, which hinder the
deployment of smart housing solutions. These challenges restrict access to IoT-
enabled devices, telehealth platforms, and other critical technologies, deepening the
digital divide and limiting the benefits of innovation for seniors in rural

communities (Selvaratnam & Bee Tin, 2007).

Bridging these gaps requires targeted investments in rural connectivity, reliable
power infrastructure, and technology deployment. Such efforts are essential to
fostering equitable adoption of senior living technologies and ensuring that older

adults across Malaysia can access innovations that enhance their quality of life.

2.6.6 Summary

Malaysia’s unique demographic, cultural, and economic landscape presents both
challenges and opportunities for the integration of senior living technologies. While
the aging population and market trends drive demand, cultural resistance, regulatory
gaps, and infrastructure disparities hinder widespread adoption. However, with
targeted government support, PPPs, and localized innovations, Malaysia has the

potential to become a regional leader in senior living technology.

2.7 Research Gap

The adoption of senior living technologies represents a transformative opportunity
to address the needs of aging populations globally. However, the body of literature
surrounding this field reveals critical gaps, particularly in the Malaysian context.
These gaps highlight the need for localized research and empirical data to guide

effective adoption and implementation. This section identifies key areas where
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further research is needed to bridge the knowledge gap and advance the integration

of senior living technologies in Malaysia.

1. Limited Empirical Studies on Senior Living Technology Adoption in

Malaysia

Despite the global abundance of studies on senior living technologies, research
specifically focusing on Malaysia remains sparse. Existing literature tends to
concentrate on developed countries like Japan, the Netherlands, and Singapore,
where adoption rates and infrastructural readiness are considerably higher. In
Malaysia, the adoption of senior living technologies is still in its early stages, and
empirical studies exploring their implementation in real estate developments or
eldercare settings are limited. For instance, a study highlighted challenges in
Malaysian geriatric care centres, including limited technological integration and

barriers to technology acceptance among older adults (Li et al., 2018).

The lack of localized data poses challenges for policymakers and developers in
formulating targeted strategies that address Malaysia’s unique demographic and
economic context. Factors such as the digital divide, limited digital literacy, and
inadequate regulatory policies further complicate the adoption and integration of
senior-friendly technologies (Lim et al., 2023). Addressing these research gaps
through empirical studies is essential to better understand the barriers and
opportunities for senior living technologies in Malaysia, enabling more effective

and tailored solutions.

2. Insufficient Exploration of Cultural Influences and Attitudes Toward

Technology

Cultural factors play a critical role in shaping attitudes toward technology adoption,
especially in senior living, yet they remain insufficiently examined in the Malaysian
context. Malaysia's strong family-centric caregiving traditions and low digital
literacy among older adults present unique challenges that need to be addressed to
facilitate the effective integration of senior living technologies. Research indicates
that cultural resistance can be mitigated through educational initiatives and user-

friendly designs. For example, a Malaysian study highlights that digital literacy, and
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cultural values are significant determinants of older adults' willingness to adopt
digital healthcare technologies, demonstrating the influence of cultural norms on
technology acceptance (Fadzil et al., 2023).

Similar findings from South Korea and Japan emphasize the importance of
culturally sensitive approaches, such as community engagement and education, to
foster greater acceptance of technology among seniors (Ramli et al., 2021). These
strategies are crucial for overcoming resistance and building trust. However, the
Malaysian context remains underexplored, limiting the ability to develop strategies
that align with its unique socio-cultural landscape. Understanding caregiving
traditions and cultural attitudes is vital for designing senior living technologies that
complement rather than disrupt existing practices, ensuring they meet the
expectations and needs of Malaysian seniors (Tan et al., 2022). Addressing this gap
through targeted research is essential for creating culturally aligned, user-friendly

solutions that promote broader acceptance and integration.

3. Lack of Regulatory Frameworks Tailored to Senior-Friendly Housing in

Malaysia

A robust regulatory framework is critical for facilitating the adoption of senior
living technologies, yet Malaysia currently lacks a clear and cohesive approach to
integrating smart technologies into senior housing. In contrast, countries like
Singapore have established comprehensive policies through initiatives such as the
“Smart Nation” initiative, which provide a structured foundation for innovation and
adoption. In Malaysia, significant regulatory gaps exist in areas such as data privacy,
device interoperability, and compliance standards, creating uncertainties for
developers and technology providers. These ambiguities complicate the
implementation process and deter investment in smart housing solutions. Research
underscores the need for enhanced governance and increased private sector

involvement to address these challenges effectively (Lim et al., 2023).

The absence of well-defined regulations also undermines consumer trust,
particularly in technologies that handle sensitive health data. A Malaysian study
highlights the critical role of policy in securing public confidence, emphasizing the

importance of clear regulations to support the integration of eldercare solutions
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(Evans et al., 2017). Without tailored policies, large-scale adoption of senior living
technologies is unlikely to achieve its potential. Aligning Malaysia’s regulatory
frameworks with international best practices is essential to ensure security, trust,
and innovation in eldercare. These measures will provide clarity for developers,
encourage investment, and promote the widespread adoption of technologies that

enhance the quality of life for seniors (Ismail et al., 2020).

4. Minimal Understanding of the Scalability and Affordability of Global

Technologies in Local Contexts

While global examples of senior living technologies, such as Japan’s robotic
companions and the Netherlands’ IoT-enabled eldercare facilities, provide valuable
insights into innovation and implementation, their scalability and affordability
within Malaysia remain insufficiently explored. Many of these technologies are
prohibitively expensive, making widespread implementation particularly
challenging in rural areas, where affordability is a critical concern. Economic
disparities between urban and rural regions further exacerbate this issue, limiting
access to advanced technologies for a significant portion of Malaysia’s aging

population (Selvaratnam & Tin, 2007).

Research highlights the need for cost-effective, localized solutions that align with
Malaysia’s economic realities while retaining the benefits of global advancements.
Affordable retirement villages, for instance, offer a promising model by balancing
cost efficiency with accessibility, addressing affordability concerns for Malaysian
seniors (Ejau et al., 2021). Community-driven approaches are also critical for
fostering equitable access to eldercare solutions. These strategies can help bridge
the gap between global innovations and local needs, particularly in rural areas with
limited infrastructure and resources. By integrating localized, affordable
technologies and prioritizing community involvement, Malaysia can create
inclusive and sustainable eldercare practices that effectively meet the needs of its

aging population (Lim et al., 2023).

5. Need for Empirical Data to Evaluate the Effectiveness of Senior Living

Technologies in Malaysian Settings
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While the benefits of senior living technologies are well-documented globally, there
is a significant lack of empirical evidence demonstrating their effectiveness in
Malaysian settings. For example, remote health monitoring systems have been
shown to improve chronic disease management among elderly populations
worldwide, yet their application and specific outcomes in Malaysia remain largely

unexplored (Olmedo-Aguirre et al., 2022).

Similarly, social connectivity tools such as video conferencing platforms and Al
companions have proven effective in reducing isolation and enhancing mental
health in other contexts, but rigorous studies evaluating their impact on Malaysian
seniors are still lacking (Chen et al., 2020). Empirical data is critical to validate
these technologies’ efficacy and ensure their implementation aligns with Malaysia’s
demographic, cultural, and infrastructural landscape. Tailored research is necessary
to adapt global innovations effectively to local needs, fostering the successful

adoption of senior living technologies (Zaman et al., 2020).

Research must also prioritize creating affordable and scalable solutions tailored to
Malaysia’s economic and infrastructural realities, particularly focusing on
addressing the urban-rural divide. Evaluating the effectiveness of senior living
technologies in improving the well-being of Malaysian seniors is vital for refining
their design and ensuring their relevance. Addressing these gaps through targeted
research and policy development will lay the groundwork for the creation of

technologically advanced, culturally appropriate senior living environments.

This approach will significantly enhance the quality of life for Malaysia’s aging

population, fostering innovation while respecting local.

2.8 Conclusion

The integration of senior living technologies offers transformative benefits in

enhancing safety, health, independence, and overall quality of life for aging

Page 48 of 110



populations. However, their adoption is influenced by financial, cultural, technical,

and infrastructural barriers, particularly in developing countries like Malaysia.

By addressing these challenges through government support, PPPs, and localized,
culturally sensitive solutions, Malaysia has the opportunity to lead in creating
senior-friendly environments. Strategic investments in technology and
infrastructure will be essential for bridging gaps, fostering innovation, and

supporting the well-being of the country’s aging population.

Page 49 of 110



CHAPTER 33

RESEARCH METHOD

This chapter outlines the research methodology employed to explore the adoption,
challenges, and impact of senior living technologies in Malaysia. The methodology
is designed to gather comprehensive insights from stakeholders, particularly
developers with experience in senior living projects and those with knowledge of
market trends and challenges. The chapter includes an explanation of the research
design, data collection methods, sampling strategy, data analysis techniques, and

ethical considerations.

3.1 Research Design

This study employs a qualitative and exploratory research design to examine the
adoption, challenges, and impact of senior living technologies in Malaysia. A
qualitative approach is well-suited to exploring complex phenomena by capturing
participants’ experiences, motivations, and challenges. The exploratory nature of
the study aims to uncover new insights and patterns in this relatively under-

researched area, particularly within the Malaysian context.

3.1.1 Qualitative and Exploratory Approach

The qualitative method enables an in-depth exploration of the perspectives of real
estate developers, policymakers, and other stakeholders involved in senior living
projects. This approach captures the nuances of decision-making processes and
contextual factors influencing the adoption of senior living technologies. By

focusing on rich, descriptive accounts, qualitative research is particularly suited to
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understanding the complex social and organizational dynamics that underpin

technology adoption (Jamshed et al., 2010; Pyo et al., 2023).

An exploratory design further enhances the study by addressing gaps in the
literature and identifying emerging trends, barriers, and opportunities related to
senior living technologies. This is especially critical given the limited empirical
research on this topic in Malaysia (Munce et al., 2020). Exploratory research is also
instrumental in generating hypotheses and informing future studies, making it a

suitable approach for investigating this evolving field (Olawale et al., 2023).

3.1.2 Semi-Structured Interviews

Semi-structured interviews are used to gather detailed insights into technology
integration, motivations, and challenges from experienced stakeholders. This
method combines a predefined set of questions with the flexibility to explore
unexpected themes and clarify responses during the conversation (DeJonckheere &
Vaughn, 2019). The interview guide ensures consistency in the topics covered while
allowing participants to share unique perspectives based on their expertise and

experiences (Kallio et al., 2016).

This approach is particularly effective for capturing context-specific data that
structured questionnaires or quantitative methods might overlook. Semi-structured
interviews provide a deeper understanding of the cultural, economic, and regulatory
factors influencing senior living technology adoption (Adeoye-Olatunde & Olenik,
2021). Engaging with stakeholders such as real estate developers ensure firsthand
accounts of the challenges, decision-making processes, and motivations
surrounding technology adoption, aligning with the study’s objectives (Adhabi &
Anozie, 2017).

By focusing on motivations, barriers, and the impact of senior living technologies,
semi-structured interviews allow researchers to align participant responses with the

research objectives while remaining open to emergent themes. This flexibility
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ensures comprehensive coverage of the study’s aims and the discovery of valuable

insights (DeJonckheere & Vaughn, 2019).

3.2 Data Collection

The data collection process was designed to ensure reliability and
comprehensiveness in capturing diverse perspectives on the integration of senior

living technologies in Malaysia.

3.2.1 Interview Procedure

Semi-structured interviews served as the primary data collection method, providing
a structured yet flexible approach to explore the adoption, challenges, and impacts
of senior living technologies. This method is particularly effective for qualitative
research, offering consistency through pre-designed questions while allowing

adaptability to probe deeper into emerging themes (Kallio et al., 2016).

Interviews focused on key topics, including motivations, barriers, and the perceived
benefits of senior living technologies. The structured framework aligned with the
research objectives while follow-up questions captured unique participant insights,

enhancing the richness and relevance of the data (DeJonckheere & Vaughn, 2019).

3.2.2 Sampling Strategy

The study employed a purposive sampling strategy, selecting professionals with
relevant experience and expertise in senior living technologies. This non-
probabilistic method ensured participants were chosen based on their ability to
provide detailed and pertinent information, aligning with the study’s exploratory

nature (Etikan et al., 2016; Suri, 2011).
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Participants were selected according to criteria designed to ensure contextual
relevance, including experience in senior living projects or related technological
integration. A target sample size of 15 participants balanced diverse perspectives
with practical data management considerations. This number aligns with qualitative
research principles, ensuring data saturation, where there are no new themes emerge,
while maintaining depth and comprehensiveness (Boddy, 2016; Hennink et al.,

2017).

Interviews last for 45 minutes to 1 hour, were conducted either in person or via
virtual platforms, depending on participant availability. Virtual interviews
addressed logistical constraints while maintaining data robustness (Rahman, 2015).
Audio recordings, conducted with participants' consent, ensured accuracy in
transcription and analysis, enhancing the validity and reliability of findings (Doody

& Noonan, 2013).

3.2.3 Participant Recruitment

Participants were recruited through REHDA, leveraging its extensive network to
access developers experienced in senior living projects. Recognizing the nascent
stage of senior living technology adoption in Malaysia, the recruitment scope
included developers in other regions and those involved in planning senior-centric
developments. This broadened approach provided valuable insights into the

motivations and challenges associated with technology integration.

In addition to real estate developers, industry experts, such as members of REHDA'’s
RVAC, were included to provide perspectives on market trends, regulatory
challenges, and emerging dynamics. Participants were required to have a minimum
of ten years of industry experience, with many holding specialized roles in senior

housing development or strategic planning for retirement villages.

Recruiting participants from diverse regions, professional roles, and levels of

expertise ensured a comprehensive understanding of the topic (Jalali, 2013). Their
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insights illuminated both opportunities and barriers to adopting senior living

technologies, contributing to a holistic exploration of the field.

3.3 Data Analysis

The data analysis process was designed to systematically interpret the qualitative
data collected from semi-structured interviews. Thematic analysis was employed to
identify, analyse, and report patterns within the data, ensuring alignment with the
study’s research objectives. Reliability and validity were enhanced through a

collaborative coding process and rigorous methodological procedures.

3.3.1 Thematic Analysis

Thematic analysis, as outlined by Braun and Clarke (2023), provided a flexible and
systematic approach for analysing qualitative data. It is particularly well-suited to
identifying recurring themes and insights from semi-structured interviews, allowing
a deeper understanding of the motivations, challenges, and outcomes related to

senior living technologies in Malaysia.

The first step involved transcribing audio-recorded interviews verbatim to create a
comprehensive textual dataset. The researcher immersed themselves in the data by
repeatedly reading the transcripts to identify key areas of interest, a critical phase
in qualitative analysis (Castleberry & Nolen, 2018). Transcripts were then
systematically coded to capture meaningful text segments relevant to the research

objectives.

Manual coding was employed to ensure deep engagement with the data, enabling
nuanced interpretation. Codes were assigned to specific concepts, reflecting
recurring ideas across the dataset, and then reviewed and grouped into broader
categories to identify patterns and relationships. Themes were subsequently defined

and named to encapsulate central ideas clearly and effectively (Braun & Clarke,
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2023). The final themes were refined to align with research objectives, ensuring
they accurately represented the data and provided meaningful insights (Castleberry
& Nolen, 2018; Humble & Mozelius, 2022).

To enhance rigor, themes were systematically mapped to the research questions,
ensuring alignment and coherence in the findings. This mapping reinforced the
relevance and consistency of the analysis, strengthening its contribution to the

research objectives (Castleberry & Nolen, 2018).

3.3.2 Reliability and Validity

Ensuring the reliability and validity of the findings was a critical component of the
data analysis process. Multiple strategies were employed to enhance the credibility,

dependability, and trustworthiness of the results (Castleberry & Nolen, 2018).

A collaborative coding process was utilized, involving the primary researcher and
a supervisor. Both independently coded a subset of transcripts, followed by a
comparison and discussion of their codes. Discrepancies were resolved through
iterative discussions, ensuring consistency in the coding framework. This
collaborative approach minimized individual bias and improved the reliability of

the findings (Castleberry & Nolen, 2018; Seale & Silverman, 1997).

Triangulation was another key strategy, involving cross-referencing findings with
existing literature to validate themes and ensure consistency with prior research on
senior living technologies. This approach enhanced the credibility and
confirmability of the results by providing multiple perspectives (Cohen & Crabtree,
2008).

To further enhance validity, the researcher shared summaries of key findings with a
subset of participants to verify accuracy. Participant feedback was incorporated into
the analysis, ensuring that interpretations were grounded in the participants’
experiences. This technique, known as member checking, is a well-established

method for bolstering credibility in qualitative research (Leung, 2015).
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The study adhered to Braun and Clarke’s (2023) six-phase framework for thematic
analysis, ensuring a rigorous and replicable process. An audit trail, including
detailed notes and memos, documented decision-making at every stage of the
analysis. This transparency aligns with established guidelines for maintaining rigor

and validity in qualitative research (Thomas & Harden, 2008).

The data analysis process, anchored in thematic analysis, provided a structured and
comprehensive approach to interpreting qualitative data. Collaborative coding,
triangulation, and member checking enhanced the reliability and validity of the

findings, ensuring their robustness.

By systematically aligning identified themes with the research objectives, the
analysis yielded meaningful insights into the adoption and impact of senior living
technologies in Malaysia. This rigorous approach ensures that the findings make a
valuable contribution to understanding and advancing senior living technology

integration in the Malaysian context.

3.4 Ethical Considerations

Ethical considerations are critical in ensuring the integrity, credibility, and
reliability of research involving human participants. This study adhered to
internationally recognized ethical guidelines and principles to safeguard
participants’ rights, ensure transparency, and maintain confidentiality throughout

the research process. The key ethical measures implemented are detailed below.

Informed Consent

To ensure transparency and voluntary participation, all respondents were provided
with a detailed information sheet explaining the purpose, objectives, procedures,
and expected outcomes of the study. This ensured that participants were fully
informed about the scope of the research and their roles. Transparency is a
cornerstone of informed consent in qualitative research, fostering understanding

and autonomy (Salmons, 2017).
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Participation in the study was entirely voluntary, with respondents explicitly
informed of their right to decline or withdraw at any stage without negative
consequences. Respecting voluntariness protects participants' autonomy, a
fundamental ethical principle (Holmes-Rovner & Wills, 2002). Written consent was
obtained from all participants, either physically or electronically for virtual
interviews, following recognized ethical protocols for remote research (De Sutter
et al., 2020). Participants were reassured that they could skip any questions they
were uncomfortable answering, further safeguarding their autonomy and well-being

(Kadam, 2017).

Confidentiality

Rigorous measures were taken to protect participants’ privacy. Identifiable
information, including names, job titles, and company affiliations, was excluded
from reports and publications to prevent identification. Ensuring anonymity is a
critical ethical standard in qualitative research (Sanjari et al., 2014). Access to data,
such as audio recordings and transcripts, was restricted to the primary researcher
and supervisor, with all sensitive information securely stored using encrypted
digital storage systems. Proper data security is essential for protecting participant

confidentiality (Peled & Leichtentritt, 2002).

Any data shared for academic purposes, such as conference presentations, was
anonymized to uphold participant trust. Ethical guidelines recommend
anonymization practices to protect confidentiality during dissemination of findings

(McDermid et al., 2014).

Data Anonymization

During transcription, all personally identifiable information was replaced with
pseudonyms or codes. For instance, participants were assigned identifiers such as
“Developer 1” or “Respondent 17 to maintain anonymity. De-identification is a key
step in preserving participant privacy in qualitative research (Chevrier et al., 2019).
Raw data, including audio recordings and transcripts, were stored securely on
password-protected devices, adhering to strict data management protocols to reduce

the risk of breaches (Sanjari et al., 2014).
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In reporting findings, direct quotes were carefully reviewed to ensure they could
not inadvertently reveal participants’ identities. Ethical reporting practices,
including anonymization in publications, are essential to maintaining participant

trust and safeguarding confidentiality (Phillips et al., 2017).

Compliance with Ethical Standards

This study adhered strictly to the ethical standards established by Universiti Tunku
Abdul Rahman (UTAR) Research Ethics & Code of Conduct, ensuring the
research's ethical rigor and integrity. Additionally, the study complied with the
International Conference on Harmonization of Good Clinical Practice Guidelines,
a globally recognized standard for ethical and scientific quality in research

involving human participants.

3.5 Conclusion

This chapter outlines the rigorous and methodologically approach utilized to
explore the adoption, challenges, and impact of senior living technologies in
Malaysia. Through a qualitative and exploratory research design, semi-structured
interviews, purposive sampling, and thematic analysis, the study ensures a
comprehensive understanding of the perspectives of developers and industry
experts. Ethical considerations, including informed consent, confidentiality, and
compliance with established research guidelines, further reinforce the credibility
and integrity of the research. Together, these measures create a robust framework
for uncovering valuable insights into senior living technologies, addressing the

study's objectives, and contributing meaningfully to the field.
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CHAPTER 4

FINDINGS AND DISCUSSIONS

This chapter presents the findings of the study and provides a detailed discussion of
the thematic analysis results based on interviews with 15 participants (D1 to D15).
The findings are organized thematically to address the research objectives:
exploring the motivations, challenges, and impacts of senior living technologies in
Malaysia. The discussion critically interprets these findings to address the research
objectives, providing meaningful insights into the adoption, challenges, and impacts

of integrating technology in senior living environments.

4.1 Participants’ Profile

To provide context for the findings and discussions, this section offers an overview
of the participants involved in the study. A total of 15 participants, representing
diverse roles in senior living project development in Malaysia, contributed their
insights. Their professional backgrounds, years of experience, and involvement in

senior living technologies offer a comprehensive view of the industry's perspectives.

In general, the participants held various leadership and managerial positions within
the real estate and senior living sectors. Their roles ranged from CEOs and
managing directors to senior managers and divisional general managers, reflecting

a mix of strategic and operational expertise.

The geographic distribution of the participants encompassed key regions in
Malaysia, including Selangor, Johor, Sarawak, and Perak. This regional variation
ensured that the findings were not only representative of a single area but also

accounted for contextual differences across the country.
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The diverse backgrounds of participants, with representation from both public-
listed and non-public-listed companies, enriched the data, reflecting the varied
scales and scopes of senior living projects in Malaysia. The participants’
professional experiences varied widely, spanning 10 to 46 years in real estate
development and 2 to 14 years in senior living projects. This range provided insights
into both long-standing industry practices and emerging trends. Such a mix ensured

a balance between historical knowledge and contemporary strategies in the analysis.

The participants’ involvement in senior living projects ranged from conceptual
design and strategic planning to operational management and advocacy. For
instance, Participant D3 discussed direct involvement in developing senior living
facilities, emphasizing the integration of wearables and sensor-based technologies
for resident monitoring. In contrast, Participant D10, whose projects are in the
planning stage, provided a forward-looking perspective on challenges and
opportunities in this niche market. Notably, some participants, such as Participant
D14, had focused on creating holistic environments that integrate independent
living, assisted living, and aged care facilities, addressing the varying needs of
senior residents. Others, like Participant D8, concentrated on infrastructure
development, such as automation and surveillance systems, to reduce dependency
on human caregivers. These varied roles highlight the multifaceted nature of senior
living projects, encompassing design innovation, operational efficiency, and

resident-centric care.

The participants shared several common traits that underscored their expertise and
relevance to the study. All participants had extensive industry experience and were
involved in projects targeting mid-to-high income groups, reflecting the premium
nature of senior living developments in Malaysia. Many also held leadership roles
in national or regional industry organizations, such as the RVAC under REHDA.
This affiliation provided insights into policy-level challenges and strategic
recommendations for the sector. Their collective insights revealed a shared
commitment to addressing the challenges of aging populations in Malaysia through
innovative solutions. For example, Participant D15 highlighted efforts to educate

the market about senior living as an alternative to traditional family care, while
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Participant D13 emphasized the importance of creating environments that balance

independence and care for seniors.

Table 4.1: Summary of Interviewee’s Profile

Interviewee Position Years in Real Years in Region Key Invelvement in Senior Living
(Developer) Estate Senior Living Projects

Klang Valley Multigeneraticnal residential
e CER = L (Selangor) condos for aging in place
D2 Director > 90 2.5 (i Ecosystem intlinz?;;ti on for senior
Klang Valley Senior living development with
b3 CEO > 20 >10 (Sefslngor) motion sensors and smart devices
: Klang Valley Retirement Village Advisory
ot Eissicy Dl L (Selangor) Committee, day care for seniors
D5 Senior M 510 Nana Paha Landed residential; views on senior
enior Manager (Obsarvational) GLEIA community formation

: _ Klang Valley Conceptualizing senior living
e Eissicy Vi 2= ﬁ(L} projects with trackslng technologies

o orestr 0 oo gy el
08 MegrgDresr 20 o fpuly sl
bs  DuseioM >3 0 Magleley At iing s ndoperdont
0l Depl&rﬂir&eerw 210 2.5 I'itlggfax'ggsy Motion tratc:(i:rp]grgll':jdg::! detection
i Managing Director 20 10 Gofngor) i o
D12 Group CEO »30 >10 NGongor]  Commition safuty eh intogration

Independent living, assisted living,

o3 Managing Director » 20 > 10 Sarawak and aged care
. o Retirement villages with smart
D4 Executive Director » 20 > 10 Perak home technologies
_ Klang Valley Senicr living designs and integrated
DI5 cEo >10 2-5 ) communal facilities

Table 4.1 summarizes the demographic and professional details of the participants.
The overview of participants underscores their diverse and extensive expertise in

real estate and senior living development. Their roles, geographic distribution, and
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years of experience provide a robust foundation for the study’s findings. The
diversity within the sample ensures a well-rounded analysis, reflecting the
complexities of integrating technology in senior living projects across Malaysia.
These characteristics not only validate the credibility of the data but also enhance

the relevance and applicability of the findings to the broader industry context.

4.2 Thematic Analysis

The thematic analysis of interview transcripts uncovered several key themes
pertinent to understanding the adoption, challenges, and impacts of technology in
senior living developments in Malaysia. These themes were systematically mapped
to the research questions to ensure coherence and alignment with the study’s

objectives.

The process of thematic analysis involved multiple stages, beginning with
familiarization with the data, where each transcript was reviewed in detail to gain a
deep understanding of participants’ perspectives. Initial coding followed, where key
phrases and ideas were identified and grouped into preliminary codes. These codes
were then analysed for broader patterns, resulting in the identification of
overarching themes. Themes were subsequently refined and reviewed to ensure they
accurately reflected participants’ responses, with sub-themes added where
necessary. Finally, each theme was clearly defined and systematically mapped to

the research objectives to enhance relevance and coherence.

Table 4.2 provides a table thematic analysis summarizing the themes, codes, and
quotes from participants provides further insight into the findings, ensuring a clear
and comprehensive representation of the analysis. This systematic approach to
thematic analysis underscores the study’s commitment to rigor and alignment with

its research objectives.
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Table 4.2: Thematic Analysis Summary

Inre iewee Original Quote Code Themes

o1 "The primary mativation is to improve the comfort, Imll:lm\.rlng Enhancing Mativations for
safety, and well-being of senicrs.” |-being safety Integrating Technology
“We haven't |nt§grated specific technologies directly Infrastructure Flexible Technologies Integrated
but provided infrastructure like fiber internet.” provision resident use or Considered
"High costs and seniors’ resistance to technology are . Senior Challenges in
major challenges.” Lighicoat resistance Technology Integration
D2 "Ease of observation and cost efficiency are key Observation Operational Challenges in
factors.” ease efficiency Technology Integration
“We've integrated renewable energy solutions, smart Renewable Smart call Technologies Integrated
call systems, and hospice care. energy systems or Considered
"Adding technologies later increases complexity and Integration Cost Strategies for
costs.” during design complexity Overcoming Barriers
03 “Safety for residents and productivity for caregivers Resident Caregiver Motivations for
are major motivations. safety productivity Integrating Technology
“We've installed wearables, motion sensors, and Maotion Technologies Integrated
sensor-based appliances.” \isarabias SENsors or Considered
“Skepticism and fear of menitaring among seniors Senior Monitoring Challenges in
are key challenges. skepticism concerns Technology Integration
D4 "Technology can address caregiver shortages and Addressing Operational Motivations for
ensure operational efficiency.” staff shortages efficiency Integrating Technology
“loT-based monitoring, alarm systems, and CCTV loT-based Alarm Challenges in
have been integrated.” systems systems Technology Integration
"Partnering with reliable vendors ensures efficiency Reliable vendor Maintenance Strategies for
and maintenance.” partnerships reliability Overcoming Barriers
o5 "Technology can greatly enhance response times in Emergency Health Motivations for
emergencies.” response maonitoring Integrating Technology

"Fall detection and remote health monitoring are . Health Technologies Integrated
crucial” Sl B monitoring or Considered
"Costs are significant, especially since many (Ul e Import Challenges in
technologies must be imported.” g dependency Technology Integration
by "Technology helps reduce reliance on manpower and Reducing Real-time Motivations for
ensures real-time care.” manpower care Integrating Technology
"Sensors and medical data accessibility tools are Technologies Integrated
essential” Ban=ors el or Considered
“Progressive technology introduction and training Progressive Training Strategies for
ease adoption.” introduction programs Overcoming Barriers
"Building automation and emergency response Buildin EmarEancy Technologies Integrated
e systems are key technologies.” automation ?ﬁgﬂ,‘s: or Considered
"Costs are prohibitive, and sourcing from overseas . Mation Challenges in
adds challenges.” kigh zost SEensors Technology Integration
"Tendering processes ensure vendor reliability and Senior Monitoring Strategies for
cost-effectiveness.” skepticism CONCErs Overcoming Barriers
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Code I

Original Quote

D9 "Health and movement monitoring systems are Health Movement Technologies Integrated
important for resident satety.” monitoring monitoring or Considered
“Affordability and usability remain significant loT-based Alarm Challenges in
challenges.” systems systems Technclogy Integration
" . . . S Reliable vendor Securit Motivations for
(5] le] Safety in health and security is our main priority. partnerships priorit; Integrating Technology

"Motion trackers and Al recognition systems are Emergency - Technologies Integrated
crucial for saf%nty' response Al recognition or Considered

"Careful design integration prevents abortive works Early design Preventing Strategies for
nd additional costs.” integration abortive werks Overcoming Barriers
"Smart locks and lighting enhance safety and Smart Technologies Integrated
il convenience E:lr seniors.” S [ lightning or Consider
"Maintenance is a recurring challenge, especially Maintenance . Challenges in
sourcing parts for smart features.P challenges (5 5 B Technology Integration
"Training sessions help residents adapt to new Resident System Strategies for
systems.” training adaptation Overcoming Barriers
D12 "Technology improves efficiency, reduces human Efficiency Error Mativations for
error, and enhances safety.” improvement reduction Integrating Technology
"Early detection systems, like health monitoring Early Health Technologies Integrated
tools, are essential.” detection monitoring or Considered
"A trial phase helps ensure practicality before full . : Practically Strategies for
implementation.” Pilot testing assurance Overcoming Barriers
"Fall detection and electronic health records . Technologies Integrated
2k improve safety and streamline communication.” FlleEsit EREEVE SIS or Considered
"High costs and privacy concerns are majaor . Privacy Challenges in
challenges.” High cost concerns Technclogy Integration
“Transparency about data usaile and tutorials help Data Hands-on Strategies for
build trust and confidence.” transparency tutarials Overcoming Barriers
Da "Emergency call systems provide peace of mind for Emergency Farmily Motivations for
residents and their families.” call systems reassurance Integrating Technology

"Motion-activated lighting and loT-enabled devices M;’.tm{'_d loT-enabled Technologies Integrated
are included in our designs.” allc r:va_e devices or Consider
ghtning
"User testing and resident feedback ensure systems u 8 Feedback Strategies for
meet their needs” SR ES e gathering Overcoming Barriers

"Health monitoring and smart home systems Health Smart home Technologies Integrated

D15 empower seniors to live independently.” menitoring systems or Consider
"Usability and cost remain barriers for widespread e : Challenges in
adoption.” Usability HERICEE, Technology Integration
"Collaborating with experienced tech partners Tech partner Seamless Strategies for
ensures seamless integration. collaboraticn integration Overcoming Barriers
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4.3 Motivations for Technology Integration

The integration of technology into senior living environments is driven by a
combination of safety, operational, and market-related factors. Participants
provided diverse insights into why technology is increasingly seen as indispensable
in senior living projects. The motivations can be broadly categorized into three
primary themes which are enhancing safety and well-being, addressing operational
challenges, and achieving market differentiation. These drivers reflect the evolving
priorities of developers in creating sustainable, competitive, and resident-focused

developments.

4.3.1 Safety and Well-being

A dominant theme among participants was the use of technology to enhance the
safety and quality of life for senior residents. Many highlighted the role of
technology in mitigating risks and ensuring continuous monitoring. For instance,
Participant D3 emphasized, “Technology can monitor residents’ movements and
health conditions continuously, reducing risks and improving efficiency”. Such
systems, including wearable health trackers and motion sensors, offer real-time data
that can alert caregivers to potential emergencies. This proactive approach not only
safeguards residents but also reassures families, who may live far from their loved
ones (van Hoof & Kort, 2009). This motivation aligns with global findings where
safety technologies have been shown to enhance both the physical security and

psychological comfort of seniors (Ismail et al., 2019).

4.3.2 Operational Efficiency

Operational challenges, including rising labour costs and staff shortages, were
another key driver for technology adoption. Several participants noted that
automation and digitalization reduce dependency on human resources, making

operations more cost-effective and scalable. Participant D8 remarked, “Automation
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reduces reliance on manpower, addressing rising labour costs and shortages”.
Technologies such as automated lighting, surveillance systems, and digital record
management streamline facility operations while improving overall efficiency
(Jamaludin et al., 2018). This motivation reflects broader trends in the senior care
industry, where technology adoption is increasingly linked to addressing workforce

constraints (Low et al., 2021).

4.3.3 Market Differentiation

In a competitive real estate market, developers are motivated to incorporate
technology as a means of distinguishing their projects. Participant D1 articulated
this well, stating, “There’s a need to future-proof projects by aligning with trends
and expectations”. Smart home systems, energy-efficient designs, and loT-enabled
solutions not only appeal to tech-savvy consumers but also position developments
as forward-thinking and premium (He & Tang, 2021). In Malaysia’s nascent senior
living market, the ability to integrate cutting-edge technologies can serve as a
significant competitive advantage, particularly among affluent target demographics

(Julaihi et al., 2022).

A bar chart shown in Figure 4.1 illustrates the frequency of the key motivations
across participants, highlighting the predominant emphasis on safety and well-being,
followed by operational efficiency and market differentiation. This visualization
underscores the multifaceted rationale behind technology integration and
demonstrates its importance across various dimensions of senior living

development.

The motivations for technology integration in senior living environments are
multifaceted, reflecting developers’ efforts to balance resident safety, operational
efficiency, and market competitiveness. By addressing these drivers, developers not
only enhance the appeal and functionality of their projects but also respond to the
broader societal challenges associated with aging populations. These findings
underscore the strategic importance of technology in shaping the future of senior

living developments in Malaysia.
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Figure 4.1: Frequency of Key Motivations for Technology Integration

FREQUENCY

Safety and Well-being Operational Efficiency Market Differentiation
Motivations

MOTIVATIONS

4.4 Types of Technologies Integrated

Participants highlighted a variety of technologies that have been integrated into
senior living environments, emphasizing the importance of safety, health
monitoring, and smart home automation. These technologies are designed to
enhance the quality of life for senior residents, ensure their safety, and improve

operational efficiency.

4.4.1 Health Monitoring Devices

Wearable technologies and sensors emerged as critical components of senior living
projects. These devices enable real-time monitoring of health indicators and provide
immediate alerts in case of emergencies. For instance, Participant D6 highlighted

the integration of a token system capable of tracking location and detecting falls or
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distress: “We use a token system that tracks location and detects falls or distress”.
Such systems align with global trends, where health monitoring technologies are
pivotal in fostering independence while ensuring safety (Demiris et al., 2004; Wang

etal., 2017).

4.4.2 Emergency Response Systems

The installation of integrated alarm and call systems was another priority for
participants. These technologies ensure that residents can access immediate
assistance during emergencies, a vital feature in settings catering to seniors with
declining mobility or health conditions. Emergency response systems not only
enhance the safety of residents but also provide peace of mind to families and

caregivers (Sapci & Sapci, 2019; Talal et al., 2019).

4.4.3 Smart Home Features

Smart home automation technologies, such as motion-activated lighting, automated
curtains, and smart locks, were frequently cited as transformative for senior living
environments. These features enhance the convenience and accessibility of living
spaces while promoting independence among residents. Participant D15
emphasized the utility of such features, stating, “Smart cameras and lighting
systems are transformative for independent living”. These systems are especially
beneficial in creating environments that are safe and user-friendly for seniors with
limited mobility or cognitive challenges (Aguilera-Hermida, 2022; Chan et al.,
2015).

4.4.4 Analysis of Technological Adoption

The types of technologies integrated into senior living developments reflect

alignment with the broader objectives of improving safety, enhancing comfort, and

promoting operational efficiency. By integrating these technologies, developers
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address key challenges faced by senior residents while meeting market demands for
innovative and differentiated projects. This approach resonates with prior studies

advocating for technology-enabled solutions in geriatric care (Demiris et al., 2008).

To provide a clearer understanding of the prevalence of these technology categories
among participants, a clustered bar chart as shown in Figure 4.2 illustrates the
distribution of key technology types integrated across the reported projects. The
chart categorizes the technologies into health monitoring devices, emergency
response systems, and smart home features, showcasing the frequency of adoption

within each category.

Figure 4.2: Prevalence of Technology Categories Among Participants

FREQUENCY

Health Monitoring Devices Emergency Response System Smart Home Features

TECHNOLOGY CATEGORIES

This thematic exploration underscores the participants’ commitment to leveraging
technology to create safer and more empowering environments for seniors. The
integration of diverse technological solutions reflects an evolving understanding of

senior living, where innovation plays a crucial role in addressing the unique needs
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of this demographic. Such advancements position senior living projects to cater

effectively to the growing expectations of residents and their families.

4.5 Challenges in Technology Integration

Integrating technology into senior living environments presents various challenges,
which must be addressed to ensure successful implementation and sustainable use.
This section explores the primary challenges identified by participants, categorized
as cost constraints, cultural resistance, and the risk of obsolescence. These
challenges provide insight into the complexities of adopting technology in this
niche sector and emphasize the importance of strategic planning and stakeholder

engagement.

4.5.1 Cost Constraints

A prevalent issue cited by participants was the high cost associated with
implementing and maintaining advanced technologies. Many participants
expressed concerns about the financial burden of integrating innovative solutions,
particularly in the context of senior living, where affordability is often a priority.
Participant D13 noted, “Advanced systems often come with high upfront
investments”, highlighting that financial limitations can be a significant barrier to

technology adoption.

Additionally, operational expenses, such as the cost of repairs and maintenance,
were seen as further exacerbating the financial strain. This concern underscores the
need for cost-effective strategies and government or industry subsidies to make

these technologies more accessible (He & Tang, 2021; Jamaludin et al., 2018).
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4.5.2 Cultural Resistance

Cultural attitudes toward technology, particularly among senior residents, were
another significant challenge identified by participants. Resistance often stems from
unfamiliarity with technology or skepticism regarding its purpose. Participant D3
remarked, “Many seniors are skeptical, fearing they are being monitored”. This
observation reflects a broader trend of hesitance among seniors to embrace new
technologies, largely due to concerns about privacy, usability, and the perceived
complexity of the systems. Addressing these barriers requires proactive measures,
such as providing user-friendly interfaces, hands-on training, and transparent
communication about the purpose and benefits of the technology (Al-Shaqi et al.,
2016; Nilsen et al., 2016).

4.5.3 Technology Obsolescence

The rapid pace of technological advancement poses a unique challenge, particularly
in projects with extended development timelines. Participants were concerned about
the risk of technologies becoming outdated before the project’s completion.
Participant D1 explained, “One concern is whether the technology will remain
relevant upon completion”. This challenge highlights the need for future-proofing
strategies, such as selecting scalable and upgradeable systems. Collaborating with
tech providers who offer long-term support and updates can also mitigate the risk

of obsolescence (Szczepura, 2011).

4.5.4 Implications and Strategies for Mitigation

The challenges identified by participants underscore the importance of strategic
planning and stakeholder collaboration in the integration of technology in senior
living environments. Cost constraints can be alleviated through partnerships with
technology providers and leveraging economies of scale (Jamaludin et al., 2018).
Addressing cultural resistance requires robust engagement strategies, including

targeted education programs and hands-on training for senior residents. Finally, the
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risk of obsolescence can be mitigated by selecting adaptable technologies and

fostering partnerships with vendors who commit to long-term support and updates.

The cause-and-effect diagram as shown in Figure 4.3 visually represents the
interconnections between barriers to technology integration. Each challenge is
linked to its underlying causes and effects, illustrating how various factors like cost
constraints, cultural resistance, and technology obsolescence influence each other

and contribute to barriers in adoption.

Figure 4.3: Interconnections between Barriers to Technology Integration
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This section illustrates the multifaceted nature of the challenges faced by developers,
emphasizing the need for innovative, inclusive, and forward-thinking approaches to
overcome these barriers and successfully integrate technology into senior living
environments. By addressing these challenges, developers can create environments
that enhance the quality of life for seniors while meeting market demands and

operational objectives.
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4.6 Impacts of Technology on Senior Living

The integration of technology into senior living environments has significantly
transformed the quality of life for residents and the efficiency of operations within
these facilities. Participants highlighted three major impacts of technology from
enhanced safety, increased independence, to improved operational efficiency. These
outcomes demonstrate the multifaceted value of technological adoption in meeting

the needs of both seniors and caregivers.

4.6.4 Enhanced Safety

Safety was a recurring theme among participants, who identified technologies such
as emergency call systems, fall detection sensors, and health monitoring devices as
instrumental in reducing risks for senior residents. Participant D14 remarked,
“Emergency call systems have saved lives during medical emergencies”
underscoring the critical role of these technologies in addressing life-threatening
situations. Such systems provide real-time alerts, ensuring prompt intervention
during health crises. Additionally, motion detectors and wearable health monitors
were credited with fostering a safer living environment (McKee et al., 2012; Siegel

& Dorner, 2017).

4.6.5 Increased Independence

Technologies that support seniors in maintaining their autonomy were another area
of emphasis. Tools such as automated home systems, mobility aids, and health
monitoring devices empower seniors to manage their day-to-day lives with minimal
external assistance. Participant D12 highlighted this impact, stating, “It allows
seniors to maintain a great lifestyle by preventing health incidents”. The ability to
independently manage daily activities, with the assurance of technological safety
nets, has been transformative for many seniors, reducing their reliance on caregivers

and promoting their dignity (Chabot et al., 2019; Dermody et al., 2021).
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4.6.6 Operational Efficiency

For caregivers and facility managers, technology has streamlined operations,
alleviated workloads and enhancing service quality. Tools such as centralized
monitoring systems, automated scheduling, and digital health records enable more
efficient management of care resources. Participant D4 explained, “Technology
centralizes monitoring, allowing caregivers to oversee residents more efficiently”.
By reducing the need for constant manual oversight, technology allows caregivers
to focus on personalized, higher-value interactions with residents, improving

overall care quality (Alwan et al., 2006).

A conceptual model shown in Figure 4.4 can effectively illustrate the interconnected
pathways between different types of technologies such as safety systems, health
monitors, and smart home devices, along with their specific outcomes, such as
safety enhancement, independence, and operational efficiency. This visualization

underscores the synergistic role of technology in achieving these outcomes.

Figure 4.4: Conceptual Model of Technology Impact Pathways
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@ Efficiency device
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The integration of technology into senior living environments has produced
substantial benefits for residents and caregivers alike. Enhanced safety mechanisms
reduce risks and ensure prompt intervention during emergencies, while tools for
independence promote dignity and self-reliance among seniors. Operationally,
technology reduces the burden on caregivers, enabling a more efficient allocation
of resources. These findings highlight the transformative potential of technology in
redefining senior living, making it safer, more autonomous, and operationally

sustainable.

4.7 Future Directions and Recommendations

The integration of technology in senior living environments continues to evolve,
with participants identifying emerging trends and providing actionable
recommendations for future advancements. This section synthesizes their insights,

emphasizing the progression towards more sophisticated and user-centric solutions.

4.7.1 Emerging Technologies

The rise of Al and robotics represents a significant opportunity for innovation in
senior living. Participants highlighted these technologies as transformative, capable
of addressing key challenges such as caregiver shortages and safety concerns.
Participant D13 noted, “Al-driven predictive health systems and robotic assistants
could reduce caregiver workloads and enhance safety”. Predictive health systems
can analyse patterns to anticipate medical issues, enabling preemptive interventions
that improve resident outcomes (Santos et al., 2021). Similarly, robotic assistants
are envisioned to perform routine caregiving tasks, freeing human caregivers to

focus on personalized care (Abdi et al., 2018).

Wearable health monitoring devices and smart home systems are also advancing
rapidly. These technologies are becoming more intuitive and cost-effective,

enabling greater adoption in senior living environments. The integration of Al with
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these devices could enhance their functionality, such as enabling dynamic
adjustments to home environments based on resident behaviours and health data

(Stavropoulos et al., 2020).

4.7.2 Recommendations for Future Integration

Participants stressed the importance of ensuring simplicity, scalability, and
relevance in the technologies deployed. Participant D15 underscored, “Focus on
technologies that complement, not complicate senior living”. This recommendation
reflects the need for solutions that are accessible and user-friendly for seniors, a
demographic that may not always be technologically adept (Seelye et al., 2012).
Scalability is another critical aspect. Modular systems that allow for upgrades
without extensive overhauls ensure longevity and adaptability to evolving resident

needs (Jovanovic et al., 2022).

Lastly, fostering collaborations between developers, technology providers, and
policymakers is essential. Such partnerships can ensure technologies are innovative,
compliant with regulations, and supported by robust maintenance and training
frameworks. The importance of localizing solutions to meet cultural and economic
contexts, making them more acceptable and effective for the Malaysian market

(Yuan et al., 2021).

A timeline of technology integration in senior living as shown in Figure 4.5
highlights the progression from foundational infrastructure such as internet
connectivity and emergency call systems to more advanced solutions like Al and
robotics. This visualization underscores the gradual yet transformative impact of

technology adoption in the sector and serves as a blueprint for future innovations.

Emerging technologies like Al and robotics hold immense potential to revolutionize
senior living by enhancing safety, independence, and operational efficiency.
However, their successful integration requires a deliberate focus on simplicity,
scalability, and stakeholder collaboration. By adhering to these principles, senior

living projects can harness the full potential of technology to meet the evolving
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needs of aging populations, ensuring a better quality of life for seniors and their

caregivers.

Figure 4.5: Timeline of Technology Integration in Senior Living
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The findings revealed diverse motivations, technologies, and challenges associated
with integrating technology in senior living developments. While technology has
transformative potential to enhance safety, independence, and efficiency, it is
crucial to address barriers such as cost and usability. The participants’ insights
provide valuable guidance for future projects, emphasizing simplicity, scalability,
and alignment with user needs. These findings underscore the importance of a
balanced approach, where technology enhances the human element of senior living

without overshadowing it.
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CHAPTER 5

CONCLUSION

The integration of technology into senior living environments is increasingly
recognized as a vital strategy to address the evolving needs of aging populations.
This chapter synthesizes the findings of this study, provides insights into the
implications for practice and policy, and outlines recommendations for future

research.

This study explored the integration, challenges, and impact of senior living
technologies in Malaysia, providing significant insights into the field. The findings
reveal that the integration of technologies such as health monitoring devices,
emergency response systems, and smart home automation features is still in the
early stages. However, their adoption is increasingly recognized as vital for

enhancing the safety, independence, and quality of life of senior residents.

Participants identified critical challenges, including financial barriers due to high
implementation and maintenance costs, regulatory gaps, and cultural resistance
rooted in traditional caregiving norms. Urban areas showed greater adoption levels
than rural ones, reflecting infrastructural disparities. The study underscores how
caregiving traditions in Malaysia, emphasizing family responsibility, influence the

acceptance and implementation of senior living technologies.

5.1 Research Objectives Achieved

This study successfully addressed its overarching aim and specific objectives by
exploring the integration, challenges, and impacts of senior living technologies in
Malaysia. Through qualitative interviews with industry stakeholders, the findings

aligned with the research objectives, providing comprehensive insights into the
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current state of technology adoption, the barriers to implementation, and the

resultant benefits for senior residents.

5.1.1 Exploring the Current Integration of Senior Living Technology

The first objective sought to investigate the types of technologies integrated into
Malaysian senior living environments and the extent of their adoption. The study
revealed that smart home systems, health monitoring devices, and emergency
response systems are among the most commonly implemented technologies. For
instance, Participant D6 emphasized the use of “a token system that tracks location
and detects falls or distress”, highlighting the role of health monitoring in enhancing
safety. Smart home features, such as motion-activated lighting and automated
curtains, were also frequently cited as transformative for independent living, as

noted by Participant D15.

The geographical distribution of these technologies demonstrated urban areas
leading in adoption, driven by better infrastructure and higher income levels. Rural
areas, however, lagged due to limited resources and infrastructural challenges. This
disparity underscores the need for targeted interventions to ensure equitable access
to senior living technologies across all regions. The study addressed the guiding
questions by identifying leading developments in urban centres and mapping the

types of technologies adopted.

5.1.2 Identifying Challenges in Implementing Senior Living Technology

The second objective was to identify the challenges faced by developers in adopting
senior living technologies. The study identified financial constraints as a universal
barrier, with Participant D13 noting that “advanced systems often come with high
upfront investments”. Regulatory gaps further complicated the process, particularly
for health-related technologies requiring Ministry of Health certification. Cultural
resistance also emerged as a significant barrier, with Participant D3 explaining,

“Many seniors are skeptical, fearing they are being monitored”.
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These challenges were found to vary between urban and rural areas. Urban
developers grappled more with high costs and regulatory complexities, while rural
regions faced additional infrastructural limitations and cultural resistance stemming
from traditional caregiving norms. By addressing these varied challenges, the study
provided a nuanced understanding of the obstacles to technology adoption in

different contexts, fulfilling the second objective.

5.1.3 Assessing the Impact of Senior Living Technology on Seniors’ Quality of
Life

The third objective aimed to evaluate the impact of senior living technologies on
residents’ well-being and quality of life. Participants consistently reported positive
outcomes, including enhanced safety, greater independence, and improved
operational efficiency. Technologies such as fall detection systems were credited
with saving lives during emergencies, as highlighted by Participant D14,
“Emergency call systems have saved lives during medical emergencies”. Moreover,
Participant D12 emphasized the role of technology in fostering independence, “It

allows seniors to maintain a great lifestyle by preventing health incidents”.

The study also explored perceptions of technology among seniors and their families.
While some seniors exhibited initial skepticism, families expressed strong
appreciation for the safety and convenience offered by these technologies.
Participant D11 highlighted this dual impact, noting that technology provides

“peace of mind to families while enabling seniors to live with dignity”.

By addressing these guiding questions, the study demonstrated how technology

integration meets the specific needs of older adults, fulfilling the third objective.

5.1.4 Comprehensive Alignment with Objectives

The study’s findings achieved comprehensive alignment with the research

objectives, addressing each aspect with depth and contextual relevance. First, the
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study documented the technologies adopted in senior living developments,
providing detailed insights into their integration and geographical distribution. This
included an emphasis on foundational technologies such as health monitoring
devices, emergency response systems, and smart home automation, while
highlighting significant urban-rural disparities in adoption levels and infrastructural

readiness.

Second, the study analysed the challenges to technology integration, offering a
nuanced examination of financial, regulatory, cultural, and infrastructural barriers.
These challenges were contextualized within Malaysia’s unique socio-economic
landscape, shedding light on the complexities developers face in implementing

senior living technologies effectively.

Lastly, the study evaluated the impacts of these technologies, demonstrating their
transformative role in enhancing safety, independence, and operational efficiency
for senior residents. The findings also captured the perceptions of seniors and their
families, emphasizing the benefits of technology in improving quality of life while

addressing concerns related to usability and acceptance.

By addressing these dimensions, the study provided a holistic understanding of
senior living technologies in Malaysia, offering valuable insights for stakeholders
aiming to advance their adoption and integration. This alignment with the research
objectives underscores the study’s contribution to advancing knowledge in senior
living technologies and informs actionable strategies for developers and

policymakers in Malaysia.

5.2 Implications

The findings of this study highlight several practical strategies to enhance the
integration of senior living technologies, addressing key barriers and leveraging

opportunities for improvement.
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A primary recommendation is the development of cost-effective solutions through
partnerships and subsidies to alleviate the high costs associated with advanced
technologies. As Participant D13 suggested, piloting affordable and scalable
solutions while gathering feedback before full-scale implementation can help
balance innovation with economic feasibility. Additionally, targeted interventions
are crucial for promoting urban-rural inclusion and addressing disparities in access
to senior living technologies. Participant D6 emphasized the importance of
localized solutions tailored to the affordability and specific needs of underserved

markets, particularly in rural areas.

Establishing a unified regulatory framework is another critical step to streamline
the integration of these technologies. Such a framework should address certification
processes, safety standards, and support services to provide developers and
stakeholders with clear guidelines, reducing uncertainties and fostering consistent
implementation practices. Furthermore, promoting digital literacy among seniors
and their families can play a significant role in reducing resistance to technology
adoption. Training programs should prioritize simplicity and focus on technologies
that complement rather than complicate senior living, as noted by Participant D15,

who stated, “Focus on technologies that complement not complicate senior living”.

These recommendations provide a roadmap for developers, policymakers, and
stakeholders to overcome existing barriers while maximizing the potential of senior
living technologies. By addressing cost, accessibility, regulatory clarity, and digital
literacy, these strategies offer a pathway to creating inclusive, efficient, and

technologically advanced environments for aging populations.

5.3 Limitations of the Study

While this study provides valuable insights into the integration of senior living

technologies, several limitations must be acknowledged.
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The qualitative nature of the research inherently limits the generalizability of the
findings, as the data is drawn from a specific group of participants with unique
experiences and perspectives. Additionally, challenges in recruiting participants
with direct experience in senior living technology resulted in a smaller sample size,

which may restrict the breadth of insights obtained.

The reliance on self-reported data introduces the potential for bias, as participants'
responses may be influenced by their professional roles, personal experiences, or
subjective perceptions. These limitations underscore the importance of employing
complementary methodologies, such as quantitative studies or mixed-method
approaches, to provide a more comprehensive and generalizable understanding of

senior living technology integration.

5.4 Recommendations for Future Research

Building on the findings of this study, several key areas are recommended for future
research to advance the understanding and application of senior living technologies
in Malaysia and beyond. Longitudinal studies are essential to evaluate the sustained
impacts of senior living technologies on residents’ well-being, safety, and
independence. Such studies can provide insights into the durability, user satisfaction,
and overall sustainability of these technologies within senior housing projects,
offering a comprehensive view of their benefits and challenges over time.
Comparative research examining urban and rural disparities in the adoption and
effectiveness of senior living technologies is also critical. These analyses can help
identify geographic and socio-economic barriers, enabling the development of

tailored solutions to address the specific needs of diverse communities.

Future research should delve deeper into cultural dynamics, exploring how societal
attitudes, family caregiving traditions, and resistance to technology influence the
adoption of senior living technologies. Understanding these cultural factors is
crucial for designing effective interventions to shift perceptions and foster

acceptance among stakeholders. In addition, incorporating quantitative research
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methods to complement the qualitative insights from this study can provide
statistical generalizability and a stronger empirical foundation for recommendations.
Surveys, experiments, and statistical modelling could validate findings and broaden
the scope of actionable insights. Detailed cost-benefit analyses are also necessary
to evaluate the financial implications of various senior living technology solutions.
This research can help developers and stakeholders identify the most cost-effective

approaches, balancing affordability with quality to ensure widespread adoption.

This study underscores the transformative potential of senior living technologies in
addressing the needs of Malaysia’s aging population. These technologies enhance
safety, promote independence, and improve operational efficiency, marking a
significant step toward modernizing housing solutions for seniors. However,
overcoming challenges related to cost, usability, and cultural resistance will require
collaborative efforts among developers, policymakers, and technology providers.
By addressing the highlighted research gaps and leveraging innovative approaches,
Malaysia can emerge as a model for integrating senior living technologies into
housing environments. Such advancements will not only enhance the quality of life
for its aging citizens but also contribute meaningfully to the global discourse on
aging with dignity and care. Future research can play a pivotal role in shaping
scalable, inclusive, and sustainable solutions that redefine housing for aging

populations worldwide.
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APPENDIX A: SEMI-STRUCTURED INTERVIEW QUESTIONS

1. What is your position in the company?

2. How many years of experience you have in real estate development?

3. How many years of experience you have in senior living development?

4. What is your involvement in senior living projects?
Note: If you do not have direct involvement in senior living projects, please describe your

experience in other types of residential or related projects.

5. Can you briefly describe your experience with developing senior living projects
in Malaysia?
Note: If you have no experience in senior living projects, describe your understanding or

perspective on the topic.

6. What inspired you to integrate technology into your senior living developments?
Note: If you have not integrated senior living technology, share your thoughts on what

might inspire or motivate you to do so in the future?

7. What types of technologies have you integrated into your senior living projects?
Please provide examples.

Note: If you have not implemented any, discuss the types of technologies you believe are

most relevant or beneficial for senior living environments.

8. How do you determine which technologies to incorporate into your developments?
Note: If not applicable, describe how you would approach the decision-making process for

integrating technology into senior living projects.

9. Can you describe the process of integrating these technologies from planning to
implementation?
Note: Share your hypothetical approach or how you think this process would be managed,

even if you havent done so.
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10. What are the main motivations behind integrating technology into senior living
environments?
Note: Answer based on your understanding or assumptions about the benefits and drivers

for integrating technology.

11. How do you perceive the role of technology in enhancing the quality of life for
senior residents?
Note: Provide your opinion on the potential impact of technology on senior living, even if

you have no direct experience.

12. What challenges have you faced in integrating technology into senior living
facilities?
Note: If not applicable, discuss the challenges you anticipate or have observed in the

industry.

13. What concerns have been raised by your prospects when considering purchasing
a house equipped with smart features?
Note: Share any feedback you have encountered in other residential projects or hypothesize

what concerns might arise.

14. How have you addressed concerns related to privacy, security, and usability
among senior residents?
Note: If you have not encountered this, discuss how you might address such concerns in

future projects.

15. Have there been any regulatory or financial barriers to technology integration?
If so, how have you overcome them?

Note: If not applicable, describe the barriers you think developers might face and how they
could be addressed.

16. How do you assess the impact of integrated technologies on the well-being and
independence of senior residents?
Note: Provide your perspective on how you think technologies might impact seniors, based

on your knowledge or assumptions.
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17. Have you received any feedback from residents or their families regarding the
technology in your developments? Please share some examples.

Note: If you haven t received direct feedback, share what you think would be important to

residents and families in such developments.

18. How do you see the demand for technology-integrated senior living spaces
evolving in the next 5-10 years?
Note: Share your opinion or observations on market trends, even if you have no direct

involvement in senior living projects.

19. What income group is your senior living project targeting, and how does this
influence the types of technologies you choose to integrate?
Note: If not applicable, discuss the income groups you believe would benefit most from

senior living technologies and why.

20. Are there any emerging technologies you are considering for future projects?
Note: Share your perspective on promising technologies you think could be integrated into

senior living.

21. Based on your experience, what advice would you give to other developers
considering the integration of technology into senior living developments?
Note: If you lack direct experience, provide advice based on your general knowledge or

assumptions about the industry.

22. What improvements or changes would you like to see in the future regarding
the integration of technology in senior living environments?
Note: Share your vision or suggestions for the future, even if you have not worked on senior

living projects.

23. Is there anything else you would like to share about your experiences or insights
into the integration of technology in senior living developments?
Note: Share any additional thoughts, observations, or hypothetical insights related to the

topic.
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