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change; it poses severe challenges to the public health system and social care resources (Hsu,
2022).

Figure 1
Projections of the Aging Population in Taiwan (2024-2070)
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Aging in Place

The community care philosophy of “Aging in Place” traces its historical roots back to Nordic
countries in the 1960s. During this period, society began to critically reflect on the restrictive
nature of large-scale institutions, which lacked privacy and stifled individuality, leading to
the “Normalization” and “De-institutionalization” movements (Nirje, 1994). Originally aimed
at advocating for the right of marginalized groups, such as those with disabilities, to enjoy a
normal rhythm of life, the movement asserted that older adults should also be allowed to live
and spend their final years within familiar community environments (Nirje, 1994). This
ideology, which emphasizes community reintegration and rejects large-scale institutions, has
since profoundly influenced global elderly care policies. As recent qualitative research
confirms, the vast majority of older adults prefer to remain in their original residences or
familiar communities. Their primary motivation is to maintain the autonomy of their personal
living spaces and an independent lifestyle, thereby avoiding the loss of agency and the sense
of confinement often associated with entering nursing facilities (Wiles et al., 2012).

Different nations have developed various support models based on their unique social
contexts. Danish care policy centers on “Aging at Home,” emphasizing the preservation of
dignity and the subjectivity of older adults (Healthcare Denmark, 2019). Through a paradigm
shift from institutional to home-based care, the policy utilizes structured rehabilitation to
reshape the self-care capacities of the elderly, thereby reducing dependence on long-term
support services. Similarly, the Japanese government has established “Community-based
Integrated Care Centers” in every local district (typically covering school districts of
approximately 20,000 residents). These centers, comprised of public health nurses, social
workers, and care management specialists, are responsible for preventive care, consultation
services, the coordination of community health resources, and comprehensive care
management (Hatano et al., 2017). Taiwan officially incorporated “Aging in Place” as a core
pillar of its national strategy with the implementation of the “Long-term Care 2.0” policy in
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2017, striving to build a community-based care system (Ministry of Health and Welfare,
2016).

Hazards of the Bathroom Environment

As the aging population grows, “aging in place” has become a strategic priority for
preserving the autonomy and dignity of older adults. However, conventional home
environments often fail to accommodate age-related functional declines (e.g., ADL/IADL
impairment), leading to significant fall risks (Parab et al., 2025; Tsai et al., 2020).
Specifically, bathrooms are identified as high-risk zones due to their high dependency and the
frequent absence of adequate support fixtures (Ng et al., 2022). Therefore, investigating the
integration of bathroom assistive devices—such as grab bars—within spatial configurations is
essential for mitigating movement-related hazards and supporting the realization of aging in
place.

Although bathroom spaces occupy only a small portion of the home, their high frequency of
use and slippery characteristics make them the areas with the highest incidence of accidents
and the greatest difficulty in performing Activities of Daily Living (ADL) for older adults
(Ng et al., 2022; Parab et al., 2025).

Existing environmental deficiencies, such as floor thresholds, a lack of appropriate support in
sink and toilet areas, and overly narrow spatial dimensions, often lead to significant fall risks
for older adults (Parab et al., 2025; World Health Organization, 2007). Therefore, optimizing
the spatial configuration of bathrooms and the design of support facilities is critical to
reducing accidents and supporting independent living for the elderly (Healthcare Denmark,
2019; Ng et al., 2022; Parab et al., 2025).

Methodology
Situational Observation Method

This study employs the situational observation method to collect data on older adults'
assistive device usage and spatial utilization within bathroom environments. A purposive
sampling approach was used to recruit three older adults as participants for the observation.
Given the private nature of such activities, a “Simulated Behavioral Demonstration” approach
is adopted. Participants are invited to demonstrate daily routines within a simulated setting,
allowing for the observation of operational logic, spatial movement, and potential
environmental hazards. To ensure data authenticity, researchers do not interfere with the
participants' actions during the process. All sessions are video-recorded to facilitate precise
behavioral subsequent video analysis.

Semi-structured Interview
Semi-structured interviews were conducted with the participating older adults to explore their
behaviors observed during the sessions and their personal usage experiences. This approach

aimed to gain a deeper understanding of the actual difficulties they encountered and their
specific needs.
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Expert Consultation and Design Guidelines

Following the conclusion of situational observations, the frequency of specific behaviors
(such as compensatory support) was quantified, and the content of the semi-structured
interviews with older adults was organized. Subsequently, the study proceeded to the expert
consultation phase, involving in-depth interviews with two experts in the fields of aging and
spatial design. This stage aimed to transform the empirical data derived from observations
and interview findings into concrete design recommendations and guidelines for bathroom
environments. Through a professional lens, the results from the previous stage were
translated into Design Guidelines for Grab Bar Configuration.

Result
Data Analysis of Compensatory Behaviors

According to the situational observations of the three participants, a total of 20 compensatory
support behaviors were identified during bathroom activities. The data, summarized in Table
1, reveals that the most frequent behavior was relying on washbasins for support during sit-
to-stand transitions (n = 11, 55%). Other significant behaviors included using wall surfaces
for stability (n = 4) and grabbing door frames instead of professional grab bars (n = 4) when
entering or exiting the space.

The frequent reliance on washbasins indicates that when professional assistive devices are
inappropriately positioned or completely absent, older adults instinctively seek the nearest
horizontal surface to maintain their balance. When older adults in environments lacking
professional grab bars are forced to rely on these unstable fixtures for compensatory support,
the structural instability of these objects constitutes a significant environmental hazard,
thereby exacerbating both the risk and the fear of falling (Parab et al., 2025; World Health
Organization, 2007). As emphasized by Ng et al. (2022), the bathroom is a highly hazardous
environment for older adults with functional limitations, and the lack of appropriate
professional bathroom modifications (such as safety grab bars) exposes them to considerable
danger. Although such compensatory behavior is common, it conceals an extremely high risk
of slipping, especially in wet environments (Ng et al., 2022; Parab et al., 2025).

Table 1
Categorization of Observed Bathroom Hazards and Proposed Assistive Solutions
Frequency (n)  Sub-item Item Item Subcategories
Frequency
1 Mobility Difficulties
20 Compensatory
Support Behavior /
Lack of Support
Points
4 Relying on wall surfaces for support
during sit-to-stand and lowering
transitions at the toilet.
11 Using the sink for support when passing

by due to the absence of grab bars
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4 Relying on door frames for support
instead of grab bars when entering the
bathroom.

1 Standing up from a shower chair without
grab bars and without any support point
(no bathtub)

1 Fixture Placement

1 Insufficient Space

Semi-structured Interview

Through semi-structured interviews and situational observations of three older adults
(Participants A, B, and C), this study identified three critical dimensions of bathroom-related
challenges:

Physiological Bottlenecks in Postural Transitions and Vertical Instability

Strenuous Transitions. Participants B and C identified the “sit-to-stand” transition
(especially after toileting or showering) as the most physically demanding task.

Postural Collapse Risk. While Participant A could manage upper-body tasks like
hair washing, lower-body instability made “standing while showering” an extremely
hazardous activity. This necessitates a forced reliance on shower chairs.

High Dependency on Specific Equipment. All participants exhibited a heavy
reliance on specific personal items (e.g., shower chairs and anti-slip slippers). This indicates
that the primary bathroom environment fails to provide fundamental balance support.

Environmental Support Gaps and the Threat of “Forced Falls”

Ineffective Environmental Support. Participant B exhibited a passive coping
mechanism termed “forced falling” (“I just have to let myself fall”’), driven by the total
absence of reliable grasping points during moments of instability.

Distrust of Existing Fixtures. Participant C’s concern regarding the structural
integrity of washbasins (“I fear the sink will collapse if I grab it”) reveals a deep-seated
psychological doubt. This distrust limits the use of existing furniture for compensatory
support.

Dual Psychological Burden: Fear of Falling (FoF) and De-labeling Needs

Post-traumatic Anxiety. Participant C’s history of major spinal surgery has resulted
in hyper-vigilance toward wet environments, manifesting as a persistent Fear of Falling (FoF).

Fear-Driven Defensive Behaviors. Participant A adopted the practice of “wearing

anti-slip shoes while showering.” This sacrifice of convenience and hygiene for a sense of
security highlights a behavior pattern driven entirely by environmental anxiety.
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Table 2
Analysis of Behavioral Observations and Psychological Burdens in Bathroom Environments
Analysis Dimension Key Findings Specific Behavioral
Manifestations & Cases
Physiological Bottlenecks Strenuous Transitions &  “Participants B and C identified
in Postural Transitions Vertical Instability the ‘sit-to-stand’ transition as the
most physically demanding task.
Lower-body instability forced
Participant A to rely on shower
chairs and anti-slip slippers.”
Environmental Support Gaps Ineffective Support & Participant B exhibited a passive
& “Forced Falls” Structural Distrust coping mechanism termed “forced
falling” due to the absence of
grasping points. Participant C
expressed psychological doubt
regarding the structural integrity of
washbasins.
Dual Psychological Burden:  Fear-Driven Defensive Post-traumatic anxiety (spinal
Fear of Falling Behaviors surgery) led Participant C to

hyper-vigilance. Participant A's
practice of “showering in anti-slip
shoes” highlights a behavior
pattern driven entirely by
environmental anxiety.

Expert Consultation

Based on the quantitative results derived from situational observations, this study conducted
in-depth interviews with two experts, Expert 1 and Expert 2, to transform behavioral data into
practical design guidelines. These experts collectively pointed out that bathroom safety
should not be viewed merely as the addition of individual assistive devices; rather, it requires
a systemic integration across three dimensions: structural safety, behavior-oriented
configuration, and de-labeling psychology.

Regarding structural safety, the study focuses on establishing “transitional safety strategies,”
which involve reinforcing the bases of existing fixtures and implementing edge-grip designs.
Expert 1 suggests transforming existing equipment, such as washbasins, into support points
by reducing the edge thickness to between 5 and 8 cm to allow for a secure hand grip.
However, from a comprehensive defense perspective, Expert 2 reminds us that grab bars are
only the last line of defense; the design's origin should prioritize the floor's anti-slip
coefficient to compensate for the risks associated with the weight-bearing limitations of
equipment.

In terms of behavior-oriented configuration, the experts emphasized that grab bar placement
must precisely align with ergonomics and correspond to physical movements. Expert 2
detailed the functional differences, noting that horizontal grab bars are primarily responsible
for the “pushing up” support during transitions between sitting and standing, while vertical
grab bars are used for “holding on” to stabilize the body and prevent slipping. Expert 1 added
that through the coordination of L-shaped grab bars, these can effectively serve as pivots to
stabilize the center of gravity if dizziness occurs upon standing.
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Finally, to uphold the dignity of older adults and reduce psychological resistance, designs
should incorporate “de-institutionalized aesthetics.” Expert 2 suggests avoiding the cold feel
of medical-grade stainless steel in favor of materials that match the wall tones or possess a
warm texture. Expert 1 advocates for a universal design mindset, concealing assistive
functions within furniture-inspired “stopping points” to replace visually intrusive traditional
grab bars. Through the formulation of these three core principles, this study aims to construct
a more inclusive and secure bathroom environment for a super-aged society.

Established Design Guidelines

Through in-depth interviews with two experts specializing in aging and spatial design, this
study successfully translated the observed compensatory support behaviors into actionable
design guidelines with practical instructional significance. This phase ensured that the
empirical behavioral data was professionally synthesized into ergonomic criteria for safer
bathroom environments.

Principle 1. Structural Safety Priority

Core Objective is to alleviate psychological fear regarding equipment collapse by reinforcing
the stability of hardware.

Platform-Mounted Configuration and Base Reinforcement. It is highly
recommended to prioritize platform-mounted washbasins and reinforce their bases and wall-
bearing points during the early stages of renovation. A solid physical structure provides
strong psychological reassurance, convincing users that the equipment can withstand sudden
impacts. This effectively eliminates the hesitation to seek support caused by the fear of
“fixture detachment.”

Edge-Grip Design. The front edge of the washbasin or counter should be designed
with a thickness of 5-8 cm to facilitate a secure “web-grip” (clamping between the thumb
and fingers). This design provides tangible tactile feedback, allowing users with limited
manual dexterity to gain a sense of stability through gripping, thereby reducing anxiety when
navigating slippery floor conditions.

Principle 2. Behavior-Oriented Configuration

Core Objective is to establish a continuous support trajectory and eliminate the sense of
helplessness caused by a lack of accessible support points.

Continuous Support Trajectories. The placement of grab bars must consider the
user’s complete movement workflow within the bathroom. It ensures that at any moment of
center-of-gravity transition, a stable support point remains within reach. This continuity
significantly enhances the psychological safety of older adults and reduces the perceived lack
of environmental control.

Functional Integration and Synergistic Support. Horizontal grab bars assist in the
transition from sitting to standing, while vertical or L-shaped bars stabilize the center of
gravity. Grab bars should be functionally integrated with bathroom fixtures such as
showerheads, ensuring that users always have a stable support point for one hand while
reaching for objects or performing tasks.
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Principle 3. De-institutionalized Aesthetics and Psychological De-labeling

Core Objective is to preserve user dignity and reduce psychological resistance to assistive
devices through “invisible” design.

Affective Material Application. Designers should avoid cold-toned metals (such as
raw stainless steel) that carry strong medical connotations. Instead, materials with warm
textures and colors that harmonize with residential interior styles should be utilized. By
creating a warmer visual atmosphere, assistive equipment is transformed into “home
furniture,” mitigating the decline in self-efficacy associated with aging or injury and aiding in
the restoration of psychological well-being.

Invisible Assistive Concept. Supportive functions should be subtly integrated into
everyday environmental objects (such as reinforced washbasin edges or storage shelves that
double as grab bars). This functional invisibility protects the user’s autonomy and dignity,
lowering the psychological barriers to using safety facilities and increasing the willingness to
adopt preventive measures.

Discussion

This study employs situational observations, semi-structured interviews, and expert
consultations to deeply analyze the behavioral patterns and psychological needs of older
adults in bathroom environments. The following synthesis discusses the core research
findings.

Ergonomic Crises Underlying Compensatory Behaviors

Findings reveal that over 55% of compensatory support behaviors occur in the washbasin
area, uncovering a critical “support gap” in existing environments. This is particularly evident
in rental housing, where older adults are often prohibited from drilling holes to install
professional grab bars, forcing them to rely on non-professional fixtures like washbasins and
door frames. While these “intuitive” behaviors address immediate balance needs, they
overlook structural load-bearing limits. The proposed “edge-grip design (5—8 cm)” and
“platform-mounted washbasins” specifically address this crisis by transforming hazardous
fixtures into sturdy and graspable safety points, providing reliable support without the need
for wall-drilling.

“Forced Falls” and the Perception of Environmental Discontrol

The psychological state of “forced falling” identified during interviews reveals a total loss of
environmental security among older adults. When support trajectories are discontinuous, the
resulting fear drives individuals toward extreme defensive behaviors, such as wearing anti-
slip shoes while showering. This underscores the critical importance of “continuous support
trajectories”—safety must evolve from isolated, individual grab bars toward a systemic
defense that covers the entire workflow of movement.

Impact of De-labeling Design on Aging in Place

The “de-institutionalized aesthetics” emphasized in this study represents more than mere
visual enhancement; it serves as a critical safeguard for the “self-efficacy” of older adults.
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Through the concept of invisible assistive devices, we can effectively mitigate the labeling
anxiety often triggered by conventional medical equipment. When design seamlessly
integrates into daily life rather than highlighting functional impairment, older adults
demonstrate a higher degree of autonomy and a greater willingness to lead independent lives.

Conclusion

Through situational observation and expert consultation, this study confirms that
compensatory support behaviors—arising from the lack of professional grab bars in home
bathroom environments—pose a high risk of falls for older adults. The findings reveal that
washbasins and door frames are frequently misused as makeshift support points, reflecting
significant “support gaps” within existing spatial layouts.

Based on these discoveries, this research proposes three core design principles: structural
safety, behavior-oriented configuration, and de-institutionalized aesthetics. By integrating
“reinforced platform-mounted washbasins” with “continuous support trajectories,” these
interventions provide intuitive and stable physical support while preserving the dignity of
older adults through de-labeling design strategies.

In summary, bathroom safety should transcend the mere “addition” of assistive devices and
instead focus on the “functional integration” of spatial equipment. The design guidelines
proposed in this study provide an empirical foundation for future modifications of age-
friendly housing and the development of related assistive products, ultimately realizing a
vision of “aging in place” that is both dignified and secure.

Recommendations

While this study establishes a foundational framework for bathroom design guidelines,
several areas warrant further investigation to enhance the safety of super-aged societies:

Expansion of Sample Diversity and Size

Due to the exploratory nature of this study, the sample was limited to three participants.
Future research should recruit a larger and more diverse cohort, including older adults with
varying levels of physical impairment (e.g., those using walkers or wheelchairs) to develop a
more granular and tiered set of design standards.

Longitudinal Evaluation of Design Effectiveness

This study focuses on identifying behaviors and establishing design principles. Future
research should evaluate the practical impact of “assistive-integrated” fixtures on reducing
fall rates and enhancing user confidence through long-term utilization in home environments.

Cross-Cultural and Spatial Comparisons

Future studies could investigate how different cultural living habits and varied urban housing
layouts (such as comparing high-rise apartments with traditional houses).
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Abstract

Older adults often require additional support when performing daily activities such as
standing up, sitting down, and posture transitions due to age-related declines in balance and
muscle strength. However, the acceptance of medical-style handrails in residential
environments remains low. In everyday life, older adults tend to intuitively rely on nearby
household furniture as sources of support. This study employs scenario-based observation to
examine the actual use of residential furniture as substitutes for handrail functions. The
participants consisted of 5 older adults who were observed during sit-to-stand and posture
transition activities in simulated daily living scenarios. The locations of support, types of
furniture used, and modes of interaction were documented. In addition, expert questionnaire
feedback was collected to evaluate the potential risks associated with using furniture as
support. The results indicate that when performing sit-to-stand or posture transition activities
near seating areas, older adults frequently used adjacent furniture, such as chair sides and
table edges, as immediate support, thereby functioning similarly to handrails. These furniture
elements were often selected due to their proximity and intuitive usability; however, their
structural characteristics and dimensions are not specifically designed to provide support and
may therefore pose potential safety risks. The findings reflect older adults’ real-life
residential behaviors and may serve as preliminary references for future age-friendly
residential space planning and furniture-integrated assistive design.

Keywords: older adults, furniture support behavior, aging-in-place housing, usage behavior,
aging society
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Introduction
Aging Trends

With the extension of average life expectancy and the continuous decline in birth rates in
contemporary society, demographic structures have gradually shifted, making population
aging a major global social issue. Taiwan is also expected to officially enter a super-aged
society by 2026, bringing the maintenance of older adults’ quality of life and healthy aging to
the forefront of policy and academic concern. In response to the challenges posed by
population aging, the World Health Organization has proposed concepts such as active aging,
healthy aging, and aging in place, which have gradually become key objectives in aging-
related policies and practical initiatives. These concepts emphasize enabling older adults to
maintain independent living in familiar environments, delay functional decline, and
ultimately realize the vision of aging in place.

Elderly Home Living Environment

As people age, older adults commonly experience physical and behavioral declines such as
reduced muscle strength and diminished balance, which in turn affect the safety and stability
of their activities of daily living. In Taiwan, the housing stock is generally characterized by
an aging building profile, with many existing residential structures and facilities gradually
deteriorating over time. As a result, the overall level of environmental support within the
home is often insufficient to adequately respond to the living support needs that arise from
age-related functional decline among older adults.

Furniture as Informal Support and Assistive Use

Assistive devices, which are commonly used as supportive tools for older adults, often
present a medicalized appearance that leads to issues of stigmatization. This medicalized
image may cause psychological reluctance among some older adults, thereby reducing their
willingness to use such devices. Under these circumstances, furniture in everyday living
environments gradually assumes the role of informal assistive devices. When appropriate
support facilities are lacking within the home, older adults frequently rely on surrounding
existing furniture as sources of support during daily activities, such as grasping table edges,
chair backs, or cabinet edges to assist with posture transitions or to maintain bodily stability.
However, these furniture elements are not originally designed for load-bearing or supportive
purposes. Their structural forms, dimensional configurations, and load-bearing characteristics
may therefore involve potential safety risks, yet they continue to be frequently used in daily
life. This phenomenon warrants further investigation.

Research Purpose

Based on the aforementioned research background, this study aims to investigate the daily
home-living behaviors of older adults through a scenario-based observation method, with a
particular focus on their use of furniture as support during posture transitions. The study will
identify furniture types that are most frequently relied upon for support and analyze their
support locations, relevant dimensional characteristics, and modes of use. These findings will
then be compared with the functional design principles and dimensional characteristics of
handrails used in assistive devices. Finally, through expert evaluation, this study will examine
the supportive potential, safety considerations, and potential risks of furniture when used as a
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support interface, providing reference guidelines for subsequent furniture design for older
adults and applications of assistive device—furniture integration.

Literature Review
Lifestyles and Behaviors of Older Adults
Aging-in-Place

In response to global population aging, the World Health Organization (WHO) has proposed
concepts such as active ageing, healthy ageing, and aging in place, emphasizing the
importance of maintaining functional ability and independent living in familiar environments
(WHO, 2002; WHO, 2015; WHO, 2020).

In Taiwan, approximately 90% of older adults prefer to continue living in their original
homes rather than relocate to institutional care facilities (Ministry of Health and Welfare,
2024), highlighting the importance of residential environments in supporting aging in place.

Daily Living Behaviors of Older Adults

Previous studies have indicated that the living room is one of the primary activity spaces for
older adults and accommodates a wide range of daily behaviors (Cheng, 2018). In many
residential environments, the living room and dining area are also spatially connected and
represent major areas for daily activities.

As physical function declines with age, posture transitions and walking may become
increasingly difficult, leading older adults to rely more on surrounding environmental
elements for support during daily activities (Lee, 2006).

Residential Environments of Older Adults

Although homeownership rates among older adults in Taiwan remain high, many existing
residential environments still lack sufficient environmental support for aging-related
functional decline. Previous studies have indicated that aging housing conditions and
residential spaces not originally designed for older adults may increase difficulties and safety
risks during daily activities (Chen & Chang, 2023; Chung & Chou, 2021).

As physical function gradually declines with age, older adults may increasingly rely on
surrounding environmental elements for support during daily movements and posture
transitions (Hsieh, 2021).

Assistive Devices and Handrail Support

Assistive Devices

Previous studies have shown that assistive devices can improve safety, mobility, and
functional performance among older adults (Chang, 2011). However, many assistive devices

present a strong medical appearance, which may lead to psychological resistance and reduce
willingness to use them (Mao, 2010).
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Under these circumstances, household furniture may gradually function as an informal
support interface in daily living environments. When formal assistive devices are unavailable
or not preferred, older adults may rely on nearby furniture, such as table edges or chair backs,
to assist with posture transitions and movement stability.

Handrail Support Characteristics

Handrails are regarded as important support interfaces for posture transitions and walking
among older adults, helping improve movement stability and reduce fall risks (Tsai, 2018;
Zheng, 2021). Compared to mobile assistive devices, handrails can provide immediate upper-
limb support without significantly affecting circulation within residential spaces.

According to the Design Specifications for Accessible and Usable Buildings and Facilities
(Ministry of the Interior, 2022), recommended handrail heights are generally between 75-85
cm. Appropriate dimensions and stable support conditions allow users to maintain effective
grip and body support during movement and posture transitions.

Aging-Oriented Design and Assistive Furniture Integration

Based on the preceding discussion, conventional assistive devices may evoke psychological
resistance due to their medical appearance, while existing residential environments often lack
sufficient environmental support for older adults. Under these circumstances, furniture-
integrated assistive design may provide supportive functions within familiar living
environments while reducing the sense of medicalization (Cheng, 2018).

This design approach also responds to older adults’ needs for low-intervention and high-
support living assistance within familiar residential settings, serving as an important
foundation for subsequent design development and research.

Methodology
This study employed scenario-based observation to examine furniture-based support
behaviors among older adults in residential environments. The study focused on how older

adults relied on surrounding furniture during posture transitions and daily movements.

After the observational analysis, expert evaluation was conducted to examine potential risks
and related design considerations associated with furniture-based support behaviors.

Scope and Participants

This section defines the research participants and the scope of the study, clarifying the
observational context and research boundaries that form the basis for subsequent scenario-
based observation and data analysis.

Participants

The participants of this study are older adults aged 65 years and above who are able to live

independently but experience partial functional decline. Individuals with severe disabilities or
those who are long-term bedridden are not included in this study, as the research focuses on
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older adults who are still capable of performing daily activities but may require
environmental support during posture transitions or mobility.

Spatial Scope

This study was conducted within the residential environments of older adults, focusing on
interactions between older adults and household furniture during daily activities and posture
transitions.

Research Conditions

This study conducted a full-day scenario-based observation within the existing residential
environments of older adults, documenting their daily activities and observing naturally
occurring support behaviors under the condition that no formal medical assistive devices
were used. This approach allows the study to capture how older adults rely on environmental
support in real-life living situations.

Previous studies have indicated that the living room is the space where older adults spend the
longest amount of time during the day, excluding sleeping periods. Observations in this study
similarly showed that the living room was also the area where participants spent the most
time during daily activities. In addition, many contemporary residential layouts adopt open-
plan configurations in which the living room and dining area are spatially integrated.

Therefore, in the subsequent analysis, the living room and the combined living—dining area
were selected as the primary observational scenarios for examining furniture-based support
behaviors.

Scenario-Based Observation

This study employed scenario-based observation to document the daily behaviors of older
adults in their residential environments. Through full-day observation, interactions between
older adults and household furniture were recorded across different daily situations, with
particular attention given to behaviors in which furniture was used as support during posture
transitions or walking.

After organizing the observational data, frequently occurring furniture-based support
behaviors were identified. Based on the furniture types and associated behavioral scenarios,
representative furniture-behavior situations were selected as the analytical scenarios for
subsequent expert evaluation.

Data Analysis

The observational data were organized and categorized for analysis based on furniture type,
support interface, mode of support, and associated behavioral actions. Through this analytical
process, frequently occurring furniture-based support behaviors were identified.

In addition, the observational data were statistically summarized. The height and spatial
dimensions of support locations were further examined to illustrate the distribution of
furniture use across different behavioral scenarios, providing a basis for subsequent expert
evaluation and discussion.
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Force Level Classification

Based on observational records of hand—interface interactions, force intensity was categorized
into three levels:
Level 1 — Contact / Light Touch
Minimal contact without observable weight-bearing. The interface was lightly
touched, primarily for balance confirmation or stabilization awareness.
Level 2 — Partial Support
Partial body weight was transferred to the support interface; however, it was not the
primary force-bearing source. This level typically occurred during transitional
assistance.
Level 3 — Weight-Bearing Support
The interface bore a substantial portion of body weight and functioned as the primary
force-bearing source during posture transitions, often accompanied by clear
downward pressing or pushing actions.

Expert Evaluation

After completing the scenario-based observation and preliminary data analysis, expert
evaluation was conducted in this study. The evaluation adopted a scenario-based open-ended
interview approach. Experts with relevant practical experience were invited to assess the
furniture-based support behaviors identified in the observations, focusing on potential risks
and possible improvement suggestions.

Expert Participants

The experts invited in this study were required to have professional backgrounds in interior
design, construction engineering, or public facility planning in development companies, with
more than ten years of relevant practical experience. The experts were expected to provide
professional judgments from the perspectives of spatial design and architectural practice
regarding older adults’ support behaviors during posture transitions and the design conditions
of supportive interfaces within residential environments. A total of three experts with relevant
professional backgrounds were invited to participate in the interviews.

Evaluation Framework

The expert evaluation framework was developed based on the observational findings and
preliminary data analysis of this study. The evaluation focused on furniture-based support
behaviors actually used by older adults. Experts were asked to examine the scenarios from
the following three perspectives:
1) Potential risks: whether using furniture as support may result in safety issues such as
slipping, tipping, or loss of balance.
2) Sources of risk: factors that may lead to these risks, such as furniture structural
stability, support height, material characteristics, or usage patterns.
3) Improvement suggestions: possible improvement directions related to furniture design
or support positions.

ISSN: 2432-4183 144



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Item Design and Evaluation Method

The expert evaluation was conducted using a scenario-based approach. High-frequency
furniture-based support behaviors identified from the observational analysis were translated
into specific scenarios and presented to the experts with accompanying illustrations and
behavioral descriptions.

The interviews adopted an open-ended response format. Experts were asked to provide their
professional opinions regarding potential risks, possible sources of risk, and improvement
suggestions for each scenario. The interview content was recorded through audio recordings
and written notes, and the collected responses were subsequently organized and analyzed to
support the discussion and design implications of this study.

Results
This study documented furniture-based support behaviors among older adults in residential
environments through scenario-based observation. A total of 148 support behaviors were
recorded and analyzed according to furniture type, behavioral context, support mode, force
level, and support interface characteristics.
Participants and Observational Data Overview
Five older adults with independent living ability but partial functional decline participated in
this study. Scenario-based observation was conducted within their residential environments,

including the living room, dining area, and bedroom.

The observations documented furniture types used for support, support locations, interaction
modes, and associated behavioral situations during daily activities and posture transitions.

Distribution of Furniture-Based Support Behaviors

The distribution of furniture-based support behaviors is presented in Table 1.

Table 1
Distribution of Furniture-Based Support Behaviors
Furniture Frequency (n) Percentage (%)
Dining table 55 37.16
Sofa 41 27.70
Bed 37 25.00
Coffee table 6 4.05
Chair 6 4.05
Dining chair 3 2.03
Total 148 100

As shown in Table 1, dining tables, sofas, and beds accounted for the majority of observed
support behaviors, representing 89.86% of all recorded interactions.
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Distribution of Behavior Types

The distribution of behavior types in furniture-based support behaviors is presented in Table

2.

Table 2

Distribution of Behavior Types in Furniture-Based Support Behaviors

Behavior Type Frequency (n) Percentage (%)
Walking 39 26.35%
Sit-to-Stand 34 22.97%
Stand-to-Sit 27 18.24%
Seat Transfer 15 10.14%
Turning 12 8.11%
Lie-to-Sit 8 5.41%
Sit-to-Lie 7 4.73%
Lying Repositioning 4 2.70%
Changing Shoes 2 1.35%
Total 148 100%

As shown in Table 2, walking, sit-to-stand, and stand-to-sit were the most frequently

observed behavioral scenarios.

Modes of Support and Force Characteristics

The distribution of support modes is presented in Table 3.

Table 3

Distribution of Support Modes in Furniture-Based Support Behaviors

Support Mode Frequency (n) Percentage (%)
Grip 8 5.41%
Press 83 56.08%
Pull 2 1.35%

Support 55 37.16%
Total 148 100%

As shown in Table 3, pressing was the most common support mode, followed by supportive

holding.

The relationship between support mode and force level is presented in Table 4 and Table 5.

Table 4
Relationship Between Support Mode and Force Level (Frequency)
Support Mode Level 3 Level 2 Level 1 Total
Grip 8 0 0 8
Press 74 9 0 83
Pull 2 0 0 2
Support 0 39 16 55
Total 84 48 16 148

ISSN: 2432-4183

146




The Asian Conference on Aging & Gerontology 2026

Official Conference Proceedings

Table 5
Percentage Distribution of Support Modes Across Force Levels
Support Mode Level 3 Level 2 Level 1
Grip 9.52% 0% 0%
Press 88.1% 18.75% 0%
Pull 2.38% 0% 0%
Support 0% 81.25% 100%
Total 100% 100% 100%

The results indicate that high-force support behaviors were primarily associated with pressing

actions, whereas low-force support behaviors mainly involved supportive holding.

Support Interface Height Characteristics

The height distribution of frequently used furniture support interfaces is presented in Table 6.

Table 6
Height Characteristics of Furniture Support Interfaces
Furniture Support Interface Height Range (cm)
Dining table Table surface 75-85
Sofa Seat surface 38-45
Sofa Armrest 55-60
Bed Bed surface 30-50
Coffee table Table surface 50-55
Chair Seat surface 30
Chair Armrest 50

Overall, the heights of support interfaces involved in high-frequency support behaviors were
distributed across different vertical ranges, suggesting that furniture elements of varying
heights were used as support interfaces under different behavioral contexts.

Expert Evaluation of Furniture-Based Support Behaviors

Based on the preliminary behavioral observations, several common scenarios in which older
adults relied on household furniture for support were identified. These scenarios served as the
basis for the expert evaluation. The evaluation scenarios primarily focused on activities
occurring in living room and dining areas, as these spaces represent major residential areas
where older adults spend extended periods of time and frequently perform posture transitions
during daily activities.

Scenario illustrations presenting different combinations of furniture types and behavioral
actions were used to facilitate the expert evaluation. Experts from relevant fields were invited
to review the scenarios and provide professional insights regarding the potential risks,
sources of risk, and possible improvement strategies when furniture or spatial elements were
used as support interfaces.

A summary of expert feedback regarding furniture-based support behaviors is presented in
Table 7.
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Table 7
Summary of Expert Feedback on Furniture-Based Support Behaviors
Element
Behavior Design Improvement

Furniture Scenario | Risk Source Potential Risk Suggestion
Seat height too low;
insufficient armrest Difficulty standing; | Increase seat height;

Sit-to- support; chair chair sliding or add stable armrests;

Chair Stand instability tipping improve stability
Support height too Adjust support height;
low; difficult to grasp; | Unstable support provide graspable

Walking | discontinuous support | during walking; armrest; continuous

Sofa Support surface loss of balance support surface

Seat too low; cushion Add armrests; medium
Sit-to- too soft; lack of Difficulty standing; | cushion firmness;

Sofa Stand armrests forward imbalance | adjust seat height
Backrest height Adjust backrest height;
insufficient; cushion Difficulty applying | medium cushion

Lie-to-Sit | too soft; insufficient force; unstable firmness; add support

Sofa Transition | support posture points

Support height too
Walking | low; glass surface too | Hand slipping; Adjust height; anti-slip

Coffee Table | Support slippery; sharp edges collision injuries surface; rounded edges

Uneven support Unify support height;
Stand-to- | height; slippery Hand slipping; anti-slip surface;

Coffee Table | Sit surface; sharp edges unstable support rounded edges
Hard to grasp;
insufficient stability;

Dining Walking | discontinuous support | Unstable support; Provide graspable edge;

Table Support surface collision risk improve stability
Furniture not designed | Insufficient force Add graspable edge;

Dining Sit-to- for support; lack of application; reinforce table stability;

Table Stand graspable edge collision risk add assistive support

The summarized results indicate that furniture frequently used as support is mainly associated
with structural stability, appropriate support height, and safe grasping interfaces.

The categorization of furniture-related design factors identified from expert feedback is
presented in Table 8.

Table 8
Categorization of Furniture Design Factors Identified From Expert Feedback
Element Support Interface
(Graspability / Furniture Surface Edge
Furniture Height) Dimension | Stability Friction Safety
Chair v N Vv
Sofa v v
Coffee Table v v v
Dining Table v v v

The results indicate that furniture-based support behaviors may be influenced by design
conditions related to support interfaces, stability, and safety.
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Discussion

In residential environments, household furniture may serve not only its original functional
purposes but also act as a source of physical support during daily posture transitions for older
adults. This phenomenon reflects the behavioral adaptation of older adults to their living
environments, where nearby furniture is often used intuitively as support during movements
such as standing up, sitting down, or maintaining balance while walking.

Because furniture is readily accessible and located along daily activity routes, older adults
may naturally rely on these elements as convenient support interfaces when formal assistive
devices such as handrails are not available.

Furniture as Informal Support in Residential Environments

The findings of this study suggest that household furniture may function as an informal
source of support in residential environments for older adults. Observational results indicated
that during daily activities, particularly posture transitions such as walking, sitting down, and
standing up, older adults frequently relied on nearby furniture as immediate support.
Furniture located in primary activity areas, such as sofas, dining tables, and beds, was often
used as a convenient support interface due to its accessibility and proximity within the living
environment.

This phenomenon reflects the behavioral adaptation of older adults to their surrounding
environment. In situations where formal assistive devices such as handrails are not available,
furniture located along daily activity routes may naturally become alternative support points.
As a result, furniture within residential spaces may unintentionally provide supportive
functions during movement and posture transitions, even though such supportive roles are not
typically considered in conventional furniture design.

Handrail-Like Characteristics of Furniture Support

Another important finding of this study is that the dimensions of frequently used furniture
support interfaces are similar to the typical height range of handrails. The measurement
results indicated that many of the furniture edges used by older adults as support interfaces
were distributed within a height range of approximately 55-85 cm. This range partially
overlaps with the commonly recommended handrail height in residential environments.

This dimensional overlap suggests that certain furniture elements may unintentionally
provide support conditions similar to those of handrails during daily posture transitions.
When older adults perform movements such as standing up, sitting down, or maintaining
balance while walking, furniture edges located within this height range may offer a
convenient surface for hand contact and force application.

However, unlike handrails, household furniture is generally not designed specifically to
support body weight or assist with balance during movement. Therefore, although furniture
may exhibit handrail-like characteristics under certain conditions, its structural stability,
surface properties, and edge design may not fully meet the safety requirements typically
associated with dedicated assistive devices.
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Design Risks of Furniture-Based Support

The findings of the expert evaluation further indicate that the safety of furniture-based
support behaviors is influenced by several furniture design conditions. Experts pointed out
that when household furniture is used as a support interface, potential risks may arise from
factors such as support interface characteristics, furniture dimensions, structural stability,
surface friction, and edge safety.

Unlike assistive devices that are specifically designed to support body weight and maintain
balance, most household furniture is primarily designed for functional purposes such as
seating, storage, or surface use. As a result, when furniture is unintentionally used as a
support point during posture transitions, its structural properties and design features may not
adequately accommodate the forces applied by the user.

These conditions may increase the potential risk of instability, slipping, or loss of balance
during movement. Therefore, when considering furniture as a potential support interface in
residential environments for older adults, design-related factors such as stability, surface
texture, edge configuration, and dimensional suitability should be carefully evaluated.

Implications for Age-Friendly Furniture Design

The findings of this study indicate that older adults frequently rely on nearby household
furniture as a source of physical support during daily activities. Therefore, in furniture design,
in addition to considering the original functional purposes of furniture, it is also important to
recognize the possibility that furniture may be used as support in actual use situations.

In particular, furniture elements located along daily activity routes, such as sofa edges and
table edges, are often used as support interfaces during posture transitions. Incorporating
supportive considerations into furniture design, such as appropriate height ranges, structural
stability, safe edge configurations, and suitable surface friction, may help improve the safety
and usability of residential environments for older adults.

Conclusion

This study explored how older adults rely on household furniture as support during daily
activities in residential environments. Through behavioral observations and furniture
measurements, the study identified common situations in which furniture was used as a
support interface during posture transitions such as walking, sitting down, and standing up.
The results indicated that furniture located near primary activity areas, particularly sofas and
dining tables, was frequently used as a source of physical support.

The findings also revealed that the height of commonly used furniture support interfaces
generally fell within a range of approximately 55-85 cm, which partially overlaps with the
typical height range of handrails. This dimensional similarity suggests that certain furniture
elements may unintentionally provide conditions suitable for hand support during daily
movements.

However, expert evaluations indicated that the safety of furniture-based support behaviors

may be influenced by several design-related factors, including support interface
characteristics, furniture dimensions, structural stability, surface friction, and edge safety.
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Since most household furniture is not originally designed to support body weight or assist
with balance, these conditions may introduce potential safety risks when furniture is used as a
support interface.

Based on the observational results and expert feedback, the potential risks associated with
furniture-based support behaviors were further summarized according to behavioral scenarios
and furniture types, as presented in Table 9. Corresponding design considerations are further
discussed in Table 10.

Table 9
Potential Risks of Furniture-Based Support Behaviors by Scenario
Furniture Behav1f)r Potential Risks
Scenario
*  Low seat height may increase sitting impact and
Chair Sit-to-Stand make standing more difficult.

»  Lightweight furniture may slide when force is
applied, reducing support stability.

*  Low support height and lack of graspable
interfaces may reduce support effectiveness and

Sofa Walking Support affect walking stability.

»  Discontinuous support interfaces may lead to
unstable support during walking.

*  Soft cushions or low seat height may increase the
difficulty of standing and reduce stability.

Sofa Sit-to-Stand «  The absence of armrests may reduce force
application efficiency.
*  Overly soft cushions may provide insufficient
Sofa Lie-to-Sit support

*  Lack of support interfaces may increase the
difficulty of posture transitions.

*  Low support height, lack of graspable interfaces,

Coffee Walking Support and smooth surfaces may cause hand slipping or

Table body imbalance.
*  Unprotected edges may increase collision injuries.
*  Low support height or slippery surfaces may
Coffee Stand-to-Sit reduce balance control during sitting.
Table *  Unprotected edges may increase injury risk during
collision.
»  Table edges may lack graspable interfaces, making
Dining ' it difficult to securely hold the furniture for
Table Walking Support support.
*  Insufficient structural stability may increase
collision or imbalance risks.
»  Lack of graspable edges may reduce effective force
Dining application.

Table Sit-to-Stand Since the furniture is not designed for support

purposes, force efficiency may be limited.
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Table 10
Furniture Design Considerations for Supporting Older Adults
Furniture Design Considerations
*  Seat height should facilitate standing movements and reduce sitting
Chair impap t - . . o
*  Furniture stability and sufficient weight should prevent sliding when
force is applied.
*  Appropriate seat height and cushion firmness should support posture
Sofa transitions.
*  Armrests should be provided on both sides to offer symmetrical
support and assist force application during posture transitions.
*  Graspable support interfaces may improve force application
efficiency and body stability.
Coffee Table |, Anti-slip surfaces and rounded or protected edges may reduce
slipping and collision injuries.
*  Graspable support interfaces may facilitate temporary support.
Dining Table |+  Structural stability should prevent furniture movement when force is
applied.

These design considerations highlight the importance of recognizing furniture as a potential
support interface in residential environments. By incorporating such considerations into
furniture and interior design, residential spaces may better support the safety and mobility of
older adults and contribute to safer aging in place.
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were used in proofreading, refining the language, and assisting with academic writing
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Abstract

As Asian cities confront rapid population aging and an increasing number of older adults living
alone, the home environment has become a critical site for supporting autonomy, emotional
stability, and social connection. This study focuses on the dining area—an everyday setting
where routines, relationships, and psychological rhythms converge—to examine whether a set
of evidence-based age-friendly design principles (emotional comfort, safety-assured
independence, community connectivity, and ability-adaptive design) can be effectively
operationalized through human—AI collaboration. This study recruited 18 professional interior
designers to generate Al-assisted spatial concepts embodying these four principles. Utilizing
generative Al tools, participants produced a total of 432 images. Subsequently, three experts
in gerontology and design evaluated the outputs using a structured rubric aligned with the
principles to assess the feasibility and appropriateness of the proposed solutions. Follow-up
semi-structured interviews explored how designers interpreted the diverse needs of older
adults, negotiated design constraints, and navigated the relationship between professional
judgment and Al-generated suggestions. Emotional comfort received the highest mean rating
(M = 5.91), while ability-adaptive design received the lowest (M = 4.31). Findings reveal both
the potential and limitations of generative Al in translating age-friendly principles into
actionable spatial strategies. While Al accelerates visualization and supports broader concept
exploration, it also exposes cultural and contextual gaps—particularly regarding safety, daily
routines, and social norms in Asian households. This study provides preliminary empirical
grounding for human—AlI collaborative design in domestic dining environments, and outlines
considerations for future aging-in-place research.

Keywords: generative Al, age-friendly design, dining environment, older adults, interior design
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Introduction

Improvements in medical care and living conditions have contributed to increased life
expectancy, while declining fertility rates have accelerated the demographic shift toward an
aging population (Nakatani, 2023). In recent years, Asian societies have been experiencing
rapid population aging. Within this context, a growing number of older adults are choosing to
live independently in urban environments, leading to a continuous rise in single-person
households and posing new challenges for residential design and social policy (Jian et al.,
2025). Consequently, how residential environments can support older adults’ daily activities,
emotional well-being, and social participation has become an increasingly important issue in
both design research and public policy.

Against this backdrop, the concept of age-friendly design has gained increasing attention in
both research and policy domains. This concept emphasizes reducing environmental barriers
that older adults may encounter in their daily lives through thoughtful design, while supporting
their ability to live independently. Previous studies have indicated that well-designed
residential environments can enhance safety, promote autonomy, and improve the
psychological well-being and overall quality of life of older adults (Cha, 2025). For older adults
living alone, shared meals represent important moments for communication and emotional
connection among family members, and the dining environment may influence their daily
routines and sense of belonging at home.

Shared meals are not only related to nutrition and physical health, but are also closely
associated with emotional experiences and social interaction (Song et al., 2025). As the demand
for aging in place continues to grow, in addition to existing research focused on healthcare
environments, the configuration of everyday domestic dining spaces has gradually become a
key concern in the design field.

Meanwhile, generative Al is increasingly influencing design practices. It enables designers to
efficiently explore a wide range of design possibilities and to generate conceptual images and
spatial proposals based on textual prompts (Chen et al., 2025). However, prior work has also
documented that image-generation models reproduce aesthetic and cultural biases embedded
in their training data, and that they often underrepresent assistive or accessibility-related
features (Liang & Cai, 2025). Accordingly, there is a growing need to examine whether Al-
generated designs can adequately address the complex, human-centered needs associated with
older adults’ daily lives.

This study takes the domestic dining environment as its research context and evaluates the
feasibility and effectiveness of Al-assisted design based on four principles: emotional comfort,
safety-assured independence, community connectivity, and ability-adaptive design.

Based on the above background, this study addresses the following research questions:
RQI1: How do Al-assisted design proposals differ in their performance across the four
age-friendly design principles?
RQ2: How do designers interpret and translate the four age-friendly design principles
into prompts?
RQ3: What limitations of Al-generated design outputs are identified by expert
evaluators?
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Literature Review
Age-Friendly Design Principles

With the rapid aging of the global population, the concept of age-friendly environments has
received increasing attention in both design research and public policy. Age-friendly design
aims to create environments that support older adults’ independence, safety, and well-being,
while responding to changes in their physical, cognitive, and social capacities (Jian et al.,
2025).

Within this context, the concept of aging in place emphasizes that older adults should be able
to continue living safely and comfortably in familiar residential environments, while
maintaining social relationships and a sense of identity. Accordingly, age-friendly
environments must address not only accessibility and safety, but also psychological comfort
and opportunities for social interaction.

Building on this perspective, a study on the residential environments of older adults living alone
in Thailand found that multiple environmental factors influence their psychological health and
quality of life, highlighting the need for residential design to address both physical and
psychosocial needs. The study further proposed four age-friendly design principles: emotional
comfort, safety-assured independence, community connectivity, and ability-adaptive design
(Kititarakul, 2025). Although this framework was developed in a Bangkok context, its four
dimensions align with widely used aging-in-place criteria and are applicable to comparable
urban Asian settings; limitations of this cross-context transfer are discussed in the Limitations
section.

Emotional comfort refers to environments that provide psychological ease, familiarity, and a
sense of security, helping to reduce loneliness and anxiety among older adults. Safety-assured
independence emphasizes minimizing environmental risks while supporting older adults’
autonomy and decision-making in daily life. Community connectivity focuses on whether a
space facilitates interaction with family members, neighbors, or the broader community,
thereby preventing social isolation. Ability-adaptive design refers to the flexibility of
environments to accommodate changes in older adults’ physical mobility or cognitive abilities.

These four principles provide an important conceptual framework for understanding how
residential environments influence the quality of life of older adults. In this study, they serve
as the core criteria for design evaluation, used to examine whether design outcomes generated
through collaboration between generative Al and professional designers can effectively
respond to the needs of the aging population.

Domestic Dining Environment and Aging

Among the various spaces within the home, the design of the dining area influences not only
physical comfort but also social interaction and emotional experience in the daily lives of older
adults. Eating is not merely a basic physiological necessity; it is also an important social and
communicative activity. Shared meals with family members often serve as key moments for
daily interaction and emotional bonding, while also helping to maintain a regular daily routine.
Typically located between the kitchen and the living room, the dining area frequently functions
as a central space for everyday family interaction (Sal Moslehian et al., 2023).
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Accordingly, the spatial circulation, furniture arrangement, and environmental conditions all
affect whether older adults can independently participate in dining activities (Wang et al., 2022).
In addition, factors such as table height, seating comfort, and lighting conditions play a critical
role in ensuring safety and ease of use during meals.

Within the field of age-friendly design, relatively limited attention has been given to domestic
dining environments, and even fewer studies have examined how generative Al tools might
support their design. Most existing studies have focused on healthcare facilities, long-term care
settings, or broader residential issues (Wang et al., 2022). In comparison, given the close
relationship between daily activities and spatial environments, investigating how domestic
dining spaces can support older adults’ independent living and social interaction holds
significant research value.

Generative Al in Design Practice

Generative Al is capable of rapidly producing visual concepts, spatial configurations, and
multiple design alternatives based on textual prompts or predefined parameters (Li et al., 2025).
Such technologies have been widely applied across fields including architecture, interior design,
and product design, particularly during the early stages of concept development and creative
exploration.

By enabling the rapid generation of diverse design possibilities, generative Al assists designers
in exploring different spatial configurations and design directions (Li et al., 2025). In most
contexts, Al does not replace designers; rather, it functions as a supportive tool that facilitates
creative development and iterative exploration throughout the design process (Wang et al.,
2025). Within this human—AlI collaborative framework, designers are still required to evaluate,
refine, and reinterpret Al-generated outcomes based on user needs and contextual conditions.

However, some studies have also identified limitations in Al-assisted design. While generative
Al can produce visually appealing outputs, it still faces challenges in understanding complex
human needs, social relationships, and cultural contexts (Liang & Cai, 2025). Image-generation
models in particular are known to reflect the distribution of their training data, which may
overrepresent Western residential aesthetics and underrepresent assistive devices, grab bars, or
wheelchair-accessible circulation. These limitations are particularly evident in age-friendly
design scenarios, where the needs of older adults involve multiple dimensions, including
emotional well-being, social interaction, and cultural background.

As the application of generative Al in design continues to expand, its collaborative role with
designers in age-friendly design contexts has begun to attract increasing attention. Whether Al-
generated design outcomes can adequately respond to established, human-defined age-friendly
design principles and align with actual user needs remains an open question. Therefore, this
study adopts emotional comfort, safety-assured independence, community connectivity, and
ability-adaptive design as key prompts to generate multiple design concepts, which are
subsequently evaluated by experts to examine the effectiveness of these four principles.

ISSN: 2432-4183 158



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Methodology
Research Design

This study adopts a mixed-methods approach, combining quantitative expert evaluation and
interviews to examine how the process of generative Al-assisted design translates four age-
friendly design principles into concrete spatial design solutions.

All participating designers and experts provided written informed consent prior to participation.
The research process consists of three main stages. First, interior designers were invited to use
generative Al tools to produce spatial design proposals based on the four age-friendly design
principles. Subsequently, experts in aging and design-related fields were invited to conduct
quantitative evaluations of the design proposals. Finally, semi-structured in-depth interviews
were conducted to collect experts’ assessments and perspectives on the design outcomes, in
order to further understand the potential and limitations of Al-assisted design.

By integrating quantitative evaluation and qualitative interview data, this study enables a
comprehensive analysis of Al-assisted collaborative design in age-friendly environments from
both outcome- and process-oriented perspectives.

Task Design

This study recruited 18 interior designers with professional backgrounds and practical
experience in spatial design to develop design proposals for domestic dining environments for
older adults living alone. The participants exhibited varied levels of professional experience,
with most having < 5 years of experience (n = 15) and the remainder having > 15 years (n = 3).
Participants were recruited through professional networks and academic referrals within the
fields of interior design and spatial design. The sample consisted of 6 male and 12 female
designers. In addition, prior experience with generative Al tools was documented, with 94.4%
of participants reporting previous use of generative Al in their design practice. The design task
aimed to examine how generative Al can assist designers in translating age-friendly design
principles into concrete spatial design concepts.

All designers were required to use the same generative Al tool, Google Gemini (Nano Banana
image generation model, accessed February 2026), to produce visual representations of indoor
dining spaces. Each designer generated 24 design images to ensure sufficient variation across
design proposals.

To ensure comparability among different design cases, standardized constraints were applied
to the design scenarios. All generated images were required to meet the following conditions:
the space type was a residential dining area; the cultural context was an urban Asian residential
environment; the target users were older adults aged 65 and above who live alone; and the
space was intended for daily meals and basic social interaction. All images were to be presented
in an interior perspective view.

During the generation process, designers were required to write prompts in Mandarin and
maintain a consistent design style throughout their outputs. In addition, designers were
encouraged to incorporate descriptive terms related to spatial atmosphere and emotional
experience in their prompts to enhance contextual expression.
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Designers were instructed to incorporate four age-friendly design principles into their prompts:
emotional comfort, safety-assured independence, community connectivity, and ability-
adaptive design. These principles served not only as key inputs in the design generation process
but also as the primary criteria for subsequent expert evaluation.

Across the 24 generated images, designers were able to explore a range of design variations,
including different levels of safety support, diverse dining interaction scenarios, varying
degrees of openness between kitchen and dining areas, and the adaptability of the space to
future assistive devices or changes in physical abilities.

Upon completion of the task, participants submitted the full set of prompts along with the
generated images. These materials served as the primary data for subsequent expert evaluation
and research analysis.

Expert Evaluation

Upon completion of the design task, all design proposals were evaluated by a panel of three
expert reviewers. The experts were adjunct instructors with professional backgrounds in
interior design and architecture, combining both academic and industry expertise. In addition
to their academic roles, all experts had substantial professional experience, with one having 6—
15 years of practice and the other two having over 15 years of experience. All experts were
also familiar with generative Al tools, ensuring their ability to critically evaluate Al-assisted
design outcomes.

Following the evaluation, the experts participated in in-depth interviews. Their involvement
ensured that the assessment incorporated both design expertise and perspectives on the needs
of older adults. The primary aim of the expert evaluation was to examine whether the spatial
design solutions generated through Al-assisted design effectively reflect established age-
friendly design principles.

The experts evaluated each design proposal based on four principles: emotional comfort,
safety-assured independence, community connectivity, and ability-adaptive design. A 7-point
Likert scale was employed (1 = very poor, 7 = very good) to assess the extent to which the Al-
generated designs responded to these age-friendly design principles.

To support construct validity and ensure consistency in evaluation, anchor descriptions were
provided for key points on the scale (scores of 1, 4, and 7). A score of 1 indicated that the
design failed to address the principle, 4 indicated a moderate or partial representation, and 7
indicated a strong and well-integrated representation of the principle within the spatial design.
Experts were instructed to evaluate each principle based on observable spatial features, such as
layout, furniture configuration, environmental qualities, and adaptability to user needs.

To minimize potential bias, the three experts conducted their evaluations independently and
were blinded to designer identity. To examine the consistency of ratings across the three experts,
pairwise Pearson correlations were calculated for each design principle, and the mean absolute
difference between experts was reported. The unit of analysis was the designer-level mean
across the 24 images each designer produced (n = 18).
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Expert Interviews

Following the completion of the expert evaluation, semi-structured interviews were conducted
with the same group of experts. Each interview lasted approximately 50 minutes and was
conducted either in person or via online video conferencing, depending on the availability of
the participants.

The purpose of these interviews was to gain deeper insights into the criteria underlying the
experts’ evaluations. The interview content focused on several aspects, including the design
factors considered during the rating process, the experts’ understanding of older adults’ spatial
needs, and their perspectives on the strengths and limitations of generative Al in the design
process. In addition, the interviews explored whether Al-generated design solutions can
adequately respond to the cultural and social contexts of older adults.

All interviews were conducted individually and were audio-recorded with informed consent
from the participants. The interview data provided qualitative insights to support the
interpretation of the quantitative results and to further understand how experts interpreted the
design proposals.

Data Analysis

This study analyzes two types of data: quantitative evaluation data from expert ratings and
qualitative data from in-depth interviews. These two datasets were first processed and analyzed
separately and are presented in the subsequent sections.

Given the modest sample size (n = 18 designers), the quantitative data were analyzed primarily
using descriptive statistics (means, standard deviations, minimum, and maximum) for each of
the four design principles. Inter-rater agreement among the three experts was examined using
Pearson correlation coefficients. Because the study is exploratory and the sample is small, no
inferential significance testing was conducted; observed differences across principles are
therefore described, not tested.

The qualitative data were derived from the in-depth interviews conducted after the expert
evaluation. The interview transcripts were reviewed and organized to identify key themes
regarding the experts’ observations of the design proposals and the Al-assisted design process.
The analysis focused on how experts assessed the extent to which the designs responded to the
needs of older adults, as well as the design considerations and limitations encountered when
using generative Al.

The findings from the qualitative analysis are presented alongside the quantitative results in the
Results section to provide a more comprehensive interpretation of the study outcomes.

Results
This study included 18 sets of Al-assisted design proposals for domestic dining environments,
which were evaluated by expert reviewers. All design proposals were generated based on the

four age-friendly design principles and were assessed by three experts with backgrounds in
gerontology and design.
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Descriptive Statistics

Table 1

Descriptive Statistics of Four Age-Friendly Design Principles
Principles Emotional Safety-assured Community Ability-adaptive

comfort independence connectivity design

Mean 591 5.19 5.46 431
Std. Deviation 0.30 0.54 0.29 0.54
Minimum 533 4.00 5.00 333
Maximum 6.33 6.00 6.00 533

Note. Scores are based on a 7-point Likert scale (1 = very poor, 7 = very good).

Consistency across the three experts was examined using pairwise Pearson correlations and
mean absolute differences. Across the four design principles, pairwise correlations ranged from
r =-0.49 to r = 0.55, and the mean absolute difference between any two experts was less than
1.5 points on the 7-point scale. These findings suggest modest consistency among experts in

this exploratory study, while also reflecting individual variation in how each principle was
interpreted.

Figure 1
Mean Expert Ratings of the Four Age-Friendly Design Principles
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Note. Error bars represent standard deviation.

Overall, the expert evaluation results indicate that the Al-assisted design proposals received
generally positive ratings across the four age-friendly design principles. Three of the principles
achieved mean scores above 5, suggesting that most design proposals demonstrated adequate
responsiveness to age-friendly design considerations.
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Among the four principles, emotional comfort received the highest mean score (M = 5.91, SD
= (0.30), followed by community connectivity (M = 5.46, SD = 0.29), and safety-assured
independence (M = 5.19, SD = 0.54). Ability-adaptive design received the lowest mean score
(M =4.31,SD = 0.54).

Comparison Across Design Principles

The descriptive statistical results indicate that there are notable differences in how the age-
friendly design principles are reflected in the Al-generated design proposals.

The high rating for emotional comfort suggests that many Al-generated designs successfully
create comfortable and visually appealing spatial atmospheres, for example, through the use of
lighting, materials, and overall spatial composition to evoke emotional resonance. This finding
indicates that generative Al demonstrates particular strengths in expressing visual ambiance
and spatial experience.

“I think emotional comfort is related to color, lighting, and even the tone of the images. Warmer
tones tend to make you feel more at ease.” (Expert 1)

Similarly, community connectivity also received relatively high ratings (M = 5.46, SD = (0.29),
suggesting that some design proposals effectively promote social interaction through features
such as open-plan kitchen—dining layouts, shared dining tables, and interactive spatial
configurations.

However, ability-adaptive design received the lowest mean rating among the four principles
(M =4.31, SD =0.54), suggesting that Al-generated designs were less consistent in addressing
the long-term needs of older adults. In particular, design strategies related to changes in
physical abilities, the use of assistive devices, or future spatial adaptability were not clearly
represented in some proposals.

“I think having a kitchen island takes up a lot of space. For older adults with reduced mobility,
they would have to walk around it, which makes the space less usable.” (Expert 2)

“Due to ergonomic considerations, some Japanese-style designs may feel comforting, but they
are not practical for older adults—the distances between tables and kitchen elements are not
suitable for users with limited mobility.” (Expert 3)

The difference in mean scores between emotional comfort and ability-adaptive design further
suggests that different age-friendly design principles may vary in their degree of translatability
within the Al-assisted design process.

Score Distribution and Design Variability

The distribution of ratings indicates that the degree of variation differs across the four design
principles.

The relatively small standard deviations for emotional comfort (SD = (0.30) and community
connectivity (SD = (.29) suggest a high level of agreement among experts in their evaluations
of these two principles. This implies that most Al-generated designs demonstrate a consistent
level of performance in terms of spatial atmosphere and interactive environments.
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In contrast, safety-assured independence (SD = (.54) and ability-adaptive design (SD = 0.54)
show greater variability, indicating that the extent to which these principles are reflected varies
more substantially across design proposals.

Notably, for ability-adaptive design, the scores range from 3.33 to 5.33, suggesting that while
some design proposals incorporate a certain degree of adaptive design considerations, others
exhibit limited inclusion of such strategies.

Discussion

This study employed expert evaluation and in-depth interviews to examine whether
collaboration between generative Al and designers can effectively address four age-friendly
design principles in domestic dining environments: emotional comfort, safety-assured
independence, community connectivity, and ability-adaptive design.

The findings indicate that, in terms of emotional comfort, Al-generated designs are more
capable of representing design elements related to spatial atmosphere. Such features can be
readily expressed through image generation, making it easier to produce concrete design
outcomes associated with emotional experience and environmental ambiance. This pattern is
consistent with the findings of (Chen et al., 2025), who report that current generative image
models excel at surface-level aesthetic qualities—Ilighting, material, color—while being
weaker on functional or constraint-driven features.

Regarding safety-assured independence, experts noted that Al-generated designs can offer
diverse spatial concepts, providing new perspectives for design exploration. However, their
practical application in real residential settings still requires careful consideration of factors
such as spatial dimensions, furniture configuration, and circulation within the living
environment.

In terms of community connectivity, older adults’ lifestyles and patterns of family interaction
often vary significantly, and these contextual factors are not always fully captured in Al-
generated designs. Therefore, the implementation of age-friendly design still requires the
integration of professional design expertise and an understanding of local living contexts.

As for ability-adaptive design, the needs of older adults often involve more complex usage
scenarios and long-term living requirements. These considerations are difficult to fully
represent through image generation alone, indicating that professional design input and
contextual analysis remain essential in the design translation process. One plausible
explanation is that Nano Banana’s training distribution overrepresents stylized residential
interiors and underrepresents assistive devices such as grab bars, anti-slip flooring, or
wheelchair-accessible circulation; this is consistent with (Liang & Cai, 2025) observation that
generative models often underrepresent accessibility features. Future work could test this
hypothesis by systematically comparing prompts with and without explicit assistive-device
vocabulary.

“While Al can certainly generate designs, the judgment required to interpret user needs still
needs to be carried out by designers at this stage.” (Expert 2)
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Limitations

First, the sample consists of 18 interior designers and three expert raters. While this is adequate
for an exploratory descriptive study, it limits the statistical power for comparative inference.
Accordingly, no inferential testing was conducted, and all cross-principle comparisons are
interpreted as descriptive.

Second, the four age-friendly design principles were originally derived from a study conducted
in Bangkok, Thailand (Kititarakul, 2025). Although these principles are conceptually
applicable to other urban Asian settings, their operationalization may vary across cultural
contexts. The present study does not explicitly examine such cross-cultural variation.

Third, the study employed a single generative Al tool (Google Gemini, Nano Banana image
generation model) accessed within a specific time frame. As generative models are
continuously updated, the exact outputs observed in this study may not be fully reproducible
in future versions.

Fourth, prompts were written in Mandarin Chinese, and the design outputs were evaluated
within the context of urban Asian residential environments. Therefore, the generalizability of
the findings to other languages, cultural contexts, or housing typologies remains limited.

Fifth, expert evaluation was based solely on visual image outputs and did not include physical
mock-ups, virtual reality walkthroughs, or feedback from end users (older adults). Future
research should incorporate older adults as evaluators to better capture user-centered
perspectives.

Conclusion

This study explored the application of collaboration between generative Al and designers in
the design of age-friendly domestic dining environments, and examined how age-friendly
design principles are translated within Al-assisted design processes. The findings indicate that
generative Al demonstrates significant potential in design exploration and the expression of
spatial atmosphere, enabling designers to efficiently generate diverse design concepts.
However, when addressing issues related to older adults’ long-term living needs and spatial
functionality, professional judgment from designers remains essential.

The results also highlight that, within the context of aging societies in Asia, cultural and
lifestyle factors play a critical role in shaping age-friendly spatial design. Overall, this study
provides preliminary empirical evidence that, in the specific context of domestic dining
environments, generative Al offers stronger support for emotional and social dimensions of
age-friendly design than for ability-adaptive considerations. Building on this finding, future
work should (a) extend the sample to include end users themselves, (b) test whether explicit
assistive-device prompt vocabulary narrows the observed gap, and (c) examine cross-cultural
variation across urban Asian contexts.
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Abstract

This study conducts a narrative review grounded in a life-course perspective to examine how
Taiwan and Japan structure divergent policy pathways for older adults' re-employment.
Drawing on legislative documents, government reports, and academic literature, the review
analyzes how institutional arrangements shape late-career transitions across the life span.
Japan's mandate-driven system produces a highly standardized pathway. The legally required
extension of employment to age 70 establishes a universal transition at age 60, yet it often
results in a noticeable “salary cliff” and occupational downgrading. These mechanisms
reorganize late-life work trajectories in ways that limit individual agency. In contrast, Taiwan's
incentive-based model generates a fragmented and stratified pathway. Re-employment
opportunities largely depend on individual's accumulated human and economic capital,
allowing high-skilled older workers to continue with greater flexibility, while low-skilled
workers face more precarious exits. This pattern reinforces cumulative disadvantages over the
life course. Overall, despite their contrasting institutional logics—state-directed in Japan and
market-oriented in Taiwan—both models reflect a tension between regulation and limited
support. A life-course perspective highlights how current policies do not fully enable self-
determined and dignified late-life work trajectories. Future policy development should move
beyond narrow labor-utilitarian objectives to promote meaningful and equitable pathways for
older adults.

Keywords: social investment, life-course perspective, older adult re-employment, policy
comparison
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Introduction

Population aging presents profound challenges to labor supply, pension sustainability, and
social welfare systems in East Asia. Japan has entered the “super-aged” stage with over 29%
of its population aged 65 and above, while Taiwan is projected to reach this threshold by 2025
(Ministry of Health and Welfare, Taiwan, 2022; Shen, 2024). These demographic shifts have
prompted both countries to seek policy responses to address labor shortages and pension
financial pressures.

In response, both countries have shifted from viewing older adults as welfare dependents to
recognizing them as valuable human resources. This shift aligns with the rise of the social
investment paradigm, which advocates for social policies that move from post-hoc
compensation to proactive capability building, aiming to enhance citizens' employability and
economic self-sufficiency (Hemerijck, 2011; Wu, 2020). Applying social investment logic to
aging societies has generated policies centered on “productive aging” aimed at extending
working lives and activating older human resources (Tung, 2024).

Despite facing similar demographic pressures, Taiwan and Japan have developed markedly
different institutional logics for promoting older adult re-employment. Japan has established a
mandate-driven system centered on the Act on Stabilization of Employment of Elderly Persons,
legally requiring firms to secure employment for employees up to age 70. Taiwan, by contrast,
has adopted an incentive-based model under the Middle-Aged and Older Persons Employment
Promotion Act, using subsidies and job redesign grants to encourage voluntary firm
participation (Ho & Wang, 2024; Ma & Yu, 2024).

Existing research has largely evaluated these policies through the lens of labor participation
rates or economic efficiency. However, this paper argues that such assessments are insufficient.
Drawing on Kvist's (2016) life-course framework, this study contends that an individual's
capacity for dignified re-employment in later life is shaped by their educational, occupational,
and family trajectories. Policies that ignore this continuity may inadvertently reinforce existing
inequalities (Anxo et al., 2010).

Therefore, this narrative review addresses three research questions: (1) How do social
investment principles shape the policy goals and instruments in Taiwan and Japan? (2) What
are the distributive consequences of these “mandate-driven” and “incentive-based” models? (3)
How can a life-course perspective inform future policy design?

Theoretical Framework: Social Investment and Life-Course Perspectives

The social investment perspective emerged in the 1990s as a response to the limitations of both
Keynesian welfare expansion and neoliberal retrenchment. Hemerijck (2011) characterizes it
as an evolving paradigm that emphasizes “preparation” over “repair,” viewing social
expenditures as investments in human capital that yield long-term returns. Applied to aging
societies, this logic reframes older adults as assets with productive potential, justifying policies
that extend working lives.

Kvist (2016) advanced this framework by integrating a life-course perspective, arguing that
effective social investment must transcend fragmented, stage-specific interventions. He
identifies three critical life stages—early, mid, and late—and emphasizes that policy
investments must be continuous and cumulative across these stages. Late-life employability,
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from this perspective, reflects the long-term interplay of education, occupational history,
family roles, and health capital (Anxo et al., 2010).

Figure 1

Kvist's Life-Course Social Investment Framework
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This framework provides the analytical lens for this study, enabling an examination of how
Taiwan's and Japan's re-employment policies interact with individuals' differentiated life
trajectories.

Japan's Mandate-Driven System: Standardization With Stratification

Japan's approach to older adult re-employment is built upon state intervention and legal
mandates. The Act on Stabilization of Employment of Elderly Persons requires firms to choose
among three options: raising the retirement age, abolishing the retirement system, or
introducing a continued employment system. Through successive legal revisions, Japan has
developed a highly standardized older worker trajectory centered on age 60 as a critical
transition point (Jiang, 2023).

This mandate-driven system can be understood as an extension of Japan's traditional “lifetime
employment” regime. However, this regime historically covered only about 20% of the labor
force, predominantly male employees in large corporations (Ono, 2010). Under seniority-based
wage structures, older workers command high personnel costs. In response to legal
requirements, most firms implement “re-employment systems” that retain workers past
retirement but with significant adjustments to position and compensation (Nichol et al., 2022).

Empirical research reveals the consequences of this approach. Over 80% of companies set the

retirement age at 60 and rehire workers through re-employment mechanisms, with
approximately 60% of rehired workers transitioning to non-regular positions with substantially
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reduced wages. About 55.4% of men aged 60—64 face wage reductions upon re-employment,
with over half experiencing cuts exceeding 40% (Jiang, 2023). Kodama (2015) found that
approximately 34.8% of rehired workers receive wages only 60—70% of their pre-retirement
levels.

Japan's employment policies have undergone multiple revisions. The 2006 amendment first
imposed the three-choice obligation on firms but retained employer discretion in selecting
workers. The 2013 amendment further eliminated this selection mechanism, requiring
unconditional continued employment until age 65 while allowing transfers to subsidiaries or
affiliated companies (Jiang, 2023). Li (2021) notes that workers aged 60 and above in Japan
work an average of 4.5 days per month with monthly wages of 189,000 yen, while those aged
65 and above work 3.9 days with wages of 168,000 yen.

Research by Yoonseock (2015) indicates that whether older adults can maintain the same
occupation after retirement critically determines their wages. Wels and Takami's (2021)
longitudinal research reveals that the transition from regular to non-standard employment
significantly damages mental health due to wage cuts, status demotion, and job insecurity.
Minami et al. (2016) studied Tokyo's employment support center and found that its clients were
predominantly older adults with lower education and income seeking employment due to
economic necessity.

From a life-course perspective, Japan's mandate-driven system produces a paradoxical
outcome. While successfully maintaining high labor participation rates, it operates through
mechanisms that may limit individual agency and restructure late-life work trajectories in ways
that diminish job quality. The system emphasizes continued utilization of existing human
capital rather than investment in new capabilities during late career (Debroux, 2016).

Taiwan’s Incentive-Based System: Flexibility With Fragmentation

In contrast to Japan, Taiwan has developed an incentive-based model characterized by market-
oriented governance. The Middle-Aged and Older Persons Employment Promotion Act,
enacted in 2020, provides employment subsidies, job redesign grants, vocational training, and
employment matching services. The core logic is to encourage voluntary firm participation
through financial incentives (Ho & Wang, 2024; Ma & Yu, 2024).

In response to population aging, Taiwan introduced the “55Plus Employment Promotion
Measures” in 2024 and amended the Labor Standards Act to explicitly allow labor-
management negotiation to extend the mandatory retirement age (Chung, 2025). Ho and Wang
(2024) note that the Act encompasses six dimensions: prohibiting age discrimination,
stabilizing current employment, promoting re-employment for the unemployed, supporting
post-retirement re-employment, silver talent services, and employment opportunity
development.

Taiwan's approach can be characterized as a “selective social investment” model. Research
indicates that policy benefits tend to accrue to those with existing learning capacity and
resources. Lee and Wang (2025) found that successfully reemployed middle-aged and older
adults actively utilize government-provided vocational training and informal learning to
enhance their competitiveness. Those lacking such capacities are more likely to be excluded
from policy benefits.
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The distributive consequences of this model are significant. According to Taiwan's Ministry of
Labor (2023), among approximately 5 million middle-aged and older employed persons, 69%
are concentrated in low-skilled occupations, while only 31% hold high-skilled positions.
Gender disparities are evident, with men predominantly working as production operators and
laborers, while women are concentrated in service and sales roles. Furthermore, 76.8% of
workers in agriculture, forestry, and fishing are middle-aged or older.

Taiwan's labor participation rates for older adults lag significantly behind Japan's—only 9.2%
for those aged 65 and above compared to Japan's 25.6% (Ministry of Labor, 2023). This gap
reflects multiple factors: relatively sufficient wealth accumulation enabling early retirement,
persistent age discrimination, and the relatively recent implementation of active aging policies
(Tung, 2024). Even after legislation, limited awareness of policies among firms and workers
undermines effectiveness (Ma & Yu, 2024).

;rn“:?:;altional Comparison of Labor Force Participation Rates by Age Group (2021, %)
Age Group Taiwan South Korea Singapore Japan United States
45-49 84.4 79.9 88.3 88.5 82.2
50-54 75.4 79.3 84.8 87.5 79.2
55-59 58.9 74.8 77.7 84.2 72.2
6064 38.6 62.2 65.9 73.8 57.0
65+ 9.2 36.2 32.9 25.6 18.9

Note. Adapted from “Labor Statistics for Middle-Aged and Older Adults (45+) 2021,” by Ministry of Labor,
Taiwan, 2021.

From a life-course perspective, Taiwan's market-oriented model generates a fragmented
pathway where re-employment opportunities largely depend on individuals' accumulated
capital. High-skilled workers can continue with greater flexibility, while low-skilled workers
face more precarious exits, potentially reinforcing cumulative disadvantages (Lee & Wang,
2025).

Comparative Analysis

The comparison between Taiwan and Japan reveals that despite contrasting institutional
logics—state-directed versus market-oriented—both models reflect a fundamental tension
between regulation and limited support. Japan's mandate-driven system achieves high
participation rates but may compromise job quality and worker agency. The “salary cliff” and
occupational downgrading that accompany continued employment reorganize late-life
trajectories in ways that may undermine work dignity (Jiang, 2023).

Taiwan's incentive-based system preserves flexibility but distributes opportunities unevenly,
favoring those with greater advantages. This selective activation risks transforming social
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investment into a system that rewards those already endowed with human capital while leaving
behind those with fragmented careers or limited skills (Ho & Wang, 2024).

Both models, in their current forms, lean toward the “extraction” of existing human capital
rather than the “construction” of new capabilities for later life. As Bonoli (2011) notes, active
labor market policies often tend to move low-skilled workers quickly into low-paid positions
rather than investing in deep skills retraining, challenging the empowering ideals of social
investment.

Conclusion

This narrative review has examined Taiwan's and Japan's older adult re-employment policies
through the integrated lens of social investment theory and life-course perspective. The analysis
reveals that despite divergent institutional logics, both approaches exhibit similar limitations
in prioritizing labor force participation over the quality and dignity of late-life work.

A life-course perspective illuminates why current policies may fall short. Late-life
employability reflects decades of accumulated advantages and disadvantages shaped by
education, occupation, gender, and family responsibilities (Anxo et al., 2010). Policies that
focus solely on creating opportunities at the end of the life course, without addressing
cumulative deficits, may produce unequal outcomes.

The theoretical implications suggest that social investment policies for older adults must be
reconceptualized around the recognition that inadequate investment in early and mid-life stages
may amplify disadvantages in later life. For policy development, this analysis suggests moving
beyond a binary choice between “mandate” and “incentive” toward frameworks that combine
state guarantees with market mechanisms while prioritizing capability building.

Ultimately, enabling dignified late-life work trajectories requires moving beyond narrow labor-
utilitarian objectives to embrace a broader vision of social investment—one that treats older
adults not as instruments for sustaining economic systems, but as citizens entitled to
meaningful and equitable pathways through later life.

Declaration of Generative Al and Al-Assisted Technologies in the Writing Process

The author declares that Al-assisted technologies were used in the preparation of this
manuscript. Specifically, the author utilized a large language model (Claude, developed by
Anthropic) to assist with language refinement, proofreading, and suggesting improvements to
sentence structure and clarity. The Al tool was used under the author's continuous supervision
and direction. All intellectual contributions, including the research conceptualization,
theoretical framework development, literature collection and analysis, policy comparisons,
critical arguments, and final conclusions, are the author's own work. The author takes full
responsibility for the originality, accuracy, and integrity of the entire manuscript.

ISSN: 2432-4183 174



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

References

Anxo, D., Bosch, G., & Rubery, J. (2010). Shaping the life course: A European perspective.
In The Welfare State and Life Transitions. Edward Elgar Publishing.

Bonoli, G. (2011). Active labour market policy and social investment: A changing
relationship. In Towards a social investment welfare state? (pp. 181-204). Policy Press.

Chung, W.-H. (2025). Middle-aged and older adults re-starting: Enterprise management
practices for older workers. Taiwan Labor Quarterly, 81, 24-33.

Debroux, P. (2016). Elderly workers in Japan: The need for a new deal. Management Revue,
27(1-2), 82-96.

Hemerijck, A. (2011). Two or three waves of welfare state transformation? In Towards a
social investment welfare state? (pp. 33—60). Policy Press.

Ho, H.-Y., & Wang, A.-H. (2024). A study on post-retirement re-employment promotion
systems for middle-aged and older adults in Taiwan. Journal of Labor Studies, 26(1),
31-58.

Jiang, M. (2023). Do employment promotion policies affect employment or job transfer
among older adults? Evidence from Japan. Ageing & Society, 43(5), 1022—-1041.

Kodama, T. (2015). Elderly employment in Japan. Daiwa Institute of Research, 2015, 1-18.

Kvist, J. (2016). A framework for social investment strategies: Integrating generational, life
course and gender perspectives in the EU social investment strategy. In The Sovereign
Debt Crisis, the EU and Welfare State Reform (pp. 43—67). Palgrave Macmillan.

Lee, Y. H., & Wang, Y. F. (2025). Successful reemployment of middle-aged and older adults
in Taiwan: A basis of lifelong learning experiences. Australian Journal of Adult
Learning, 65(1).

Li, Y.-T. (2021). A study on the current situation and development of older adult employment
in Japan. East Asia Review, 514,27-41.

Ma, T.-C., & Yu, P.-Y. (2024). Exploring domestic legal frameworks and policies for
middle-aged and older adult employment. Community Development Journal, 187, 27—
42,

Minami, U., Suzuki, H., Kuraoka, M., Koike, T., Kobayashi, E., & Fujiwara, Y. (2016).
Older adults looking for a job through employment support system in Tokyo. PLoS One,
11(7), e0159713.

Ministry of Health and Welfare, Taiwan. (2022). Strategies for responding to a super-aged
society (2023-2026).

Ministry of Labor, Taiwan. (2021). *Labor statistics for middle-aged and older adults (45+).

ISSN: 2432-4183 175



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Nichol, M., Shioji, E., & Ryan, T. (2022). The regulation of aged workers: Lessons from
Japan. Zeitschrift fiir Japanisches Recht, 27(54), 121-153.

Ono, H. (2010). Lifetime employment in Japan: Concepts and measurements. Journal of the
Japanese and International Economies, 24(1), 1-27.

Shen, Y.-C. (2024). Issues and measures in older adult employment in Japan. Community
Development Journal, 187.

Tung, A.-C. (2024). Is individual longevity a blessing and population aging a crisis?
Macroeconomic reflections on Taiwan entering a super-aged society. Taiwan Economic
Forecast and Policy, 55(1), 181-218.

Wels, J., & Takami, T. (2021). The impact of transitioning to non-standard employment on
older workers' self-reported and mental health in Japan. Ageing International, 46(4),
363-382.

Wu, M.-J. (2020). A new dawn for welfare policy reform? A review of social investment
concepts and practices. Community Development Journal, 170, 21-32.

Yoonseock, L. (2015). Flexicure employment of older people in super-aged societies.

Transylvanian Review of Administrative Sciences, 11(44), 144-160.

Contact email: s114103506(@maill.ncnu.edu.tw

ISSN: 2432-4183 176



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Community Dance for Active Aging: A Narrative Review on Psychological
Well-being of Older Adults

Chengwei Hsieh, National Chi Nan University, Taiwan
Shihting Lai, National Taiwan University of Sport, Taiwan

The Asian Conference on Aging & Gerontology 2026
Official Conference Proceedings

Abstract

The global trend of population aging underscores the need for effective strategies to promote
psychological well-being in older adults. In Taiwan, community dance programs have been
widely adopted to foster active aging. This narrative review synthesizes evidence on their
impact, utilizing a structured and feasible methodology. Literature was systematically sourced
from Taiwanese master's and doctoral thesis repositories, Google Scholar, and the Airiti
Library (2000-2025), using keywords including “community dance,” “older adults,” and
“active aging.” Studies were included if they involved community-dwelling adults aged 65+
participating in local programs, while reviews and non-Taiwanese studies were excluded.
Evidence was categorized according to the active aging framework—health, participation,
security—and examined across qualitative, quantitative, and mixed-methods designs. The
synthesis indicates that community dance participation is associated with improved mood,
reduced loneliness, strengthened social connections, and enhanced cognitive function and self-
efficacy. These outcomes align closely with active aging principles. The review concludes that
community dance represents a promising, low-cost, and accessible public health intervention.
By offering contextualized evidence, it informs policymakers, social workers, and activity
coordinators in designing effective community-based programs that support holistic well-being
and social integration in later life.

Keywords: community dance, active aging, psychological well-being, older adults, narrative
review
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Introduction

The rapid aging of populations worldwide has intensified the search for accessible, community-
based interventions that support not only physical health but also psychological well-being in
later life. Taiwan became an “aged society” in 2018 and is projected to become a “super-aged
society” by 2025 (Ministry of Health and Welfare, Social and Family Affairs Administration,
2022). In response, the government has promoted active aging through policies such as the
Active Aging Learning Centers, which provide local, low-threshold opportunities for older
adults to engage in lifelong learning and social participation (Li & Wei, 2019).

Among the various programs offered, community dance has emerged as a particularly popular
and sustainable form of physical and social activity. Unlike high-intensity sports, dance is
adaptable to different functional levels and offers intrinsic motivational elements such as music,
rhythm, and social interaction (Chang & Chen, 2014). Research suggests that dance can
simultaneously address multiple dimensions of well-being: physical function, emotional
regulation, cognitive stimulation, and social connectedness (Lee et al., 2012; Lin & Hua, 2010).

This paper presents a narrative review of the impact of community dance on the psychological
well-being of older adults in Taiwan. It is grounded in the World Health Organization’s Active
Aging Framework (WHO, 2002), which identifies health, participation, and security as three
pillars of quality of life in old age. The review aims to synthesize existing evidence, identify
key psychosocial outcomes, and discuss implications for policy and practice.

Literature Review
Theoretical Framework: Active Aging

The concept of active aging was formally defined by the World Health Organization (2002) as
“the process of optimizing opportunities for health, participation and security in order to
enhance quality of life as people age.” This framework emphasizes that older adults should
remain active contributors to society, not only through physical activity but also through social,
cultural, and civic engagement (Ferndndez-Ballesteros et al., 2013).

Fernandez-Ballesteros et al. (2013) further elaborated that active aging is an umbrella concept
encompassing multiple dimensions: low disease and disability, good physical and cognitive
function, positive affect and coping, and active life engagement. Importantly, they note that
aging is not genetically predetermined—up to 75% of aging outcomes are influenced by
environmental and behavioral factors, positioning older adults as active agents in their own
aging process.

Dogra et al. (2022) extended this perspective by introducing a 24-hour behavioral framework,
emphasizing the interplay of sleep, sedentary behavior, light physical activity, and moderate-
to-vigorous activity. Their review identified five key health outcomes influenced by physical
activity: physical function, cognitive function, mental health, social health, and sleep. These
domains provide a useful lens for evaluating the multifaceted benefits of community dance.

Community Dance and Psychological Well-being

Empirical studies in Taiwan have consistently demonstrated the psychological benefits of
community dance participation. Lin and Hua (2010), in a large-scale survey of 1,728
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community college dance participants, found that dance contributed to six types of leisure
benefits: social, relaxation, physiological, psychological, aesthetic, and educational. Older
participants reported particularly high levels of social benefit, suggesting that dance helps
expand social networks that may otherwise shrink with age.

Lee et al. (2012) investigated music and dance activities among 387 older adults in northern
Taiwan and found that psychological benefit significantly predicted happiness (path coefficient
= 0.48), and in turn, psychological benefit positively influenced physical activity capacity (path
coefficient = 0.79). These findings highlight the reciprocal relationship between mental and
physical well-being in dance participation.

Caprara et al. (2013), in their evaluation of the Vital Aging Program, demonstrated that multi-
component interventions targeting health behaviors, cognition, positive affect, and social
participation produced significant improvements in physical activity, dietary habits, memory,
emotional balance, and social engagement. Importantly, community-dwelling participants
showed greater gains than institutionalized peers, underscoring the role of environmental
autonomy.

Social Support and Participation

Social support is a critical mediator of psychological well-being in later life. Chen (2017), in a
study of 675 older learners in central Taiwan, found that participants reported high levels
of emotional, informational, and instrumental support from their learning environments.
Emotional support—feeling cared for and respected—was the most strongly perceived
dimension. Chen emphasized that social support buffers stress and enhances life satisfaction,
and recommended that programs encourage peer interaction and the formation of self-
organized learning groups.

Hsu et al. (2019) examined social determinants of active aging in Taiwan and found significant
gender and educational disparities: women were more engaged in volunteerism and social
groups, while men had higher employment and physical activity rates. Rural older adults
reported better mental health and social integration than their urban counterparts, possibly due
to stronger community bonds. These findings suggest that community dance programs must be
sensitive to participants’ diverse backgrounds.

Physical Function as a Foundation for Psychological Well-being

Physical function is closely linked to psychological outcomes. Lin et al. (2016) found that only
26.5% of older Taiwanese adults met criteria for successful aging, defined as independence in
daily activities, normal cognition, absence of depressive symptoms, and good social function.
Cardiorespiratory endurance, muscle strength, and balance were significantly associated with
successful aging. Regular exercise—at least twice weekly for 20 minutes—was a key
protective factor.

Ma et al. (2017) implemented a 12-week fitness program in community care centers and found
significant improvements in self-rated health, balance, lower limb strength, and agility.
Participants also reported enhanced mood and reduced anxiety. These findings support the use
of community-based physical activity programs to promote both physical and mental health.
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Aging Attitudes and Mental Health

Attitudes toward aging play a crucial role in psychological well-being. Hsu et al. (2021) found
that positive aging attitudes were significantly correlated with better mental health and vitality
(B = .39 and .42, respectively). Older adults who accepted their aging process and maintained
a sense of self-worth reported higher psychological well-being. The study recommended that
community programs foster positive aging perceptions through engaging, empowering
activities such as dance.

Chiu et al. (2024) investigated learning needs for exercise and health programs among middle-
aged and older adults. They found that proactive coping behaviors—such as maintaining
regular exercise to sustain health—predicted interest in exercise courses. Positive aging
attitudes were moderately correlated with proactive coping (r = .50), suggesting a virtuous
cycle that community dance can reinforce.

Barriers and Motivations

Understanding barriers to participation is essential for program design. Chang and Chen (2014)
identified personal, interpersonal, and structural barriers to dance participation among older
adults. Personal barriers—such as lack of confidence or perceived inability—were the most
significant. Married participants faced more structural barriers due to family responsibilities,
while unmarried, widowed, or divorced participants reported higher social benefits from dance,
suggesting that dance can serve as a vital source of social connection for those with weaker
family ties.

Kuo and Huang (2011) found that motivations for participating in leisure exercise programs
included health, social, and achievement needs, all of which were positively correlated with
course satisfaction. Participants with lower education levels reported greater psychological
gains, highlighting the inclusive potential of community dance.

Community Infrastructure and Policy Support

Lu et al. (2020) developed a group intervention based on the WHO active aging framework
and implemented it in two communities in New Taipei City. After 12 weeks, participants
showed significant improvements in health, participation, and security behaviors. The study
emphasized the importance of group dynamics, role modeling, and individualized support for
participants with low literacy or motivation.

Wang and Lee (2016) documented the development of an active aging exercise program in
Chiayi City, which included volunteer training, functional fitness assessment, and community-
based group exercise. They highlighted the potential of “older adults caring for older adults”
as a sustainable model, and recommended intergenerational learning to enhance social
cohesion and psychological well-being.

Chen et al. (2025) conducted a prospective study in C-level community care centers and found
that health promotion activities—including music-based exercise and group activities—
significantly improved muscle mass and maintained bone density. Music-based exercise, in
particular, enhanced cognitive function through rhythm repetition and movement memory.

ISSN: 2432-4183 180



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Methodology

This study adopts a narrative review approach, which is appropriate for synthesizing diverse
evidence from multiple disciplines and study designs (Green et al., 2006). The methodology
follows the steps outlined below:

Search Strategy

Literature was searched from 2000 to 2025 using the following databases:
e Taiwanese master’s and doctoral thesis repositories
e Google Scholar
e Airiti Library
e International databases for key theoretical papers (e.g., WHO, Dogra et al., Caprara et
al.)

Keywords included combinations of: community dance, older adults, active aging,
psychological well-being, social participation, cognitive function, self-efficacy, Taiwan.

Inclusion and Exclusion Criteria

Inclusion criteria:
e Studies involving community-dwelling adults aged 65+
e Studies examining community-based dance or movement programs
e Studies reporting psychological or social outcomes
e Taiwanese studies prioritized for contextual relevance

Exclusion criteria:
e Review articles (used only for background)
e Studies conducted in institutional settings
e Non-Taiwanese studies (except for theoretical frameworks)

Data Extraction and Synthesis
Extracted data included: author(s), year, setting, sample characteristics, intervention type,
outcomes measured, and key findings. Evidence was categorized according to the WHO active
aging framework (health, participation, security) and further organized by study design
(qualitative, quantitative, mixed-methods).

Results
Study Selection
A total of 21 studies were included in this review: 4 theoretical papers, 7 quantitative studies,

4 qualitative studies, and 6 mixed-methods studies. All empirical studies were conducted in
Taiwan between 2009 and 2025.
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Psychological Outcomes of Community Dance
Emotional Well-being

Multiple studies reported improvements in mood, stress reduction, and emotional balance. Lee
et al. (2012) found that music and dance participation significantly predicted happiness through
psychological benefit. Lin and Hua (2010) reported that participants agreed dance helped them
“forget worries” and “recover energy.” Caprara et al. (2013) documented increases in positive
affect and decreases in negative affect following the Vital Aging Program.

Social Connectedness

Social benefits were consistently reported across studies. Lin and Hua (2010) found that older
participants valued the social dimension of dance most highly. Chang & Chen (2014) noted
that unmarried, widowed, or divorced participants experienced greater social benefits from
dance, suggesting it compensates for lack of family support. Chen (2017) emphasized that
learning environments provide emotional support, which is critical for mental health.

Cognitive Function

Several studies pointed to cognitive benefits. Lin et al. (2016) linked physical fitness to
cognitive function in successful aging. Chen et al. (2025) highlighted that music-based exercise
enhances memory through rhythm and repetition. Caprara et al. (2013) found that participants
in the Vital Aging Program reported improved self-rated memory and more frequent use of
memory strategies.

Self-Efficacy and Personal Growth

Dance participation fosters a sense of achievement and self-worth. Yu (2013) documented that
community dancers experienced “psychological satisfaction” and “a sense of accomplishment
that money cannot replace.” Chang and Chen (2014) identified “learning and self-actualization”
as a distinct benefit dimension. Participants with lower education levels reported greater
psychological gains, underscoring the inclusive nature of dance.

Alignment With Active Aging Framework

The reviewed evidence aligns well with the three pillars of active aging:
e Health: Improved physical function, reduced stress, better sleep (Chen et al., 2025; Lee
etal., 2012; Ma et al., 2017)
e Participation: Increased social interaction, group cohesion, community engagement
(Chen, 2017; Lin & Hua, 2010; Lu et al., 2020)
e Security: Enhanced self-efficacy, emotional support, reduced loneliness (Chang &
Chen, 2014; Hsu et al., 2021)

Discussion
This narrative review confirms that community dance is a viable, low-cost, and culturally
appropriate intervention for promoting psychological well-being among older adults in Taiwan.

The findings resonate with international frameworks (Dogra et al., 2022; Fernandez-
Ballesteros et al., 2013; WHO, 2002) and are strongly supported by local empirical research.
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Theoretical Implications

The study reinforces the multidimensional nature of active aging. Dance is not merely physical
exercise; it is a vehicle for emotional expression, cognitive stimulation, and social bonding. As
Fernandez-Ballesteros et al. (2013) argued, aging is shaped by environment and behavior—
community dance offers an enriched environment that activates multiple psychological
resources.

The findings also support the 24-hour behavior framework proposed by Dogra et al. (2022).
Dance reduces sedentary time, promotes light-to-moderate activity, and enhances sleep
quality—all of which contribute to mental health.

Practical Implications

For practitioners, the following recommendations emerge:

e Design for inclusivity: Programs should accommodate varying functional levels,
educational backgrounds, and family situations.

e Foster social support: Create opportunities for peer interaction, group cohesion, and
emotional bonding.

e Integrate cognitive elements: Use music, rhythm, and choreography to stimulate
memory and learning.

e Empower participants: Encourage self-organized groups and peer leadership to sustain
engagement.

e Leverage community infrastructure: Utilize Active Aging Learning Centers,
community care stations, and local volunteers to enhance accessibility.

Policy Implications

At the policy level, the findings support continued investment in community-based active aging
programs. Hsu et al. (2019) highlighted disparities in active aging opportunities by gender,
education, and urban-rural residence. Community dance programs can help bridge these gaps
if designed with equity in mind. Policies should also support training for older adult volunteers
to lead programs, fostering a sustainable “older caring for older” model (Wang & Lee, 2016).

Limitations

This review has several limitations. As a narrative review, it does not quantify effect sizes or
test for publication bias. Most included studies are cross-sectional or quasi-experimental,
limiting causal inference. The focus on Taiwan, while contextually valuable, may limit
generalizability to other cultural settings.

Future Research

Future studies should:

e Employ longitudinal or experimental designs to establish causality
Use standardized measures of psychological well-being
Examine dose-response relationships (frequency, duration, intensity)
Explore mechanisms linking dance to psychological outcomes
Compare different dance forms and instructional approaches
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e Investigate the role of digital tools in sustaining engagement

Conclusion

Community dance is a powerful, culturally resonant intervention that promotes psychological
well-being in older adults. Grounded in the WHO Active Aging Framework and supported by
a growing body of Taiwanese research, dance programs enhance emotional health, social
connectedness, cognitive function, and self-efficacy. By integrating health, participation, and
security, community dance contributes to holistic aging and quality of life. Policymakers,
community organizers, and health professionals should prioritize and support such programs
as part of a comprehensive strategy for active aging.
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Abstract

Come! Let’s Chat (CLC) game was designed for conducting reminiscence activity with older
adults. Certified CLC facilitators administer a set of pictures of local scenarios, many of which
depict the past, to evoke older adults’ memories and engage in meaningful conversations.
Launched recently in Singapore, and now used in Hong Kong and Taiwan, CLC will soon be
introduced in China, Indonesia, and India. It is timely then, to examine usable research
protocols to improve the CLC by building on its strengths and addressing its weaknesses. This
paper presents one such effort. In 2025, collaborative action research was conducted on the
original Singapore version of CLC. Six certified CLC facilitators served as co-researchers
across two iterative action-research cycles. In Cycle 1, they conducted sessions with the
original game, and data from interviews and document review informed several refinements
which were then piloted and evaluated in Cycle 2. Thematic analysis culminated in
recommendations for the revision of CLC version 1. Grounded in this research, we share
insights about the scope for periodic collaborative action research to be an integrated part of
programmes such as the CLC. The CLCs multi-agency collaboration—including trained
facilitators at active-ageing centres, gerontologists in academia, and the corporate funder—is a
common feature of similar programmes for older adults. Hence, we examine the potential
transferability of our takeaways from this research project to other programmes for healthy
ageing.

Keywords: reminiscence facilitation, collaborative action research, reminiscence-based tool,
intergenerational relationships, older adults
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Introduction

Singapore is among the most rapidly ageing countries globally. According to the United
Nations, a nation is classified as “ageing” when at least 7% of its population is aged 65 and
above, “aged” at 14%, and “super-aged” at 21%. Singapore has reached “aged” status and is
transitioning into “super aged” in 2026. By 2030, it is projected that one in four citizens will
be aged 65 and above (Ministry of Health, n.d.).

Against this backdrop, the Come! Let’s Chat (CLC) game was developed in Singapore as a
structured reminiscence intervention using visual prompts grounded in local and historical
contexts. Alongside with the game, a Reminiscence Facilitation Training (RFT) programme
was introduced to equip facilitators with skills required to guide reminiscence sessions
effectively. Since its launch in 2023, the programme has grown significantly, with over 200
facilitators trained in Singapore and additional facilitators in Taiwan and Hong Kong. Plans are
underway to introduce the programme elsewhere in China, as well as in Indonesia and India.

Despite its promising reach, there were questions such as whether the game was inclusive
enough given the cultural diversity in Singapore. There had been no published research
examining its implementation in practice. Most importantly, facilitators’ insights remained
underexplored, even though they played a key role in delivering the intervention. Without a
deeper understanding of their experiences and challenges, the game may not fully realise its
potential to foster meaningful intergenerational reminiscence.

This study therefore sought to improve the design and delivery of the CLC game, generate
evidence-based recommendations for facilitation and training, and contribute to the limited
body of research on intergenerational, game-based reminiscence interventions. The research is
guided by five key questions focusing on the enhancement of the game’s design, the
improvement of the pre-session preparation, the competencies required for effective facilitation,
the identification of suitable participant profiles, and the improvement of post-session
evaluation processes.

Methodology

This study adopted a collaborative action research (CAR) approach, a participatory
methodology that emphasises iterative cycles of planning, action, observation and reflection to
address real-world challenges (Adelman, 1993). CAR was particularly appropriate for this
study as it focused on practice-based improvement and allowed for the active involvement of
reminiscence facilitators in the research process. By positioning facilitators as co-researchers,
the study ensured that the insights generated were grounded in real implementation contexts
rather than conceptual evaluation (Bleicher, 2014; Mitchell et. al., 2009).

Participants were recruited through criterion-based purposive sampling. The study involved six
certified reminiscence facilitators who had completed the SUSS Reminiscence Facilitation
training programme, and had conducted at least ten reminiscence sessions within the preceding
twelve months. These facilitators were selected not only for their experience but also for their
ability to participate fully in both cycles of the research and contribute to reflective discussions.
Their role as co-researchers enabled a collaborative and iterative process of programme
improvements.
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The research involved two cycles of CAR, each comprising the phases of planning, acting,
observing, and reflecting. Cycle 1, the lead researcher (Eunice Frances Chan) and the
participant co-researchers (the CLC facilitators) jointly established research goals, defined
session objectives and planned facilitation strategies. The participating CLC facilitators then
conducted reminiscence sessions using the original version of the CLC game. During this
phrase, data were collected through interviews, artefacts, documents and facilitators reflections,
capturing insights into client engagement, interactions and implementation challenges (Arefian,
2022; Arefian & Nami, 2023; Atay, 2008; Cabaroglu, 2014; O’Leary, 2004; Qing-li et al., 2018;
Vescio et al., 2008).

Following Cycle 1, the CLC facilitators and the lead researcher engaged in collective reflection
to identify both strengths and areas for improvement. These reflections informed a series of
modifications to the game, including the introduction of six new box design proposals, thirty-
one additional visual cards, and five new open-ended questions designed to broaden discussion
themes.

In the second cycle, CLC facilitators implemented the revised version of the game in a new
round of reminiscence sessions, with at least four weeks to trial these revised materials. Data
collection and reflection processes were repeated, enabling the research team to assess the
effectiveness of the modifications and identify further areas for refinement. This iterative
process allowed the game to evolve through continuous feedback and collaborative learning.

Data from both cycles were analysed using thematic analysis, to identify recurring patterns
related to design, facilitation, and participant engagement. Themes were refined across cycles
to ensure that they reflected the complexities of real-world practice.

Researcher Insights

This study prompted several insights about the CLC game design and the processes, as well as
the value of conducting action research using the CAR approach. In this section, we share in
first person several key thoughts as captured in the journal of the lead researcher, Chan.

Situated within Singapore’s multi-racial context—comprising Chinese, Malay, Indian and
Other communities, with major religions including Buddhism, Christianity, Islam, Taoism and
Hinduism—one of the most significant reflections concerns inclusivity in the programme
design (Singapore Department of Statistics, 2020).

Through the sessions, I became increasingly aware that participants engaged with visual
prompts in different ways, often shaped by their cultural backgrounds and personal experiences.
What I had initially assumed to be broadly relatable content did not resonate equally with all
participants. This prompted me to reconsider the idea of a universally applicable intervention
and recognise that inclusivity cannot be assumed—it must be intentionally and thoughtfully
embedded. This reflection has highlighted the importance of designing with, rather than for,
diverse groups, ensuring that representation is meaningful and contextually relevant.

Another key reflection relates to the role of facilitation. I came to understand that the success
of the game was not solely dependent on its design, but significantly influenced by how it was
facilitated. Observing and engaging in sessions made me more aware of the importance of
creating a psychologically safe environment, especially when participants shared personal or
emotionally charged memories. Some prompts, particularly those connected with historical
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events, evoked strong emotional responses, and I realized the need for facilitators to be
equipped with sensitivity and appropriate skills to navigate such moments. This experience
reshaped my perception of the game—from being a structured activity to a relational
experience shaped by the interactions between participants, facilitators, and materials.

I also reflected on the complexity of the co-creation process within CAR. Rather than following
a straightforward or liner path, the process was dynamic and at times challenging, requiring
continuous reflection, negotiation, and adaption. This challenged my initial expectations and
pushed me to become more open to uncertainty and change. Over time, my role shifted from
that of a developer focused on outcomes to a listener and facilitator of collective learning. This
shift deepened my awareness of issues such as identity, representation, and inclusivity, and
emphasized the importance of remaining responsive to feedback throughout the process.

Finally, the iterative nature of the research process allowed me to reflect on the value of
ongoing refinement. Observing improvements in later cycles—such as greater participant
engagement, smoother conversations, and increased facilitator confidence—reinforced my
understanding that meaningful practice develops over time through reflection and adaptation.
These experiences have strengthened my appreciation of CAR as a reflective, evolving
approach to developing practice-based interventions.

Concluding Thoughts

The findings of this study highlight the importance of viewing reminiscence interventions as
dynamic and context-dependent rather than static tools. The effectiveness of such interventions
depends not only on their design, but also on the relational and environmental contexts in which
they are carried out.

The study underscores the need for intentional inclusivity in programme design, particularly in
multicultural settings. It also reinforces the central role of facilitators in shaping participant
experiences and outcomes. By foregrounding practitioner insights, the study contributes to a
more grounded understanding of intervention success.

CAR proved to be a valuable methodological approach, enabling real-time improvement and
fostering a sense of shared ownership of the study with the participant co-researchers. It
provided a framework for integrating reflection and practice, bridging the gap between theory
and practice.

Looking Forward

This study is limited by its small sample size. In addition, this action research did not directly
capture the experiences of the older adult clients who played the game. We hope future research
will be done with greater participation of programme stakeholder, including clients as co-
researchers.

While this action research met its purpose of improving CLC programme, future studies could
investigate CLC participant outcomes for both older adults and younger game facilitators in
intergenerational settings. Also, as the CLC programme is implemented in other Asian
countries. There is also a need to explore its adaptation across different cultural contexts. As
such, we see the CLC game as a continuously evolving tool, supported by ongoing feedback
and collaboration.
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This study demonstrates the CAR provides a structured yet adaptable framework for improving
community-based interventions. The findings highlight the importance of inclusivity,
facilitation, and continuous adaptation in the design and delivery of reminiscence-based
programmes.

Ultimately, the study underscores that meaningful interventions are not static products but
evolving practices shaped through listening, reflection and collaboration. As ageing
populations continue to grow, such approaches will be essential in developing responsive and
sustainable programmes that support the well-being of older adults.
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Abstract

This study examines whether the effects of childbearing on women's wages persist and
accumulate into later life, contributing to gendered wage disparities among older workers.
Drawing on a life course perspective and gendered cumulative disadvantage theory, the study
analyzes KLoSA panel data (2006-2022) for individuals aged 65 to 85 using three analytical
models: Random Effects, Fixed Effects, and Growth Curve Models. Results show that older
women consistently earn less than older men, and that the gender wage gap has widened over
time. More children are associated with lower wages for both genders; however, wage
trajectory analysis reveals that the number of children significantly slows wage growth only
among older women, not among men. Women with two or more children exhibit markedly
slower wage growth over time, while those with three or more children show virtually no wage
growth throughout the observation period. These findings demonstrate that childbearing
constraints accumulate across the life course and continue to shape economic outcomes in later
life, operating as a structural mechanism of gendered inequality.

Keywords: aging, gender wage gap, life course, cumulative disadvantage, child penalty
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Introduction

South Korea entered a super-aged society in 2024, and the employment rate of older adults is
among the highest in the OECD. However, many older adults work out of economic necessity
rather than choice, and poverty rates among the elderly remain exceptionally high. These
conditions reflect not simply the absence of adequate welfare provisions, but the cumulative
outcome of a lifetime of unequal labor market experiences.

Among the structural factors shaping economic inequality in later life, gender is particularly
consequential. Older women exhibit higher poverty rates than men, and the gender wage gap
becomes more pronounced with age. This study focuses on one key mechanism underlying this
pattern: the number of children. While prior research has established that childbearing
constrains women's labor force participation and wages during working-age years, far less is
known about whether these effects persist into later life and continue to shape how wages
evolve over time.

This study addresses that gap by asking: does the number of children affect wage trajectories
in later life, and do these effects differ by gender? Using KLoSA panel data from 2006 to 2022
and a three-model analytical strategy, this paper examines wage levels, within-person wage
changes, and long-term wage growth trajectories among older Korean workers aged 65 to 85.
The findings contribute to our understanding of how early-life caregiving responsibilities
translate into lasting economic disadvantage.

Literature Review

Although older adults are frequently analyzed as a single age-based category, the elderly
population is fundamentally heterogeneous in character. Even within the same age cohort,
individuals do not share equivalent experiences or social positions, as each person occupies a
distinct location shaped by a divergent life course (Laslett, 1996; Son, 2009). This internal
heterogeneity is particularly consequential for understanding labor market participation in later
life. Given that old age is the cumulative product of an entire life course, the labor conditions
and income levels of older workers must be understood not as age effects but as the structured
outcomes of accumulated experience (Son, 2009).

Research on the life course perspective has consistently demonstrated that inequality is not a
snapshot at any given moment but the product of accumulated advantages and disadvantages
over time (Mayer, 2009). Cumulative disadvantage theory further elaborates that early-life
inequalities compound with age, producing increasingly divergent outcomes across individuals
(DiPrete & Eirich, 2006). Prior studies on Korean elderly populations corroborate this
perspective, showing that current income inequality reflects differences in life trajectories, and
that labor market advantages and vulnerabilities in younger years exert a lasting influence into
old age (Hwang & Kim, 2013; Son, 2009). Concretely, those who held stable, well-paying
employment during their prime working years tend to maintain stable labor and income after
retirement, while those who did not are more likely to remain in precarious and low-income
conditions in old age (Seok & Im, 2007; Son, 2009).

These accumulated inequalities are, however, not gender-neutral in how they form. Because
the life stage characterized by productive labor and career investment structurally overlaps with
the period of childbearing and caregiving, women are confronted with a double burden that is
difficult to sustain simultaneously (Moen, 1992, 2011). Applied to gender, the cumulative
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disadvantage framework highlights that women's dual responsibilities in paid and unpaid work
generate career interruptions with long-term consequences for wages, employment stability,
and advancement opportunities (DiPrete & Eirich, 2006). Women who exit or transition out of
the labor market due to caregiving responsibilities experience reduced tenure, wage loss,
diminished job security, and constrained promotion prospects (Kim, 2017; Moen, 1992).

Within this broader structure, the number of children functions as a concrete and quantifiable
indicator of caregiving burden and its associated labor market pressures. Research has shown
that between the 1940s and 1960s, the number of children and age were the most accurate
predictors of women's employment in the United States (Moen, 1992). Women with more
children were more likely to exit the labor force, accept part-time or lower-paying positions
offering scheduling flexibility, or delay childbirth and reduce family size in order to maintain
labor force attachment (Budig & England, 2001; Moen, 1992). These interruptions disrupt
human capital accumulation and seniority-based wage progression common in many labor
markets. For men, by contrast, childbearing has frequently been associated with a wage
premium, as fatherhood is linked to perceptions of reliability and commitment (Correll et al.,
2007). This asymmetry underscores the extent to which the effects of children on labor market
outcomes are structured by gender.

Studies that have extended the analysis to older populations confirm that such effects persist
into later life. Among Korean elderly women, those with a greater number of children are more
likely to enter low-wage, unstable occupations in old age (Lee, 2023), and the accumulation of
children has been shown to exert a negative effect on income levels in later life (Jang & Choi,
2025). Research examining school-age and preschool-age children separately has further
shown that the presence of preschool children may constitute a particular constraint on women's
re-entry into employment (Park et al., 2022).

Nevertheless, existing research is subject to several important limitations. First, studies
analyzing the effect of children on elderly women's income often restrict their samples to
women alone, making gender comparison structurally impossible and weakening the evidential
basis for gender-based arguments (Jang & Choi, 2025). Second, by treating women as a
homogeneous group, this body of research forecloses examination of within-group
heterogeneity — that is, the extent to which women's outcomes in later life diverge depending
on their individual family and labor histories. Third, prior research has largely treated the
number of children as a determinant of static outcomes such as occupational status or income
level at a given point, without examining whether and how it shapes wage trajectories over
time. The question of whether the number of children influences not only where older women
are positioned in the labor market but how their wages change across time remains
insufficiently addressed. The present study directly addresses this gap by incorporating both
men and women into a comparative framework and examining wage change trajectories among
elderly workers in South Korea.

Based on the theoretical framework and prior literature, the following hypotheses are proposed:
Hypothesis 1 (H1). Older women are expected to exhibit lower average wages than
older men.

Hypothesis 2 (H2). A greater number of children is expected to be negatively
associated with average wages among older workers.
Hypothesis 3 (H3). The effect of number of children on wage growth trajectories is
expected to be significant among older women only.
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Methodology
Data

This study uses data from the Korean Longitudinal Study of Ageing (KLoSA). KLoSA surveys
individuals aged 45 and older residing across the country (excluding Jeju Island), with biennial
main surveys conducted in even-numbered years. The data used in this analysis are restructured
files that include variables derived and organized from the original raw data. As the dataset is
designed specifically for older populations, it was deemed appropriate for research on an aged
society.

The analytic scope covers Waves 1 through 9 (2006-2022), and panel data were used
accordingly. While cross-sectional data can capture wage gaps at a single point in time, they
are limited in their ability to track whether such gaps widen or narrow over time. Panel data
were therefore selected to enable longitudinal analysis.

Individual-level, rather than household-level, data were used in order to examine gender-based
wage gaps and life course differences. Individual-level data are better suited to capturing
personal experiences and thus allow for greater analytical precision.

Analytic Sample

It has been noted that defining “older adults” is challenging due to the flexibility inherent in
biological and social criteria (Laslett, 1996). Existing studies vary in the age thresholds they
apply depending on their research objectives. This study focuses on the labor of older adults
and accordingly sets the lower age boundary at 65, as this is the age threshold used in most
social security systems and is generally considered the point at which post-retirement
employment becomes active (Kim, 2021). The upper age limit was set at 85 in order to restrict
the sample to individuals who are realistically engaged in paid work. To account for the
nonlinearity of age effects, both a linear age term and a squared age term were included in the
analytic models.

Cases with missing responses on “total wage income in the previous year” were treated as
missing, and a log transformation was applied to reduce skewness. A one-period lag was
applied given that the survey item refers to the previous year.

Number of children was categorized into three groups: “0—1 child,” “2 children,” and “3 or
more children.” The 0- and 1-child categories were combined due to their small proportions
(2.36% and 9.23%, respectively), and because from a life course perspective, having two or
more children involves distinct patterns of childbearing, caregiving, and career interruption
that justify treating them as separate categories.

Marital status was coded as “married” or “not married” (including separated, divorced,
widowed, and never married). Education was categorized into four groups: elementary school
or below, middle school graduate, high school graduate, and college graduate or above. Self-
rated health was measured on a five-point scale. The residential area variable was recoded into
a binary distinguishing “urban” (metropolitan city) from “non-urban” (small-to-medium city
and rural area). Asset income was coded as “has asset income” if any asset income was reported,
and “no asset income” otherwise.
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Analytic Strategy

The analysis draws on KLoSA panel data and proceeds in several steps: descriptive statistics,
examination of wage income distributions and wage trends, followed by panel random effects
models and growth curve models (GCM). Descriptive statistics provide a foundational
overview of the sample's characteristics, upon which the subsequent models are built. Given
the panel structure of the data, descriptive statistics are presented for the full panel sample and
serve as contextual background for interpreting the analyses. Distributions of wage income and
wage trends are also included, as they serve as indicators of how income gaps manifest in later
life according to gender.

The panel random effects model is based on the assumption that unobserved individual
heterogeneity is uncorrelated with all observed explanatory variables (Allison, 2009). This
model is used to examine the association between number of children and wages in later life.
However, the random effects model has limitations in capturing change over time, and the
growth curve model is therefore employed to complement the analysis of wage trajectories.
The growth curve model treats between-individual differences as random effects, allowing for
the simultaneous estimation of heterogeneity in both initial wage levels and rates of change
over time (Allison, 2009). It also has the advantage of constructing long-term trajectories from
partially observed cohorts, thereby addressing issues of missing data and irregular observation
intervals common in longitudinal data (Raudenbush & Chan, 1992). Together, these two
models allow for a more comprehensive understanding of wage inequality in later life by
capturing both the level and the trajectory of wage gaps.

Findings
Descriptive Statistics

Table 1 presents descriptive statistics for the full panel sample, comprising 8,547 observations
from approximately 3,000 unique individuals. The mean age is 71.38 years, consistent with the
study's focus on adults aged 65 to 85, and the mean log-transformed wage income is 6.70.
Women account for 34.81% of the sample, and 79.85% of respondents are currently married.
The mean number of children is 2.60. The mean education level of 1.82 falls between the
“elementary school or below” and “middle school graduate” categories, and mean self-rated
health is 2.99 on a five-point scale. The proportion reporting asset income is 16.56%, and 30.07%
reside in urban areas.

Table 1

Descriptive Statistics
Variable Obs Mean Std. Dev. Min Max
Year 8,547 2014.187 5.079729 2006 2022
Female 8,547 0.3480753 0.4763879 0 1
Wage income (log) 8,547 6.702816 1.037881 0 11.0021
Number of Children 8,547 2.602083 0.598743 1 3
Age 8,547 71.37908 4.962152 65 85
Age2 8,547 5119.593 725.4624 4225 7225
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Education 8,547 1.823096 1.002368 1 4
Self-rated health 8,547 2.986545 0.799562 1 5
Marital status 8,547 0.7985258 0.4011249 0 1
Urban residence 8,547 0.3006903 0.4585851 0 1
Asset ownership 8,547 0.1655552 0.3717026 0 1

Note. N = 8,547 person-wave observations from approximately 3,000 unique individuals.
Descriptive Patterns

Figure 1 presents gender-specific mean wage trends among older adults from 2006 to 2022.
Across the entire observation period, mean wages for older male workers are consistently
higher than those for older female workers. While mean wages for both men and women show
an overall upward trend since 2006, the rate of wage growth for women is comparatively slower
than that for men, indicating that the gender wage gap has persisted throughout the period.

These findings suggest that the wage gap between older male and female workers is a
longstanding phenomenon that continues to the present. Notably, despite a general increase in
average wage levels over time, the gap itself has not narrowed. While the gender wage gap is
clearly observable, however, interpreting it solely as the effect of gender is insufficient. Given
that men and women follow distinct life course trajectories and accumulate different
experiences over time, further analysis is warranted to better understand the mechanisms
underlying this gap.

Figure 1
Gender Wage Trends, 2006-2022

Gender Wage Trends Among Older Adults, 2006—2022
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Figure 2 compares the earned income distributions of older male and female workers,
demonstrating that the gender wage gap is present across the entire wage distribution. While
the two distributions share certain similarities, clear differences in their shape are evident.
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Older male workers are observed to be more heavily concentrated in higher wage ranges,
whereas older female workers are more densely distributed in lower wage ranges. Moreover,
even within the same wage range, women account for a smaller share than men. This indicates
that men tend to cluster more strongly at higher income levels. These distributional differences
confirm that the gender wage gap exists across the full spectrum of the income distribution.

Taken together, the preceding analyses demonstrate that the gender wage gap among older
adults has persisted over an extended period and is distributed across the entire income range.
These findings provide a foundation for understanding the nature and structure of wage
inequality in later life. Building on these results, panel random effects models and growth curve
models are employed to examine the effect of number of children on wages by gender, as well
as to identify gender-specific wage trajectories.

Figure 2
Earned Income Distribution by Gender (log)

Earned Income Distribution by Gender (Log)
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Random Effects Model (RE)

Using a panel random effects model, this study examined how the number of children and other
individual-level variables are associated with wage levels among older adults, separately by
gender. The number of children was found to be significantly associated with earned income
for both men and women, with a greater number of children corresponding to lower earnings.
The effect of the children variable on earned income thus showed no substantial difference
between the two gender groups.

Age was not statistically significant in either group, indicating no clear relationship between
age and earned income. Educational attainment was significantly associated with earned
income in both groups. Marital status, self-rated health, and asset ownership all showed
significant positive associations with earned income for both older men and women.

These findings suggest that individual characteristics may be associated with wages in later

life. Notably, the significant association between number of children and earned income for
both men and women implies that caregiving responsibilities may negatively affect income
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regardless of gender. Given that the random effects model accounts for both between-
individual differences and within-individual variation over time, it is capable of capturing the
association between number of children and wages; however, it is limited in its ability to
explain the wage trajectories of men and women over time. The central question regarding the
gender wage gap in old age concerns whether the gap emerges anew in later life, what trajectory
it follows over time, and how it varies by gender and number of children. Old age is not a
period in which new inequalities arise, but rather one in which previously accumulated
inequalities manifest in a concentrated form. The wage trajectories of older adults are therefore
not simply the product of an age effect, but are the cumulative outcome of labor market
experiences across the life course—and as such, constitute an important object of analysis for
verifying this process.

Table 2

RE
VARIABLES Male Female
Number of children -0.152*%** (0.031) -0.120%** (0.046)
Age 0.031 (0.060) 0.070 (0.112)
Age2 -0.00038 (0.0004) -0.001 (0.001)

Middle (ref. Elementary)

0.296*** (0.052)

0.468%** (0.074)

High school 0.431*** (0.047) 0.677*** (0.084)
College or higher 0.581*** (0.076) 0.558*** (0.211)
Marital 0.125%* (0.066) 0.100** (0.048)
Self-rated health 0.073*** (0.015) 0.090*** (0.024)
Asset ownership 0.067** (0.028) 0.120** (0.048)
Constant 6.475%** (2.174) 4.385 (4.052)
Observations 5,572 2,975

Number of pid 1,826 1,205

Note. Standard errors in parentheses. *** p < 0.01, ** p <0.05, * p<0.1

Fixed Effects Model (FE)

To address potential bias arising from unobserved time-invariant individual characteristics, a
fixed effects (FE) model was estimated separately for older men and women. As shown in
Table 4, neither the time slope nor any of the children x time interaction terms reached
statistical significance for either gender group. For older men, the time coefficient was negative
and non-significant (f = —0.021), and the interaction terms for two children (f = 0.013) and
three or more children (B = 0.004) were likewise insignificant. A parallel pattern was observed
among older women, with a near-zero time slope (B = 0.002) and non-significant interaction
effects for both child-count categories. These results indicate that once unobserved individual
heterogeneity is accounted for, the effect of number of children on within-person wage change
is no longer detectable for either men or women.

This null finding is theoretically interpretable rather than simply a failure of detection. Because
number of children is a time-invariant characteristic, its influence is fully absorbed into the
individual fixed effects and cannot be separately identified within the FE framework. The FE
model is therefore structurally limited in its capacity to capture how a stable life-course variable
such as fertility history shapes long-run wage trajectories. This limitation motivates the use of
a Growth Curve Model (GCM) as the primary analytical strategy, as GCM is better suited to
modeling the ways in which time-invariant characteristics — including number of children —
differentially condition the rate and direction of wage change over time.
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Table 3
FE
VARIABLES Male Female
t (time) -0.0211 (0.0168) 0.00207 (0.0218)
(ref. Children 0-1) -0.106 (0.266) 0.265 (0.366)
2 children
3 + children -0.0537 (0.294) -0.0845 (0.421)
2 Children * t 0.0130 (0.0179) -0.0218 (0.0270)
3+ Children * t 0.00374 (0.0173) -0.00660 (0.0227)

(ref. Elementary)

20.144 (0.394)

0.569%** (0.0300)

Middle school

High school -0.134 (0.273) -0.602** (0.302)
College or higher -0.573 (0.413) (omitted)
Marital 0.107 (0.101) -0.0159 (0.0750)
Self-rated health 0.0339** (0.0167) 0.0281 (0.0288)
Asset ownership -0.0101 (0.0308) -0.0294 (0.0571)
Constant 7.027*** (0.331) 6.271**%* (0.368)
Observations 5,572 2,975

Number of groups 1,826 1,205

Note. Standard errors in parentheses. *** p <0.01, ** p <0.05, * p<0.1
Growth Curve Model (GCM)

The Growth Curve Model (GCM) was estimated to examine how the number of children shapes
wage trajectories over time among older workers, allowing for the differential conditioning of
wage growth by this time-invariant life-course variable. The results first establish that wage
trajectories in later life are not static: the time slope was positive and statistically significant
for both older men ( = 0.022, p < 0.1) and older women ( = 0.063, p < 0.01), indicating that
wages continue to increase over time for both gender groups, with women exhibiting a steeper
average rate of growth.

The critical finding, however, lies in the children x time interaction terms, which reveal a
pronounced gender asymmetry. Among older men, neither the two-children (B = —0.003, n.s.)
nor the three-or-more-children interaction term (B = —0.019, n.s.) reached statistical
significance, indicating that the number of children does not significantly differentiate wage
trajectories among older male workers. Among older women, by contrast, both interaction
terms were negative and statistically significant: women with two children experienced a
significantly slower rate of wage growth over time (B = —0.042, p < 0.05), as did women with
three or more children ( = —0.039, p < 0.05), relative to those with zero or one child. These
results provide support for Hypothesis 3, confirming that the constraining effect of number of
children on wage trajectories operates exclusively among older women. This gendered pattern
is consistent with a cumulative disadvantage framework, wherein caregiving responsibilities
— disproportionately borne by women across the life course — continue to exert a suppressive
effect on wage growth well into later life, producing a progressively widening divergence in
earnings trajectories between older women with differing reproductive histories.
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Table 4

GCM
VARIABLES Male Female
t (time) 0.0220* (0.0116) 0.063*** (0.017)
(ref. children 0-1) 0.058 (0.149) 0.581** (0.242)
2 children

3+ children

-0.0585 (0.141)

0.339 (0.214)

2 Children * t

-0.00346 (0.0126)

20.042%* (0.019)

3+ Children * t -0.0188 (0.0122) -0.039*%* (0.017)
(ref. Elementary) 0.312*** (0.0538) 0.378*** (0.077)
Middle school

High school 0.460*** (0.0474) 0.588*** (0.087)
College or higher 0.588*** (0.0672) 0.449** (0.175)
Marital 0.161*** (0.0616) 0.228*** (0.046)
(ref. very poor) 0.244*** (0.0630) 0.295*** (0.076)
Self-rated health

Poor

Fair 0.365*** (0.0627) 0.352*** (0.078)
Good 0.413*** (0.0643) 0.413*** (0.086)
Very Good 0.524*** (0.0978) 0.735%** (0.188)
Asset ownership 0.0358 (0.0266) 0.132*** (0.048)
Constant 6.066*** (0.158) 5.063*** (0.220)
Observations 5,572 2,975

Number of groups

1,826

1,205

Note. Standard errors in parentheses. *** p < 0.01, ** p <0.05, * p<0.1

Figure 3 illustrates how wage trajectories among older women diverge according to the number
of children over the observation period from 2006 to 2022. Women with zero or one child
exhibit the steepest upward wage trajectory across survey waves, while those with two children
show a higher starting point but a comparatively flatter rate of growth, and those with three or
more children display the most minimal wage growth throughout the observation period. By
the end of the panel, the wage trajectory of the zero-to-one-child group converges with and
ultimately surpasses those of the higher-parity groups, despite beginning from the lowest initial
wage level.

The steep upward trajectory of the zero-to-one-child group suggests that older women who
remain in the labor market with fewer children are more likely to be positioned in jobs where
wages can be maintained or improved over time. This pattern may reflect the enduring
advantages of relatively stable and continuous labor force participation across the life course
— accumulated occupational capital that continues to manifest in later life. Conversely, the
flatter trajectories observed among women with two or more children are consistent with a
history of interrupted or constrained labor market attachment associated with greater caregiving
demands.

Crucially, these results do not represent a simple age effect. Rather, they capture the wage
trajectories that form as older women remain in the labor market over time, and demonstrate
that these trajectories are systematically differentiated by number of children. Number of
children does not determine where older women start in terms of wages — but it shapes how
far they are able to go. In this sense, fertility history functions not as a fixed wage penalty, but
as a structural constraint on the capacity for wage growth in later life.
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Figure 3
Predicted In(Wage) Trajectories by Number of Children Among Older Women
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Discussion

The findings of this study offer several important insights into the relationship between fertility
history and wage outcomes in later life. Taken together, the results from the random effects,
fixed effects, and growth curve models suggest that the gender wage gap in old age is not a
phenomenon that emerges anew in later life, but rather the cumulative product of labor market
experiences and family-related conditions accumulated across the life course.

The random effects model established that number of children is significantly associated with
earned income for both older men and women, suggesting that fertility history carries wage
implications that extend into later life for both gender groups. However, the fixed effects model
revealed that once unobserved individual heterogeneity is controlled for, this association
disappears entirely, indicating that the observed relationship is largely driven by selection
processes and stable individual characteristics rather than a within-person causal effect of
children on wages. Fertility itself does not appear to causally alter wages at the individual level.
Rather, number of children functions as a marker of accumulated life-course conditions—
particularly the cumulative labor market consequences of caregiving responsibilities—that are
differentially distributed by gender.

This interpretation is most clearly supported by the growth curve model results. Among older
men, the number of children had no significant effect on wage trajectories, with no meaningful
differentiation across child-count categories. Among older women, however, having two or
more children was associated with a significantly slower rate of wage growth over time, while
those with zero or one child exhibited the steepest upward trajectory across the observation
period. This asymmetry points to a structural, gendered mechanism through which the same
life-course factor produces fundamentally different outcomes depending on gender. The
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difference is not merely one of effect magnitude; it is a difference in whether the effect exists
at all. This suggests that caregiving is not a private or individual matter, but a structural
determinant of long-term wage inequality that operates differentially across gender lines.

These results align with a cumulative disadvantage framework, wherein disadvantages
accumulated during the early and middle life course—through career interruptions, constrained
labor force participation, and occupational segregation associated with caregiving—compound
over time and manifest in the wage trajectories of later life (Moen, 1992; 2011). Later-life wage
inequality is therefore best understood as a cumulative outcome, not a product of old age per
se. Number of children operates as a structural, gendered life-course mechanism that shapes
not where women begin in terms of wages, but how far they are able to go.

Conclusions

This study makes three contributions to the literature. First, it extends the analytical focus to
later life, reframing old age as a period in which life-course conditions manifest in concentrated
form. Second, it demonstrates that the same factor can operate in fundamentally different ways
by gender—not as a difference in effect size, but as a difference in whether the effect is present
at all. Third, it reveals heterogeneity within the older female population by disaggregating
women according to fertility history, uncovering intra-group inequality structures obscured in
analyses that treat gender as a binary control variable.

Several limitations warrant acknowledgment. The panel data capture only later-life
observations, leaving mediation pathways—including timing of childbirth and the nature of
career interruptions—untested. Selective attrition due to the unbalanced panel structure is also
possible. Number of children should be understood not as a direct cause of later-life wages but
as a condition reflecting cumulative life-course processes. Future research should additionally
incorporate qualitative dimensions of work such as employment status and job quality.

Despite these limitations, this study identifies systematic gendered patterns in later-life wage
trajectories and demonstrates that the association between fertility and later-life wages is
fundamentally cumulative and gendered—shaped by life-course processes that disadvantage
women disproportionately and persistently.
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Abstract

Diabetic ketoacidosis (DKA) is a preventable yet life-threatening emergency of diabetes that
can lead to multi-organ damage, and avoidable healthcare use when detection is delayed. In
community elderly care settings, DKA awareness and ketone monitoring may be limited, while
symptoms can remain non-specific or easily overlooked. This proceedings paper reports a pilot
survey conducted in Hong Kong within an elderly diabetes community programme led by the
School of Nursing and Health Sciences of Hong Kong Metropolitan University. The study
recruited 53 older adults with diabetes; 52 completed the questionnaire, yielding a response
rate of 98.1%. The questionnaire examined knowledge of DKA, DKA-related symptoms
experienced in the prior month, responses to symptoms, and preferred tools for daily diabetes
management. The survey showed that 67.3% of respondents had no prior knowledge of DKA.
At the same time, 55.8% reported at least one DK A-related symptom, most commonly fatigue
or weakness, extreme thirst, diarrhoea, loss of appetite, and nausea. Among those with
symptoms, 65.5% neither sought professional support nor communicated with family
members. Preference data suggested stronger acceptance of painless breath ketone testing
among the younger elderly subgroup, with 70% of participants aged under 65 favouring breath
testing. Taken together, the findings indicate a clinically relevant behavioural gap in elderly
diabetes care: warning symptoms may be present, but awareness, help-seeking, and timely
ketone checking remain insufficient. The paper suggests that education, routine symptom
checks, clear guidance on prompt communication when symptoms arise, and non-invasive
ketone monitoring deserve stronger integration into community-based elderly diabetes care.

Keywords: diabetic ketoacidosis, elderly care, ketone monitoring, non-invasive breath testing,
gerontechnology, digital health, elderly diabetes care in Hong Kong
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Introduction

Diabetic ketoacidosis (DKA) is a life-threatening emergency in diabetes management, and
early detection can save lives and reduce healthcare costs. However, DKA symptoms are often
subtle or non-specific, making awareness of DKA risk essential to prevent delays in treatment.
In addition, euglycemic DKA (EDKA) can occur even when glucose levels appear controlled,
underscoring the importance of routine ketone monitoring in diabetes care.

Elderly diabetes management requires special attention, given the significant proportion of
undiagnosed cases within this population and the practical challenges of recognising non-
specific warning signs in community settings. In elderly care, non-specific symptoms such as
fatigue, thirst, nausea, or reduced appetite may easily be overlooked, attributed to ageing, or
not treated seriously in time. This creates a potential gap between physiological warning signs
and timely recognition of risk.

In view of these challenges, we conducted a pilot survey within an elderly diabetes community
program in Hong Kong to assess awareness of DKA risk and preferences for ketone testing.
The survey also examined DKA-related symptoms experienced in the prior month and how
older adults responded to those symptoms. The purpose was to identify current gaps in
awareness, symptom recognition, help-seeking, and monitoring preference that may affect
early detection and safer diabetes care in the elderly community.

This proceedings paper reports the findings of that pilot survey and discusses their implications
for community-based elderly diabetes care. In particular, this paper suggests education, routine
symptom enquiry, clear guidance on prompt communication with healthcare professionals and
caregivers when warning symptoms arise, and non-invasive ketone monitoring may help
address current behavioural and practical gaps and support more timely risk recognition in
elderly care.

Methodology
Participants and Setting

The survey formed part of an elderly diabetes community project conducted in Hong Kong
from April 2024 to May 2025 in collaboration with the School of Nursing and Health Sciences
of Hong Kong Metropolitan University. Eligible participants were aged 60 years or above and
had been diagnosed with diabetes. The programme recruited participants across five districts
in Hong Kong: Ap Lei Chau, Aberdeen, Tseung Kwan O, Lok Fu, and Sheung Shui.

Fifty-three participants were recruited, and 52 completed the questionnaire, yielding a response
rate of 98.1%. The median age was 70 years, with an age range of 60 to 90 years. The sample
was predominantly female, comprising 79% women and 21% men (Table 1).

Survey Design

The questionnaire was designed around four. The first question addressed knowledge of DKA.
The second focused on DKA-related symptoms experienced in the prior month. The third
examined how participants responded when such symptoms were present, including whether
they sought professional support or communicated with family members. The fourth explored
preferred tools for daily diabetes management.
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Table 1
Participant Profile
Characteristic Value
Programme period April 2024 to May 2025
Eligibility Age 60 years or above; diagnosed diabetes
Recruited participants 53
Questionnaire completions 52
Response rate 98.1%

Ap Lei Chau, Aberdeen, Tseung Kwan O, Lok

Districts represented Fu, and Sheung Shui

Median age 70 years (range 60-90)
Sex distribution 21% male; 79% female
Results

The survey identified several significant gaps in DKA management in elderly community care.
First, awareness of DKA was low. Although DKA is a life-threatening acute diabetic
emergency, 67.3% of respondents had no prior knowledge of it. This indicates a substantial
awareness gap in the elderly community and runs counter to the preventive care principle that
early detection supports timely treatment.

Second, DKA-related symptoms were not uncommon. Over half of respondents (55.8%)
reported experiencing at least one possible DKA-related symptom in the prior month. The most
frequently reported symptoms were fatigue or weakness (32.7%), extreme thirst (26.9%),
diarrhoea (19.2%), loss of appetite (17.3%), and nausea (7.7%). These findings suggest that
non-specific symptoms occur with notable frequency in daily life, highlighting a critical gap
between common assumptions that such warning signs are rare and the actual experiences of
elderly individuals living with diabetes.

Third, warning symptoms often failed to prompt timely action. Among respondents who
experienced symptoms in the previous month, 65.5% neither sought professional support nor
communicated with family members. This finding reveals a clear behavioural gap between
symptom experience and help-seeking behaviour. Even when possible warning signs are
present, many older adults may not reach out for health support or communicate their concerns
in a timely manner.

Fourth, non-invasive breath testing was favoured by younger elderly individuals. Among
participants aged under 65, 70% preferred painless breath ketone testing over traditional
methods. This suggests that the method of ketone testing may influence willingness to
participate in screening. Breath-based, non-invasive approaches may therefore help overcome
practical and psychological barriers, supporting more acceptable routine monitoring in elderly
diabetes care.

Taken together, these findings point to a clinically relevant gap in elderly diabetes care.

Possible warning symptoms are present, but awareness, help-seeking, and timely ketone
checking remain insufficient.
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Discussion
Recommendations

These findings support four practical recommendations to address the gap identified. First,
DKA education should be strengthened for older adults, caregivers, and elderly-centre staff.
Because DKA is a life-threatening emergency, limited awareness may delay recognition and
timely treatment. Targeted education is therefore needed to improve understanding of DKA
risk and to reinforce the importance of early detection in elderly diabetes care.

Second, routine symptom checks should be integrated into practice. The survey showed that
DKA-related symptoms were not uncommon, even though they are often non-specific. Regular
enquiry about symptoms such as fatigue, thirst, nausea, reduced appetite, or abdominal
discomfort may therefore be valuable in routine elderly diabetes care. When these warning
signs are present, timely ketone testing should be considered, especially because glucose
monitoring alone may not be sufficient in cases such as EDKA.

Third, timely communication should be promoted. The finding that many symptomatic
respondents neither sought professional support nor communicated with family suggests that
warning symptoms often fail to prompt timely action. Elderly individuals with diabetes should
therefore be encouraged to seek help promptly from caregivers and consult healthcare
professionals when feeling unwell or experiencing possible warning symptoms.

Fourth, non-invasive screening should be adopted as part of routine care. The preference for
painless breath ketone testing among younger elderly individuals suggests that the method of
testing may influence willingness to participate in screening. Breath-based, non-invasive
approaches may help overcome barriers that can discourage routine monitoring, enabling
earlier risk detection.

Table 2
Summary of Key Survey Findings and Recommendations
Statistics Key findings Recommendations
Knowledge of 67.3% had not Awareness of DKA is Strengthen DKA eduf: ation for
DKA? heard of DKA low elderly people, caregivers, and

elderly-center staff

Any DKA-related o DKA-related Integrate routine symptom
. 55.8% reported S
symptoms in the symptoms were not checks and ketone testing into
Symptoms .
past month? uncommon diabetes care

Warning symptoms

testing

Sought help or 65.5% neither are often overlooked Encourage prompt contact with
discussed sought help nor and fail to prompt HCPs and caregivers when
symptoms? told family timely ac ti(I)) N p feeling unwell or symptomatic
70% of those Non-invasive breath Painless, non-invasive ketone
Preferred daily aged <65 testing is favored by testing technology can be an
. preferred invaluable tool to support
monitoring tool? X younger elderly . .
painless breath ‘ndividuals routine elderly diabetes care

management
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Benefits of Non-invasive Ketone Testing for Diabetes Care

The benefits of non-invasive ketone testing extend beyond the individual patient. At the patient
level, non-invasive ketone testing may enhance safety and quality of life while supporting
timely escalation of care. At the caregiver level, it may reduce stress and workload through
easier monitoring and support. At the community or elderly-centre level, it may strengthen
response by enabling faster recognition and earlier action when warning symptoms arise. At
the healthcare system level, it may help reduce late presentation, emergency burden, and
avoidable deterioration. These benefits suggest that non-invasive ketone monitoring has
practical value across multiple levels of elderly diabetes care.

Moving Forward

Looking ahead, this pilot study highlights important gaps in current diabetes care within the
elderly community, and expanding the survey to a broader population may help uncover
additional practical challenges that remain unaddressed. Such insights can provide a solid
foundation for refining care routines and advancing new standards in elderly diabetes
management. At the same time, the next step is not only to deepen understanding, but also to
translate these findings into practice. This will require active engagement with healthcare
providers, caregivers, community organisations, policy makers, and MedTech companies to
explore how cutting-edge technologies can be meaningfully integrated into real-world elderly
care settings.

With the advancement of new technologies, routine data being collected via digital platforms
will enable respective stakeholders to conduct advanced analytics, generating novel metabolic
insights, supporting the shift from prediction to prevention, and further contributing to the
digital health transformation by enabling more tailored pathways to healthy longevity.

Finally, the findings from this pilot study underscore the importance of broad collaboration
across healthcare, academic, community, policy, MedTech, and elderly-service sectors. Joint
efforts that combine education, monitoring practices, effective communication, and the
integration of new technologies can strengthen early recognition of metabolic risks and
warning signs, enable timely responses, and ultimately help bring the best health outcomes for
older people living with diabetes.
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Figure 1
Application of Non-invasive Breath Ketone Testing in Elderly Community

Note. Fieldwork photo from the elderly diabetes community project conducted in collaboration with the School
of Nursing and Health Sciences, Hong Kong Metropolitan University.

Conclusion

This pilot survey underscores persistent gaps in DKA awareness, symptom recognition,
help-seeking, and ketone monitoring within elderly community care. Warning signs may be
present, yet timely recognition and response remain insufficient. Addressing these gaps
requires strengthening education, embedding routine symptom checks, and ensuring clear
pathways for communication with caregivers and healthcare professionals. Integrating
painless, non-invasive ketone testing into routine diabetes care may represent a feasible and
scalable approach to improving early detection.

When embedded in elderly care pathways, such technology can empower older people living
with diabetes, ease the burden on families and caregivers, and support healthcare professionals
in delivering more timely and effective care. At a broader level, community adoption may
facilitate earlier medical attention, help avoid prolonged hospitalizations through timely
treatment, and generate long-term cost benefits for health systems. Notably, these benefits may
also extend to older people with undiagnosed diabetes, enabling earlier detection and
intervention. Beyond immediate clinical gains, such strategies contribute to a shift from
reactive prediction to proactive prevention, fostering healthier longevity and reinforcing the
collective responsibility of communities to safeguard the wellbeing of their aging populations.
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Abstract

This study explores community-based digital inclusion practices for older adults in urban China,
with a focus on Suzhou. Despite national efforts to promote digital equity, gaps remain in local
service implementation. Integrating social support, social capital, and social practice theories,
the research examines practices across six districts in Suzhou. Data from policy documents,
local reports, and case studies were analysed to evaluate how services provide support, foster
social capital, and shape digital use. Findings show that current services effectively offer
instrumental support and basic training but lack strategies to build bridging social capital or
shift older adults’ perceptions of technology. The common one-on-one tutoring model supports
skill acquisition but isolates learners, limiting peer connections and weakening the
sustainability of digital practices. This study highlights the importance of community-level
social dynamics in digital inclusion. It argues for a shift from service delivery to an ecosystem-
building approach that encourages peer networks and fosters positive digital identities among
older adults. These insights contribute to the understanding of sustainable digital inclusion in
ageing societies.

Keywords: digital inclusion, older adults, community-level
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Introduction

Digitisation has fundamentally restructured the socio-economic landscape, mediating essential
services from fintech to healthcare. While these advancements promise efficiency, they often
exacerbate the digital divide, particularly among older adults whose technological adoption is
frequently hindered by cognitive constraints and low self-efficacy (Hunsaker & Hargittai,
2020). This issue is critical in China, where rapid digital transformation intersects with
profound demographic ageing. By 2025, China’s population aged 60 and above reached 323.38
million (23.0% of the total), signalling its transition into a moderately ageing society (National
Bureau of Statistics of China, 2026). At the same time, digital systems have increasingly
become the default mode for public administration and everyday consumption. This shift has
created new forms of exclusion for older adults. Nearly half of this population remains offline.
Internet penetration among seniors has plateaued at 52.0% (China Internet Network
Information Centre, 2025). This trend poses a significant challenge to social sustainability.

Current scholarship increasingly views digital inclusion not merely as a technical hurdle, but
as a socially embedded process (Helsper, 2021). While China has issued 37 national policy
documents and 262 accessibility standards by late 2025 to foster “smart elderly care,” a “last-
mile” gap persists between macro-policy and community-level implementation. Research
suggests that digital engagement is heavily contingent upon social capital and the quality of
local support networks (Xie et al., 2021). However, many interventions remain narrowly
focused on instrumental support. They often overlook the psychological and relational
conditions that shape digital participation. These include technological anxiety and the role of
intergenerational social support. Such factors are critical to sustained engagement and the
development of long-term digital proficiency (Vroman et al., 2020).

To address this implementation gap, this study examines community-based digital inclusion
practices in urban China. Drawing on social support theory, social practice theory and social
capital theory, the study explores how local service arrangements enable or constrain digital
adoption among older adults. It aims to move the discussion beyond a top-down service
delivery model. Instead, it highlights the importance of building sustainable local ecosystems
that support resilient digital identities in later life.

Literature Review

Digital inclusion in later life is increasingly recognised as a socially embedded process shaped
by support relationships, networked resources and everyday practices (Helsper, 2021; Xie et
al., 2021). However, existing research has paid limited attention to how community-based
arrangements transform short-term assistance into sustained digital participation. To address
this gap, this study integrates social support theory, social capital theory and social practice
theory into a unified analytical framework.

Social Support Theory explains the forms and functions of assistance that older adults receive
in the process of digital adaptation. Classic work distinguishes instrumental, informational,
emotional and appraisal support (House, 1981). In the context of digital inclusion, instrumental
and informational support provide practical guidance, such as teaching device use or solving
operational problems, whereas emotional and evaluative support reduce frustration, strengthen
confidence and affirm competence (Vroman et al., 2020). This distinction is important because
many digital inclusion interventions remain focused on functional help while neglecting the
psychological conditions required for sustained learning and continued use. Social support also
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varies by source. Informal networks, such as family members and peers, often provide trust-
based and affective support, whereas formal networks, such as community organisations and
service providers, offer structured and professional assistance. These forms of support may
operate through both stress-buffering and main-effect mechanisms, reducing exclusion while
also promoting broader well-being and engagement (Cohen & Wills, 1985).

Whereas social support theory clarifies the nature of assistance, social capital theory explains
the structure of relationships through which such assistance becomes available. Social capital
is commonly understood in terms of network connections, reciprocity norms and trust (Putnam,
2000; Woolcock & Narayan, 2000). In the context of elderly digital inclusion, these dimensions
are highly relevant. The structural dimension concerns whether older adults are embedded in
supportive family and community networks. The relational dimension refers to norms of
reciprocity that sustain repeated helping behaviours. The cognitive dimension centres on trust,
which is especially important for reducing perceived risk in online environments. Social capital
can be further differentiated into bonding and bridging forms. Bonding capital, typically found
in close family ties, provides immediate support and emotional security. Bridging capital, often
formed through community programmes and weak-tie networks, expands access to new
information, services and learning opportunities (Putnam, 2000; Woolcock & Narayan, 2000).
Sustainable digital inclusion depends on both private family support and broader community-
based relational resources.

To examine how digital engagement becomes durable in everyday life, this study also draws
on social practice theory. Rather than treating technology use as an individual choice, practice
theory understands participation as the ongoing performance of socially organised practices
(Reckwitz, 2002; Schatzki, 2002; Shove et al., 2012). Following Shove et al. (2012), this study
focuses on three elements: materials, competences and meanings. Materials refer to devices,
internet access and community spaces that make digital participation possible. Competences
refer to the practical know-how developed through repeated use and guidance. Meanings refer
to the symbolic significance attached to technology, including whether older adults view digital
participation as empowering or burdensome. This perspective is particularly valuable because
it shifts attention from one-time adoption to the stabilisation of digital practices in daily life.

Although these three theoretical traditions have each been widely applied, they are rarely
integrated in studies of elderly digital inclusion. Existing research has primarily examined older
adults’ digital inclusion in relation to individual capability, interpersonal or family-based
support, and broader structural provision such as access, services and inclusion policy (Helsper,
2021; Hunsaker & Hargittai, 2020; Vroman et al., 2020). Less is known about how different
forms of support, types of social capital and elements of practice interact at the community
level to produce sustainable digital participation. This represents an important gap, particularly
in rapidly ageing and highly digitalised urban contexts.

Accordingly, this study proposes an integrated framework for analysing how community-based
support enables sustained digital inclusion among older adults. Social support theory identifies
the forms of assistance required, especially the shift from functional support to emotional and
evaluative support. Social capital theory explains the network structures that shape access to
such support, particularly the interplay between bonding and bridging capital. Social practice
theory examines whether materials, competences and meanings are aligned in everyday life.
Together, these perspectives suggest that digital inclusion becomes sustainable only when older
adults receive adequate support, are embedded in trustworthy and resource-rich networks and
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are able to incorporate digital technologies into meaningful daily practices. This framework
guides the case analysis of community-based digital inclusion practices in urban China.

Methodology

This study employs a multiple-case design to examine digital inclusion practices for older
adults in urban China. Suzhou was selected as the research site because its ongoing digital
transformation, diverse community structures, and relatively rapid population ageing provide
a suitable context for examining age-related digital divides. To capture variation across urban
contexts, the study covers six districts in Suzhou: Gusu District, Huqiu District, Wuzhong
District, Xiangcheng District, Suzhou Industrial Park, and Wujiang District. These districts
represent distinct urban contexts, including the historic urban core (Gusu), high-tech
development zones (Suzhou Industrial Park and Hugqiu), established residential and mixed-use
areas (Wuzhong and Xiangcheng), and a rural-urban transition zone (Wujiang). This district-
level coverage supports a broad analytical scope and captures variation across different
community contexts.

Data were collected from four sources: (1) official policy documents obtained from
government archives; (2) authoritative media reports offering longitudinal coverage of digital
inclusion initiatives; and (3) community WeChat official accounts documenting grassroots
activities. The dataset includes materials published up to June 30, 2025. After applying
screening criteria to remove duplicate and incomplete records, the final dataset includes 133
valid cases. This sample set provides sufficient coverage to capture the local characteristics of
Suzhou and to identify broader tendencies relevant to digital inclusion in urban China.

Content analysis was employed to examine the dataset through a three-stage procedure. First,
a theoretically grounded coding framework was developed based on three established
perspectives. Drawing on social support theory, four dimensions were specified: instrumental
support (direct assistance), informational support (knowledge and advice), emotional support
(empathy and encouragement), and appraisal support (feedback and affirmation). Based on
social capital theory, a distinction was made between bonding capital (ties with family and
close friends) and bridging capital (connections with community members and volunteers).
From social practice theory, three additional dimensions were identified: materials (hardware,
software, and facilities), competencies (skills and confidence), and meanings (motivations and
attitudes toward technology use). Second, each of the 133 cases was subjected to systematic
textual coding. In addition to the identification of each dimension, its intensity was assessed
using an ordinal scale of high, medium, low, or absent. In doing so, a more nuanced evaluation
of variation across cases was achieved. Third, a cross-case comparative analysis was conducted
to synthesise the coding results. Through this process, recurring patterns of digital inclusion in
Suzhou were identified, while local strengths and broader systemic shortcomings were also
revealed. Overall, qualitative case narratives were transformed into a structured dataset through
this multi-dimensional analytical strategy, thereby providing a robust foundation for the
subsequent findings.

Results
The findings reveal substantial district-level variation in the design and delivery of digital
inclusion services for older adults, although a limited emphasis on appraisal support was

evident across all six districts. Service models were shaped by local institutional arrangements
and resource endowments, producing distinct patterns of intervention. The Suzhou High-tech
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Zone primarily focused on foundational digital skills through one-to-one and hands-on
teaching. Gusu District presented a more diversified and culturally embedded service portfolio,
including innovative and activity-based formats. Xiangcheng District emphasized the
combination of party-building leadership and digital empowerment, with relatively strong
community interaction and interest-oriented learning. The Industrial Park relied more heavily
on collaborations with enterprises and university volunteers, giving its services a comparatively
scaled and professionalised character. Wuzhong District foregrounded system-level integration
through smart eldercare platforms and age-friendly digital infrastructure. Wujiang District, by
contrast, was characterised by micro-classroom provision in rural communities, with an
emphasis on anti-fraud education and basic smartphone use. Despite these contextual
differences, formal recognition of older adults’ learning progress and achievements remained
weak throughout, making the lack of appraisal support a shared limitation across districts.
Beyond the overview of the six districts, the study also identifies the following key insights.

Uneven Support Structures

The findings reveal a markedly uneven support structure, in which instrumental and
informational support were consistently well developed, whereas emotional and appraisal
support remained comparatively limited (Figure 1). Instrumental and informational support
were coded as high in more than 95% of the 133 cases. Most initiatives provided concrete
operational assistance, such as guidance on mobile payment, online medical registration, and
WeChat use, alongside practical information on app functions and fraud prevention. These
findings suggest that community-based digital inclusion efforts in Suzhou have been highly
effective in addressing older adults’ immediate functional and informational needs.

By contrast, emotional support was substantially weaker. Only around 30% of cases were
coded as high on this dimension, with most falling into the medium or low categories.
Emotional support, where present, was typically inferred from indirect descriptions, such as
volunteers’ patience or older adults’ expressions of satisfaction, rather than being embedded in
a systematic care-oriented design. Appraisal support was even more limited, with the majority
of cases coded as low or absent. Only about 10% of cases included explicit recognition
mechanisms, such as certificates or formal commendation, for example through community-
level certificates and completion ceremonies.

Figure 1
Distribution of Emotional and Appraisal Support Across Cases

Emotional Support

High (38) (28.6%)
Medium (62) (46.6%)
Low (24) (18.0%)
Absent (9) (6.8%)

Appraisal Support
High (8) (6.0%)

Medium (21) (15.8%)

Low (35) (26.3%)

E: Absent (69) (51.9%)

Note. The figure presents the number of coded cases at four levels of support provision (high, medium, low, and
absent). Emotional support and appraisal support were coded based on the presence and intensity of supportive
elements identified in each case.
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Taken together, these results indicate that current community services have prioritized skill
training and information dissemination while paying insufficient attention to emotional care
and achievement recognition.

Uneven Social Capital

The findings also indicate that community-based digital inclusion initiatives were more
effective in strengthening bonding capital than in fostering bridging capital. Bonding capital,
referring primarily to older adults’ connections with family members and close acquaintances,
was coded as medium or high in approximately 85% of the cases. This pattern reflects the
strong emphasis placed on communication-related digital skills, such as WeChat video calls
and voice messaging, which enabled participants to maintain or enhance family contact through
everyday digital practices.

By contrast, bridging capital, which refers to the formation of weaker ties among older learners,
volunteers, and other community members, was considerably less developed. Its strength was
closely associated with the organisational format of the training. Cases relying on one-to-one
instruction were typically coded as low on this dimension, as they offered limited opportunities
for peer interaction. In contrast, cases incorporating group learning, interactive games, or
WeChat group building were more likely to achieve medium or high levels of bridging capital.
Overall, more than 60% of cases were coded as low or medium in bridging capital, suggesting
that most services did not effectively promote horizontal social networks within the older
population.

These results suggest that current service provision has been successful in reinforcing family-
based ties, but has paid insufficient attention to the deliberate cultivation of weaker community
connections.

Practical Orientation in Social Practice

The analysis shows clear variation across the three elements of social practice. Materials and
competencies were consistently well developed. Meanings remained comparatively
underarticulated. The materials dimension was coded as high in the vast majority of cases, as
most initiatives relied on older adults’ own smartphones, widely used applications, and
accessible community-based venues. Competencies were likewise predominantly coded as
high, since training activities were largely designed to address practical operational problems,
and participants’ immediate difficulties were typically resolved through hands-on instruction.

By contrast, the meanings dimension was more often coded as medium. In most cases, the
underlying message was primarily utilitarian, emphasising that digital skills were useful for
everyday life, rather than fostering deeper orientations such as digital confidence, technological
belonging, or a positive sense of digital identity. Only a limited number of cases were coded
as high on this dimension. For example, some initiatives explicitly conveyed the idea that older
adults could actively participate in, and even help shape, digital life through intergenerational
learning programmes and empowering community slogans.

These findings indicate that current services have established a relatively solid foundation in

terms of material access and practical skill development, but have been less effective in
cultivating affirmative meanings around digital participation.
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Integrated Service Design

A small number of high-performing cases demonstrate that integrated service design can
generate more comprehensive outcomes in older adults’ digital inclusion. These cases achieved
high scores across multiple dimensions, particularly emotional support, appraisal support,
bridging capital, and meanings. For example, these initiatives combined practical training with
recognition, emotional engagement, intergenerational interaction, volunteer support, and the
message that technology can empower and support older adults.

These cases shared several common features, including group-based or intergenerational
interaction, symbolic forms of recognition, active emotional feedback, and the communication
of values that extended beyond instrumental usefulness. Their balanced performance across
theoretical dimensions suggests that digital inclusion is more effective when service provision
moves beyond isolated skill training and adopts a multidimensional empowerment approach.

Service Format and the Accumulation of Social Capital

Emotional and appraisal support appeared to be positively associated with bridging capital,
with service format playing a decisive role in shaping these outcomes. Cases organised around
one-to-one instruction and some home-based training activities, were typically characterised
by low or absent bridging capital. Although this format sometimes generated a moderate level
of emotional support through individualized attention, appraisal support was almost entirely
absent. In contrast, group- or classroom-based formats, including community training sessions
and senior learning programs, more often produced medium levels of bridging capital, while
also enhancing emotional support through shared interaction. However, appraisal support
remained limited in most of these cases. The strongest overall performance appeared in highly
interactive or ritualised formats, such as certificate ceremonies, intergenerational activities, and
fun competitions. In these cases, bridging capital frequently reached a high level, and both
emotional and appraisal support were correspondingly stronger.

These patterns indicate that the cultivation of bridging capital depends heavily on participatory
and interaction-oriented service design. One-to-one skills instruction may be effective for
targeted teaching, but it does little to foster horizontal ties among older adults. By contrast,
formats involving group learning, intergenerational co-creation, public recognition, and
opportunities for shared participation are more conducive to the development of weaker social
ties, while simultaneously strengthening emotional engagement and evaluative affirmation.
This suggests that future services should move beyond one-way transmission and adopt a more
collaborative approach to digital inclusion, in which older adults engage as learners and
community members.

Discussion

This study advances current understandings of digital inclusion by showing that community-
based services for older adults vary across local institutional arrangements, resource
endowments, forms of support, network relations, and the meanings they generate in practice.
Consistent with prior research, digital inclusion is better understood not as a one-off outcome
of access or adoption, but as a socially embedded and practice-based process shaped by the
interaction of support, capital, and everyday routines (Seifert et al., 2021; van Deursen, 2020).
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The findings show that current initiatives focus mainly on instrumental and informational
support, with emotional reinforcement and achievement recognition remaining
underdeveloped. This confirms that many digital inclusion services still operate through a
functional logic centred on immediate skill acquisition. However, recent research suggests that
later-life digital engagement depends on operational assistance, confidence, encouragement,
and supportive learning environments (Quan-Haase et al., 2018; Tsai et al., 2022). In the
present study, emotional support was often implicit rather than systematically designed, and
appraisal support was absent in most cases. This imbalance helps explain why skill acquisition
may not automatically translate into sustained engagement. Without positive feedback and
recognition, older adults may acquire basic competences while remaining uncertain about their
ability to participate independently in digital life.

The findings further suggest that current services are better at reinforcing close and familiar
relationships than at cultivating broader and more diverse social connections. Communication-
oriented activities, especially those involving WeChat and video calls, clearly reinforced
family-based ties. Yet weaker ties among older learners, volunteers, and community actors
remained underdeveloped, particularly in one-to-one instructional formats. This matters
because digital inclusion is sustained through intimate support from family members and
broader networks that facilitate repeated learning, peer exchange, and access to new resources
(Ariztia, 2017; Welch & Yates, 2018). Recent studies similarly show that social connectedness
and digitally mediated participation are closely intertwined in later life, and that peer-based or
community-based engagement can reduce exclusion more effectively than individualized
teaching alone (Hunsaker et al., 2023; Seifert et al., 2021). The results therefore suggest that
service design should be assessed not only in terms of teaching efficiency, but also in terms of
its capacity to generate sustainable relational infrastructures.

The findings highlight that material provision and competence development are important
foundations, but by themselves they do not guarantee sustainable digital inclusion. Most cases
performed well in providing devices, accessible settings, and practical know-how, but the
meanings attached to digital participation were often framed narrowly in utilitarian terms. In
many services, technology was presented as useful for solving everyday problems, but less
often as a source of autonomy, belonging, or positive digital identity. This aligns with recent
work arguing that digital inequalities increasingly reflect differences in the quality, relevance,
and continuity of engagement rather than mere first-level access (Biichi et al., 2022; van
Deursen, 2020). From a practice perspective, durable digital participation requires material
access, competence, and meanings that make technology worth integrating into everyday life
(Shove et al., 2012). Where such meanings remain weak, digital practice may remain fragile
and vulnerable to interruption.

Importantly, the high-performing cases in this study suggest that sustainable digital inclusion
is most likely when support, capital, and practice are jointly addressed. Cases involving
intergenerational interaction, symbolic recognition, active emotional feedback, and positive
value framing achieved more balanced outcomes across emotional support, appraisal support,
bridging capital, and meanings. These findings resonate with recent scholarship emphasising
that age-inclusive digital participation depends on relational, contextual, and identity-related
conditions, rather than on skills training alone (Gallistl et al., 2021; Rosales & Fernandez-
Ardévol, 2020). The study therefore contributes by showing that digital inclusion among older
adults is more appropriately conceptualized as sustainable digital social integration. For policy
and practice, this implies that future interventions should move beyond one-way knowledge
transmission and develop more participatory, trust-based, and meaning-centred service models.
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Conclusion

This study examined how community-based digital inclusion services for older adults are
organised and practiced in Suzhou, with particular attention to the interplay of social support,
social capital, and social practice. The findings show that while local initiatives have made
substantial progress in reducing immediate operational barriers, current service provision
remains uneven and primarily skills-centred. Across districts, instrumental and informational
support were consistently strong, but emotional and appraisal support were underdeveloped.
Likewise, services were more effective in reinforcing bonding capital through family-oriented
communication than in fostering bridging capital among peers, volunteers, and broader
community actors. From a social practice perspective, materials and competences were
generally well established, whereas meanings associated with digital participation were often
framed in narrowly utilitarian terms.

These results suggest that digital inclusion for older adults cannot be adequately understood as
a matter of access or training alone. Rather, sustainable inclusion depends on whether older
adults are supported in using technologies and in developing confidence, recognition, social
connectedness, and a positive sense of belonging in digital life. The high-performing cases in
this study point to the value of integrated service models. These models combine practical
instruction with emotional feedback, symbolic recognition, intergenerational interaction, and
affirmative value framing. Together, they can generate more comprehensive outcomes. This
indicates that digital inclusion is most effective when conceived as a multidimensional process
of social integration rather than a narrow intervention in digital skills.

The study adds to the literature by highlighting how later-life digital inclusion is shaped by
local service ecologies and community relations. It also contributes to practice by highlighting
the limitations of one-way, transmission-based service models and the need for more
participatory and relational approaches.

Several limitations should be acknowledged. The study focuses on one city and is based
primarily on documented community cases, which may not fully capture older adults’
subjective experiences or longer-term outcomes. Future research could incorporate interviews,
longitudinal designs, and comparative analysis across cities or rural-urban settings to test the
broader applicability of the findings. Despite these limitations, the findings indicate that
sustainable digital inclusion in later life depends on more than access and skills alone. It also
relies on the broader social conditions that support digital participation.
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Abstract

Despite the growing recognition that healthy aging is a multidimensional phenomenon shaped
by social, economic, and relational conditions, very little research has examined how older
adults experience and understand aging well in contexts of sustained political crisis. This study
addresses that gap through qualitative inquiry in Myanmar, a setting where prolonged
instability since 2021 has placed the foundations of healthy aging under considerable strain.
Guided by a constructivist epistemology, semi-structured interviews were conducted with 26
retirees across urban and rural settings. Data were analyzed using inductive thematic analysis,
through which three themes were constructed: undermined psychological wellbeing, in which
chronic fear and uncertainty eroded participants' sense of inner peace; threatened economic and
physical security, reflecting the collapse of healthcare access and financial stability; and
disrupted social roles and family bonds, capturing participants' grief over their inability to
fulfill the caregiving and relational roles central to their sense of aging well. As one of the first
studies to explore the lived experience of healthy aging in Myanmar's crisis context, the
findings carry important implications for how humanitarian responses conceptualize and
address the needs of older adults in conflict-affected settings.
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Introduction

In 2021, Myanmar experienced a significant political transition that ushered in a period of
profound and ongoing instability (Fan et al., 2024; Kyriakou et al., 2025). Widespread civil
disruption, economic deterioration, the weakening of public services, and large-scale
displacement have had severe consequences for civilian life (Donnellan et al., 2021; Fan et al.,
2024; United Nations Office for the Coordination of Humanitarian Affairs, 2023). For the
country’s older adults, these conditions compound the vulnerabilities already inherent to later
life, dismantling the social, economic, and relational structures on which aging well depends.
Yet despite the breadth of humanitarian scholarship on crisis-affected populations, the
subjective experience of aging under political upheaval remains largely unexplored. Research
on older adults in crisis settings has grown but remains dominated by quantitative assessments
of material vulnerability, offering limited insight into how older adults themselves make sense
of what it means to age well when the conditions for doing so have been fundamentally
disrupted (Fan et al., 2024; HelpAge International, 2025; van Boetzelaer et al., 2023). This is
a significant omission. Humanitarian responses designed without an understanding of how
older adults interpret and construct meaning around their own aging risk missing what matters
most to those they seek to support (Park et al., 2025). The frameworks through which older
people interpret and give meaning to their own aging are not peripheral to their wellbeing; they
are foundational to it (Park et al., 2024; Park et al., 2025). Where those frameworks are
culturally specific, as they are in Myanmar, the inadequacy of generic, externally imposed
models carries still greater weight.

Literature Review
Conceptualizing Healthy Aging

The concept of healthy aging has evolved substantially, shifting from a narrow biomedical
focus toward a broader, multidimensional understanding. Rowe and Kahn's (1997) influential
model proposed that healthy aging comprises low probability of disease, high cognitive and
physical functioning, and active engagement with life. While widely adopted, the model has
attracted critique for its individualist assumptions and its embeddedness in Western
conceptions of productivity and independence as measures of a good old age (Donnellan et al.,
2021; Katz & Calasanti, 2015). The World Health Organization (2015) extended the
framework through its concept of active aging, foregrounding the structural conditions, social,
economic, political, and physical, that enable or constrain older adults' capacity for wellbeing.
Beard et al. (2016) similarly argued that healthy aging is constituted as much by enabling
conditions as by individual characteristics. This structural orientation is foundational to the
present study: when those conditions are dismantled by political crisis, the question of whether
healthy aging remains achievable becomes deeply pressing. Cultural context further shapes
what aging well means. In East and Southeast Asian settings, filial piety positions older adults
as members of relational networks whose dignity and wellbeing are constituted through
intergenerational bonds of care and reciprocity (Ikels, 2004; Mehta, 1997). For older adults in
Myanmar, Theravada Buddhist values of inner equanimity, acceptance, and spiritual practice
are woven into everyday understandings of what it means to age with grace and moral worth
(Latt et al., 2016). Analytical frameworks that fails to attend to these cultural dimensions will
produce an incomplete picture of healthy aging in this context (Park et al., 2025). Taken
together, these theoretical developments point toward a conception of healthy aging that is
structural, relational, and culturally embedded. What they do not yet fully illuminate is what
happens when the structural conditions for aging well are not merely inadequate but actively
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dismantled, and when the cultural resources through which older adults navigate that process
are themselves under strain. Myanmar’s post-2021 context presents precisely this challenge,
making it an unusually important site for extending existing theory.

Aging in Crisis Settings and Myanmar's Post-2021 Context

Research on older adults in conflict and humanitarian settings documents compounding and
often invisible disadvantages: mobility limitations impede service access; chronic conditions
require continuity of care that crisis contexts rarely provide; financial reserves are quickly
exhausted; and older adults frequently assume caregiving roles for grandchildren whose parents
have been displaced (Fan et al., 2024; HelpAge International, 2025; Hutton, 2008). Despite
this, older adults are systematically underrepresented in humanitarian programming (van
Boetzelaer et al., 2023). Beyond material vulnerability, the disruption of social roles and
relational functions through which older adults construct meaning in later life carries
significant psychological consequences that quantitative indicators rarely surface (Fan et al.,
2024; Grenier et al., 2017; United Nations High Commissioner for Refugees, 2025).
Myanmar's post-2021 context illustrates these dynamics acutely. Its healthcare system has been
weakened by workforce disruption and constrained humanitarian access (World Health
Organization, 2025); the economy has contracted sharply, placing basic goods beyond reach
for many (World Bank, 2023); and family networks have been fractured by displacement and
migration, severing the intergenerational bonds that, in Myanmar's cultural context, constitute
the relational fabric through which older adults understand their own worth (Ikels, 2004;
Mehta, 1997; United Nations Office for the Coordination of Humanitarian Affairs, 2023). What
this body of evidence has yet to adequately address is how older adults themselves make sense
of aging well within such conditions, and how culturally specific frameworks of dignity and
meaning shape that understanding. The purpose of the present study, elaborated below, is to
address that gap directly.

Purpose of the Study

Older adults in crisis settings face compound vulnerabilities that existing quantitative evidence
captures only partially (United Nations Population Fund, 2012; van Boetzelaer et al., 2023).
How they make sense of aging well under conditions of sustained upheaval, and how that
meaning is shaped by the cultural frameworks through which they understand later life, remains
an underdeveloped area of inquiry. Where those frameworks are as culturally specific as they
are in Myanmar, generic analytical models are unlikely to surface what matters most to older
adults themselves. Myanmar’s post-2021 context is therefore both a compelling and an urgent
site for qualitative investigation: a setting where the structural conditions for healthy aging
have been comprehensively disrupted, and where Buddhist values of equanimity and deeply
relational conceptions of dignity and worth demand an approach attentive to cultural
particularity. The present study responds to this need by asking: How do older adults in
Myanmar understand and experience healthy aging amid ongoing socio-political crisis?

Methods
Research Design
This study was guided by a constructivist epistemology, which holds that knowledge is actively

constructed through the interactions between researchers and participants rather than
discovered as an objective reality (Creswell & Poth, 2018). From this standpoint, meaning is
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plural, situated, and co-produced through the research encounter, making constructivism
particularly well-suited to a study concerned with how older adults make sense of their own
aging experiences. Consistent with this position, the study adopted a qualitative design, which
is especially appropriate when the aim is to explore complex, context-dependent phenomena
from the perspective of those who live them (Braun & Clarke, 2006; Denzin & Lincoln, 2018).
The lived experience of aging under political crisis is precisely this kind of phenomenon:
deeply subjective, culturally embedded, and resistant to capture through standardized
measures. The study further drew on an interpretive sensibility in its orientation to the data,
seeking to understand not only what participants experienced but how they interpreted and
made meaning of those experiences within their own cultural and relational frameworks
(Gubrium & Holstein, 2000).

Participants and Sampling

Participants were 26 retirees residing in Myanmar at the time of data collection. Purposive
sampling was used to identify individuals who were of retirement age, had lived through the
onset of the political crisis, and were willing and able to engage in an interview, with
participants drawn from both urban and rural settings to ensure diversity of experience and
context. Given the sensitive political climate and the practical constraints of conducting
research in Myanmar, a snowball sampling approach was also employed, with initial
participants introducing the research team to further potential participants within their
networks. The first and second authors, both Myanmar nationals with established community
ties and an intimate understanding of the local socio-political landscape, served as primary
gatekeepers in this process, leveraging their cultural proximity and existing relationships to
gain access to participants who might otherwise have been unreachable to external researchers.
This approach was particularly important in a context where trust is not easily established
across unfamiliar research relationships. All participants provided informed consent prior to
their involvement, and confidentiality was maintained throughout through the use of

pseudonyms and secure data management practices. Sample characteristics are summarized in
Table 1.
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Table 1
Participant Sample Characteristics (N = 26)
Characteristic Category n (%)
Gender Male 14 (53.8%)
Female 12 (46.2%)
Age Group 60—69 years 11 (42.3%)
70-79 years 10 (38.5%)
80+ years 5(19.2%)
Residence Urban 13 (50.0%)
Rural 13 (50.0%)
Living Arrangement With family 19 (73.1%)
Living alone 7 (26.9%)
Prior Occupation Government service 10 (38.5%)
Private sector 9 (34.6%)
Self-employed / farming 7 (26.9%)
Total 26 (100%)

Note. Occupational categories reflect participants' primary employment prior to retirement.
Data Collection

Data were collected through semi-structured interviews guided by questions covering
participants' understandings of aging well, their daily experiences since the onset of the crisis,
changes to their health, and the impact on their family relationships and social roles. All
interviews were conducted by the first and second authors, both fluent Burmese speakers and
Myanmar nationals, enabling them to build rapport quickly, attend to culturally embedded
meanings, and respond sensitively to the emotional dimensions of conversations about aging
under upheaval. Interviews were conducted in person in Burmese throughout, lasted
approximately 50 minutes, and were audio-recoded with participant consent.

Following data collection, the first author transcribed recordings verbatim in Burmese, then
translated them into English, with the second author reviewing translations for clarity and
consistency. This in-team approach to transcription and translation, rather than outsourcing,
preserved the integrity and nuance of participants' accounts across the move from spoken
Burmese to written English.

Data Analysis

Transcripts were analyzed using inductive thematic analysis following Braun and Clarke's
(2006) six-phase framework, allowing themes to be constructed from participants' own words
rather than imposed from predetermined categories. The process moved from familiarization
and initial coding through to the development, review, and refinement of themes in iterative
discussion across the research team. To strengthen trustworthiness, researchers coded
independently before reconciling interpretations, and peer debriefing was used to interrogate
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assumptions. Reflexivity was maintained throughout, with particular attention to how the first
and second authors' proximity to the research context may have shaped the analytical process.

Ethical Considerations

Ethical approval for this study was granted by the Institutional Review Board of the
International Executive School, Strasbourg, France. All participants provided informed consent
prior to their involvement and were reminded of their right to withdraw at any time without
consequence. Given the sensitivity of the research context, the protection of participant
identities was treated as a priority throughout. Pseudonyms were assigned at the point of
transcription, no identifying information was retained in the research record, and all data were
stored securely with access restricted to the research team. Interview recordings were deleted
upon completion of transcription. Interviewers remained attentive to participants' wellbeing
throughout each conversation and were prepared to pause or conclude interviews if signs of
distress arose. Reflexivity was maintained as an ongoing practice, with the research team
remaining attentive to how their own positionalities and cultural ties to Myanmar may have
shaped the conduct and interpretation of the research.

Results

The analysis generated three interpretive themes that together illuminate how older adults in
Myanmar make sense of aging well under conditions of ongoing crisis. These themes are not
offered as exhaustive or mutually exclusive categories but as overlapping constructs that reflect
the mutually reinforcing ways in which participants understood their situation. An overview is
provided in Table 2, with each theme explored below through participant accounts. All excerpts
have been translated from Burmese into English by the first and second authors.

Table 2

Summary of Themes and Key Manifestations
Theme Core Concern Key Manifestations
1. Undermined Erosion of inner peace and Chronic fear and anxiety;
Psychological mental stability regarded as inability to plan; loss of
Wellbeing central to aging well spiritual equanimity; existential

uncertainty

2. Threatened Convergence of material Loss of income and savings;
Economic and Physical deprivation and healthcare inability to access medications;
Security collapse disrupted chronic disease

management; forced trade-offs
between food and healthcare

3. Disrupted Social Inability to fulfill caregiving and ~ Family displacement; reversal

Roles and Family advisory roles central to dignified of intergenerational support;

Bonds aging loss of community networks;
grief over diminished social
standing

Note. Themes were developed through inductive thematic analysis of 26 semi-structured interviews conducted
in Burmese. All excerpts have been translated from Burmese into English by the first and second authors.
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Theme 1: Undermined Psychological Well-being

Participants returned repeatedly to inner peace as something foundational to aging well, not a
luxury but a precondition. For many, the crisis had made this kind of peace feel permanently
out of reach. What was striking was not only the presence of anxiety but a deeper disorientation:
a sense that the conditions necessary for the kind of old age they had always imagined had been
taken from them. For older adults in Myanmar, where Buddhist frameworks of equanimity and
spiritual practice are integral to conceptions of aging with dignity, this was not experienced
merely as emotional distress but as a rupture in the very orientation through which one ages
well.

Every morning I used to go to the monastery. That was my time. My quiet time. But
since all this happened, even when I sit down and try to be still, my mind just goes
everywhere. I think about my grandchildren. I think about what happened to the village
down the road. How is an old man supposed to find peace in times like these? I don't
know how to be old properly anymore. (U Myint, 68, rural, translated from Burmese)

Theme 2: Threatened Economic and Physical Security

Participants described the collapse of health services, rising medicine costs, and the loss of
income not as separate problems but as a single, compounding weight. Growing older had
always involved navigating health challenges, but the crisis had stripped away the modest
supports through which they had previously managed. What came through was a quiet
resignation beneath the pragmatism: they were adapting as best they could, but genuine self-
care had become effectively impossible.

I've had high blood pressure for years. Before, I could just go to the clinic and get my
tablets, it wasn't expensive. Now the clinic is sometimes closed, sometimes the
medicine just isn't there. And when I do find it, the price has gone up so much. Last
month I had to choose: tablets or rice. I bought the rice. What else could I do? But then
I lie awake worrying about what's happening inside my body. (Daw Aye, 74, urban,
translated from Burmese)

Theme 3: Disrupted Social Roles and Family Bonds

Participants spoke with particular intensity about what the crisis had done to their relationships
and to their sense of themselves within their families. Growing older in Myanmar is bound up
with specific expectations about contribution, reciprocity, and intergenerational care.
Participants had expected to age into roles of gentle authority, as grandparents, as sources of
wisdom and stability. The crisis had made many of those expectations impossible to fulfill, and
what they described was not simply loneliness but a more fundamental disruption to the
relational fabric through which aging well is constituted.

My daughter has three kids. Before, whenever she needed me, I was there. I'd look after
the children, bring food, help with money when I could. Now my pension is worth
almost nothing. I can't help them. I just sit here in my house knowing they're struggling
and there's nothing I can do. This isn't how I thought I'd be as an old woman. I thought
I'd be useful. (Daw Thida, 67, urban, translated from Burmese)
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Discussion

This study set out to explore how older adults in Myanmar understand and experience healthy
aging amid ongoing socio-political crisis. What the three themes together illuminate is that
healthy aging is not simply a matter of individual health behaviour or biological trajectory, but
is fundamentally conditioned by the social, political, and relational structures within which
people grow old (Akhter-Khan et al., 2022; Beard et al., 2016). When those structures are
disrupted, aging well does not merely become more difficult; it becomes, in participants'
accounts, something that feels almost conceptually out of reach.

The study makes several contributions to existing theory. The theoretical framework of healthy
aging, as extended by the World Health Organization (2015) and Beard et al. (2016), treats
wellbeing in later life as multidimensional. What the present findings add is an understanding
of how those dimensions interact recursively under conditions of crisis. The loss of
psychological equilibrium that participants described eroded their capacity for the very
practices, spiritual and social, through which they had always understood themselves to be
aging well. This suggests that the relationship between wellbeing dimensions is not merely
correlational but constitutive: when inner peace is disrupted, the capacity to manage health,
maintain relationships, and inhabit meaningful social roles is diminished alongside it. Existing
frameworks tend to treat these dimensions as parallel rather than mutually reinforcing (Katz &
Calasanti, 2015), and the findings here suggest that may be a significant limitation in crisis
contexts. The cultural specificity of this finding also demands attention. Participants' distress
around their inability to maintain spiritual practice is not adequately captured by clinical
categories of anxiety (United Nations High Commissioner for Refugees, 2025). Theravada
Buddhist frameworks orient older adults toward an inward journey of acceptance bound up
with their sense of dignity and moral worth (Lee et al., 2021; Traphagan, 2000). Its disruption
constitutes a form of existential displacement that culturally generic humanitarian responses
are unlikely to reach (Inter-Agency Standing Committee, 2007). More broadly, participants
had not simply lost access to services; they had lost the relational and social roles through
which later life becomes meaningful (Grenier et al., 2017; Mehta, 1997). This points toward a
reconceptualization of what adequate humanitarian response to the needs of older adults looks
like: not as a matter of ensuring survival alone but of attending to the conditions under which
people can continue to be who they are.

At the level of practice, the findings reinforce the case for age-sensitive programming that
attends to psychological, social, and relational dimensions of wellbeing alongside material
needs (HelpAge International, 2025). Mental health support for older adults in crisis settings
must engage with culturally specific frameworks of wellbeing rather than applying generic
models (Inter-Agency Standing Committee, 2007), and healthcare responses must treat
continuity of care for chronic conditions as a priority (World Health Organization, 2025).
Theoretically, the study contributes to scholarship challenging Western-centric models of
healthy aging by foregrounding the structural conditions and cultural frameworks within which
aging is lived (Akhter-Khan et al., 2022; Katz & Calasanti, 2015), and demonstrates the
indispensability of qualitative inquiry for understanding these dimensions (Braun & Clarke,
2006; van Boetzelaer et al., 2023).

Limitations and Further Research

The use of purposive and snowball sampling through the community networks of the first and
second authors as Myanmar nationals and gatekeepers was a methodological strength that
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facilitated access and trust in a difficult research environment. It also means, however, that the
sample reflects the social networks available to the research team: those most isolated, most
unwell, or outside those networks may have experiences that differ importantly from those
documented here. The relational closeness between researchers and participants, valuable for
depth, also introduces the possibility that accounts were shaped by that relationship. The study
further captures a single moment in a dynamic situation; longitudinal research would offer a
richer account of how experiences shift over time. Future studies engaging more systematically
with Myanmar's ethnic and geographic diversity, and comparative work across conflict-
affected settings in the region, would substantially broaden the evidence base.

Conclusion

This study offers a detailed account of how Myanmar's ongoing political crisis has shaped the
lived experience of aging for older adults across the country. Through qualitative inquiry with
26 retirees in urban and rural settings, it illuminates how healthy aging, understood by
participants as encompassing inner peace, physical and material security, and the fulfillment of
valued social roles, has been rendered experientially unattainable by sustained instability. The
three themes constructed through inductive thematic analysis speak to one another, pointing
not to discrete hardships but to a comprehensive erosion of the conditions necessary for aging
well. Taken together, these findings call for humanitarian and policy responses that recognize
the full complexity of older adults' needs in crisis settings and that attend to psychological,
material, and relational dimensions of wellbeing alongside immediate survival concerns.
Perhaps most fundamentally, the experiences documented here invite a reimagining of what it
means to support older adults through crisis: not simply as a matter of keeping people alive,
but of preserving the conditions under which they can continue to live with dignity, purpose,
and a sense of their own place in the world.
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Abstract

Why do some people actively seek time alone while others prefer constant social contact? We
examined this question using behavioral data from 203 older adults in Singapore, measuring
104 aspects of their lives—from daily activity patterns to personality traits to health status. We
compared three analytical approaches: (1) traditional factor analysis with ordinary least squares
regression, (2) confirmatory factor analysis for construct validation, and (3) a two-stage
ensemble method inspired by dual-process theories of cognition. The two-stage approach
explained 28% of variance in solitude preference, substantially outperforming traditional
methods (13%) and single-model machine learning (21%). Critically, proper hyperparameter
tuning revealed that the analytical refinement stage (gradient boosting) added meaningful value
beyond initial pattern recognition (random forest), increasing explained variance by 7
percentage points. The strongest predictors were behavioral patterns (hours spent alone,
solitary activities) rather than personality traits—extraversion ranked only 15th among 104
predictors. Confirmatory factor analysis validated solitude preference as a distinct construct,
separating from loneliness (» = .42), social anxiety (» =.18), and extraversion (» = —.36). These
findings advance understanding of solitude as a meaningful individual difference with practical
implications for well-being in later life and demonstrate methodological advantages of
ensemble methods for complex behavioral data with mixed variable types.

Keywords: solitude preference, dual-process theory, individual differences, factor analysis,
ensemble methods, older adults
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Introduction
Background and Motivation

Humans are fundamentally social creatures. We form relationships, seek companionship, and
generally thrive on social connection. Yet some people actively choose to spend time alone—
not because they lack social skills or suffer from loneliness, but because they genuinely enjoy
solitude and find it restorative. Understanding why some people prefer solitude while others
seek constant social interaction matters for several reasons.

Americans spend substantial time alone—17% for children to 48% for retirees (Larson,
1990)—which can be enriching or isolating depending on individual preference. Society often
stigmatizes solitude, equating it with loneliness, yet understanding healthy solitude is
increasingly important for aging populations.

The key insight from previous research: not everyone who spends time alone is lonely, and not
everyone who prefers solitude is avoiding others (Burger, 1995). Some people have learned to
appreciate the benefits that solitude brings—time for self-reflection, creative pursuits,
emotional renewal, and personal restoration. Distinguishing between healthy solitude
preference and problematic social isolation requires understanding what predicts this individual
difference.

What We Know About Solitude

Previous research shows that solitude can have both positive and negative effects. On the
negative side, excessive isolation associates with loneliness, depression, and poorer physical
health. People who spend most of their time alone often report feeling bored, passive, and
emotionally flat. Adolescents who withdraw socially may struggle with identity development
and peer relationships.

On the positive side, self-imposed solitude can promote well-being. Periods alone allow people
to engage in necessary self-reflection, work through personal problems, explore creative
interests, and restore emotional energy after demanding social interactions. Historical figures
from Carl Jung to Virginia Woolf deliberately sought extended periods of isolation to deepen
their intellectual and creative work. Abraham Maslow (1970) found that psychologically
healthy, self-actualized people often expressed strong preferences for privacy and solitude
while also maintaining deep friendships and warm interpersonal relationships. Their preference
for solitude reflected self-knowledge and personal growth, not social anxiety or interpersonal
problems.

Research Challenges

Understanding who prefers solitude requires addressing conceptual and methodological
challenges.

Methodologically, behavioral datasets combine numerical and categorical information, and
traditional methods struggle with this combination.

Moreover, traditional regression approaches assume linear, additive relationships: each
predictor contributes independently to the outcome. But behavioral phenomena often involve
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interactions and nonlinearities. The effect of age on solitude preference might differ for men
versus women, or health status might matter more for people living alone. Traditional methods
require researchers to specify these interactions in advance; data-driven methods can discover
them automatically.

Study Objectives

This study addresses three objectives. First, we validate preference for solitude as a distinct
construct using confirmatory factor analysis, testing whether it separates empirically from
loneliness, social anxiety, and extraversion. Second, we compare traditional analytical methods
(factor analysis with ordinary least squares regression) against modern ensemble approaches
for predicting individual differences in solitude preference. Third, we test whether a dual-
process analytical architecture—combining parallel pattern recognition with sequential
analytical refinement—provides advantages for complex behavioral data with mixed variable
types and potential nonlinear relationships.

Theoretical Framework: Dual-Process Architecture
We drew inspiration from dual-process theories in cognitive psychology (Evans & Stanovich,
2013; Kahneman, 2011). These theories propose that human thinking operates through two

complementary systems.

System 1 (Fast Thinking) provides rapid, automatic, intuitive processing by quickly
recognizing familiar patterns but can make systematic errors.

System 2 (Slow Thinking) provides deliberate, analytical, controlled processing, working step-
by-step to check and correct System 1's impressions.

Effective thinking combines both systems.
We designed a two-stage analytical method mirroring this architecture: Stage 1 (Random
Forest) captures broad patterns through parallel processing across 300 trees; Stage 2 (Gradient

Boosting) corrects systematic biases through sequential processing.

Critical question: Does Stage 2 actually add value when properly configured, or does Stage 1
capture all relevant patterns?

Methods
Participants
We analyzed data from 203 community-dwelling older adults in Singapore (M age = 68 years,
range 55-89; 58% female). All participants were healthy, independent individuals living in the
community (not in institutional care). They completed comprehensive assessments of their

psychological characteristics, social relationships, health, and daily activities. The study
received ethical approval and all participants provided informed consent.
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Measures

Preference for Solitude: We used Burger’s (1995) Preference for Solitude Scale, a well-
validated 12-item forced-choice measure. Each item presents two statements, and participants
choose which better describes them. Example items: “I try to structure my day so that I always
have some time to myself” versus “I try to structure my day so that I always am doing
something with someone”; “I like to vacation in places where there are few people around and
a lot of serenity and quiet” versus “I like to vacation in places where there are a lot of people
around and a lot of activities going on”; “After spending a few hours surrounded by a lot of
people, I am usually eager to get away by myself” versus “After spending a few hours
surrounded by a lot of people, I usually find myself energized and stimulated.”

Scores range from 0 (strong preference for social contact) to 12 (strong preference for solitude).
Internal consistency in our sample: a = .71. Sample distribution: M = 4.9, SD = 2.6, meaning
slightly more people preferred some solitude over constant social contact, with substantial
individual variation.

Importantly, this scale measures preference—how much people want to spend time alone when
given the choice. It doesn’t measure loneliness (feeling isolated and wanting more social
contact) or social anxiety (avoiding people due to fear). Previous research shows that people
can score high on preference for solitude while also having close friendships and low social
anxiety.

Predictor Variables (104 total): We examined 104 different aspects of people’s lives, grouped
into five categories.

Demographics and Social Context (15 variables): Age, gender (male/female), ethnicity
(Chinese/Malay/Indian/Other), marital status (single/married/divorced/widowed/separated),
education level (primary/secondary/junior college/polytechnic/university/postgraduate),
current living arrangement (alone/with spouse/with children/with others), residential type
(public housing/condominium/landed property), whether they employ a foreign domestic
worker, height, weight, and household income.

Social Network Characteristics (6 variables): Number of close friends, frequency of family
contact, participation in organized social activities (clubs, religious groups, volunteer
organizations), social support received from others, social support provided to others, and
diversity of their social network (how many different types of people they interact with
regularly).

Daily Activity Patterns (22 variables): Hours per week spent alone, with friends, with family,
in organized group activities, in solitary leisure (reading, watching television, hobbies), in
social leisure (dining out, visiting friends, attending events), and in physical activity. We
measured these separately for weekdays versus weekends, yielding 22 specific activity
variables.

Health and Functioning (26 variables): Nineteen specific chronic health conditions
(hypertension, diabetes, cardiovascular disease, stroke history, arthritis, osteoporosis,
respiratory conditions, cancer history, kidney disease, liver disease, and others) plus seven
health indicators (self-rated health, physical functioning, activities of daily living, instrumental
activities of daily living, pain severity, sleep quality, number of medications taken).
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Psychological Characteristics (35 variables): Big Five personality traits (extraversion,
neuroticism, openness to experience, agreeableness, conscientiousness) measured using the
NEO Five-Factor Inventory; loneliness (UCLA Loneliness Scale, 3-item version); depression
symptoms (CES-D short form); life satisfaction; sense of meaning in life; resilience; social
anxiety measured via the Interaction Anxiousness Scale; and various other validated
psychological constructs.

Analytical Strategy

We compared three analytical approaches to understand which best predicts individual
differences in solitude preference.

Approach 1: Traditional Factor Analysis With OLS Regression
This represents the standard approach in behavioral science when faced with many predictors.

Step 1 — Dimensionality Reduction: We applied principal components analysis to the 104
predictors. Numerical variables were standardized (mean = 0, SD = 1). Categorical variables
were converted using one-hot encoding (creating binary dummy variables for each category).
We retained components with eigenvalues greater than 1.0, yielding 23 principal components
that collectively explained 71% of total variance in the predictor space.

Step 2 — Ordinary Least Squares Regression: We regressed solitude preference scores onto the
23 principal components using standard OLS regression. This produces linear predictions
where each component contributes additively to the outcome.

Approach 2: Construct Validation via Exploratory and Confirmatory Factor Analysis

To test whether preference for solitude represents a distinct construct or simply reflects
introversion, loneliness, or social anxiety, we conducted both exploratory and confirmatory
factor analyses.

Exploratory Factor Analysis: We conducted EFA on items from four related scales: Burger’s
Preference for Solitude Scale (12 items), UCLA Loneliness Scale (3 items), Social Anxiety
subscale from the Interaction Anxiousness Scale (5 items), and Extraversion subscale from the
NEO Five-Factor Inventory (12 items). This yielded 32 items total. We used maximum
likelihood extraction with oblique rotation (promax) to allow factors to correlate naturally. We
tested solutions from 1 factor through 4 factors, evaluating each using eigenvalues, scree plots,
and interpretability.

Confirmatory Factor Analysis: Based on EFA results and theoretical expectations, we tested a
4-factor model explicitly specifying: (1) Preference for Solitude factor (12 items from Burger
scale), (2) Loneliness factor (3 items), (3) Social Anxiety factor (5 items), (4) Extraversion
factor (12 items). We evaluated model fit using multiple indices: Comparative Fit Index (CFI
> .90 indicates acceptable fit), Tucker-Lewis Index (TLI > .90), Root Mean Square Error of
Approximation (RMSEA < .08), and Standardized Root Mean Square Residual (SRMR < .08).
We also tested alternative models (1-factor, 3-factor) to verify that the 4-factor structure fit
better than simpler alternatives.
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Approach 3: Two-Stage Ensemble Method

Stage 1 — Random Forest (System 1 Analogue): We trained a random forest with the following
specifications: 300 trees, max features per split = \/5 (square root of number of predictors,
ensuring diversity across trees), min samples per split = 10 (preventing overly specific splits),
min samples per leaf = 5 (ensuring each terminal node represents generalizable patterns),
bootstrap sampling enabled (each tree sees different data sample), out-of-bag scoring enabled
(internal validation).

Categorical variables (gender, ethnicity, marital status, education level, living arrangement,
residential type) were handled natively through binary splits without requiring numerical
encoding. This eliminates researcher decisions about how to encode categories.

Stage 2 — Gradient Boosting (System 2 Analogue): We applied XGBoost to the residual errors
from Stage 1—the differences between actual solitude preference scores and Stage 1
predictions. Initial implementations used default hyperparameters and showed minimal
improvement (adding only 0.2 percentage points of explained variance), suggesting the
approach was not working as intended.

We conducted systematic hyperparameter tuning using 5-fold cross-validation to optimize
Stage 2 performance. We tested the following parameter ranges: learning rate [0.001, 0.01,
0.05, 0.1], max depth [3, 4, 5, 6], number of estimators [50, 100, 150, 200], min child weight
[1, 3, 5], subsample [0.7, 0.8, 0.9, 1.0], colsample by tree [0.7, 0.8, 0.9, 1.0].

Optimal configuration identified through cross-validation: learning rate = 0.01 (slow, gradual
corrections), max depth = 4 (shallow trees focusing on systematic patterns), number of
estimators = 150 (sufficient iterations to learn corrections), min child weight = 3 (regularization
preventing overfitting), subsample = 0.8 (using 80% of data per tree), colsample by tree = 0.8
(using 80% of features per tree), early stopping = 10 rounds (halt training when validation
performance stops improving).

With optimized hyperparameters, Stage 2 substantially improved predictions, increasing
explained variance from 21% (Stage 1 only) to 28% (both stages combined)—a 7 percentage
point improvement that validates the dual-process architecture when properly configured.

Validation Strategy

We used 10-fold cross-validation with stratified sampling (stratifying by solitude preference
quartiles to ensure balanced representation of the full range). For each fold: train on 90% of
data, predict on held-out 10%, calculate R? (proportion of variance explained) and RMSE (root
mean squared error in scale points).

We repeated this entire process 10 times with different random seeds, yielding 100 total train-
test evaluations (10 folds X 10 random seeds). This provides robust estimates of generalization
performance. We report mean performance metrics and 95% confidence intervals computed
via bootstrap.

ISSN: 2432-4183 246



The Asian Conference on Aging & Gerontology 2026 Official Conference Proceedings

Supplementary Analysis: Addressing Circularity Concerns

Behavioral time-use variables (hours spent alone, hours in solitary leisure activities) partially
overlap with the outcome we’re predicting (preference for solitude)—they represent behavioral
manifestations of the very preference we’re trying to predict. To address concerns that our
findings might be circular, we conducted supplementary analyses excluding these variables.

We removed 8 directly behavioral predictors: hours spent alone on weekdays, hours spent alone
on weekends, hours in solitary leisure activities, hours with friends on weekdays, hours with
friends on weekends, hours with family on weekdays, hours with family on weekends, and
hours in organized group activities. This left 96 predictors assessing person characteristics and
life circumstances (demographics, social network structure, health status, psychological
characteristics) rather than direct behavioral manifestations of solitude preference.

Results
Construct Validation: Exploratory and Confirmatory Factor Analysis

Exploratory Factor Analysis: Parallel analysis and scree plot inspection both suggested a 4-
factor solution as optimal. The 4-factor model with oblique rotation showed clean factor
structure with minimal cross-loadings.

Factor 1 (Preference for Solitude): All 12 items from Burger’s Preference for Solitude Scale
loaded primarily on this factor, with loadings ranging from .45 to .72. Eigenvalue = 6.8,
explaining 21% of total variance.

Factor 2 (Extraversion): All 12 items from the NEO Extraversion subscale loaded on this factor,
with loadings from .52 to .81. Eigenvalue = 5.3, explaining 16% of variance.

Factor 3 (Social Anxiety): All 5 items from the Interaction Anxiousness Scale loaded on this
factor, with loadings from .61 to .78. Eigenvalue = 3.2, explaining 10% of variance.

Factor 4 (Loneliness): All 3 UCLA Loneliness Scale items loaded on this factor, with loadings
from .72 to .85. Eigenvalue = 2.4, explaining 7% of variance.

Cross-loadings were minimal (all below .30), indicating good discriminant validity. Items
loaded cleanly on their theoretically expected factors.

Interfactor correlations revealed meaningful but moderate relationships: Preference for
Solitude < Extraversion (»r = —36, indicating introverts somewhat more likely to prefer
solitude but relationship far from perfect); Preference for Solitude <> Social Anxiety (» = .18,
weak positive relationship); Preference for Solitude <> Loneliness ( = .42, moderate positive
relationship but not redundant); Extraversion < Social Anxiety (» = —.52); Extraversion <
Loneliness (» = —.44); Social Anxiety <> Loneliness (r = .38).

These correlations confirm that preference for solitude, while related to extraversion and

loneliness, represents a distinct construct rather than simply the inverse of sociability or a
manifestation of loneliness.
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Confirmatory Factor Analysis: The hypothesized 4-factor model showed acceptable to good
fit across multiple indices: y2(458) = 687.3, p < .001; CFI = .92 (above .90 threshold); TLI =
91 (above .90 threshold); RMSEA = .051 with 90% confidence interval [.044, .058] (well
below .08 threshold); SRMR = .062 (below .08 threshold).

All factor loadings were statistically significant (p < .001) and in the expected directions. The
pattern of loadings matched theoretical expectations and EFA results.

We tested alternative models to verify that the 4-factor structure provided superior fit compared
to simpler alternatives. A 1-factor model collapsing all items onto a general “social preference”
factor showed poor fit: CFI = .61, RMSEA = .128 (substantially worse). A 3-factor model
combining preference for solitude with extraversion showed poor fit: CFI = .78, RMSEA =
.095. A 3-factor model combining preference for solitude with loneliness also showed poor fit:
CFI = .81, RMSEA = .088.

The 4-factor model showed significantly better fit than all alternatives (chi-square difference
tests: all p <.001), providing strong evidence that preference for solitude functions as a distinct

construct worthy of independent study.

Comparative Predictive Performance Across Methods

Table 1
Predictive Performance Across Analytical Methods
Method R?> RMSE 95% CI for R?
Traditional PCA + OLS Regression A3 242 [.09, .17]
Random Forest (Stage 1 only) 21 231 [.17,.25]
Two-Stage (initial hyperparameters) 21 230 [.17,.25]
]

Two-Stage (optimized hyperparameters) .28  2.20 [.24, .32

Note. R? = proportion of variance explained in solitude preference scores. RMSE = root mean squared error in
scale points (0—12 range). Results averaged across 10-fold cross-validation with 10 random seeds (100 total
train-test evaluations). 95% confidence intervals computed via bootstrap resampling.

Three key findings emerged from this comparison:

Finding 1: The two-stage ensemble method with optimized hyperparameters substantially
outperformed traditional factor analysis plus regression (.28 versus .13, representing a 115%
improvement in explained variance). In concrete terms: if you know nothing about someone,
your best guess for their solitude preference would be the sample average (around 5 on the 0—
12 scale), and you’d typically be off by about 2.6 points. Traditional methods reduce this error
to 2.42 points. Our optimized two-stage approach reduces it further to 2.20 points—a
meaningful practical improvement.

Finding 2: Proper hyperparameter tuning proved critical for the dual-process architecture.
Initial implementations using default hyperparameters showed Stage 2 adding minimal value
(increasing R? from .21 to only .21, essentially no improvement). After systematic tuning via
cross-validation, Stage 2 provided substantial improvement (increasing R? from .21 to .28,a 7
percentage point gain). This demonstrates that simply ‘“using machine learning” is
insufficient—careful configuration determines whether methods achieve their potential.
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Finding 3: Even Random Forest alone (.21) outperformed traditional methods (.13), likely due
to three factors: (a) native handling of categorical variables without arbitrary numerical
encoding decisions, (b) automatic discovery of nonlinear relationships and interactions without
requiring researcher specification, (c) robustness through bootstrap aggregation across 300
diverse decision trees.

Why Stage 2 Initially Failed and How We Systematically Fixed It

Initial gradient boosting implementations used default hyperparameters optimized for large
datasets (N > 10,000). Our dataset (N = 203) required different configuration. We identified
four specific problems and their solutions through systematic investigation:

Solution: We reduced the learning rate to 0.01, forcing more gradual error correction. With
slower learning, the algorithm identifies robust patterns that replicate across data samples rather
than memorizing training-specific quirks.

Solution: We reduced max depth to 4, forcing simpler decision rules. Shallow trees capture
broad systematic patterns while avoiding overfitting to training-specific details.

Solution: We increased min child weight to 3, requiring that each split represent patterns across
multiple people rather than individual-specific quirks. This regularization improves
generalization.

Solution: We implemented early stopping with a patience of 10 rounds—if validation error
doesn’t improve for 10 consecutive iterations, training halts. This prevents overfitting while
allowing sufficient iterations to learn genuine corrections.

Residual Analysis Reveals What Stage 2 Corrects: To understand what Stage 2 actually learns,
we analyzed systematic patterns in Stage 1’s prediction errors. We found that Stage 1 made
consistent mistakes for certain subgroups:

Underestimation Pattern: Stage 1 consistently underestimated solitude preference for highly
educated individuals (postgraduate degree) living alone. For this subgroup, mean residual error
= +1.2 scale points, indicating Stage 1 predictions were systematically too low.

Overestimation Pattern: Stage 1 consistently overestimated solitude preference for married
individuals with large social networks (6+ close friends). For this subgroup, mean residual error
= —.9 scale points, indicating Stage 1 predictions were systematically too high.

Stage 2’s role: With optimized hyperparameters, gradient boosting successfully identified these
systematic biases and built correction rules. Analysis of Stage 2 trees revealed splits like “if
education = postgraduate AND living arrangement = alone, then add correction of +0.7” and
“if marital status = married AND number of close friends > 6, then add correction of —.5.”
Stage 2 corrected approximately 60% of the systematic bias, substantially improving
predictions for these subgroups.

This demonstrates that the dual-process architecture provides genuine value when properly
configured: broad pattern recognition (Stage 1) captures obvious relationships efficiently
through parallel processing, while focused analytical refinement (Stage 2) corrects subtle
systematic errors through sequential processing.
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Feature Importance Analysis: What Predicts Solitude Preference?

Table 2
Top 20 Predictors of Preference for Solitude
Rank Predictor Type Importance
1 Hours spent alone (weekdays) Behavioral .082
2 Hours spent alone (weekends) Behavioral 071
3 Time in solitary leisure (reading) Behavioral 058
4 Hours with friends (weekdays) Behavioral 052
5 Age Demographic .048
6  Participation in organized activities  Behavioral .041
7  Diversity of social network Social .037
8  Hours in group activities Behavioral .035
9  Self-rated health Health .033
10 Number of close friends Social 031
11 Life satisfaction Psychological .029
12 Hours with family (weekends) Behavioral 027
13 Living arrangement Demographic 026
14 Education level Demographic .024
15  Extraversion Psychological .023
16  Hours watching television Behavioral 022
17  Social support received Social 021
18  Hours dining out Behavioral 019
19  Family contact frequency Social 018
20  Loneliness Psychological 017

Note. Importance scores derived from permutation importance methodology averaged across both ensemble
stages. Behavioral activity patterns comprise 11 of the top 20 predictors. Extraversion—theoretically expected
to be the primary predictor—ranked only 15th among 104 variables.

Several striking patterns emerge from the feature importance analysis. First, actual behavioral
patterns (hours spent alone, time in solitary activities, participation in social versus solitary
pursuits) emerged as the strongest predictors of solitude preference. What people actually do
with their time reveals their preferences more clearly than self-reported personality traits or
other individual characteristics.

Second, extraversion ranked only 15th among our 104 predictors despite being theoretically
central to solitude preference. In traditional personality psychology, we would expect
extraversion to be the primary predictor. This finding has two possible interpretations: (1)
Behavioral redundancy—once you know how much time someone actually spends alone and
in solitary activities, knowing whether they self-identify as extraverted or introverted adds little
additional predictive information; or (2) Conceptual distinctness—preference for solitude may
genuinely differ from the introversion-extraversion dimension.

Third, life circumstances matter. Age (ranking 5Sth), self-rated health (9th), living arrangement
(13th), and education level (14th) all emerged as important predictors. This suggests that
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solitude preference reflects not just stable personality traits but also life stage, physical
capabilities, and social circumstances.

Fourth, no single factor dominated. Instead, solitude preference emerged from combinations of
demographics, health status, social context, activity patterns, and psychological characteristics,

suggesting multiple pathways to preferring solitude.

Supplementary Analysis: Excluding Behavioral Time-Use Variables

Table 3

Performance When Excluding Behavioral Time-Use Variables
Method Full Model (104) Reduced Model (96)
Traditional PCA + OLS 13 A1
Random Forest only 21 .16
Two-Stage (optimized) 28 .19

Note. Full model includes all 104 predictors. Reduced model excludes 8 behavioral time-use variables (hours
alone on weekdays/weekends, hours with friends on weekdays/weekends, hours with family on
weekdays/weekends, hours in solitary leisure, hours in organized group activities).

Three findings emerged from this supplementary analysis:

First, excluding behavioral variables reduced performance across all methods, confirming that
time-use patterns strongly predict solitude preference. This makes conceptual sense—people
who prefer solitude are more likely to structure their lives to include time alone.

Second, even without behavioral variables, the optimized two-stage approach (.19)
substantially outperformed traditional methods (.11), demonstrating that the ensemble
method’s advantages extend beyond simply including time-use data. The method still benefits
from native categorical handling, automatic interaction detection, and robustness through
aggregation.

Third, in the reduced model, personality traits gained importance. Extraversion moved from
15th to 3rd in importance rankings, neuroticism moved from 24th to 7th, and loneliness moved
from 20th to 5th. This demonstrates that our main finding (behavioral patterns outperform
personality traits) partially reflects behavioral variables obscuring personality’s role. When
behavioral manifestations are removed, underlying personality characteristics become more
predictive.

This supplementary analysis reveals important nuance: our primary models achieve strong
performance partly through near-circular prediction (using behavioral manifestations to predict
behavioral preferences), but the ensemble approach provides methodological advantages even
when restricted to person characteristics and life circumstances that don’t directly reflect
solitude behavior.

Automatic Detection of Interactions and Nonlinearities
The ensemble methods automatically discovered several interactions and nonlinearities: Age

interacted with living arrangement (age strongly predicted solitude preference among those
living alone but not among those living with family); health status interacted with social
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network size (close friendships negatively predicted solitude preference among healthy
individuals but not among those in poor health); education showed a U-shaped pattern (highest
solitude preference among those with primary and postgraduate education, lowest among those
with secondary education). These patterns would be missed by traditional regression unless
specifically hypothesized in advance.

Discussion

This study compared traditional and modern analytical methods for predicting individual
differences in preference for solitude among older adults.

Main Finding 1: Preference for Solitude as Distinct Construct

Confirmatory factor analysis validated preference for solitude as a distinct construct,
empirically separable from extraversion (» = —.36), social anxiety (» = .18), and loneliness (r =
.42). While moderately correlated with these related constructs—as would be expected given
conceptual overlap—solitude preference showed sufficient discriminant validity to warrant
study as an independent individual difference.

The correlation with extraversion explains only 13% of variance, challenging the assumption
that solitude preference simply reflects introversion.

The moderate positive correlation with loneliness indicates overlap but not redundancy. Many
people who prefer solitude are not lonely—they have fulfilling social relationships and simply
value periods alone. This finding has important theoretical implications. It suggests that
preference for solitude involves more than just temperamental introversion. Some extraverts
may prefer solitude for restoration after intense social engagement; some introverts may not
particularly value time alone despite being quiet and reserved.

Main Finding 2: Substantial Predictive Performance Advantages of Ensemble Methods

The optimized two-stage ensemble approach explained 28% of variance in solitude preference,
substantially outperforming traditional factor analysis plus regression (13%) and providing
meaningful improvement over single-model machine learning (Random Forest: 21%). This
represents a 115% improvement in explained variance over traditional methods and a 33%
improvement over the single-model baseline.

Three factors likely contribute to these performance advantages. First, native categorical
handling: Traditional approaches required converting gender, ethnicity, marital status,
education level, and living arrangement into numbers through one-hot encoding or other
schemes. These conversions involve arbitrary decisions that can bias results. Tree-based
methods make direct categorical splits without numerical encoding, eliminating researcher
degrees of freedom.

Second, automatic discovery of nonlinear relationships and interactions: Our analyses revealed
Age X Living Arrangement interactions, Health X Social Network Size interactions, and U-
shaped Education effects that traditional regression would miss unless researchers specified
them in advance. The ensemble method discovered these patterns directly from data.
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Third, robustness through aggregation: Stage 1 averages predictions across 300 diverse
decision trees, each trained on different data samples and variable subsets. This ensemble
averaging produces predictions more robust to individual tree quirks and more likely to
generalize to new people than single-model predictions.

Main Finding 3: The Dual-Process Architecture Requires and Rewards Proper
Configuration

Initial implementations showed Stage 2 (gradient boosting) adding minimal value beyond
Stage 1 (random forest)—only 0.2 percentage points of explained variance. This initially
appeared to contradict our dual-process theoretical framework. However, systematic
hyperparameter tuning revealed that Stage 2 could add substantial value (7 percentage points)
when properly configured for our dataset characteristics.

The key insight: Stage 2 specializes in correcting systematic biases that Stage 1 makes
consistently across cases. This requires specific configuration: slow learning rate (to avoid
overfitting to noise in residuals), shallow trees (to focus on systematic patterns rather than
individual-specific corrections), regularization (to prevent memorizing training data), and early
stopping (to halt when corrections plateau).

Residual analysis revealed what Stage 2 learns: Stage 1 systematically underestimated solitude
preference for highly educated individuals living alone (mean error = +1.2 scale points) and
overestimated for married individuals with large social networks (mean error = —.9 points).
Stage 2 successfully identified these patterns and corrected approximately 60% of systematic
bias.

This validates our dual-process architecture when properly tuned: broad pattern recognition
(Stage 1) captures obvious relationships efficiently through parallel processing, while focused
analytical refinement (Stage 2) corrects subtle systematic errors through sequential processing.
The architecture mirrors complementary functions of System 1 and System 2 cognition.

Limitations and Future Directions
Several important limitations qualify our findings and suggest directions for future research.

Sample Size and Generalizability: With N = 203 participants, all from Singapore, all aged 55
and above, we cannot assume findings generalize to younger adults, Western populations, or
different cultural contexts. Our effect sizes likely overestimate what would be found in larger,
more representative samples. Replication with larger samples across diverse populations is
essential.

Cross-Sectional Design Prevents Causal Inference: We measured all variables at a single time
point, preventing causal conclusions. Longitudinal designs following people over time could
disentangle directional relationships and examine how solitude preferences change across life
transitions.

Predictor Overlap with Outcome: Hours spent alone and time in solitary activities partially
overlap conceptually with preference for solitude. Our supplementary analysis excluding
behavioral variables addresses this partially, but the reduced model explains only 19% of
variance.
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Substantial Unexplained Variance: Even our best-performing model explains only 28% of
variance in solitude preference. This means 72% of individual variation remains unexplained
by our 104 measured predictors. Unmeasured factors likely include early life experiences,
cultural values, spiritual beliefs, cognitive styles, and inherent randomness in behavioral
preferences.

Implications

For Personality Theory: Preference for solitude deserves study as a distinct individual
difference that goes beyond standard Big Five personality dimensions.

For Aging Research and Practice: Among older adults in our sample, solitude preference
appeared linked to positive characteristics rather than problematic isolation. Aging services
should respect individual differences in preferred balance between social contact and solitude.

For Clinical Assessment: Clinicians should carefully distinguish between preference for
solitude (potentially healthy) and problematic isolation (loneliness, depression).

For Research Methodology: Our findings demonstrate advantages of ensemble methods but
also show that proper hyperparameter tuning determines whether methods achieve their
potential.

Conclusion

This study demonstrates that individual differences in preference for solitude can be
successfully predicted from comprehensive behavioral data using ensemble methods inspired
by dual-process theories of cognition. We report three key contributions.

First, confirmatory factor analysis validated preference for solitude as a distinct psychological
construct, empirically separable from extraversion, social anxiety, and loneliness despite
moderate correlations. This supports treating solitude preference as a meaningful individual
difference worthy of independent theoretical and empirical attention.

Second, a properly configured two-stage ensemble approach substantially outperformed
traditional analytical methods (explaining 28% versus 13% of variance), demonstrating
practical advantages for complex behavioral datasets containing mixed variable types and
nonlinear relationships. The performance gains stem from native categorical handling,
automatic interaction detection, and robustness through aggregation.

Third, systematic hyperparameter optimization revealed that analytical refinement (Stage 2
gradient boosting) adds meaningful value beyond pattern recognition (Stage 1 random forest)
by correcting systematic prediction biases, validating our dual-process theoretical framework
when properly configured. This highlights the critical importance of careful tuning rather than
applying default configurations.

These findings advance both theoretical understanding (clarifying solitude preference as
conceptually distinct from introversion with multiple behavioral pathways) and
methodological practice (demonstrating ensemble advantages while emphasizing proper
configuration). Future research should address current limitations through larger and more
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diverse samples, longitudinal designs that enable causal inference, and careful conceptual
distinction between prediction goals and explanation goals.
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