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Introduction: Rapid population aging imposes escalating fiscal and operational pressures on public health and long-term care
systems, increasing the likelihood of supply-demand imbalances and workforce shortages. Understanding how government agencies,
aging service institutions, and the professional education system interact is essential for mitigating systemic risks and ensuring
sustainable service provision.

Methods: This study develops a tripartite evolutionary game model that integrates talent supply dynamics into a comprehensive risk-
governance framework. The model links workforce development with institutional performance and fiscal sustainability. System
stability and evolutionary trajectories were examined through MATLAB simulations under multiple policy scenarios involving
subsidies, incentives, and professional education reform.

Results: Simulation results reveal that exclusive reliance on government subsidies may heighten long-term fiscal pressures and
weaken systemic resilience. In contrast, a market-oriented self-organizing mechanism helps maintain service quality while reducing
dependence on public funding. The analysis also identifies a bidirectional feedback loop: institutional demand can stimulate
educational reform, while an adequately trained workforce lowers marginal service costs. Nevertheless, insufficient practice-
oriented education may create a talent bottleneck that destabilizes the system even when financial support is present.

Discussion: The findings indicate that the sustainability of aging care systems depends more on dynamic incentive structures that
align workforce development with service quality evaluation than on static fiscal expansion. Strengthening the coordination of
education, institutional performance incentives, and government regulation can mitigate market failure risks and foster more equitable
resource allocation.

Keywords: healthcare risk management, policy optimization, fiscal sustainability, evolutionary game theory, workforce supply chain,
long-term care governance

Introduction

With profound changes in global demographic structures, sustainable elderly care has emerged as a significant challenge
for social security and public service systems across countries.' Sustainable aging services refers to achieving long-term
balance in fiscal expenditures, resource allocation, service capacity, and social equity within the elderly care system,
while meeting the multi-level and diversified service needs of the older adults population.? This issue is not only vital to
the well-being of older adults but also critical to ensuring intergenerational equity and the resilience of the broader social
system.” According to the United Nations’ World Social Report 2023, the global population aged 65 and above is
expected to double by the middle of this century, making the protection of rights and provision of services for older
people a key pathway toward a sustainable future.*> In light of this trend, building a fair, efficient, and self-regulating
system of aging services has become a pressing issue for both academia and policymakers worldwide.®’
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As the most populous developing country in the world, China is entering a deeply aging society at an unprecedented
pace.® From a long-term perspective, the degree of population aging continues to rise.”'® As shown in Figure 1, the
proportion of the population aged 65 and above increased from 8.1% to 15.4%, marking the onset of a rapid aging
phase.'" This transformation not only signifies an accelerated shift in population structure but also places unprecedented
pressure on the aging services service system.'? From a demographic perspective (Figure 2), the proportion of the
working-age population aged 15-64 has been declining year by year.'* In contrast, the share of the population aged 65
and above continues to grow. Meanwhile, the number of people aged 65 and over has surged from fewer than 100 million
in 2007 to more than 210 million in 2023, more than doubling over this period.'*

This trend in China has not only intensified the burden of population support but also posed significant challenges to the
traditional family-based model of aging services.'> In particular, rural areas are experiencing a convergence of insufficient
resource provision and population decline, with a concentration of the elderly population.'® Still, care services are limited,
resulting in significant regional disparities in the development of aging services security.!” As a result, achieving effective
resource allocation, institutional equity, and enhanced service capacity within the aging services system has become a key
issue in China’s current aging services reform.® Although the government has introduced a series of policy documents in
recent years, challenges such as mismatches between service supply and demand, uneven resource distribution, and
inadequate institutional adaptability continue to hinder the sustainable development of the aging services system.'®

Current research on aging services has spanned multiple domains, including demographic transition trends, the
transformation of care models, the allocation of community and institutional care resources, nature-based healing and
mental health, and labor substitution in long-term and informal care.'*'”'® The research horizon continues to expand,
and empirical depth is steadily increasing. However, most of these studies remain focused on institutional analysis or
macro-level policy evaluations, with relatively limited exploration of the micro-level mechanisms and behavioral logic
underlying sustainable aging services. There is a lack of systematic studies on how key actors, such as governments,
aging services institutions, and aging services education providers, achieve collaborative development and co-governance
of resources through dynamic interactions. Therefore, it is urgently necessary to adopt a multi-agent evolutionary
perspective to reveal the internal mechanisms and constraint pathways of the sustainable aging services system, thereby
providing a theoretical foundation for the design of institutions and the optimization of policies.
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Figure | China’s aging rate (2007-2023). X-axis: Year, Y-axis: aging rate.
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Figure 2 Population proportions and elderly population in China (2007-2023). X-axis: Year, Y-axis: aging rate, Secondary axis: Population size.

In response to this demographic shift, this study examines how strategic interactions among the government, aging
service institutions, and professional education systems shape the sustainability of the care sector. We develop a tripartite
evolutionary game model that captures dynamic decision-making in resource allocation, service provision, and talent
cultivation. By integrating payoff structures, incentive costs, talent supply, and fiscal constraints into a unified analytical
framework, the model identifies stable evolutionary paths and equilibrium conditions under alternative institutional
arrangements. This dynamic perspective highlights how coordinated system resilience may emerge through incentive
alignment rather than fiscal expansion alone. The findings provide policy guidance for designing governance mechanisms
that balance workforce development, service quality, and fiscal sustainability, while offering transferable insights for
other developing countries facing rapid population aging.

Literature Review
Against the backdrop of rapid population aging, aging services has become a global challenge, with “sustainable aging
services” increasingly recognized as a core concept for addressing this issue. While traditional aging services focuses
primarily on basic physiological support, sustainable aging services emphasizes equitable resource allocation, institu-
tional efficiency, and the long-term stability of the care system, all of which are grounded in safeguarding the well-being
of older people.'® As aging services needs grow increasingly diverse, the care system is shifting from a “care-centered”
model to one that prioritizes quality of life and mental health through integrated care approaches.® Moreover, recent
research highlights that the identification and intervention of geriatric syndromes such as frailty have become key entry
points for promoting sustainable aging services at the individual level.?! Within this framework, enhancing community
participation, promoting intergenerational integration, building green environments, and strengthening psychological
support are identified as critical pathways toward achieving “healthy aging” and “sustained well-being”.*?

The government plays multiple critical roles in advancing the construction of a sustainable aging services system. On
one hand, it provides institutional guarantees and resource support for aging services services through social security

Risk Management and Healthcare Policy 2026:19 hetps: 3



Shen et al

systems and fiscal investment.'® On the other hand, the guiding power of public policy is reflected in institutional supply,
regulatory norms, and the governance of regional equity. For instance, community-based home care policies have
significantly contributed to optimizing household consumption structures and alleviating care burdens among middle-
aged and elderly families.'® Furthermore, the government also serves as a standard-setter for service quality and
a coordinator of regional resources.”® This role is particularly vital in rural or remote areas, where government action
is crucial for promoting spatial equity and improving the accessibility of care institutions, thereby reducing regional
disparities in aging services.”* Additionally, government-led long-term care insurance systems can effectively offset the
costs of informal caregiving and improve the welfare of low-income families.*’

As key implementers of sustainable aging services services, aging services institutions serve as the core platforms for
ensuring the quality of life and care experiences of older adults. Factors such as the efficiency of resource allocation, service
quality, staffing levels, and facility environments within institutions have a significant impact on the physical and mental
health of elderly residents.?® Institutional scale, type of operation, and regional characteristics are significantly associated with
service ratings, care duration, and quality performance.27 Moreover, soft factors such as institutional culture, staff behavior,
and organizational leadership also exert a profound influence on service quality, with relationship-centred care emerging as
a key pathway for enhancing service outcomes.?® Rural aging services institutions face challenges such as insufficient resource
alignment and severe spatial imbalance, highlighting the urgent need to improve service adaptability through regional
cooperation and institutional coordination.>** Therefore, aging services institutions should not only act as service providers
but also proactively engage in institutional innovation, talent attraction, and optimization of care models.

Professional education in aging services serves as a critical human resource mechanism for achieving the long-term
goals of sustainable aging services. At present, the sector faces challenges such as workforce shortages, low occupational
identity, and insufficient skill reserves, all of which require systemic educational provision to be effectively addressed.**
Frontline care workers, such as caregivers, have long been burdened by high work stress, limited support resources, and
elevated levels of occupational burnout, highlighting the urgent need for education and training to enhance their
professional skills and psychological resilience.”® Meanwhile, advanced professional forces represented by geriatric
specialist nurses have played a significant role in improving the quality of elderly medical care.’' In addition,
technology-integrated aging services training programs, such as the GERONTECH initiative, have not only increased
young people’s interest in the eldercare sector but also offered innovative solutions to the mismatch between supply and
demand in the caregiving workforce.’® In promoting sustainable aging services, the role of the education system should
extend beyond talent cultivation to become an integral part of the innovation ecosystem in aging services.

Although existing studies have yielded substantial findings in areas such as the supply-demand dynamics of aging
services services, spatial equity, health interventions, and care systems, most of this research remains focused on the
institutional level or adopts a single-actor perspective, lacking a systematic exploration of the micro-level behavioral
mechanisms and multi-actor coordination pathways underlying sustainable aging services. Current research often over-
looks the behavioral choices, incentive structures, and institutional response mechanisms involved in the dynamic
resource interactions among governments, aging services institutions, and educational systems.**-** Moreover, in
evaluating care quality, a lack of dynamic analysis remains regarding the synergistic effects between caregiver behavior
mechanisms and age-friendly environments.?®

Therefore, this study aims to develop a tripartite game model that incorporates the government, aging services
institutions, and professional education in aging services, from the perspectives of system dynamics and evolutionary
game theory. It aims to explore the behavioral evolution mechanisms and collaborative pathways for sustainable aging
services under different institutional incentive scenarios, thereby providing theoretical support and policy insights for
optimizing aging services systems and innovating service governance.

Materials and Methods: Three-Party Evolutionary Game Model

Model Assumptions
We assume a tripartite evolutionary game framework in which the government, aging service institutions, and profes-
sional aging service education constitute the key strategic actors within a sustainable aging services system. It is assumed
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that the government serves as the institutional regulator and policy designer, influencing system dynamics through fiscal
subsidies, service supervision, and talent incentive mechanisms. Aging service institutions are assumed to act as primary
service providers, making strategic decisions that balance economic returns with social responsibility under given policy
constraints. Meanwhile, the professional education system is assumed to function as the core supplier of skilled labor,
supporting system sustainability through talent cultivation, knowledge provision, and service innovation. The interactions
among these actors are assumed to shape the coordinated evolutionary trajectory of the aging services system.>®

The parameter definitions are presented in Table 1.

Game Participants

Government

In the process of constructing a sustainable aging services system, the government, as the core guiding actor, plays
a decisive role in shaping the evolutionary direction of aging services institutions and the education system through its
strategic choices. The first strategy involves implementing subsidy policies, providing financial support to aging services
institutions to incentivize improvements in service quality, while simultaneously increasing investment in professional
aging services education to enhance the cultivation of practice-oriented talent. Although this strategy entails relatively
high short-term fiscal expenditures, such as the subsidy cost for care institutions Ca and the investment cost in education
Na, the expected to generate substantial long-term social benefits Ba, including improved quality of life for older people,
reduced burdens on family caregivers, decreased public healthcare costs, and the overall advancement of the aging
services service sector. This strategy reflects the government’s role in promoting the high-quality and professionalization
of the care and education systems through a “subsidy-driven enhancement” approach, thereby achieving both the
sustainability and equity of aging services services.”**’

Another strategy is to withhold subsidies, whereby the government maintains only the minimum level of support for
aging services institutions and the education system, such as the maintenance cost of care institutions Cb and routine
educational investment Nb, in order to control fiscal expenditures. Under this approach, the government’s return Bb is
relatively low, mainly reflected in the basic maintenance of aging services services and short-term assurance of social
stability. However, this low-investment strategy may result in a lack of motivation among care institutions to improve

Table | The Parameter Definitions

Parameter | Definition

Government
Ca The subsidy cost for care institutions
Cb The maintenance cost of care institutions
Na The investment cost in education
Ba The expected to generate substantial long-term social benefits
Bb The government’s return

Aging services institution

Qa Operational and renovation costs in improving the quality of aging services
Qb Operational costs to maintain the status quo

F Additional expenses related to supporting professional education

Ea Receive higher government subsidies

Eb The amount of subsidies received

Pb Corresponding returns with maintain the status quo

G Routine support for education

Aging services professional education

Yielding substantial supporting benefits in improve service quality
Generating indirect returns to maintain the status quo

Resulting in relatively lower benefits

s 4=

The educational returns maintain the status quo
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service quality and insufficient practical support for the development of professional talent. Over the long term, this can
lead to the accumulation of structural issues such as declining care quality, inadequate talent supply, and uneven
distribution of resources between urban and rural areas. Although the short-term cost of this strategy appears low, it
carries the “deferred cost” of future governance risks. It is detrimental to the sustainable optimization of the aging

services service system (Figure 3).

Aging Services Institution
In the tripartite evolutionary game, aging services institutions, as the core providers of services, play a decisive role in
improving the quality of aging services through their strategic choices. Suppose an institution opts to enhance service
quality. In that case, it must bear higher operational and renovation costs (such as those associated with facility upgrades,
staffing, and personalized services, denoted as cost Qa), and also assume additional expenses related to supporting
professional education (such as the cost F of collaborating with practice-oriented education programs). However, this
strategy can yield greater direct service returns Pa, including increased occupancy rates, optimized pricing structures, and
enhanced reputation effects. Moreover, institutions may receive higher government subsidies Ea as external incentives.
Under a coordinated system, quality improvement by aging services institutions not only strengthens their market
competitiveness but also helps establish professional training bases, promotes alignment between talent supply and
demand, and fosters a virtuous cycle within the aging services service ecosystem.?®

Conversely, suppose an aging services institution chooses to maintain the status quo. In that case, its cost expendi-
tures, such as operational costs Qb and routine support for education G, remain relatively low and structurally stable,
with minimal operational risks. However, the corresponding returns Pb are also limited, and under policy trends that
favor “rewarding excellence and supporting high-quality performers”, the amount of subsidies received Eb is relatively
reduced. Moreover, maintaining the status quo may fail to meet the growing demand for high-quality aging services
services, leading to service delays, client attrition, and the accumulation of reputational risks. In the context of deepening
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Figure 3 Tripartite evolutionary game framework.
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population aging, evolving policy guidance, and rising public expectations, this strategy may offer short-term stability
but lacks long-term sustainable competitive advantages (Figure 3).

Aging Services Professional Education
Within the tripartite evolutionary game framework, professional aging services education, as the provider of talent, plays
a critical role in influencing both service quality and the efficiency of talent matching through its strategic choices. If the
education system opts for practice-oriented education, its pedagogical model emphasizes hands-on training, situational
simulations, and institutional collaboration, thereby enhancing students’ adaptability to real-world care environments.
This approach is efficient in meeting the demand for high-quality, multidisciplinary talent when aging services institu-
tions aim to improve service quality, thus yielding substantial supporting benefits R. Even if institutions choose to
maintain the status quo, practice-oriented education can still enhance graduates’ competitiveness and employability,
generating indirect returns 7. Furthermore, such educational practices promote university-industry cooperation and joint
project development, strengthening the social service functions of educational institutions and aligning with the current
trends of industry-education integration and the modernization of vocational education.>*~°

By contrast, if professional aging services education institutions opt for conventional education, although the training
costs are lower and the curriculum system remains stable, students often lack frontline practical experience, making it
challenging for the institutions to meet their demand for “ready-to-work” talent. When aging services institutions pursue
higher service quality, the alignment efficiency and employment returns of conventional education decline significantly,
resulting in relatively lower benefits S. Even when institutions maintain the status quo, the educational returns # remain
limited, making it hard to establish a differentiated advantage. Under the current policy emphasis on school-enterprise
collaboration and competency-based training, conventional education faces the risk of diminishing marginal returns.
Therefore, professional aging services education institutions must align their training models with institutional needs and
policy directives to enhance their adaptability within the aging services service system (Figure 3).

Game Decision Tree and Payoff Matrix
To more clearly depict the interaction logic and strategic choices among the government, aging services institutions, and
professional aging services education within a sustainable aging services system, this study constructs a corresponding
tripartite evolutionary game decision tree based on the previously defined game parameters and behavioral mechanism
analysis, as shown in Figure 4. The decision tree systematically illustrates the choice paths of each participant under
different strategy combinations, along with their associated benefits and costs. It reflects the dynamic evolutionary process
among the three parties within the “subsidy—service quality enhancement—education model” interactive mechanism.
Based on the clearly defined strategy spaces and key parameter settings for the three parties, and in conjunction with
the previously constructed tripartite evolutionary game decision tree (Figure 4), the payoff outcomes for the government,
aging services institutions, and professional aging services education under different strategy combinations can be further
derived. This enables the construction of a complete tripartite game payoff matrix (Table 2). The matrix systematically
reflects the variations in payoffs and costs associated with different strategies adopted by each actor, providing
a comprehensive representation of the benefit distribution patterns throughout the tripartite game process.

Model Analysis

Based on the strategy combinations and corresponding payoff matrix of the tripartite game, this section further constructs
the expected payoff functions for the three actors, government, aging services institutions, and professional aging services
education, in order to clarify their expected returns under different strategy probability distributions. By introducing
replicator dynamic equations, the analysis reveals the evolution paths of the three parties’ strategies under conditions of

bounded rationality and learning mechanisms, thereby identifying potential Evolutionarily Stable Strategies (ESS).***
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Figure 4 Decision tree of the three-party evolutionary game.

Government Expectation Analysis
Let x denote the probability that the government chooses to provide subsidies, and (1—x) the probability of choosing not

to subsidize. The expected payoff from adopting the subsidy strategy is denoted as Ug;, while the expected payoff from

adopting the non-subsidy strategy is denoted as Ug,. The government’s average expected payoff is denoted as Ug.

Ug) = yz(Ba — Ca — Na) + y(1 — z)(Ba — Ca)

+ (1 —y)z(Ba — Cb — Nb) + (1 —y)(1 — z)(Ba — Cb) O

Table 2 Payoff Matrix of Game Participants

Strategy Government | Institution | Education
SI=(S, I, P) Ba-Ca-Na Pa+Ea-Qa R+Na
$2=(5,1,C) Ba-Ca Pa+Ea-Qa-F | S

S$3=(5 M, P) | Ba-Cb-Nb Pb+Eb-Qb T+Nb
$4=(,MC) | BaCb Pb+Eb-Qb-G | W
S5=(N, 1, P) Bb Pa-Qa R

S6=(N, 1, C) Bb Pa-Qa-F S
S7=(N,M,P) | Bb Pb-Qb T
S8=(N,M, C) | Bb Pb-Qb-G w
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Ug, = yzBb+y(l —z)Bb+ (1 —y)zBb+ (1 —y)(1 — z)Bb 2

Ug = xUg; + (1 —x)Ugy 3)

The replicator dynamic equation for the government and its first-order derivative concerning x are given as follows:

d —
Fx) = d); x(Ug1 — Ug) @
x(x — 1)[Bb — Ba + Cb + y(Ca — Cb) + zNb + yz(Na — Nb)]
d];ix) = (2x — 1)[Bb — Ba + Cb + y(Ca — Cb) + zNb + yz(Na — ND)] (%)

According to the stability theorem of differential equations, the probability associated with the government reaches

a stable state when: F(x) =0 and dF ) <0, Let G(z) = Bb — Ba+ Cb + y(Ca — Cb) + zNb + yz(Na — Nb), then

dG(Z = Nb + y(Na — Nb). Based on the parameter settings discussed earlier, we know that Na>Nb, therefore d3—§2)>0

holds, indicating that G(z) is a monotonically increasing function of z. Let G(z*) =0, then we obtain:

z* = %W. When z =z, G(z*) = dF(x) = 0, the government cannot determine its strategy; When

z<z", G(z") < 0. If == dF( <0, then x = 1 is the government’s Evolutionarily Stable Strategy (ESS);When z > z*, G(z*) > 0.

If dF )< 0, then x = 0 is the government’s Evolutionarily Stable Strategy (ESS).
The phase diagram of the government’s evolutionary strategy is shown in Figure 5.

Aging Services Institution Expectation Analysis

Let y denote the probability that aging services institutions choose to improve service quality, and (1—y) the probability of
choosing to maintain the status quo. The expected payoff from improving service quality is denoted as Ui, while the
expected payoff from maintaining the status quo is denoted as Ui,. The average expected payoff of the aging services

institution is denoted as Ui.

Uiy = xz(Pa+ Ea — Qa) +x(1 —z)(Pa+ Ea — Qa — F)

+ (1 =x)z(Pa— Qa)+ (1 —x)(1 —z)(Pa— Qa —F) ©
Uiy = xz(Pb + Eb — Qb) +x(1 —z)(Pb + Eb — Qb — G) ;
+ (1 =x)z(Pb— 0b) + (1 —x)(1 —z)(Pb — Ob — G) M

Ui =yUi, + (1 —y)Ui, )]

The replicator dynamic equation for aging services institutions and its first-order derivative concerning y are given as follows:

ﬂnz AZ ALZ

48

v
v

<
<
<

1 1 1
X / X

Figure 5 Phase diagram of the government’s evolutionary strategy.
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Ay =
F(y) = (Ui, — Ui) ©)
=y(y—1)[F —G—Pa+ Pb+ Qa— Ob — x(Ea — Eb) — z(F — G)]
d[;)(}y): (2y = )|F — G —Pa—+ Pb+ Qa — Ob —x(Ea — Eb) — z(F — G)] (10)

According to the stability theorem of differential equations, the probability associated with aging services institutions

reaches a stable state when: F(y) = 0 and dl;—i)’) <0.LetJ(z) =F — G— Pa+ Pb+ Qa — Qb — x(Ea — Eb) — z(F — G),

d‘il(zz) = G — F. Based on the parameter settings discussed earlier, we know that G < F, therefore d“il(zz) < 0 holds,

indicating that J(z) is a monotonically decreasing function of 2z Let J(z*) =0, then we obtain:

7t = £=G=P “; i g*Qa*Qb - Eﬁ:gb x. When z =z*, J(z*) = 0 and dl;—iy) = 0, the aging services institution cannot determine

then

its strategy; When z<z*, J(z*)>0. If dl;—iy) <0, then y =0 is the aging services institution’s Evolutionarily Stable

Strategy (ESS); When z>z*, J(z*) <0. If dFd—iy) <0, then y =1 is the aging services institution’s Evolutionarily Stable

Strategy (ESS).
The phase diagram of aging services institution’s evolutionary strategy is shown in Figure 6.

Aging Services Professional Education Expectation Analysis

Let z denote the probability of adopting practice-oriented education in professional aging services education, and (1—z)
the probability of adopting conventional education. The expected payoff from practice-oriented education is denoted as
Ue,, the expected payoff from conventional education as Ue;, and the average expected payoff of professional aging

services education is denoted as Ue.

Uey =xy(R+ Na) +x(1 —y)(T+Nb)+ (1 —x)yR+ (1 —x)(1 —y)T (11)
Ue; =xyS+x(1 =)W+ (1 —x)pS+ (1 —x)(1 —p)W (12)
Ue = zUe; + (1 — z)Ue, (13)

The replicator dynamic equation for professional aging services education and its first-order derivative concerning z are
given as follows:
dz —
F(z) =—=1z(Ue — U
() =g = =Ue —Ue) (14)
=—z(z— [T —W+xNb+y(R—S—T+ W) +xy(Na — Nb)]

L 4
v
L 4

Figure 6 Phase diagram of aging services institution’s evolutionary strategy.
8! ging Y 8Y-
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dF
d(z) =Q2z—1)[T =W +xNb+yR—-S—T+ W)+ xy(Na — Nb)| (15)
4
According to the stability theorem of differential equations, the probability associated with professional aging services education
reaches a stable state when: F(z) = 0 and d’;iz) <0.Let Hx) =T — W +xNb+y(R— S — T+ W) + xy(Na — Nb), then

dH (x)

dffT(x) = Nb + y(Na — Nb). Based on the parameter settings discussed earlier Na > Nb, therefore =

>0 holds, indicating that

H(x) is a monotonically increasing function of x. Let H(x*) = 0, then we obtain: x* = %. When x = x*,

H(x*) =0 and di;iz) = 0, the aging services professional education cannot determine its strategy; When x<x*, H(x*)<0. If

% <0, then z = 1 is the aging services professional education’s Evolutionarily Stable Strategy (ESS); When x>x*, H (x*)>0. If

d%&) <0, then z = 0 is the aging services professional education’s Evolutionarily Stable Strategy (ESS).
The phase diagram of aging services professional education’s evolutionary strategy is shown in Figure 7.

Evolutionarily Stable Strategy

Since the mixed strategy equilibrium in asymmetric dynamic games is not evolutionarily stable, only the pure strategy
equilibrium points of the evolutionary game system are analyzed. Let F(x) = 0, F(y) = 0, and F(z) = 0 be the strategy
variables, then the evolutionary game system has eight pure strategy equilibrium points, namely: E1 (1, 1, 1), E2 (1, 1, 0),
E3(1,0,1),E4(1,0,0),E5(0,1,1),E6(0,1,0),E7 (0,0, 1) and E8 (0, 0, 0). The first Lyapunov method (indirect method) is
employed to determine the stability of these equilibrium points.*>** The first step is to construct the Jacobian matrix:

OF(x) OF(x) OF(x)
ox y 0z

J = OF(y) OF(y) OF(y)
Ox y 0z

OF(z) OF(z) OF(z)
Ox dy 0z

[ (2x — 1)[Bb — Ba+ Cb + y(Ca — Cb) |
©2Nb + y2(Na — NB)] x(x = 1)(Ca — Cb + z(Na — Nb)) x(x — 1)(Nb + y(Na — Nb))
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(16)

According to the first Lyapunov method (indirect method), if all three eigenvalues are negative, the equilibrium point is
evolutionarily stable; if all three eigenvalues are positive, the point is unstable; if one or two eigenvalues are positive, the
point is a saddle point. The stability of each equilibrium point is shown in Table 3.

Within the tripartite game framework, the attainment of equilibrium strategies depends on the dynamic evolution
among the government, aging services institutions, and professional aging services education. According to the sign
analysis of the eigenvalues of the Jacobian matrix, all equilibrium points are identified as saddle points. This indicates
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Figure 7 Phase diagram of aging services professional education’s evolutionary strategy.
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that, throughout the strategic interactions among the different actors, the system undergoes continuous adjustments to its
strategy rather than naturally converging on a stable optimal strategy.

Results: Numerical Simulation Analysis
To verify the effectiveness of the evolutionary stability analysis and to further explore the dynamic evolution character-
istics of each party’s strategies, it is necessary to conduct a systematic analysis of key parameter variations. Specifically,
by adjusting core parameters in the replicator dynamic equations, the impact of such changes on equilibrium outcomes
can be examined, thereby revealing the sensitivity of different game participants during strategic adjustments and
identifying their optimization pathways. This provides theoretical support for improving environmental governance,
tourism development, and policies related to social sustainability. Simulations are conducted using MATLAB R2022a.

Based on the preceding theoretical analysis, the simulation parameters for modeling the strategic evolution process in the
game framework, which involves the government, aging services institutions, and professional aging services education, are
presented in Table 4.

As shown in Table 2, El (1, 1, 1) is a saddle point. When the conditions Bb+ Ca+ Na< Ba,
Eb+Pb+ Qa<Ea+ Pa+ Ob, and S<Na+ R are simultaneously satisfied, this saddle point meets the criteria of
Lyapunov’s First Method and thus constitutes an Evolutionarily Stable Strategy (ESS).

Initial Evolutionary Pathway

Under the theoretical framework of sustainable aging services, the tripartite evolutionary game equilibrium point (1, 1, 1)
shown in Figure 8 is not only the stable outcome of strategic dynamics but also represents the system’s optimal state
under the coordinated interaction of institutions, services, and talent. Under the model assumptions, This equilibrium
point suggests that the government actively subsidizes the aging services system, aging services institutions proactively
improve service quality, and professional aging services education institutions adopt practice-oriented teaching models.
This strategic combination aligns precisely with the core principles of sustainable aging services, namely, establishing
a fair, inclusive, high-quality, and sustainable care system through long-term institutional guarantees, enhanced service
capacity, and the support of high-quality professionals. Through continual trial and error and adaptation during the
evolutionary process, the three key actors achieve coordinated convergence toward this systemic goal, demonstrating that
under appropriate policy incentives and benefit coordination mechanisms, the aging services system possesses endogen-
ous stability and sustainable development potential.

Table 3 Analysis of Equilibrium Point Stability

Equilibrium Point | Jacobian Matrix Eigen Values Real Symbol | Stability Conditions
al 2 3
EIL (I, 1, 1) Bb-Ba+ Ca+Na | Eb-Ea-Pa+Pb+Qa-Qb S-R-Na () Saddle points
E2 (1, 1, 0) Bb - Ba + Ca Eb-Ea+F-G-Pa+Pb+Qa-Qb | Na+R-S (% * * Saddle points
E3 (1,0, 1) Bb-Ba+ Cb+ Nb | Ea-Eb+ Pa-Pb-Qa+ Qb W-T-Nb | (% * %) Saddle points
E4 (1, 0, 0) Bb - Ba + Cb Ea-Eb-F+G+Pa-Pb-Qa+Qb | Nb+T-W | (¥ * %) Saddle points
E50, I, 1) Ba - Bb - Ca - Na Pb - Pa + Qa - Qb S-R (% * * Saddle points
E6 (0, 1, 0) Ba-Bb - Ca F-G-Pa+Pb+Qa-Qb R-S * * % Saddle points
E7 (0,0, I) Ba-Bb-Cb-Nb Pa-Pb-Qa+ Qb W-T (% % %) Saddle points
E8 (0, 0, 0) Ba - Bb - Cb G-F+Pa-Pb-Qa+ Qb T-W (% * * Saddle points

Note: *The sign is indeterminate.

Table 4 Simulation Parameter Values

Ca|Cb|(Ba|(Bb|Na|Nb |  Qa| Qb|Ea|Eb|(Pa|Pb|F G| R |S|T|W

2 | 15 5 02 | 0.l 10 5 I (05 (20| 10|51 [5]3]2 |
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Figure 8 Initial evolutionary pathway (I, I, I).

From the perspective of evolutionary game theory, the formation of this equilibrium is driven by the combined effect of
a positive incentive chain and the logic of maximizing overall system welfare. Under the current model settings, government
subsidies provide external incentives that lower the marginal cost of service upgrades for aging services institutions, making it
rational for them to choose to improve service quality. High-quality services, in turn, generate greater demand for skilled
professionals, compelling educational institutions to adopt practice-oriented teaching approaches. The improvement in
education quality further feeds back into enhanced service standards and policy effectiveness, forming a closed-loop
evolutionary pathway. This trend of multi-party cooperation and mutual benefit represents the optimal embodiment of
systemic coordination and dynamic equilibrium, precisely the goal of sustainable aging services system design.

Sensitivity Analysis of Initial Value Variations

According to the sensitivity analysis results shown in Figure 9, the initial strategic choice of aging services institutions
has a significant impact on the evolutionary path of professional aging services education. Under the model assumptions,
when institutions initially tend to improve service quality, the education system evolves more rapidly toward a practice-
oriented model. This linkage effect suggests that the demand side of services has a significant impact on the supply side
of talent. High—quality aging services services require greater support from personnel with practical skills, prompting
educational institutions to adjust their training approaches toward practice-oriented models. This mechanism aligns with
the “demand—supply linkage” logic of sustainable aging services, wherein quality upgrades in the service system in turn
stimulate educational reform, enabling dynamic alignment between education and industry.

As shown in Figure 10, changes in the strategic choices of professional aging services education also exert a feedback effect
on aging services institutions. When the education system leans toward practice-oriented education, the evolution of institutions
toward improving service quality accelerates. This is because practice-oriented education supplies higher-quality professionals
who are more attuned to frontline service demands, significantly reducing institutions’ costs related to talent matching and
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Figure 9 Impact of institutional initial values on education outcomes.
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Figure 10 Impact of educational initial values on institutional outcomes.

training, thereby enabling and motivating them to upgrade service quality. Moreover, individuals with practical experience can
adapt to their roles more quickly, enhancing service efficiency and user satisfaction, which in turn increases the institutions’
overall returns. This service improvement pathway, driven by the education system, reflects the “talent support—service response”
positive feedback mechanism inherent in a sustainable aging services system, and further confirms the strategic guiding role of

the education system within the tripartite interaction framework.
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Since variations in the initial probability of government strategies have a relatively limited influence on the
evolutionary paths of aging services institutions and professional aging services education, their regulatory effect on
system evolution is marginally weak. Under different initial value settings, the tripartite system still tends to converge
stably, with evolutionary trajectories displaying approximately monotonic curves and lacking evident bifurcations or
sensitive dependence on initial conditions. Therefore, to avoid redundancy, this study does not separately present the
evolutionary process resulting from initial changes in government strategies.

This phenomenon suggests that, under the current game parameter settings and system mechanisms, government actions.
However, possessing guiding functions, exert a minimal short-term dynamic impact on aging services institutions and
education providers through minor adjustments in the initial strategic phase. The behavioral evolution of care institutions
and educational actors is more dependent on their internal linkage mechanisms and adaptive feedback. This also suggests that
in formulating sustainable aging services policies, the government should place greater emphasis on constructing long-term

incentive structures and institutional environments to strengthen its substantive guiding role in the evolutionary process.

Sensitivity Analysis of Parameter Variations

Sensitivity to Changes in Government Payoffs

The simulation results in Figures 11 and 12 indicate that as the government’s payoff Ba from subsidizing aging services
institutions gradually declines, the system’s evolutionary equilibrium shifts from the initial state of (1, 1, 1) to (0, 1, 1).
Under the model assumptions, even though the government ultimately opts to abandon the subsidy strategy, aging
services institutions still choose to improve service quality, and professional aging services education continues to
maintain a practice-oriented model. This strategic configuration suggests that the decline in the government’s marginal

benefit within the game does not undermine the willingness of the other two parties to cooperate. The system continues to

Figure 11 Sensitivity analysis of changes in government payoffs (3D).
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Figure 12 Sensitivity analysis of changes in government payoffs (2D).

evolve, focusing on service enhancement and high-quality talent development, while demonstrating strong structural
resilience and policy independence.

From a theoretical perspective, this phenomenon can be attributed to the “bidirectional reinforcement feedback
mechanism” between aging services institutions and professional education. On one hand, after receiving an influx of
practice-oriented talent, aging services institutions experience significant improvements in service quality, operational
performance, and social reputation. This creates an internal incentive that drives them to continue enhancing service
quality, even in the absence of government subsidies. On the other hand, professional aging services education remains
committed to the practice-oriented pathway due to the persistent demand for such talent from the service system. This
“service—talent coordination mechanism”, which operates independently of government intervention, establishes a locally
self-sustaining evolutionary structure. As a result, even when the marginal returns from government strategy decline, the
system can still maintain an optimal state of service and education, thereby achieving endogenous evolutionary stability
within a sustainable aging services system.

Sensitivity to Changes in Aging Services Institution Costs
As shown in Figure 13, when the cost parameter Qa associated with improving service quality for aging services
institutions continues to rise, the system’s evolutionary equilibrium shifts from the original state of (1, 1, 1) to (1, 0, 1). In
this new state, aging services institutions opt for the “maintain the status quo” strategy. At the same time, the government
continues to provide subsidies, and professional aging services education maintains a practice-oriented teaching model.
This evolutionary pathway indicates that when cost pressures increase significantly and exceed the institution’s accep-
table threshold, even the presence of external incentives is insufficient to offset the high expenditures associated with
ongoing service upgrades. As a result, institutions ultimately choose to avoid high-cost strategies in order to prevent an
imbalance between returns and risks. The trend observed in the strategy evolution curves in Figure 14 further confirms
the sensitivity of institutional behavior: at higher levels of Qa, the motivation of institutions to enhance service quality
declines markedly.

Although aging services institutions abandon service quality improvement under high-cost conditions, professional
aging services education continues to adhere to a practice-oriented strategy, indicating that the education system
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maintains a certain degree of independence and inertia in its pursuit of talent quality. However, this disconnection
between education and service provision is detrimental to the effective alignment and transformation of professional
practice resources, which, in the long run, undermines the robust functioning of a sustainable aging services system.
Therefore, under such circumstances, the government should promptly adjust its subsidy mechanisms or introduce
phased incentive policies in response to the dynamic operational costs of the aging services market. This would ensure
that care institutions retain both the capacity and willingness to enhance service quality within acceptable cost thresholds,
thereby maintaining the co-evolutionary relationship between the service delivery system and the talent cultivation
system, and securing the practical realization of sustainable aging services strategic objectives.

Sensitivity to Returns from Service Quality Improvement in Aging Services Institutions

As shown in Figure 15, when the return Pa from improving service quality in aging services institutions declines, the
system’s evolutionary equilibrium shifts from (1, 1, 1) to (1, 0, 1). In this state, aging services institutions abandon the
“improve service quality” strategy and instead choose to “maintain the status quo.” At the same time, the government
continues to provide subsidies, and professional aging services education maintains a practice-oriented teaching model.
The fundamental reason for this shift lies in the fact that, when the benefits from service upgrades are insufficient to
cover the associated input costs (such as labor, facilities, and training), aging services institutions lack adequate
incentives to sustain high-quality services, thus prompting a strategic shift toward lower-cost, more controllable return
options. The steep decline in the evolutionary curve in the two-dimensional Figure 16 further indicates that a low-return
environment rapidly diminishes the momentum for service improvement, thereby hindering the coordinated development

of the entire system.
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Figure 15 Sensitivity analysis of returns for aging services institutions (3D).
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Figure 16 Sensitivity analysis of returns for aging services institutions (2D).

Conversely, when Pa continues to rise, aging services institutions tend to adopt the strategy of improving service
quality, which in turn accelerates the evolution of professional aging services education toward practice-oriented
teaching. This result highlights that aging services institutions are key drivers in the aging services value chain, and
their level of return directly affects the practicality and relevance of educational supply. To ensure the sustainable
development of the aging services system, it is essential to accelerate the establishment of a market-oriented and
diversified service provision mechanism, encouraging the participation of social capital and innovative models in
aging services services. This will help expand the market share of high-quality institutions and promote survival of
the fittest through market competition, thereby enhancing overall service quality. In turn, this will foster a virtuous cycle
between the talent cultivation system and the service system, ultimately achieving dynamic balance and coordinated
optimization between the supply and demand sides of aging services services.

Sensitivity to Changes in Returns from Practice-Oriented Professional Aging Services Education

As observed from the evolutionary results in Figure 17, when the return parameter R from practice-oriented professional
aging services education gradually declines, the system’s stable equilibrium shifts from the original state of (1, 1, 1) to (1,
1, 0). This suggests that professional aging services education providers are gradually abandoning the practice-oriented
education strategy and shifting to conventional education. In contrast, the government and aging services institutions
continue to maintain their strategies of providing subsidies and improving service quality. This shift reflects the directly
decisive role that the level of return plays in the strategic choices of aging services education. A decline in returns
weakens the motivation of educational institutions to implement practice-oriented training, making them more inclined to
adopt conventional education approaches with lower input costs and more controllable risks. This result also illustrates
that within the aging services talent development system, relying solely on market mechanisms is insufficient to ensure
the sustained supply of high-quality professionals.

As shown by the evolutionary curve in the two-dimensional Figure 18, the evolution speed of the practice-oriented
education strategy significantly slows down as the value of R decreases. Under low-return scenarios, it quickly
approaches an exit state. This creates a “delayed feedback effect” on aging services institutions, due to the insufficient
supply of practice-oriented talent, the marginal benefit of improving service quality may gradually decline, which in the
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Figure 18 Sensitivity analysis of changes in returns from professional aging services education (2D).
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long term will weaken institutions’ willingness to continue upgrading services. Therefore, in promoting the development
of sustainable aging services, the government should regard professional aging services education as a critical supporting
component and incorporate it into fiscal subsidies or policy incentive mechanisms. By reasonably designing incentive
schemes for practice-oriented education and optimizing input-output relations, the government can ensure the stable
functioning of the aging services talent cultivation system, establish a positive service—talent feedback loop, and enhance
the overall level of coordinated evolution within the system.

Discussion and Conclusion

New Knowledge Contribution

With the intensification of population aging, aging services has become an increasingly primary global concern.
However, existing research primarily focuses on macro-level issues, such as coverage, quality, and resource allocation
of aging services services. At the same time, relatively little attention has been paid to how aging services systems can
achieve long-term, coordinated development, the issue of “sustainable aging services.” Chang et al** analyzed the
utilization of community medical services by older adults in Taiwan’s long-term care institutions, emphasizing the
importance of service security; however, they did not further explore pathways for long-term systemic development.
Chen et al'® highlighted the impact of community-based home care services on household consumption behavior,
providing empirical evidence of policy effects, but did not delve into the logic of sustainability. Dent et al'® emphasized
the importance of frailty management in older adults, advocating for personalized interventions and integrated care
models; however, they did not address structural reform mechanisms within the aging services system. Guo et al*°
focused on the positive effects of community gardens on the mental health of older adults, providing valuable insights
into their spatial and environmental aspects. Building on this foundation, the present study introduces the concept of
“sustainable aging services”, emphasizing the long-term interplay among policy stability, resource coordination, and
talent support systems, to develop a sustainable, collaborative, and balanced aging services support mechanism.

In terms of research methodology, existing literature predominantly adopts macro-level approaches such as cross-
sectional statistical analysis, policy evaluation, or spatial analysis, with relatively few studies starting from the perspec-
tive of micro-level game logic to systematically uncover the behavioral interaction mechanisms among multiple
stakeholders. Li et al*® analyzed the imbalance in aging services resource allocation in rural China using the TOPSIS
method and spatial coupling models. However, they did not address the internal evolutionary logic among actors.
Ozkaytan et al*° examined integrated medical service models in rural long-term care institutions, focusing on institutional
construction, yet lacking analysis of stakeholder behavioral mechanisms. Steensma et al*> emphasized the importance of
implementation barriers while evaluating nature-based healing interventions; however, their study was limited to the
physical and spatial dimensions of healthcare environments. Zheng et al*® empirically investigated the relationship
between service satisfaction and depression in aging services institutions, providing a basis for improving care quality;
however, they did not reveal the underlying interactive driving mechanisms. In contrast, this study constructs a tripartite
evolutionary game model involving the government, aging services institutions, and professional aging services educa-
tion, simulating each actor’s strategic choices and evolutionary trends under real-world incentives. From the perspectives
of policy incentives, market behavior, and talent supply, the study offers theoretical support for understanding the micro-
level behavioral logic underpinning sustainable aging services.

This study reveals a strong interconnection mechanism between aging services institutions and professional aging
services education: the decision of institutions to improve service quality significantly promotes the reform of practice-
oriented teaching in the education sector, and vice versa. Moreover, the government plays a pivotal role in implementing
subsidy policies, providing guidance on resources, and constructing market-oriented institutions. Harrison et al*’ found
that higher star ratings for aging services institutions are closely related to their governance structures, indicating that

1’® noted that the occupational

government incentive mechanisms influence institutional performance. Huang et a
characteristics of care assistants are closely linked to their physical and mental well-being, underscoring the importance
of the education system in shaping talent supply. Korfhage and Fischer-Weckemann®> analyzed the long-term impact of

public long-term care insurance on the behavior of family caregivers, highlighting the enduring influence of institutional
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arrangements on decision-making. Wong et al*® confirmed, through an intervention experiment, that professional
education significantly enhances young people’s willingness to enter the aging services industry. In contrast, existing
research has not fully integrated the relationships among institutions, markets, and education. This study clarifies the
internal mechanism of co-evolution among government, institutions, and education, providing theoretical guidance and
practical implications for optimizing China’s aging services service system.

Practical Implications

For policymakers involved in aging services, the following recommendations are proposed: First, a differentiated and dynamic
fiscal subsidy mechanism should be established. Simulation results indicate that government subsidy strategies play
a significant role in guiding aging services institutions to improve service quality and promoting a professional orientation
in aging services education. When government subsidies are insufficient, care institutions and educational organizations
struggle to sustain high-quality investments, ultimately leading to stagnation in the system’s evolution. Therefore, it is
recommended that the government set tiered subsidy standards based on the service level of care institutions and the type
of education, and adjust subsidy intensity promptly to ensure that the aging services market maintains positive evolution
within a controllable cost range. Second, the coordination mechanism between aging services institutions and professional
education should be strengthened. The analysis shows a positive interaction between service quality improvement in care
institutions and the practice orientation of professional aging services education. Practice-oriented education effectively meets
institutions’ real-world demand for high-quality talent, while improved service quality, in turn, stimulates reform on the supply
side of education. Thus, the government should promote the construction of platforms for industry—education integration,
supporting aging services institutions in serving as training bases throughout the talent development process, and forming
a closed-loop “service—education” feedback system. Finally, efforts should be made to develop a market-oriented aging
services service mechanism that stimulates the internal motivation of care institutions. The game simulations show that an
increase in institutional returns is a key driver behind their decision to optimize service quality. The government is advised to
relax market access restrictions, guide private capital investment, and establish service quality evaluation and incentive
systems to foster a fair and competitive institutional environment. This would enable high-quality institutions to achieve
higher market returns, thereby promoting the survival of the fittest and enhancing the overall sustainability and resilience of
the aging services service supply system.

For aging services institution managers, the following recommendations are proposed: First, actively improve service
quality to enhance the institution’s core competitiveness. Research shows that when aging services institutions choose to
upgrade service quality, they not only receive higher government subsidies and market returns but also foster a positive
interaction with the practice-oriented direction of professional aging services education, thereby facilitating precise alignment
between talent supply and institutional demand. Therefore, managers should increase investment in areas such as nursing
services, medical support, psychological care, and living environments, and strive to build differentiated and branded aging
services service models. Second, strengthen deep collaboration with professional institutions specializing in aging services
education. Analysis results indicate that when institutions aim to improve service quality, they rely more heavily on the supply
of professionally trained talent with practical experience. It is recommended that managers co-establish training bases with
universities and vocational colleges, participate in curriculum design and teaching evaluation, and enhance the alignment
between workplace practices and talent development. This would help establish a long-term and stable channel for high-
quality talent input. Finally, focus on cost control and performance management to improve operational efficiency. Simulation
results show that improving service quality is accompanied by rising costs; without systematic operational control, this may
weaken the institution’s capacity for sustainable development. Therefore, managers should adopt digital tools to refine service
process management, optimize human resource allocation, and strengthen internal incentive and evaluation mechanisms. This
approach will achieve coordinated improvement in both cost control and service quality, thereby enhancing the institution’s
resilience and adaptability in the aging services market.

For researchers of sustainable aging services, the following recommendations are proposed: First, broaden the
research perspective by shifting from a narrow focus on “aging services” to a more comprehensive and systematic
framework of “sustainable aging services.” Most current studies concentrate on service supply and demand, institu-
tional operations, or individual well-being, with relatively limited exploration of the coordination mechanisms among
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policy, market, and talent within the aging services service system. Future research is advised to build upon traditional
approaches by integrating multidimensional indicators such as Environmental, Social, and Governance (ESG), and to
pay closer attention to the balance between equity, resilience, and the long-term resource-carrying capacity of aging
services services. Second, strengthen the modeling and empirical validation of micro-level behavioral mechanisms.
This study reveals the interactive logic among policy incentives, service choices, and talent cultivation through
a tripartite evolutionary game involving the government, aging services institutions, and professional aging services
education, highlighting the complex adaptive characteristics of the aging services service system. Future studies are
encouraged to combine multi-agent modeling approaches, such as evolutionary game theory and system dynamics,
with micro-level survey data and empirical regression tools to enhance model predictive power and policy interpreta-
tion. Finally, place greater emphasis on the interactive coordination mechanisms among the key actors in aging
services. This study finds a mutually reinforcing relationship between service quality improvement in care institutions
and the practice-oriented direction of professional education, while government subsidy models and expected returns
directly influence market behavior. Researchers are recommended to focus on the strategy evolution processes of
different stakeholders within dynamic institutional environments, and to explore how institutional design and policy
mixes can guide the efficient allocation of resources across the policy—market—talent dimensions. Such efforts will
provide theoretical support and practical pathways for promoting high-quality and sustainable development of aging
services systems.

Limitations and Future Outlook

Although this paper develops a tripartite evolutionary game model, encompassing government, aging services institu-
tions, and professional aging services education to investigate the mechanisms of sustainable aging services system-
atically, several limitations remain. First, the model does not fully account for the heterogeneity of the actors involved,
such as regional disparities in fiscal capacity, variations in institutional organization, and differences in university
educational resources, which constrain its explanatory power in complex real-world contexts. Second, the study has
not yet validated the simulation outcomes with empirical data; without such evidence, the resulting policy recommenda-
tions lack robust support. Future research should incorporate heterogeneous characteristics among actors and undertake
empirical tests using regional elderly care data and educational resource distribution data, thereby enhancing the model’s
practical applicability and the generalizability of the findings.

Conclusion

Based on the theoretical connotation of sustainable aging services, this study constructs an evolutionary game model
involving three key participants: the government, aging services institutions, and professional aging services education. It
systematically analyzes the interaction mechanisms and evolutionary pathways among the three parties in their strategic
choices. The study finds that under the strategic combination of moderate government subsidies, proactive service quality
improvement by aging services institutions, and a practice-oriented approach in professional education, the system is
more likely to reach a stable equilibrium conducive to sustainable aging services. Numerical simulations further reveal
a positive feedback mechanism between the service behavior of care institutions and the instructional approach of aging
services education. At the same time, changes in government returns and the willingness to provide subsidies may
significantly disrupt the system’s equilibrium state. Additionally, sensitivity analysis indicates that the strongest linkage
exists between professional education and care institutions, making it a key pathway for enhancing the overall quality of
the aging services system. Therefore, promoting the establishment of a collaborative governance mechanism, guided by
the government, led by institutions, and supported by education is essential for achieving high-quality, sustainable aging
services. This study offers valuable theoretical foundations and practical insights for deepening the understanding of the
internal logic of aging services systems, enhancing policy design, and optimizing resource allocation.

Based on the research findings, this study proposes the following policy recommendations: First, the government should
improve its incentive mechanisms and formulate precise subsidy strategies. The study demonstrates that government subsidies
play a pivotal role in guiding aging services institutions to enhance service quality and encouraging professional aging services
education to adopt a practice-oriented approach. When the government’s willingness to decline or subsidize weakens, the

Risk Management and Healthcare Policy 2026:19 https: 23



Shen et al

system’s equilibrium is prone to shift, hindering overall improvement in service levels. Therefore, it is recommended that the
government establish a differentiated subsidy mechanism based on performance and service quality, ensuring targeted and
effective subsidies to guide the stable and positive evolution of the aging services system. Second, the market-oriented
operational capacity and quality incentive mechanisms of aging services institutions should be strengthened. Model analysis
reveals that the strategic behavior of care institutions in improving service quality has a significant influence on the
evolutionary direction of education models. When the returns from quality improvement increase or costs remain manageable,
institutions are more motivated to collaborate with the education system, forming a positive incentive cycle. Thus, it is advised
to promote mechanisms such as survival of the fittest, third-party evaluation and certification systems, and the inclusion of
diverse stakeholders to encourage institutions to proactively improve service delivery and enhance the overall efficiency of the
aging services sector. Finally, reforms in professional aging services education should be advanced to strengthen the
orientation toward practice-based teaching. The analysis reveals that the shift toward practice-oriented education fosters
feedback that enhances service quality in institutions, thereby facilitating a virtuous cycle between education and care
provision. To this end, it is essential to promote in-depth collaboration between universities and aging services institutions,
improve the construction of training bases, and advance “industry—education integration” and “teaching collaboration” to
enhance the professionalism and alignment of talent supply, thereby providing strong intellectual and human resource support
for the sustainable development of the aging services service system.
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