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Abstract: Platform-mediated home healthcare requires coordinated pricing and assignment among
clinically and geographically heterogeneous patients and nurses. We develop a price-induced stable
matching (PISM) model for a medical institution-affiliated platform that posts a service fee, applies
a fixed nurse compensation share, and computes a stable one-to-one assignment. In the single-tier
setting, price changes bilateral participation and the mutually acceptable graph without reordering
within-tier preferences. On a finite admissible price grid, an optimal fee exists; under explicit local
fluid conditions, the profit benchmark exceeds the volume benchmark; and platform profit is invariant
across patient- and nurse-proposing stable mechanisms when margins depend only on price and service
type. A tiered extension shows how compensation differences can reorder advanced nurses’ cross-tier
preferences and generate downward substitution. Externally anchored synthetic experiments across six
supply–demand and spatial configurations yield nurse rule-conditional price-induced welfare losses of
1.47%–14.41%. Hospital-clustered nurse origins materially increase travel but change the profit-optimal
fee only modestly, whereas valuation dispersion has stronger effects on price and completed volume. A
two-dimensional price search reveals a nonmonotone relationship between the compensation premium
and downward substitution.
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1. Introduction

Population aging and the diffusion of digital health technologies are extending professional nursing
services from hospitals to communities and patients’ homes. In China, the Internet Plus Nursing Service
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(IPNS) program is organized around a model of “online application and offline service” in which
qualified medical institutions use registered nurses to serve assessed patients at home [1,2]. Related
arrangements also appear internationally in home care agencies and digitally mediated professional
service platforms. These systems can improve access for older adults, patients with mobility limitations,
and patients requiring post-discharge care, but they also create operational questions concerning service
pricing, nurse compensation, clinical compatibility, travel burden, and assignment.

Home nursing differs from standardized ride-hailing in three respects. First, an edge between a
patient and a nurse must satisfy clinical, credential, time window, and risk assessment requirements
before economic preferences are considered. Second, patients may value nurse-specific attributes such
as professional title, experience, institutional affiliation, specialty certification, and reputation. Third,
nurses affiliated with medical institutions can still retain meaningful acceptance preferences because
home visits are often performed in limited time blocks and impose heterogeneous travel, safety, and
opportunity costs. Recent discrete choice evidence shows that compensation, personal safety, service
duration, commute time, and service type materially affect nurses’ willingness to undertake Internet
Plus nursing work [3,4].

1.1. Theoretical gap and motivation

From an operations perspective, platform-mediated home nursing combines pricing with a two-sided
assignment problem. The home healthcare routing and scheduling literature captures time windows,
skill compatibility, continuity, and travel, but commonly assumes that a centralized provider controls
assignments. Spatial platform pricing models allow self-interested supply but are mainly developed for
homogeneous transportation services. Matching theory and matching with contracts permit bilateral
preferences and transfers, yet they do not by themselves specify how a regulated or institution-affiliated
platform’s posted service fee, compensation rule, clinical compatibility, and spatial frictions jointly
determine the acceptable graph.

A precise distinction is important. With a common fee and a fixed nurse compensation share, a
price changes whether a patient–nurse pair is mutually acceptable, but the common monetary term
cancels from comparisons among alternatives within the same service tier. Hence, uniform pricing is a
participation and edge-selection mechanism, not a within-tier reranking mechanism. Reranking arises
in the tiered extension because advanced and basic requests generate different nurse compensation.
This distinction motivates our price-induced stable matching (PISM) framework and avoids attributing
preference changes to a common price when only outside option comparisons change.

1.2. Research questions and main contributions

Motivated by these operational features, we address four questions:

1. How do nurse attributes, nonlinear travel friction, and posted prices jointly determine mutually
acceptable patient–nurse edges?

2. Under what conditions does an optimal platform price exist in a finite stable-matching market?

3. Do different stable selection rules change the platform’s optimal price, assignments, or welfare?

4. How does tier-specific compensation reorder advanced nurses’ preferences and create or limit
downward substitution?
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The paper makes three contributions. First, it formulates an equilibrium-constrained pricing problem
with a closed payment flow: The patient pays the service fee, a fixed share compensates the nurse,
and the remainder funds platform operations. Second, it establishes existence for the operational finite
price grid, characterizes pairwise price feasibility intervals, and derives an invariance result across
stable selection rules. The continuous fluid comparison between profit- and volume-maximizing prices
is stated under explicit derivative and single-peakedness conditions rather than as a universal pricing
distortion property. Third, it extends the model to skill-tiered services, where compensation differences
can reorder advanced nurses’ preferences. The extension distinguishes priority separation from complete
market separation and identifies a capacity absorption condition that, together with priority separation,
is sufficient to guarantee zero downward substitution under the maintained nurse-proposing rule.

2. Literature review

The study connects five research streams: home healthcare operations, Internet Plus nursing imple-
mentation and participant preferences, spatial platform pricing, two-sided matching and matching with
contracts, and resource flexibility.

2.1. Home healthcare operations and internet plus nursing

Home healthcare routing and scheduling research jointly studies caregiver assignment, routing,
time windows, continuity of care, and skill compatibility [5–7]. Recent work has expanded the scope
to endogenous patient time window options, uncertain referrals and repeat visits, and more flexible
formulations [8, 9]. This literature provides detailed representations of clinical and logistical feasibility.
Its principal decision maker, however, is typically a centralized agency that assigns employed caregivers
to routes. Our setting instead focuses on a single service block in which affiliated nurses can reject
economically or operationally unattractive tasks. The resulting assignment must therefore be both
clinically feasible and stable with respect to the reported preferences of patients and nurses.

The closest operational comparator is [10], which matched daily home healthcare demand with
heterogeneous caregiver supply on a service-sharing platform using centralized optimization and alter-
native stakeholder objectives. Their formulation incorporates routing, breaks, temporal dependencies,
and flexible service durations. Our study complements that work by endogenizing a common posted fee
and the associated nurse compensation, treating both sides’ acceptability and rankings as constraints on
assignment, and requiring the resulting one-service-block matching to be stable. Thus, the distinction is
not between platform and nonplatform home care but between centralized operational assignment at
given economic primitives and equilibrium pricing with bilateral stability.

Research on China’s IPNS program provides direct institutional and empirical motivation. National
policy defines the model as medical institutions using their registered nurses to respond to online
applications and deliver offline home services [1,2]. A discrete-choice experiment across hospitals in
Guangdong found that income, personal safety, visit duration, medical risk protection, and training affect
nurses’ job choices [3]. A separate Tianjin study reported substantial heterogeneity in preferences over
safety, income, family cooperation, service type, and commute time [4]. Using hospital records, [11]
documented an integrated online diagnosis and home nursing workflow and showed that service type and
distance are important cost determinants. These studies established that travel and nonprice attributes
matter, but they do not jointly optimize posted prices and stable patient–nurse assignments.
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2.2. Patient and provider attributes in digital healthcare

Healthcare choice involves trust and quality attributes that are less salient in homogeneous delivery
markets. Patients may value provider continuity, professional qualification, institutional reputation,
waiting time, communication mode, insurance coverage, and price. Discrete choice studies of Chinese
online–offline follow-up services show significant heterogeneity in preferences for cost, waiting time,
provider continuity, hospital level, and payment method [12,13]. These findings motivate the nurse
attribute vector and heterogeneous patient coefficients in our utility specification. On the supply side, the
evidence in [3] and [4] motivates heterogeneous opportunity costs, travel sensitivity, and safety-related
reservation values. Relative to this empirical literature, our objective is not to re-estimate preferences
but to show how such estimated primitives can enter a stable pricing-and-matching mechanism.

2.3. Pricing in two-sided spatial platforms

Foundational two-sided market models study cross-side network effects and the allocation of fees be-
tween participant groups [14,15]. The service platform literature subsequently analyzes self-scheduling
capacity, surge pricing, and spatial supply responses [16–24]. These studies demonstrate that prices can
influence participation and relocate capacity. Most spatial pricing models, however, concern relatively
homogeneous service providers and do not include clinical qualification, provider-specific patient
preferences, or stable selection constraints. We retain the participation logic of this literature while
adding a medically constrained compatibility graph and bilateral preferences.

2.4. Two-sided matching, contracts, and endogenous participation

Stable matching originates with [25] and has long been applied to medical labor markets [26,27].
Matching with contracts allows wages and other contractual terms to be part of an agreement [28,29].
More recent operations research has examined search design, learning, dynamic matching, and control in
two-sided platforms [30–35]. We therefore do not claim that the matching literature universally assumes
economically exogenous preferences. Our narrower distinction is institutional: A common posted
fee and an exogenous sharing rule simultaneously determine patient participation, nurse participation,
and the mutually acceptable spatial graph, and tier-specific compensation can reorder cross-tier nurse
preferences. The platform anticipates the resulting stable assignment when choosing prices.

2.5. Resource flexibility and downward substitution

Resource flexibility research studies systems in which a high-capability resource can serve lower-tier
demand [35,36]. In centralized models, the dispatcher controls whether flexible capacity is pooled.
In the present setting, an advanced nurse’s ranking of advanced and basic tasks depends on tier-
specific compensation, task cost, and travel time. This creates a decentralized form of downward
substitution. Our contribution is to derive the associated pairwise ranking threshold and a capacity
absorption condition that is sufficient for ranking separation to guarantee zero cross-tier assignments
under nurse-proposing deferred acceptance.
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2.6. Research positioning

The research gap addressed in this study does not arise from any single missing component, but from
the absence of a framework that jointly represents institutionally feasible home healthcare, bilateral
heterogeneous preferences, a closed patient fee–nurse compensation flow, and stable assignment
under platform pricing. Existing home healthcare routing and scheduling studies have provided rich
representations of clinical compatibility, time windows, continuity of care, and travel, but commonly
assume that a centralized provider controls caregiver assignments. Research on home healthcare service-
sharing platforms further incorporates heterogeneous requests, providers, routing, and stakeholder
objectives, yet generally takes economic primitives as given and does not require assignments to be
stable with respect to the preferences of both patients and nurses. Empirical studies of IPNS have
documented the importance of compensation, safety, service duration, commute time, provider attributes,
and patient preferences, but they do not jointly optimize posted prices and matching outcomes.

Our PISM framework complements these streams by examining how a medical institution-affiliated
platform’s posted fee and nurse compensation rule determine bilateral participation, the mutually
acceptable clinical–spatial graph, and the resulting stable assignment. Relative to spatial service
platform pricing, the model introduces clinical compatibility and nurse-specific patient preferences
rather than treating providers as homogeneous. Relative to stable matching and matching with contracts,
it specializes the institutional setting in which the platform posts a common service fee and applies a
predetermined sharing rule instead of allowing pairwise wage negotiation. Relative to resource flexibility
models, downward substitution is generated by advanced nurses’ endogenous cross-tier rankings rather
than imposed by a centralized dispatcher. The contribution is therefore the integration of pricing,
bilateral stability, healthcare-specific compatibility, heterogeneous spatial friction, and tiered resource
flexibility within one operational framework.

In particular, the closest operational comparator is the centralized home healthcare service-sharing
model of [10]. Our study does not replace its detailed routing and scheduling formulation; instead, it
addresses a complementary decision layer by endogenizing the posted service fee and nurse compensa-
tion, allowing both sides to reject unacceptable matches and requiring the selected one-service-block
assignment to be stable. This positioning also clarifies why evidence from ride-hailing and general
gig platforms provides only partial motivation: Those studies inform participation and spatial pricing
mechanisms, whereas the healthcare setting additionally requires clinical feasibility, provider attributes,
and institutionally governed service delivery.

3. Institutional setting and service workflow

3.1. Institutional scope

We study a medical institution-affiliated home nursing platform rather than an unrestricted peer-to-peer
labor market. Consistent with the Chinese IPNS policy, participating nurses are registered with qualified
medical institutions, and a patient request must pass identity, medical record, clinical suitability, and
service risk assessment before it enters the matching pool [1,2]. A medical institution may operate the
digital interface itself or cooperate with a qualified technology provider. The term platform therefore refers
to this institution–technology operational unit, which announces the fee and compensation rule, verifies
eligibility, constructs the feasible graph, and facilitates assignment, payment, tracking, and evaluation.
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We retain gig economy as a descriptor of the work arrangement, not as a claim that participating
nurses are legally or organizationally independent contractors. Nurses remain institution affiliated,
but they undertake discrete home visit orders in fragmented, self-selected service blocks and receive
order-contingent compensation. The model captures this task-level flexibility while preserving medical
institution oversight and clinical accountability.

The platform does not allow bilateral price bargaining in the model. Before matching, it posts a
patient home service fee p and a nurse compensation share η ∈ (0, 1). Any separately regulated clinical
service item is held fixed and lies outside the pricing decision. During request submission, patients report
attribute preferences or acceptable attribute ranges; patients therefore do not browse a price-ranked
list of individual nurses or negotiate with them. Before price disclosure, nurses report availability,
service radius, task restrictions, and the cost and travel information needed to evaluate assignments.
After the fee and compensation share are disclosed, the platform combines these reports with verified
nurse profiles, task details, and the posted terms to generate the price-dependent acceptable sets and
strict rankings represented by Eqs (4.2)–(4.3). Both sides can reject alternatives that are unacceptable
under the disclosed terms before deferred acceptance is run. This design captures the economically
relevant autonomy documented in nurse preference studies while retaining the institutional safeguards
of professional home care [3,4,11].

Patient submits service
type, address, time window,

medical records, and
attribute preferences

Qualified nurses report
availability, service radius,

and task restrictions

Medical institution verifies
identity, clinical suitability,

credentials, and risk

Platform posts pa-
tient fee p and nurse
compensation share η

Platform constructs
acceptable edges and

computes a stable matching

Both sides confirm;
the nurse provides the

home visit, followed by
payment and evaluation

Figure 1. Operational sequence of the platform-mediated home nursing service. Matching
occurs after clinical assessment, preference submission, and price disclosure and before final
confirmation and service delivery.
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Table 1. Main notation.

Symbol Definition

I,J ; i, j Assessed patient and available nurse sets; representative patient and nurse
P,P∆; p Continuous institutional price envelope, operational finite price grid, and posted patient fee
η, k Nurse compensation share and platform cost per completed transaction
θi, z j,βi Patient base value, nurse attribute vector, and patient-specific attribute weights
ti j, γi, τ j Door-to-door travel time, patient access sensitivity, and nurse travel cost sensitivity
g(·), h(·), c j Patient and nurse spatial friction functions and nurse opportunity/task cost
ai j,Ui j(p), πi j(p) Clinical operational compatibility, patient utility, and nurse payoff

E(p),�i (p),� j (p); �I
(p),�J (p)

Mutually acceptable edge set, individual strict preferences, and the two preference profiles

µN
p , µ

P
p ,S(p) Nurse-proposing and patient-proposing outcomes and the set of stable matchings

D(p),N(p); D(p), S (p) Active patient and nurse sets; their respective cardinalities
Q(p, µp),Π(p) Completed match quantity and finite market platform profit; Q(p) is used only when the matching

argument is clear or rule-irrelevant
q(p), Π̄(p) Expected matching volume and continuous fluid expected profit
p∗, pΠ, pV , pS W

Φ
Operational grid profit optimizer, continuous fluid profit and volume optimizers, and rule-conditional
operational grid welfare optimizer

p∗r , pQ
r , pW,N

r ; WN
r (p) Replication-level grid optimizers for profit, volume, and nurse-rule welfare; realized nurse-rule

welfare
LΦ

price, L
N,abs
r , LN,rel

r Price-induced welfare loss under a fixed stable selection rule and its replication-level nurse-rule
measures

µFB Maximum weight clinically feasible matching used only as a stronger first best benchmark
IH ,IL,JH ,JL Advanced/basic patient and nurse classes in the tiered extension
pH , pL, ηH , ηL,∆w Tier fees, nurse shares, and advanced service compensation premium
p, η,P2 Tiered fee vector, share vector, and admissible two-price grid
c j`, k`,Q` Tier-specific nurse cost, platform cost, and completed volume

3.2. Sequence of operations

Figure 1 locates matching within the service chain. Matching occurs after clinical assessment,
preference submission, and the announcement of fees and compensation, but before final confirmation
and the home visit. Confirmation is an operational check on information already submitted. If either side
declines because relevant information has changed, the platform removes that pair and reruns deferred
acceptance on the updated graph; this contingency is not treated as a second equilibrium concept.

Single-period scope. The baseline model represents one service time block. Each patient requests
at most one visit and each participating nurse supplies one block. This is appropriate for isolating
price-induced participation and assignment effects when visits are time intensive. Repeated participation
and entry or exit are introduced as a separate long-run extension in Section 5.6; they are not implicitly
treated as part of the static equilibrium.

4. Model formulation

We consider one service block with a set of assessed patients I = {1, . . . , I} and a set of available,
institution-affiliated nurses J = {1, . . . , J}. The platform posts a patient fee p before matching. A
fixed share η ∈ (0, 1) is paid to the nurse who completes the service, and the remaining share finances
platform and institutional operations. Institutional or regulatory constraints define a continuous price
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envelope P = [p, p̄]. Actual posted fees use a smallest monetary adjustment unit, so the operational
decision set is the nonempty finite grid

P∆ = {p1, . . . , pK} ⊆ P, p = p1 < · · · < pK = p̄, (4.1)

where ∆ = min1≤u<K(pu+1− pu) > 0 denotes the grid resolution. The continuous envelope remains useful
for threshold characterization and the fluid comparative static benchmark.

Institution–Platform Unit
Posts fee p and nurse share ηp

Patients I
Value nurse at-

tributes and access
Accept if Ui j(p) ≥ 0

Matching rule
Stable assignment

µN
p on E(p)

Nurses J
Face task, travel, and

opportunity costs
Accept if πi j(p) ≥ 0

Fee disclosure
Compensation disclosureRule

Figure 2. Payment, heterogeneous preferences, and stable matching in the baseline model.

4.1. Market primitives: Demand and supply

The baseline contains one clinically homogeneous service tier. Vertical skill differentiation is
introduced in Section 6.

Patient utility (Demand side). Patient i has base value θi for a clinically appropriate home visit.
Let z j collect observable nurse attributes, including professional title, institutional affiliation, years
of experience, specialty certification, and reputation. Patient i attaches coefficient vector βi to these
attributes. Let ti j ≥ 0 be the estimated door-to-door travel time from nurse j’s declared origin to patient
i’s home. The patient’s net utility is

Ui j(p) = θi + βT
i z j − γig(ti j) − p, (4.2)

where γi > 0 is patient-specific access sensitivity, and g(·) is increasing with g(0) = 0. The function can
capture expected delay, punctuality risk, and geographic trust friction. Remaining unmatched yields
Ui∅ = 0.

Nurse cost and payoff (Supply side). Nurse j has opportunity and task cost c j and travel sensitivity
τ j > 0. The nurse receives ηp after completing a service. Her net payoff from patient i is

πi j(p) = ηp − c j − τ jh(ti j), (4.3)

where h(·) is increasing with h(0) = 0, and π∅ j = 0.
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Clinical and operational compatibility. Let ai j ∈ {0, 1} indicate whether nurse j is clinically creden-
tialed for patient i’s requested service and whether the time window, risk assessment, and geographic
service boundary are compatible. Economic preferences are evaluated only when ai j = 1. This separates
medical feasibility from willingness to participate.

4.2. Nonlinear spatial friction and the linear benchmark

The main analysis requires only that g and h are continuous and increasing. The linear benchmark is
nested as g(t) = h(t) = t. Numerical robustness can use the power family

g(t) = tκ, h(t) = tν, (4.4)

with κ, ν > 0, or a piecewise-linear travel cost with a higher marginal cost outside a normal service
radius. Convex friction (κ > 1 or ν > 1) places greater weight on long trips; concave friction weakens
this localization. Heterogeneous γi and τ j replace a single spatial threshold with a distribution of
thresholds without changing the pairwise participation logic.

4.3. Price-induced preferences and feasibility

For ai j = 1, patient i weakly accepts nurse j when Ui j(p) ≥ 0, and nurse j weakly accepts patient i
when πi j(p) ≥ 0. Under our weak participation convention, every compatible zero-surplus alternative
is retained and ranked above remaining unmatched. A fixed, exogenous, price-independent tiebreaker
orders alternatives with equal utility or payoff. Thus, the outside option is strictly below every retained
edge, and the resulting preference lists are strict. Let �i (p) and � j (p) denote these strict relations. The
same convention is implemented in the numerical algorithm.

We define the set of feasible matching edges at price p as pairs that are mutually acceptable:

E(p) = {(i, j) : ai j = 1, Ui j(p) ≥ 0, πi j(p) ≥ 0}. (4.5)

Because the common fee cancels from Ui j(p) − Uik(p), and the common nurse payment cancels from
πi j(p)−πk j(p), p does not reorder within-tier alternatives. It changes how each alternative compares with
the remaining unmatched options and therefore changes E(p). For compactness, �I (p) = (�i (p))i∈I

and �J (p) = (� j (p)) j∈J denote the corresponding preference profiles.

4.4. Stable matching equilibrium

A matching is a mapping µ : I∪J → I∪J∪{∅} such that µ(i) ∈ J∪{∅}, µ( j) ∈ I∪{∅}, and µ(i) = j
if and only if µ( j) = i. Stability is an assignment consistency requirement: No mutually acceptable
patient–nurse pair should prefer one another to their assigned outcomes under the posted terms.

Definition 1 (Price-induced stable matching). Given a price p, a matching µp is stable if it satisfies:

1. Individual rationality: For all i ∈ I and j ∈ J , if µp(i) = j, then (i, j) ∈ E(p).

2. No blocking pairs: There does not exist (i, j) ∈ E(p) with µp(i) , j such that j �i (p)µp(i), and
i � j (p)µp( j).
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For each p, the set of stable matchings S(p) is nonempty. The matched sets on both sides are
invariant across stable matchings in this one-to-one, strict-preference environment [27]. Individual
assignments and surplus distribution can nevertheless differ.

The baseline selection rule is nurse-proposing deferred acceptance, denoted ΦN(·), because the
platform uses reported nurse rankings to support voluntary acceptance. This is an algorithmic priority
rule rather than a claim that nurses literally send sequential proposals in the user interface. The selected
matching is

µN
p = ΦN

(
I,J ,�I (p),�J (p)

)
. (4.6)

Patient-proposing deferred acceptance and welfare-oriented selection from S(p) are examined in
Section 5.4.

4.5. The platform’s optimization problem

Let k ≥ 0 be the platform’s per-transaction administrative, insurance, tracking, and payment-
processing cost. The number of completed matches is

Q(p, µN
p ) =

∑
i∈I

1{µN
p (i) , ∅}. (4.7)

When the matching argument is clear, we write Q(p) as shorthand for Q(p, µp). In statements
comparing stable selection rules, this shorthand is used only after rule invariance has been established.
The per-match platform margin is m(p) = (1−η)p−k. The platform solves the equilibrium-constrained
pricing problem

max
p∈P∆

Π(p) =
[
(1 − η)p − k

]
Q(p, µN

p ) (4.8)

s.t. µN
p = ΦN

(
I,J ,�I (p),�J (p)

)
. (4.9)

We use “equilibrium-constrained pricing problem” rather than the narrower mathematical programming
with equilibrium constraints (MPEC) label because Eq (4.9) is an algorithmic stable matching operator,
not a system of differentiable complementarity conditions.

5. Theoretical analysis

This section establishes pairwise price feasibility and operational finite-grid existence, clarifies the
role of the short side of the market, compares stable selection rules, and states pricing and welfare
results under explicit conditions.

5.1. Pairwise price feasibility and existence

In classical continuous demand models, demand is typically a smooth function of price. However, in
finite two-sided matching markets, price variations induce discrete jumps in the topological structure of
the matching network.

Define the active pools

D(p) = {i ∈ I : ∃ j ∈ J with ai j = 1 and Ui j(p) ≥ 0}, (5.1)

Journal of Industrial and Management Optimization Volume 22, Issue 10, 4770–4795



4780

N(p) = { j ∈ J : ∃i ∈ I with ai j = 1 and πi j(p) ≥ 0}, (5.2)

and let D(p) = |D(p)| and S (p) = |N(p)|.

Lemma 1 (Pairwise price-feasibility interval). For a compatible pair (i, j), define

Ai j = θi + βT
i z j − γig(ti j), Bi j =

c j + τ jh(ti j)
η

. (5.3)

Then, (i, j) ∈ E(p) if and only if ai j = 1, and Bi j ≤ p ≤ Ai j. Thus, each edge is feasible on a closed
price interval, possibly empty. Patient acceptability is nonincreasing in p, and nurse acceptability is
nondecreasing in p, but the mutually acceptable edge set E(p) need not be nested as p changes.

We next establish existence for the operational problem. Because matching volume is threshold-
driven and can be discontinuous even when the continuous price envelope is compact, compactness
alone is not invoked as an existence argument.

Theorem 1 (Existence of an optimal posted fee). Suppose that I and J are finite, the operational price
grid P∆ is finite and nonempty, weak individual rationality follows the zero-surplus convention above,
and that ties are resolved by a fixed deterministic rule. Then, the platform problem (4.8)–(4.9) attains a
global optimum p∗ ∈ P∆.

Whenever the operational grid optimizer is not unique, p∗ denotes the smallest profit-maximizing price.
The same smallest maximizer convention is used replication by replication in the numerical experiments.

Sketch of proof. The participation and tiebreaking conventions determine a unique selected matching
and a finite profit value at every p ∈ P∆. The objective is therefore a real-valued function on a finite
nonempty set and must attain its largest value. A full proof is in the Appendix.

Remark 1 (Continuous price benchmark). The grid assumption reflects implementable monetary
increments and is also the decision domain used in the finite-market experiments. A continuous-price
version over P requires an additional regularity condition, such as upper semicontinuity of the selected
profit function or a specified one-sided boundary convention. The fluid analysis below uses a local
continuous approximation only for comparative statics and does not substitute for the finite-grid
existence result.

5.2. The short side as an upper bound

For any price,

Q(p, µp) ≤ min{D(p), S (p)}. (5.4)

Equality is not automatic in a spatial compatibility graph: Hall-type local bottlenecks can leave active
participants unmatched, even when aggregate counts are balanced. Equality may be used as a fluid
approximation only under an explicit dense compatibility or asymptotic no-bottleneck condition. All
finite-market computations therefore obtain Q from the matching operator rather than replacing it by
min{D, S }.

Journal of Industrial and Management Optimization Volume 22, Issue 10, 4770–4795



4781

5.3. Large-market approximation and comparative statics

Although the finite grid guarantees existence for the implemented problem, extracting marginal
operational insights requires a continuous state space. For this subsection only, p is allowed to vary
locally in the continuous envelope P, and we use a fluid approximation for comparative statics.
Assumption 1 (Local fluid approximation). In a neighborhood of the price under study, the expected
stable matching volume q(p) = E[Q(p, µp)] is differentiable. This approximation smooths finite-market
threshold jumps but does not impose q(p) = min{D(p), S (p)}.

Proposition 1 (Effect of higher nurse travel friction). Fix p, and write τ = (τ j) j∈J . If τ′j ≥ τ j for
every nurse, then E(p; τ′) ⊆ E(p; τ). Consequently, the maximum cardinality of any feasible matching
is weakly lower. This edge set result does not imply that the platform’s optimal price must increase:
The optimal response can be upward when compensation supports supply or downward when demand
attrition dominates.

The result follows directly from Eq (4.3). The qualification concerning p∗ is important: A nonmono-
tone optimal price path at high friction is consistent with the theory and should be treated as a numerical
comparative static, not as a contradiction of a universal monotonicity theorem.

5.4. Robustness to the stable selection rule

Let µN
p and µP

p denote the nurse- and patient-optimal stable matchings. A third rule may select a
minimum travel matching from S(p).

Corollary 1 (Price invariance across stable rules). Under one-to-one matching and strict preferences,
all stable matchings at a fixed p match the same sets of patients and nurses. If the platform margin
depends only on p and the service type, then Q(p), Π(p), and the set of profit-maximizing prices are
invariant across stable selection rules. Pair assignments, average travel time, patient surplus, nurse
surplus, and social welfare need not be invariant.

This corollary explains why nurse-optimal deferred acceptance is sufficient for the baseline pricing
objective while also motivating numerical comparisons of distributional and welfare outcomes under
alternative rules.

5.5. Platform strategies and social welfare

With the closed payment flow, the patient fee and the nurse/platform shares cancel in aggregate
welfare. For any selected stable matching µp,

S W(p, µp) =
∑

(i, j)∈µp

[
θi + βT

i z j − γig(ti j) − c j − τ jh(ti j) − k
]
. (5.5)

When the continuous envelope volume maximizer set is nonempty, define

pV = min arg max
p∈P

q(p).

Thus, pV is the smallest continuous envelope price that maximizes the expected matching volume. For
any fixed stable selection rule Φ, the operational grid welfare benchmark pS W

Φ
is introduced below.
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These are distinct benchmarks: Maximizing coverage does not generally maximize welfare because
assignments differ in travel and provider quality. Proposition 2 uses pV and pΠ for the continuous fluid
volume and profit benchmarks, whereas p∗ remains the operational grid profit optimizer.

Proposition 2 (Conditional pricing distortion). Suppose Assumption 1 holds, arg maxp∈P q(p) is
nonempty, pV < p̄, and the continuous envelope expected profit function Π̄(p) = [(1 − η)p − k]q(p) is
single-peaked on P with a nonempty maximizer set. Further, assume that

(1 − η)q(pV) +
[
(1 − η)pV − k

]
q′+(pV) > 0. (5.6)

Then, every continuous envelope expected profit maximizer pΠ ∈ arg maxp∈P Π̄(p) satisfies pΠ > pV .
Without Condition (5.6), the strict inequality is not guaranteed.

Sketch of proof. The left-hand side of Eq (5.6) is the right derivative of Π̄(p) = [(1 − η)p − k]q(p) at
pV . Positivity implies a strict local expected profit increase to the right of pV . Global single-peakedness
then rules out a maximizer at or to the left of pV . The condition transparently balances the margin gain
against first-order volume loss.

For a fixed stable selection rule Φ, let µΦ
p denote its selected matching, and define pS W

Φ
=

min arg maxp∈P∆
S W(p, µΦ

p ). Define the rule-conditional price-induced welfare loss

LΦ
price = S W(pS W

Φ , µΦ

pS W
Φ

) − S W(p∗, µΦ
p∗). (5.7)

This measure holds the stable selection rule fixed and compares two prices on the same operational
grid. It isolates the welfare effect of the posted price choice within that mechanism. It is not the total
welfare gap relative to a first best assignment and does not measure the additional effect of selecting one
stable matching rather than another. A maximum-weight clinically feasible matching µFB provides the
stronger first best benchmark needed for such a total-gap decomposition. This definition also replaces
the incorrect interpretation of the horizontal continuous price interval [pV , pΠ] as a welfare area.

5.6. Long-run participation extension

The static equilibrium is conditional on the active populations in a service block. To represent entry
and exit without embedding a full routing Markov decision process (MDP), let NN

t and NP
t be the

active nurse and patient masses in period t, and let π̄t and Ūt be their expected realized surpluses. A
parsimonious participation law is

NN
t+1 = (1 − δN)NN

t + λNGN(π̄t − fN), (5.8)
NP

t+1 = (1 − δP)NP
t + λPGP(Ūt − fP), (5.9)

where, for side s ∈ {N, P}, δs ∈ [0, 1] is an exit rate, λs ≥ 0 is an entry scale, fs ≥ 0 is an entry or
request cost, and Gs : R→ R+ is a nondecreasing response function. The index s is reserved here for
market side, and r below indexes Monte Carlo replications. A long-run platform maximizes discounted
profit while accounting for this fixed-point feedback. High fees can improve nurse entry through ηp but
reduce patient participation; low fees have the reverse effect. The present numerical experiments remain
conditional on fixed active populations and do not solve this dynamic problem. A future extension could
compare the static optimum with the steady-state equilibrium after the entry, exit, and surplus response
primitives have been estimated.
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6. Model extensions: Skill-tiered pricing and downward substitution

Professional home nursing is vertically differentiated. Advanced nurses can perform advanced
and basic services, whereas basic nurses cannot perform advanced procedures. The platform now
posts patient fees p = (pH, pL) and uses service-specific nurse shares η = (ηH, ηL). Unlike a common
within-tier fee, the resulting compensation difference can reorder an advanced nurse’s ranking across
service tiers.

6.1. Tiered market primitives and cross-tier edges

Partition patients as I = IH ∪ IL and nurses as J = JH ∪ JL. An advanced request can be served
only by JH, whereas a basic request can be served by either nurse type. A downward substitution is a
realized matched pair (i, j) with i ∈ IL and j ∈ JH. Let c j` be nurse j’s task-specific opportunity and
service cost for tier ` ∈ {H, L}. The nurse payoff is

πi j(p) =

ηH pH − c jH − τ jh(ti j), i ∈ IH,

ηL pL − c jL − τ jh(ti j), i ∈ IL.
(6.1)

Patient utility follows Eq (4.2) with the relevant tier fee and tier-specific valuation. Clinical compatibility
remains encoded by ai j.

6.2. Cross-tier preference reordering

Let ∆w = ηH pH − ηL pL be the advanced service compensation premium. For j ∈ JH, a basic request
iL is preferred to an advanced request iH if and only if

τ j
[
h(tiH j) − h(tiL j)

]
> ∆w + c jL − c jH. (6.2)

Thus, downward substitution is a ranking outcome when travel cost savings from the closer basic request
exceed the compensation and task cost advantage of the advanced request. With common shares, equal
task costs, homogeneous τ, and h(t) = t, Eq (6.2) reduces to the linear distance threshold after replacing
the patient fee spread by the nurse compensation spread.

6.3. Priority-separated and interleaved rankings

Definition 2 (Cross-tier ranking regimes). The market is priority-separated when every advanced nurse
ranks every acceptable advanced request above every acceptable basic request. Otherwise, cross-tier
rankings are interleaved. Priority separation concerns rankings; it does not remove clinically feasible
cross-tier edges.

Proposition 3 (Sufficient condition for priority separation). Fix a price vector p. Suppose the fixed
deterministic tiebreaker ranks an acceptable advanced request above an acceptable basic request
whenever an advanced nurse is indifferent between them. Let

T =
{
( j, iH, iL) : j ∈ JH, iH ∈ IH, iL ∈ IL, aiH j = aiL j = 1

}
.

If T = ∅, priority separation holds vacuously. Otherwise, a sufficient condition is

∆w ≥ max
j∈JH , iH∈IH , iL∈IL

aiH j=aiL j=1

{
τ j

[
h(tiH j) − h(tiL j)

]
− (c jL − c jH)

}
. (6.3)
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Under nurse-proposing deferred acceptance and priority separation, a sufficient additional condition for
zero downward substitution is that the high-tier-only submarket match every advanced nurse who would
otherwise form an acceptable basic-tier match. If this capacity absorption condition fails, priority
separation alone does not rule out unmatched advanced nurses serving basic requests after exhausting
acceptable advanced requests.

If no cross-tier priority is imposed by the fixed tiebreaker, replacing the weak inequality in Eq (6.3)
with a strict inequality provides a tie-breaker-independent sufficient condition.
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Figure 3. Tiered compensation can change the ordering of cross-tier alternatives. A dashed
cross-tier edge remains clinically feasible in both panels; priority separation determines when
it is considered, not whether it exists.

In the interleaved regime, a nearby basic request can outrank a distant advanced request, potentially
displacing advanced demand. Proposition 3 deliberately does not claim monotonic changes in QH or QL:
Preference changes can generate assignment cascades in general networks. The direction and magnitude
of cannibalization are therefore evaluated numerically under stated market conditions.

6.4. Two-dimensional equilibrium-constrained pricing

Let kH and kL be platform costs by service tier. The pricing problem is

max
(pH ,pL)∈P2

Π(p) =
∑
`∈{H,L}

[
(1 − η`)p` − k`

]
Q`(p, µN

p ) (6.4)

s.t. µN
p = ΦN

(
IH ∪ IL,JH ∪ JL,�I (p),�J (p)

)
, (6.5)

where P2 is a nonempty finite, institutionally admissible price menu grid. It may use tier-specific
bounds, and increments and need not equal, or be contained in, the Cartesian square of the single-tier
grid P∆. A full search over both prices is required to claim a two-dimensional optimum. Holding pL

fixed and varying pH − pL is instead a price-spread sensitivity experiment. Section 7 reports these two
exercises separately.
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7. Numerical experiments

7.1. Scope and evidentiary status

We do not have access to transaction-level requests, posted fees, nurse availability, rejected offers, or
realized assignments from a home nursing platform. Consequently, the numerical analysis is not an
empirical calibration, structural estimation, empirical validation, or prediction of the profit-maximizing
fee of a particular institution. Instead, we conduct externally anchored synthetic experiments. Publicly
reported fee points, service radii, and the medical institution-affiliated workflow are used only to restrict
the scale and institutional interpretation of the experiments. Behavioral and cost primitives that cannot be
identified from those sources are explicitly treated as structural assumptions and subjected to sensitivity
analysis. The numerical results therefore evaluate mechanism behavior and comparative robustness
within the stated synthetic design; they should not be interpreted as estimated behavioral parameters,
out-of-sample predictions, or actionable fee recommendations.

Every reported quantity Q is produced by the deferred acceptance algorithm on the mutually
acceptable graph defined by Eqs (4.2)–(4.5). The numerical design therefore does not replace stable
matching volume with the aggregate identity Q = min{D, S }. Clinically incompatible, economically
unacceptable, or locally bottlenecked pairs can remain unmatched even when aggregate demand and
supply are both positive.

7.2. External anchors and parameter disclosure

Table 2. Baseline inputs and their evidentiary status.

Input Baseline Basis and status

Market geometry 10 km × 10 km; 10 km service ra-
dius

Stylized city scale with the within-city service radius anchored to [11]

Admissible fee grid CNY 80–450 in CNY 10 incre-
ments

Brackets public fee points in [11] and [37]; externally anchored range,
not an estimate

Nurse origins Three stylized hospital centers;
Gaussian displacement with 0.35
km standard deviation

Multicenter institutional structure; structural assumption compared
with uniform origins

Patient valuation Lognormal, median CNY 220, log-
standard deviation 0.35

Assumed long-tailed heterogeneity; median varied from 180 to 260 and
log-standard deviation from 0.20 to 0.50

Nurse attributes Aggregate quality index
∼ Beta(4, 2); patient-specific
weight with mean 50

Reduced-form representation of qualifications, experience, affiliation,
and reputation; assumed

Patient spatial fric-
tion

Median γi = 1.5; g(t) = t1.25 Distance importance externally motivated; magnitude and curvature
assumed and stress-tested

Nurse opportunity
cost

Lognormal, median CNY 60 Compensation matters in [3]; numerical level assumed and stress-tested
over CNY 40–100

Nurse spatial friction Median τ j = 4; h(t) = t1.20 Commute effects externally motivated by [3, 4]; coefficient and
curvature assumed and stress-tested

Payment parameters Nurse share η = 0.70; platform cost
k = 20 per order

Not publicly observed; assumptions disclosed separately from fee
anchors

Compatibility Pairwise probability 0.90 within the
service radius

Reduced-form clinical, credential, and time window screening;
assumed

The public price evidence provides a range rather than statistical estimates. In the Tianjin hospital
case documented by [11], basic fees are CNY 80, 90, and 100 for regular services within 10 km; CNY
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140, 160, and 180 for specialized services within 10 km; and CNY 300 and 450 for longer-distance
services. The same study reports that service type and distance are important cost determinants and
that 86.2% of patients were located in six areas around the physical hospital. A subsequent national
policy report states that the separately listed home-service fee is concentrated at CNY 35–80 in primary
institutions and CNY 100–200 in county-level and higher institutions, with the medical service item
charged in addition [37]. We therefore search a deliberately wide CNY 80–450 grid. This range brackets
public price points across service categories and distance bands; it does not imply that one standardized
visit should cost the same across those categories.

Table 2 separates externally anchored inputs from assumed structural parameters. The public sources
support the institutional workflow, selected fee points, the service radius scale, and the qualitative
relevance of compensation, service duration, safety, and commute time. They do not identify the
distributions of patient valuations, nurse opportunity costs, attribute weights, revenue shares, platform
costs, or spatial friction coefficients used in the model. Those quantities are therefore disclosed as
assumptions rather than calibrated or estimated parameters. The sensitivity analysis evaluates whether
the reported mechanism patterns persist over the stated parameter ranges; it does not establish empirical
external validity.

7.3. Experimental design and computational implementation

Figure 4. Uniform and hospital-clustered nurse origin designs. Patient locations remain
citywide so that clustering changes the spatial coverage burden. Hospital coordinates are
stylized rather than empirically geocoded.

We examine three market regimes. Supply surplus uses (I, J) = (100, 140), balance uses (120, 120),
and demand surplus uses (160, 100). Patients are distributed over the city. Patient locations are sampled
independently from a uniform distribution over the 10 km × 10 km city in all experimental cells. This
stylized benchmark is retained to isolate the effect of nurse origin clustering and is not interpreted as an
empirically calibrated population density distribution. Nurse origins follow either a uniform benchmark
or a distribution clustered around three stylized hospital centers. The centers represent a multi-institution
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configuration and are not claimed to be geocoded hospital locations. Figure 4 illustrates the two spatial
designs using the same city boundary.

For every synthetic market and price, the code constructs patient and nurse preference lists over
mutually acceptable pairs and runs nurse-proposing deferred acceptance. For replication r, let Πr(p),
Qr(p), and S Wr(p, µN

r,p) denote realized profit, completed volume, and welfare under the nurse-proposing
rule. We use the smallest-maximizer convention and define

p∗r = min arg max
p∈P∆

Πr(p), pQ
r = min arg max

p∈P∆

Qr(p),

WN
r (p) = S Wr(p, µN

r,p), and pW,N
r = min arg maxp∈P∆

WN
r (p). Thus, pQ

r is the replication-level finite grid
counterpart of the continuous volume benchmark pV , and pW,N

r is the replication-specific nurse rule
analog of pS W

ΦN
. In configuration-level tables and prose, the subscript r is suppressed, and the reported

optimizer and welfare loss entries are Monte Carlo means of these replication-level quantities. The
corresponding absolute and relative price-induced welfare losses are

LN,abs
r = WN

r (pW,N
r ) −WN

r (p∗r), (7.1)

LN,rel
r =

WN
r (pW,N

r ) −WN
r (p∗r)

WN
r (pW,N

r )
× 100%, WN

r (pW,N
r ) > 0. (7.2)

These measures hold the clinical compatibility structure, stability requirement, and nurse-proposing
selection rule fixed and isolate the welfare loss associated with the platform’s posted price choice
within that baseline mechanism. They are therefore conditional price-induced welfare losses. They
are not the total welfare gap relative to a maximum weight clinically feasible assignment, nor do they
measure the additional loss that may arise from selecting one stable matching rather than another. Each
supply–demand–spatial configuration uses 100 independent replications. The sensitivity analysis uses
60 replications per parameter level and common random numbers across the levels of each factor.
The tiered two-price grid is evaluated on 40 common synthetic markets. The separate price spread
experiment holds pL = 160, varies pH ∈ {160, 180, . . . , 440}, and uses 80 common markets. All reported
uncertainty bands are normal-approximation 95% confidence intervals for Monte Carlo means. The
master random seed is 20260808. In the tiered experiment, every candidate price pair is evaluated on
the same set of synthetic markets.

The numerical experiments are implemented in MATLAB. Reported values are calculated from un-
rounded simulation outputs and are rounded only for presentation in the manuscript. Before completion,
the implementation checks that the following hold: (i) The conditional finite-grid price-induced welfare
loss is non-negative up to numerical tolerance; (ii) at the nurse-rule profit-maximizing fee in each of the
600 baseline markets, patient- and nurse-proposing deferred acceptance produce identical completed
volume and platform profit; and (iii) no single-tier profit optimum occurs at either boundary of the
admissible fee grid. The second check is conducted at the nurse-rule optimizer and is not a pointwise
numerical comparison of the two profit curves over the full price grid.

7.4. Supply–demand regimes, spatial origins, and welfare loss

Table 3 reports all six baseline cells. Figure 5 plots the complete price curves for the hospital-
clustered specification. Completed volume is hump-shaped because low fees can fail nurse individual
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rationality, and high fees can fail patient individual rationality; aggregate market counts alone do not
determine realized stable volume.

Table 3. Pricing, matching, and welfare outcomes across market configurations.

Market Nurse origins p∗ pQ pW,N Q(p∗) Π(p∗) LN,abs (CNY);LN,rel (%)

Supply surplus Uniform 218.9 (3.1) 118.9 119.6 73.93 (1.30) 3349.15 (31.15) 2700.84; 14.41 (0.80)
Balanced Uniform 215.7 (2.7) 149.1 154.7 87.53 (1.50) 3888.65 (43.64) 2311.51; 10.96 (0.79)
Demand surplus Uniform 234.0 (1.7) 178.2 225.8 95.57 (0.76) 4792.19 (44.16) 319.87; 1.47 (0.39)
Supply surplus Clustered 215.7 (2.8) 131.9 133.4 73.96 (1.24) 3284.80 (37.36) 2300.84; 13.03 (0.76)
Balanced Clustered 214.0 (2.8) 157.1 162.8 87.21 (1.52) 3826.32 (37.61) 1899.44; 9.53 (0.74)
Demand surplus Clustered 230.9 (1.7) 187.0 222.4 95.41 (0.77) 4693.96 (36.79) 325.88; 1.56 (0.36)

*Notes: Monetary values are CNY. Entries are Monte Carlo means. Parentheses following p∗, Q(p∗), Π(p∗), and the relative welfare-loss
percentage are 95% confidence interval half-widths. The welfare loss measures are conditional on nurse-proposing deferred acceptance
and compare the profit-maximizing grid fee with the welfare-maximizing grid fee under the same selection rule; they are not total first
best deadweight loss estimates.
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Figure 5. Price curves and nurse-rule-conditional price-induced welfare loss under hospital-
clustered nurse origins. Shaded regions and error bars are 95% confidence intervals for Monte
Carlo means.

Three patterns emerge within this design. First, the mean optimal fee lies between CNY 214.0 and
234.0, whereas the volume-maximizing fee changes much more strongly with relative scarcity. At
the replication level, p∗r > pQ

r in all 600 baseline markets. This finite-grid ordering is directionally
consistent with the continuous fluid comparison pΠ > pV in Proposition 2, but the experiment does
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not separately estimate the local derivative in Equation (5.6) or verify the proposition’s continuous
single-peakedness condition; it is therefore not a direct numerical test of those sufficient conditions.
Second, under the nurse-rule conditional benchmark, the mean absolute price-induced welfare loss
ranges from CNY 319.87 to 2700.84, and the corresponding mean relative loss ranges from 1.47% to
14.41%. Across the 600 replications, p∗r ≥ pW,N

r always, and the inequality is strict in 85.5% of cases.
These values quantify the welfare consequence of choosing the profit-maximizing posted fee rather than
the welfare-maximizing grid fee while holding nurse-proposing deferred acceptance fixed. They do not
represent a universal monopoly deadweight loss rate or the total gap relative to a first best clinically
feasible assignment. Within the six synthetic configurations, the conditional loss is largest when supply
is abundant and substantially smaller under demand surplus.

Third, replacing uniform nurse origins with hospital clustering raises mean matched travel from
1.02–1.16 km to 2.20–2.36 km because patients remain dispersed citywide, yet it changes the mean
optimal fee by only 1.7–3.2 CNY within the corresponding supply–demand regimes. The profit-optimal
fee is therefore comparatively robust to this spatial redesign, whereas travel burden and total welfare are
not. The result supports reporting spatial service quality separately from the pricing objective.

7.5. Restricted numerical check of the stable selection rule

As a restricted numerical consistency check, we compute patient-proposing deferred acceptance at
the nurse-rule profit-maximizing fee in each of the 600 baseline synthetic markets. At those prices, the
maximum absolute difference in completed volume and platform profit is zero. This result is consistent
with Corollary 1 but does not constitute a numerical comparison of the two rules at every price on
the grid. Pointwise equality of completed volume and platform profit and hence, invariance of the
profit-maximizing price set, follow from the theoretical rural hospitals argument under one-to-one
matching, strict preferences, and margins that depend only on price and service type.

Assignments and welfare may nevertheless differ. Across the six baseline configurations, the mean
patient-rule-minus-nurse-rule welfare difference at the nurse-rule optimizer ranges from −0.138 to 0.245
CNY, with a maximum absolute replication-level difference of 14.54 CNY. The maximum absolute
travel distance difference is 0.015 km. These small numerical differences are specific to the present
dense synthetic graphs and are not implied by Corollary 1. The present experiment therefore supports
only a local consistency check at the nurse-rule optimizer; the general profit invariance conclusion
remains a theoretical result conditional on the maintained assumptions.

7.6. Sensitivity to heterogeneous preferences and nonlinear spatial friction

Figure 6 varies five elements around the balanced, hospital-clustered baseline. Patient value medi-
ans are 180, 220, and 260; value log-standard deviations are 0.20, 0.35, and 0.50; nurse opportunity
cost medians are 40, 60, and 100; nurse travel coefficients are 2.5, 4, and 6; and the low, baseline,
and high distance curvature pairs (κ, ν) are (1, 1), (1.25, 1.20), and (1.50, 1.40). The first curvature
case reproduces linear distance friction, so this comparison directly addresses whether convex friction
changes the main conclusions.

Valuation parameters are the most consequential within the tested ranges. Raising the valuation
median from 180 to 260 increases the mean optimal fee from 186.0 to 244.7 CNY. Raising the valuation
log-standard deviation from 0.20 to 0.50 increases the mean optimal fee from 210.8 to 229.2 CNY,

Journal of Industrial and Management Optimization Volume 22, Issue 10, 4770–4795



4790

reduces completed matches from 99.95 to 74.28, and raises mean conditional price-induced welfare
loss from 6.78% to 12.62%. Thus, replacing heterogeneous values with a representative patient would
materially understate tail-driven price extraction within the stated synthetic design.

Figure 6. Sensitivity of the profit-optimal fee, completed matches, and nurse-rule-conditional
price-induced welfare loss. Each factor uses common random numbers across its low, baseline,
and high levels; error bars are 95% confidence intervals.

The optimal fee is more stable under the supply cost and spatial stress tests. Raising median nurse
opportunity cost from 40 to 100 CNY changes the mean optimal fee from 215.5 to 218.2 CNY and
completed volume from 86.32 to 84.20; it lowers the relative conditional price-induced welfare loss
because the welfare benchmark itself loses feasible low-cost edges. Increasing the nurse travel coefficient
from 2.5 to 6 leaves the mean grid optimizer at CNY 217.0 and completed volume virtually unchanged
at 84.95 versus 84.93 in the common-random-number comparison, while reducing welfare at any given
matching. Moving from linear friction, (κ, ν) = (1, 1), to the high-curvature specification, (1.50, 1.40),
raises the mean optimal fee from CNY 215.2 to 218.5 and reduces the completed volume from 86.40
to 82.80. These are robustness findings for the stated range, not global comparative static claims:
Proposition 1 guarantees edge-set contraction, not monotonic movement of p∗. Moreover, unchanged
completed volume is not evidence that the feasible edge set is unchanged because removed edges need
not belong to the selected stable matching; the present sensitivity output evaluates matching outcomes
rather than directly tabulating |E(p)|. The present spatial robustness analysis compares uniform and
three-center clustered origins but does not vary the number of centers or the within-center dispersion;
these dimensions require geocoded institutional data and remain outside the current synthetic design.

7.7. Two-dimensional tiered pricing and downward substitution

The tiered experiment contains 60 advanced and 100 basic requests, 60 advanced and 70 basic
nurses, hospital-clustered origins, and the clinical restriction that basic nurses cannot serve advanced
requests. We search pL ∈ {80, 100, . . . , 300} and pH ∈ {140, 160, . . . , 460} subject to pH ≥ pL. The
full two-dimensional search over Monte Carlo mean profit selects (pH, pL) = (320, 200) CNY. At this
grid point, mean profit is CNY 6087.89 ± 66.68, mean advanced and basic completed volumes are
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43.65± 0.88 and 74.28± 0.97, and mean downward substitutions are 15.28± 0.82, where the plus-minus
values are 95% confidence interval half-widths.

The right panel of Figure 7 shows why a price gap experiment is not a substitute for the two-
dimensional search. With pL = 160, mean downward substitution first falls from 38.56 at ∆w = 6.4 to
5.54 at ∆w = 78.4, but then rises to 37.91 at ∆w = 208. The initial decline reflects advanced nurses’
stronger priority for advanced requests. At very high pH, however, patient individual rationality removes
advanced requests, leaving advanced capacity to spill into basic service. Hence, a larger compensation
premium is not a monotone “geographic firewall”. One sufficient safeguard is to combine priority
separation with a high-tier-only submarket that satisfies the absorption condition in Proposition 3. The
experiment records realized assignments but does not tabulate the realization-specific threshold in Eq
(6.3) or the number of advanced nurses absorbed by the high-tier-only submarket. The nonmonotone
curve is therefore consistent with the proposition and illustrates why its capacity condition matters, but
it is not a direct numerical verification of the sufficient condition.

Figure 7. Two-dimensional tiered-price search and price spread sensitivity. The star marks
the expected-profit maximizer. The right panel holds pL = 160 and measures the advanced
service compensation premium as ∆w = 0.72pH − 0.68pL.

8. Conclusion

This study develops an institutionally and mathematically consistent framework for price-induced
stable matching in platform-mediated home healthcare. A common service fee changes participation
and the set of mutually acceptable edges but does not reorder within-tier preferences, whereas tier-
specific nurse compensation can reorder cross-tier preferences and generate downward substitution.
The operational model admits an optimal fee on any nonempty finite admissible price grid under the
stated weak participation and deterministic tiebreaking conventions. Platform profit and the set of
profit-maximizing prices are invariant across stable selection rules when the platform margin depends
only on price and service type, although assignments, surplus distribution, travel, and welfare may
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differ. The analysis also shows that priority separation across skill tiers does not by itself guarantee
zero downward substitution; under the maintained nurse-proposing rule, the stated capacity absorption
condition provides a sufficient additional guarantee.

The externally anchored synthetic experiments quantify these mechanisms without claiming empirical
calibration or validation. Across the six supply–demand and spatial configurations, the mean profit-
optimal fee ranges from CNY 214.0 to CNY 234.0. Conditional on the baseline nurse-proposing stable
selection rule, the mean price-induced welfare loss relative to the welfare-maximizing grid fee ranges
from 1.47% to 14.41%. These percentages describe pricing distortion within the maintained mechanism
and are not estimates of total first best deadweight loss for an actual platform. Hospital-clustered nurse
origins substantially increase matched travel but change the profit-optimal fee only modestly. Patient-
valuation dispersion has a stronger effect on the optimal fee, completed volume, and conditional welfare
loss than the tested nurse-cost and spatial friction ranges. The tiered experiment further illustrates that
an excessively high advanced service fee can recreate downward substitution by suppressing advanced
patient participation, even when the resulting compensation premium strengthens advanced nurses’
preference for advanced requests.

These findings suggest three managerial implications. First, platforms should evaluate pricing jointly
with the stable assignment it induces rather than infer completed volume from aggregate supply and
demand alone. Second, geographic service quality and travel burden should be reported alongside
profit because similar optimal fees can conceal materially different spatial outcomes. Third, tiered
compensation should be coordinated with advanced demand and available capacity; increasing the fee
or compensation spread alone does not provide a monotone safeguard against downward substitution.

Several limitations define the scope of these conclusions and motivate targeted next steps. Public
information constrains the fee range and service radius but does not identify patient valuations, nurse
opportunity costs, revenue shares, or acceptance behavior. Patient locations and hospital centers remain
stylized, and the numerical model represents a single service block rather than repeated participation or
multivisit routing. Consequently, the reported price levels should be interpreted as mechanism-based
numerical stress tests rather than actionable recommendations for a particular platform. Future empirical
work should assemble a deidentified panel containing service types, coarse origin cells, posted fees,
available nurses, displayed attributes, accept/reject decisions, assignments, travel times, durations,
cancellations, and completion outcomes. Such data would permit estimation of the behavioral and cost
primitives. Institutions, regions, or time periods should then be reserved as holdout samples for out-
of-sample comparisons of predicted and realized participation, assignments, travel, cancellations, and
completion outcomes. Subsequent extensions could replace the stylized spatial process with institution
and population density data, endogenize nurse entry, and retention and patient return, and integrate
PISM with multivisit home healthcare routing and scheduling.
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