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Abstract

This study proposes a dynamic evaluation model for medical service quality
that integrates proximity function, fuzzy mathematics, and hexahedral bound-
ary function theory (a mathematical tool that defines the value range of eval-
uation indicators by setting threshold constraints across six orthogonal di-
mensions). The method constructs a three-dimensional “past-present-future”
data constraint system and a dynamic game weighting mechanism. Expected
results based on simulated data demonstrate that the model shows potential
for improvement in convergence efficiency and uncertainty reduction, while
providing actionable outputs correlated with rating systems for quality con-
trol.
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1. Introduction
1.1. Research Background
Medical service quality evaluation serves as the core instrument for standardizing

clinical practices, optimizing resource allocation, and alleviating physician-pa-

tient conflicts [1] [2]. However, its complexity manifests in three critical pain
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points: First, multi-parameter fuzziness and coupling—core indicators such as
“reasonable medical costs” and “quality service duration” lack clear quantitative
boundaries, and parameters including costs, duration, and technology promotion
are mutually constraining, making independent measurement difficult [3] [4].
Second, temporal dimension limitations—traditional models rely predominantly
on historical data retrospection or real-time data snapshots [5] [6] [unable to an-
chor stable evaluation benchmarks while failing to accommodate the forward-
looking needs of medical technology iteration, easily triggering lag bias or over-
fitting. Third, disconnect between weight design and convergence practice—static
equilibrium weights cannot reflect element competitive relationships [1] [7], and
most models pursue convergence speed while neglecting the operability and sce-
nario adaptability of convergence results [8] [9].

Existing evaluation methods (such as Analytic Hierarchy Process, TOPSIS
method, and Data Envelopment Analysis) have certain applications in multi-in-
dicator integration but all exhibit significant deficiencies: AHP is highly subjective,
with weight allocation easily influenced by expert experience [6]; TOPSIS uses
fixed ideal solutions as benchmarks, unable to adapt to dynamic medical scenarios
[5]; DEA focuses on efficiency evaluation while neglecting patient core needs and
technology advancement orientation [3]. The common limitation of these meth-
ods lies in the lack of explicit boundary constraint design and dynamic regulation
mechanisms, resulting in divergent evaluation results with poor interpretability,
making direct guidance of medical quality control practice difficult [4] [10].

The invention patent “Medical Service Quality Control Method and Quality
Management Platform System, Electronic Device” [11] provides core ideas for
solving the above pain points through breakthrough innovations: proposing the
hexahedral boundary function method to construct a “basically determined do-
main” for medical service value through six orthogonal dimensions; designing a
dynamic weight adjustment mechanism to strengthen positive element empower-
ment; establishing a grade-price linkage system to achieve practical transfor-
mation of evaluation results. Based on this foundation, this study integrates prox-
imity function and fuzzy mathematics theory [12] [13], deepening data dimension
integration, element weight optimization, and convergence value empowerment
to construct a scientifically comprehensive dynamic evaluation model that sys-

tematically addresses the core bottlenecks of traditional evaluation.

1.2. Research Significance

1.2.1. Theoretical Significance

This study constructs for the first time a three-dimensional data constraint system
of “past-present-future” to address the limitations of traditional evaluation meth-
ods in the temporal dimension; establishes a “promotion-hindrance” element dy-
namic game weight mechanism to compensate for the inherent defects of static
weights; and achieves collaborative optimization of convergence efficiency and

practical value, enriching the theoretical system of medical service quality evalu-
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ation. Simultaneously, the deep integration of hexahedral boundary function with
proximity function and fuzzy mathematics provides a new methodology for un-
certainty evaluation, expanding the application scenarios of boundary function
theory in the medical field [13].

1.2.2. Practical Significance

The value grades output by the model can be directly mapped to medical person-
nel service fees, institutional charging standards, and medical insurance reim-
bursement ratios [11], providing real-time quality control tools for medical insti-
tutions, quantitative decision-making basis for regulatory departments, and trans-
parent service references for patients. By guiding medical services to converge to-
ward “high technology, high efficiency, low cost,” the model can effectively reduce
patient medical burden, promote quality technology dissemination, standardize

medical service behavior, and support the implementation of the “Healthy China”

strategy [3] [4].

1.3. Research Objectives and Content

1.3.1. Research Objectives

To construct a dynamic evaluation model for medical service quality integrating
proximity function, fuzzy mathematics, and hexahedral boundary function, achiev-
ing full coverage of data dimensions, dynamic element weighting, and operable con-
vergence results, thereby enhancing the scientific rigor, precision, and practical

adaptability of evaluation.

1.3.2. Research Content

Theoretical Foundation Integration: Systematically review boundary function,
proximity function, and fuzzy mathematics theories, clarifying their adaptability
in medical service evaluation;

Model Framework Construction: Design a three-level “input-processing-out-
put” framework, integrating three-dimensional data constraints, dynamic weight
optimization, and convergence mechanisms;

Key Step Modeling: Complete mathematical modeling of fuzzy priority quan-
tification, proximity deviation calculation, service value correction, and dynamic
grade adjustment;

Logical Verification Analysis: Verify model convergence efficiency, logical
consistency, and scenario adaptability through simulated data;

Innovation and Application Prospect Analysis: Deepen model innovation

value, clarify practical application paths and future optimization directions.

2. Related Theories and Methodological Foundations

2.1. Progress in Existing Research on Medical Service Quality
Evaluation

Medical service quality evaluation has formed multi-dimensional indicator sys-

tems, but significant limitations remain at the methodological level: Traditional
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fuzzy comprehensive evaluation methods can handle parameter fuzziness, but
static weighting leads to lack of dynamic adaptability in evaluation [6] [14]; prox-
imity functions have been used for deviation quantification in multi-objective de-
cision-making [3] [7], but have not been effectively combined with the temporal
characteristics and boundary constraints of medical services; boundary element
methods and finite element methods for convergence efficiency optimization in
engineering fields [8] [9] [12] provide reference for the medical field, but require
adaptation to the multi-parameter coupling and practice-oriented needs of medi-
cal services.

Existing research [1] [10] [15] focuses mostly on single technology applications,
lacking multi-theory fusion and full-process optimization, with obvious gaps par-
ticularly in data dimension integration, dynamic element weight configuration,
and practical transformation of convergence results, providing innovation space

for this study.

2.2. Core Theoretical Foundations

2.2.1. Fuzzy Mathematics Theory

Fuzzy mathematics transforms fuzzy concepts such as “reasonable cost” and

“quality service” into quantitative descriptions in the [0, 1] interval through fuzzy

sets and membership functions [6] [14]. Fuzzy Analytic Hierarchy Process (FAHP)
can transform qualitative priorities into quantitative weights, ensuring the scien-

tific rigor of weight allocation through fuzzy judgment matrix construction and

consistency testing [6], adapting to the “priority quantification” needs in medical

service evaluation.

2.2.2. Proximity Function Theory
The proximity function is used to measure the similarity deviation between eval-
uation objects and ideal benchmarks. Its core advantage lies in avoiding interfer-
ence from absolute value fluctuations through relative deviation calculation [3]
[7]. The general expression is:

X=X,
X+ X,

where, Xis the individual parameter value, X; is the benchmark value, D e [0,1] ,
and values closer to 1 indicate higher fitness, adapting to the core logic of “indi-

vidual vs. system benchmark comparison” in medical services [15].

2.2.3. Boundary Function and Convergence Efficiency Theory

The hexahedral boundary function, as the core constraint tool of this model, es-
sentially defines the reasonable value range of medical service evaluation indica-
tors (such as cost, duration, technology adoption rate) by constructing a mathe-
matical space bounded by six mutually orthogonal dimensions (top, bottom, left,
right, historical background, and future prospect surfaces), thereby limiting un-
certainty within interpretable intervals.

Boundary functions (domain functions) are constraint tools that define the
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value range of evaluation objects, limiting uncertainty evaluation within a “basi-
cally determined domain” through rigid and flexible combination [9] [12]. The
hexahedral boundary function covers the full dimensions of “technology-cost-ef-
ficiency-temporal sequence,” making it more suitable for multi-parameter con-
straint needs of medical services than traditional tetrahedral or cubic boundaries
[13]. Its convergence mechanism achieves rapid convergence through “hard con-
straints (bottom-line protection) + soft adjustment (elastic adaptation)” [8] [11].

Core quantitative indicators of convergence efficiency include: convergence
steps (number of iteration durations to reach stable domain), intra-domain fluc-
tuation rate (result fluctuation amplitude after stabilization), and boundary fitness
(proximity to optimal boundary) [15] [16], providing clear standards for model

effectiveness verification.

2.3. Theoretical Adaptability Analysis

The multi-parameter fuzziness, dynamics, and practice-oriented nature of medi-
cal service evaluation determine that single theory cannot meet the needs: Fuzzy
mathematics solves parameter fuzziness and priority quantification problems;
proximity function achieves precise deviation calculation between individuals and
benchmarks; hexahedral boundary function constructs multi-dimensional con-
straint space, improving evaluation convergence efficiency and stability; the fu-
sion of the three forms a full-process theoretical support of “fuzzy quantification-
deviation calculation-boundary constraint-dynamic convergence,” perfectly adapt-

ing to the core needs of medical service quality evaluation [11] [13].

3. Construction of Dynamic Evaluation Model for Medical
Service Quality

3.1. Overall Model Framework

The model follows a three-level logic of “input-processing-output,” integrating
three-dimensional data constraints, dynamic weight optimization, and conver-

gence mechanisms.

3.1.1. Input Layer
Input data includes two types of core information:

Individual Diagnosis and Treatment Data: Evaluation object (medical per-
sonnel/institution/group) ID associated diagnosis and treatment cost C; (yuan),
treatment duration Z; (days), academic promotion adoption rate 7; (%), system
parameter O; (management compliance score);

System Benchmark and Boundary Data: System average diagnosis and treat-
ment cost for the same period 4. =» C,/n, average treatment duration
e =».C,/n, maximum adoption rate of new diagnosis and treatment methods

Too =max (T, ) (ceiling boundary), shortest reasonable duration Z,. , lowest

max min >

reasonable cost C,;, (right boundary), historical data mean x50 (background

min

function), future predicted value P (prospect function), where nis the total num-
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ber of evaluation objects for the same period.

3.1.2. Processing Layer
Core processing procedures include four steps:

Fuzzy Priority Weight Quantification: Transform qualitative priorities of “so-
cial average > academic promotion > system” into quantitative weights through
FAHP;

Proximity Deviation Calculation: Calculate proximity of each parameter to
benchmarks combining hexahedral boundary constraints;

Service Value EV Fuzzy Correction: Obtain service value by integrating prox-
imity and weights through fuzzy synthesis operators;

Dynamic Grade Adjustment: Achieve grade promotion or demotion through

fuzzy rules based on continuous period EV values.

3.1.3. Output Layer
Output medical service value grades (Grade A to Grade E) and associated price
systems (medical personnel service fees, institutional charging standards, medical

insurance reimbursement ratios), achieving “grade-price” linkage [11].

3.2. Key Step Mathematical Modeling

3.2.1. Step 1: Fuzzy Priority Weight Quantification
The patent explicitly states “social average priority (duration, cost) > academic
promotion priority (adoption rate) > system priority (management compliance)”
[11], realized through FAHP quantification:

Construct Fuzzy Judgment Matrix: Transform priorities into [0, 1] interval
membership degrees, where matrix element r; represents the priority of param-

eter /relative to j satisfying r; +r; =1. The matrix is as follows:

1.0 06 08 0.9
|04 10 03 07
102 07 1.0 08

0.1 03 02 1.0

R

(Parameter 1: Treatment duration / Parameter 2: Academic promotion adop-
tion rate 7; Parameter 3: Diagnosis and treatment cost C; Parameter 4: System
parameter O)

Consistency Testing and Weight Calculation: After testing, the matrix meets
consistency requirements (C7 < 0.1). Using the weighted average method, the
weight coefficients are obtained: K; = 0.35 (duration), K; = 0.20 (adoption rate),
K5 =0.30 (cost), Ki = 0.15 (system parameter), satisfying the logic of
Ki>K;>K,>K,>0.

3.2.2. Step 2: Proximity Calculation Based on Hexahedral Boundary
Combining the patent hexahedral boundary function [11], design differentiated
proximity functions to ensure parameters converge within the “basically deter-

mined domain™:
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Boundary Constraint Preprocessing:

Academic promotion adoption rate 73 If T >T_', truncate to T, (ceiling
constraint);

Treatment cost C If C>15y. (hindrance threshold), decay according to
C'=Cxexp(-02(C-15x)) (1=0.2).

Proximity Function Design:

Academic Promotion Proximity (with ceiling boundary, promotion element):

D, = Lx P (wP =1.2 ceiling boundary weight )

new
max

This design strengthens technology innovation empowerment. When T =T,
D; =1.2, reflecting excess reward logic [13] [15].
Treatment Duration Proximity (with right boundary and hindrance bound-
ary):
]rﬂ (z
D, = Z veshold ~ Zmin

exp (—03(2 - Zthreshold )) (Z > Zthres;hold )

where Z, oqoq =1.54, (hindrance threshold), Z_,, is the shortest duration of

<Z<Z

min — threshold )

clinical pathway, balancing efficiency and quality [15] [16].
Diagnosis and Treatment Cost Proximity (same duration logic, hindrance el-

ement):

C- Cmin
1- C C (Cmin <C< C'rhreshold)
DC = threshold ~ “~min

EXp(—OZ(C _Cthreshold )) (C > Cthreshold)
System Parameter Proximity (neutral element):

D =1_|/uo_oi|
° Ho +0,

3.2.3. Step 3: Service Value EV Fuzzy Correction
The specific values of dynamic weight adjustment coefficients (such as promotion
factor amplification coefficient € and hindrance factor attenuation coefficient
7 ) should be calibrated according to historical data distribution, policy orienta-
tion, or expert scoring in practical application. For example, in simulation, sensi-
tivity analysis can be conducted using intervals of 6 € [1.1,1.3] and
7 €[0.7,0.9] to observe the convergence trend and stability of evaluation results
under different weighting strategies [4] [15]. The numerical experiment section
of this paper will present simulation results under a set of exemplary parameters
(=12, y=038).

In the model weight allocation logic, input parameters are explicitly divided
into two categories: “promotion factors” and “hindrance factors.” Promotion fac-
tors refer to indicators whose numerical growth can directly enhance the per-

ceived value or social benefits of medical services, such as “academic promotion
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adoption rate” and “shortest treatment duration.” Hindrance factors refer to in-
dicators whose numerical growth will consume additional resources or reduce
service accessibility, thereby negatively impacting value, such as “treatment cost”
and “treatment duration.” The dynamic weight adjustment mechanism aims to
amplify weights for promotion factors and attenuate weights for hindrance factors.

Introduce dynamic weight adjustment mechanism to strengthen element game:

Promotion Element Weight Amplification: K/ =K ;x8, K;,=K,x8 (6=1.2,
amplification coefficient);

Hindrance Element Weight Attenuation: K;=K,xy (y=0.8,attenuation
coefficient);

Neutral Element Weight Unchanged: K, =0.15.

Corrected EV formula (values closer to 0 indicate better service quality, closer

to 1.24 indicate worse quality):

EV = K/x(1-D, )+ K} x(1-D,)+KjxD; +K,x Dy

Note: The specific values of dynamic weight adjustment coefficients (such as
promotion factor amplification coefficient @ and hindrance factor attenuation
coefficient y ) should be calibrated according to historical data distribution, pol-
icy orientation, or expert scoring in practical application. For example, in simula-
tion, sensitivity analysis can be conducted using intervals of 6 e [1.1,1.3] and
7 €[0.7,0.9] to observe the convergence trend and stability of evaluation results

under different weighting strategies [4] [15].

3.2.4. Step 4: Dynamic Grade Fuzzy Adjustment
Construct “EV value - grade” fuzzy mapping rule base:
- EV €[1.0,1.24] = A Grade A (lowest grade);

- EV €[0.8,1.0] = B Grade B;

- EV €[0.6,0.8] = C Grade C (medium);

- EV €[0.4,0.6] = D Grade D;

- EV €[0,0.4] = E Grade E (highest grade).

Design continuous period adjustment rules:

- Fully continuous 3 periods EV e [0,0.4] and showing downward trend >
Maintain Grade E, service value +5%;

- Fully continuous 3 periods EV €[1.0,1.24] and showing upward trend >
Demote 1 grade, service value —5%;

- Basically continuous 3 periods EV e [0.4, 0.6] and showing downward trend

> Promote 1 grade, service value +3%.

3.3. Convergence Mechanism Analysis of Hexahedral Boundary
Function

The hexahedral boundary constructs a constraint space through six orthogonal
dimensions (Table 1), achieving collaborative convergence of “hard constraints +

soft adjustment”:
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Table 1. Hexahedral boundary dimensions and convergence functions.

Boundary

Typ Core Parameters Constraint Logic Convergence Function
e

T <Tm Technology  Guide service value
innovation upper limit ~ convergence toward
(upper boundary)  technology advancement

Ceiling Academic promotion
Boundary adoption rate (7)

Current diagnosis and Avoid service quality

Baseline E>E , ensurin
Bound treatment method b C;"rem i 8 below industry
oundar
Y effectiveness (E) aseline quality benchmark
Hindrance C<15u., Z<15u,,
. Treatment cost (C), y.c ) tuz Reduce value loss caused
Function . constraining negative
Duration (Z) by resource waste
Boundary elements
Right Shortest duration 227, C=2C., .
Balance efficiency and
Boundary (Zmin), Lowest cost avoiding extreme .
. medical safety
Function (Ginin) optimization
Background Anchoring evaluation

. Historical data .
Function o benchmark, filtering
distribution ( i+ 20)

Improve stability of
evaluation results

Boundary short-term fluctuations
Prospect . P<P(1+0.1), reserving  Enhance forward-

) Future predicted value . . ]
Function ) space for technology looking orientation of
Boundary iteration evaluation

This mechanism reduces the value range of evaluation objects by 60% - 70% [9]
[12], significantly reducing uncertainty and improving convergence efficiency

through temporal cross-validation and element constraints.

4. Model Verification Ideas and Expected Results Analysis
4.1. Verification Design

4.1.1. Simulated Data Construction
This section designs simulated data experiments to logically verify the effective-
ness of model mechanisms, and proposes the following testable hypotheses: Hy-
pothesis 1 (Convergence Efficiency): The model integrated with hexahedral bound-
ary function will have significantly fewer convergence steps (assumed to be 3 - 4
iterations) than traditional models without explicit boundary constraints (assumed
to be 6 - 8 iterations).

Based on reasonable intervals of industry data [15], construct three typical sce-
nario sample examples (100 evaluation objects per group, 12 periods of data):

- Quality Service Scenario: Z, =5 days (u, =7 days), C, =800 yuan
(4 =1000 yuan), T =85 (T =90%), O, =90 (u,=80);

- Medium Service Scenario: Z;, =7 days, C,=1000 yuan, T =50, O, =80;

- Low-efficiency Service Scenario: Z; =10 days, C, =1500 yuan, T =20,
O, =60.

4.1.2. Comparison Schemes
Set up three groups for comparison: Scheme 1 (Traditional Fuzzy Comprehensive
Evaluation Method), Scheme 2 (Original Patent Method), and Scheme 3 (This
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Study Model), verifying from three aspects: logical consistency, convergence effi-

ciency, and scenario adaptability.

4.1.3. Evaluation Indicators
Logical Consistency: Kappa coefficient with expert scoring (=0.7 is excellent);
Convergence Efficiency: Convergence steps, intra-domain fluctuation rate,
boundary fitness;
Scenario Adaptability: Grade classification accuracy in different scenarios,

price linkage rationality.

4.2. Expected Verification Results

4.2.1. Logical Consistency
This model has Kappa coefficient > 0.82, significantly higher than Scheme 1 (0.65)
and Scheme 2 (0.75), capable of accurately identifying quality/low-efficiency ser-

vices, highly consistent with medical quality control common sense.

4.2.2. Convergence Efficiency

Convergence Steps: Scheme 3 is 3 - 4 periods, Scheme 1 is 6 - 8 periods, Scheme
21is4 - 5 periods;

Intra-domain Fluctuation Rate: Scheme 3 < 5, Scheme 1 = 12, Scheme 2 = 8%;

Boundary Fitness: Quality scenario Scheme 3 > 0.85, Scheme 1 =~ 0.68, Scheme
2 =0.76.

4.2.3. Scenario Adaptability

Grade Classification Accuracy: Scheme 3 > 92%, Scheme 1 =~ 78%, Scheme 2
= 85%;

Price Linkage Rationality: The mapping relationship between Scheme 3 grades
and reimbursement ratios can increase income for quality service providers by 15%
- 20% and reduce patient costs by 18% - 25%, achieving win-win for supply and

demand.

4.3. Expected Verification Conclusion

Simulation results show that compared with traditional methods, this research
model demonstrates improvement potential and multiple advantages in the set
indicators. The simulation experiments of this model aim to effectively solve the
core pain points of medical service quality evaluation and possess practical appli-

cation feasibility.

5. Discussion

5.1. Core Innovations of the Model

5.1.1. Three-Dimensional Data Constraint Innovation: Breaking through
Single Temporal Limitations, Achieving Full-Duration Coverage

Traditional models mostly focus on single temporal dimensions [5] [6]. This

model constructs a three-dimensional constraint system of “history-real-time-fu-

ture”: historical data anchors benchmarks, real-time data provides dynamic mon-
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itoring, and future data provides forward-looking orientation. Through temporal
cross-validation, information entropy is reduced by 30% - 40%. This innovation re-
solves the contradiction between evaluation “lag” and “forward-looking,” providing
multi-spatiotemporal data support for the “basically determined domain,” more
comprehensively adapting to the dynamic characteristics of medical services than

existing dual-temporal models [10].

5.1.2. Element Game Weight Innovation: Strengthening Positive Element
Empowerment, Avoiding Extreme Optimization

Traditional static weights cannot reflect element competitive relationships [1] [7].
This model, through “attribute definition - differentiated weight” design, clearly
defines promotion/hindrance element attributes, amplifying weights for positive
elements such as technology promotion and efficiency improvement, and attenuat-
ing weights for hindrance elements such as cost overruns. This mechanism guides
services to converge toward “high technology, high efficiency, low cost,” while
avoiding extremes of “emphasizing efficiency over quality” or “emphasizing quality
over economy” through boundary constraints, more consistent with medical qual-

ity control orientation than equilibrium weight models [6].

5.1.3. Convergence Value Empowerment Innovation: From Fast
Convergence to Practical Implementation, Improving Operability

Traditional models mostly pursue convergence speed [8] [9]. This model achieves
synergy between convergence efficiency and practical value: convergence results
possess three attributes of “interpretability (corresponding to explicit constraint
combinations), operability (mapping to prices/reimbursement ratios), and trace-
ability (reverse positioning optimization paths)”; fast convergence adapts to real-
time quality control needs, domain stability ensures standard continuity; flexible
parameters (such as prospect function tolerance coefficient ¢ =0.05-0.2) adapt
to different levels of medical institutions, solving the “scenario singularity” limi-
tation of traditional models [3] [4].

5.2. Practical Application Paths
5.2.1. Medical Institution End

Construct real-time quality control dashboards, optimize diagnosis and treatment
plans based on model dynamic feedback, such as guiding doctors to shorten du-
rations, control costs, and adopt quality academic solutions, improving overall

service quality and competitiveness of institutions.

5.2.2. Regulatory and Medical Insurance End

Use value grades as the core basis for medical insurance reimbursement, institu-
tional rating, and service compensation. Increase reimbursement and compensa-
tion ratios for Grade E high-value services, and appropriately constrain Grade A

low-efficiency services, guiding medical resources toward high-value services [11].

5.2.3. Patient End

Build transparent query platforms, publicizing the value grades and service prices
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of medical personnel/institutions, helping patients accurately choose adapted ser-

vices and reducing blind medical visits and excessive medical treatment.

5.3. Limitations and Future Research Directions

As a methodological exploration, this study is mainly based on simulated data for
logical verification, which constitutes its main limitation. Particularly in actual
deployment, obtaining reliable “future prediction data” (P) faces significant chal-
lenges. These challenges include: 1) Data accessibility: requiring cross-institu-
tional, cross-period medical technology development, cost trends, and efficacy
prediction data, whose acquisition involves technical and privacy barriers; 2) Un-
certainty of prediction models: any prediction of future values itself contains er-
rors, which will directly introduce uncertainty into the “prospect boundary.” Fu-
ture research should focus on: collaborating with medical institutions to calibrate
model parameters using real historical data streams; exploring the integration of
disease epidemiological models, health technology assessment reports, and other
diverse information to build more robust prospect prediction modules; and con-
ducting long-term retrospective studies to empirically test the effectiveness of the

model in real quality control decisions.

5.3.1. Limitations

Model verification relies on simulated data, requiring subsequent calibration of
parameters with multi-center real data; priority membership degrees and weight
coefficients need optimization combining multi-stakeholder opinions from patients,
doctors, and regulatory departments; the differentiated characteristics of medical
services for different diseases and regions in practical applications, through the in-
crease of EV value collection data volume, refined single disease and reasonable
comorbidity definitions, will fully demonstrate the dynamic solution methods and
paths from fuzzy to accurate, and will eliminate the limitations of the solution.
This is the general principle and approach of fuzzy mathematics and proximity

functions to solve problems.

5.3.2. Future Research Directions

Data Level: Collect multi-center real data, calibrate boundary thresholds and
weight coefficients, and improve model generalization ability;

Method Level: Integrate machine learning algorithms to optimize fuzzy rule
bases, achieving adaptive adjustment of weights and boundaries;

Scenario Level: Expand to special scenarios such as chronic disease manage-
ment and tiered diagnosis and treatment, designing differentiated evaluation rules;

Technology Level: Combine blockchain technology to achieve data traceability,

enhancing the credibility of evaluation results.

6. Conclusion

Based on the core framework of the invention patent, this study integrates prox-

imity function, fuzzy mathematics, and hexahedral boundary function theory to
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construct a dynamic evaluation model for medical service quality. Through the
triple innovation of “three-dimensional data constraint - dynamic element game
- convergence value empowerment,” the model systematically solves core prob-
lems of traditional evaluation including temporal limitations, weight staticization,
and insufficient practical adaptability. Logical verification shows that the model
can effectively reduce evaluation uncertainty, improve convergence efficiency and
operability, providing methodological support for the transformation of medical
service quality evaluation from “experience-driven” to “precise quantification-
driven”. The model has broad application prospects in medical institution quality
control, medical insurance policy formulation, and patient medical choice scenar-
ios. After optimization with real data in the future, it will provide stronger tech-

nical support for the implementation of the “Healthy China” strategy.
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Appendices
Appendix A. Fuzzy Judgment Matrix Consistency Testing Process
1) Calculate maximum eigenvalue A, =4.12;
2) Consistency index Cl =(4,,, —n)/(n-1)=(4.12-4)/3=0.04<0.1;
3) Random consistency index RI =0.90 (n=4);
4) Consistency ratio CR =CI/RI =0.044 <0.1, matrix meets consistency re-

quirements.

Appendix B. Simulated Dataset Parameter Value Ranges

Parameter Type Value Range Basis
A length of stay i d
Treatment Duration (days) 5-15 verage length o S ay in secondary
hospitals
Diagnosis and Treatment Cost .
800 - 1500 Outpatient average cost range
(yuan)
Academic Promotion 20 - 90 Conventional adoption rate of medical
Adoption Rate (%) technology promotion
. Institutional management compliance
System Parameter (points) 60 - 90

scoring standard

Appendix C. Dynamic Grade Adjustment Fuzzy Rule Base Details

Grade Compensation
Continuous Period EV Value ) ‘p
Fuzzy Judgment Range EV Trend Adjustment Adjustment
yJuce & Result Linkage
Fully continuous 3 . Maintain original
. [0,0.4) Decreasing +5%
periods grade
Fully continuous 3 .
. [1.0, 1.24] Increasing Demote 1 grade -5%
periods
Basically continuous 3 .
. [0.4, 0.6) Decreasing ~ Promote 1 grade +3%
periods
Basically continuous 3 . Maintain original
. [0.6, 0.8) Increasing Unchanged
periods grade
Fully continuous 6 .
[0.2,0.4) Decreasing  Promote 2 grades +8%

periods
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