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Abstract: Because of the general lack of multi-level hospital management collaboration
performance effectiveness research, this paper proposes a multi-level hospital management
Synergy Entropy-House of Quality (HoQ) Measurement Model by innovatively combining
the House of Quality (HoQ) measure model with a Synergy Entropy computing principle.
Triangular fuzzy functions are used to determine the importance degree parameter of each
hospital management element which combined with the results from the Synergy Entropy
evaluation of the hospital management elements, arrive at a comprehensive collaborative
computation result for the various elements, ensuring results objectivity. Finally, the analysis
of the collaborative research on multi-level hospital management demonstrated the scientific
effectiveness of the hospital management Synergy Entropy-House of Quality (HoQ)
Measurement Model.
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1. Introduction

The use of scientific management theory and methods is often emphasized in hospital management
as it can give full play to the overall collaborative operational functions to allow for a full examination
of hospital planning resources, such as staff, materials and information. The main purpose of such
examinations is to provide patients with quality health care services and to meet the patient needs.
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However, medical institutions often suffer from a lack of adequate health care resources, have a lack of
grading for collaborative work and have no clear guidelines for service provision, all of which make it
difficult to achieve a scientific, rational and efficient use of the medical and health resources.

National health service sustainable development and hospital and medical management have been
widely researched. Shusaku and Shoji used data mining methods to extract information stored in a
hospital information systems and applied exploratory data analysis techniques and a generalized linear
model to optimize the hospital’s management [1]. From the perspective of improving patient
satisfaction, Rozenblum, Lisby, Hockey et al. conducted a survey in four academic hospitals in
Denmark, Israel, the United Kingdom and the United States to analyze the relationship between
hospital management and front-line clinicians, and demonstrated that patient satisfaction was
influenced by clinician attitudes and the hospital construction management plan [2]. Using an
integration of genetic algorithms and a binary particle swarm optimization algorithm, Chiu et al.
proposed an RFID network layout method, and conducted optimization research on hospital
management information transmission network issues [3]. Inter-hospital ambulance transfer problems
were analyzed by Nakamura ef al. using a discrete event simulation model, game theory and other
research tools, the results from which showed that centralized resource sharing and collaboration had a
significant impact on reducing hospital ambulance transfer times [4]. Tianlin et al. theoretically
analyzed the necessity for hospital management innovations, and described hospital management
innovation methods and basic practice principles [5].

Management process research on collaborative synergy management is a mature field of study.
Kapucu and Arslan based on research into leadership, decision-making and collaborative relationships
between the government and aid organizations, found that synergy management using collaborative
networks could improve emergency management efficiency through the effective use of emergency
resources [6]. Feng and Zhuowen conducted a comprehensive analysis of a multi-project collaborative
management system, analyzed multi-project synergy generation and recommended measures to
achieve enterprise-wide multi-project collaborative management using a multi-project collaborative
management model [7]. Comfort et al. assessed the emergency response capacity of communities
through the establishment of a dynamic simulation system model, and found that the transfer of and
access to key information was helpful in improving community organizational network collaboration
performance [8].

Although there has been significant research and made a significant contribution in the aspect of
improving patient satisfaction, advancing operational efficiency of the hospital and hospital
management innovations in most cases, researchers have researched hospitals as independent
individuals and from a theoretical or data driven perspective, so the issue of effective collaborative
management between hospitals and medical services has not been fully tapped. In addition, although
collaborative management thinking is quite mature, research on hospital collaborative management is
rare, meaning that it is difficult to give an accurate picture of the situation in multi-level hospitals, or
have definitive opinions about the administrative and collaborative performances between hospitals
and health care providers. In view of this, and on the basis of previous studies, this paper analyzes
hospital management from the perspective of collaborative management, and proposes a multi-level
hospital management Synergy Entropy-House of Quality Measurement Model by introducing
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collaborative entropy theory. It is hoped that this model can provide a reference for improving hospital
management and the coordination efficiency of organizations based on the synergy calculation.

In Section 2, the paper establishes a structure of Multi-level medical institutions through on-the-spot
investigation in medical institutions of Sichuan province. Furthermore, basic medical services and
activities of medical institutions were analyzed, on this basis, the paper constructs the research framework
of collaborative management research of multi-level medical institutions. In Section 3, this paper
introduces the concept of Synergy Entropy and House of Quality, build a Synergy Entropy-House of
Quality Measurement Model, and the specific steps and measure principle measure was introduced.
Finally, through case analysis of a certain level of medical institutions in Sichuan province to verify
the Synergy Entropy-House of Quality Measurement Model is scientific and effective.

2. Hospital Collaborative Management Analysis
2.1. Structural Analysis of Hospital Level

With the gradual reform of the national health care system in China, health care organizations have
a hierarchal arrangement. However, due to differences in the technical skill of personnel and the
service level in the different health care organization levels, there is a lack of information sharing
resources and management coordination mechanisms. Therefore, an effective analysis of the
information and resource sharing among medical institutions across all levels and the degree of
organization and coordination is difficult. Medical institutions are classified across four grades; Large
Three-level Class A hospitals, Three-level Class A hospitals, One-level or Two-level hospitals and
Community health service centers. Based on multi-level medical organizations research, it has been
found that the hospitals are both independent and interrelated, and lower-level medical institutions are
often subject to controls and restraints from the higher-level medical institutions. Confronted with the
contradictions between the demand for medical services and the limited medical resources, the state
has deepened health system reform by initiating collaboration between the multi-level health care services.
This allowed for the promotion of a longitudinal flow of medical resources by assisting Three-level
Class A hospitals to play a leading regional medical role based on their professional and technical
advantages, and to develop medical models for such elements as the medical grades, sub-acute and
chronic treatments, and two-way referral medical models. Based on the research into the medical
services, this paper has established a structural chart (Figure 1), an information resources flow diagram
(Figure 2) and a two-way referral pattern for a multi-level town medical service (Figure 3) for the
different medical institution levels, allowing for an examination of the information resource sharing
and collaborative management status between these medical institutions to determine the extent of
multi-level medical services collaboration and medical resources sharing.

As shown in Figure 2, high-level medical institutions offer information resources to lower-level
medical institutions, and lower-level medical institutions send feedback to the higher-levels. There is
an information feedback loop mechanism between the various medical institution levels, effectively
promoting the sharing of medical resources, and the orderly convergence of medical services.

Figure 3 shows a two-way referral pattern for a multi-level town medical service. Its working mode
assists high-level medical institutions play a central leading role in a more effective way through the
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establishment of a more comprehensive service model and a more ordered convergence of the health
care system, which encompasses general medical care, rehabilitation, nursing requirements, and an
achievement of a division of labor in medical institutions at all levels, thus promoting a more rational
two-way flow of medical resources.
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Figure 1. Structure of multi-level medical institutions.
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Figure 3. Two-way referral pattern for multi-level medical service.
2.2. Hospital Collaborative Evaluation System Decomposition

This paper focuses on medical work process efficiency, cost efficiency and technical efficiency in
reference to previous studies [9]. For medical process efficiency, the medical work involves an
extensive range of medical needs for different patient problems, and medical institutions at all levels
need to provide appropriate medical assistance through the establishment of appropriate programs.
Research has found that although medical programs at all medical institution levels are affected by
resources such as supplies and information, the main sharing was in information material transmission,
medical service demand, diagnostic analysis, medical service team building, health care service
program design, medical service program evaluation, medical services coordination and medical
information feedback [10]. The hospital cost efficiency level is based on hospital financial data
provided by the research objective. This paper determines an indicator system, which includes budget
performance, operational balances, inventory turnover control, health care supply control and personnel
costs, to measure the cost synergy efficiency of the hospitals [11,12]. At the hospital technical
efficiency level, the evaluation indicators to allow for an examination of synergistic efficiency are; the
supply of medical resources, the supply of human resources, the scientific medical services, hospital
operations, hospital management, and the formulation of an operating mechanism [13,14]. From this
information, we developed a medical institution, collaborative efficiency evaluation system component
diagram as shown in Figure 4.

Figure 4 reflects the overall level of the coordinated medical service operations from material
information delivery and proven demand to the provision of medical services. It can be seen that there
are close interactive links between the various stages. Therefore, to tap the intrinsic relationships in the
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index and the relationships between the index and the various product design stages, this paper uses the
concept of quality housing and entropy collaboration, to analyze the inherent synergy between the

various medical institution levels and medical and management work stages, as shown in Figure 5.
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3. Hospital Management Collaborative Efficiency Measurement Based on the Collaborative
Entropy-House of Quality

3.1. Synergy Entropy-House of Quality Measurement Model

To appropriately evaluate the coordination between the different levels and services so as to assist
all medical institutions coordinate their management and to provide them with a reference tool, a
sophisticated system is needed. This paper used the synergy entropy section of the House of Quality
Measurement Model, as it allows for an accurate detailed analysis of both the medical work and the
coordination management performance [15,16]. The Synergy entropy-House of Quality Measurement
Model is shown in Figure 6.

Entropy is able to provide an efficient information measurement [17,18] regarding the ordered
degree of organization. In modern management systems, the internal and external environment is always
changing, which results in an increase in information uncertainty. These uncertainties are able to be
described using entropy. From dissipative theory, the value of entropy is in its ability to present information
sequentially. The chaotic system degree is high when the entropy is high, and vice versa [19-22].
In this study, entropy is used to measure the sequential degree between the organizations as the
coordination process is considered to be similar to the system sequential degree. Therefore, the entropy
principal can be used to simply measure the medical work coordination efficiency, with smaller
entropy indicating a better management coordination system.
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Figure 6. Synergy Entropy-House of Quality Measurement Model.

As shown in Figure 6, the Synergy Entropy-House of Quality Measurement Model is made up of a
medical institutions coordination matrix, a indicators coordination matrix and a fuzzy matrix. Between
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the medical institutions coordination matrix and the medical work coordination matrix, a comparison
matrix is also developed. In the fuzzy matrix, the medical institutions and medical work have differently
weighted results because of the differences in emphasis. Therefore, a relationship matrix using triangular

fuzzy functions is constructed to allow for a judgment on the relative importance of the medical work
and to determine the coordination efficiency. Figure w;(j = 1,2,--+,9) represents the importance

weight in the medical process. uj(j = 1,2,-+,5) represents the importance weight in the cost control
indicators. p;(j = 1,2,---,6) represents the importance weight in the technical support index indicators.
v;(i = 1,2,---,4) represents the hierarchal medical institutions relative importance weight.

Although this paper’s measurements are based on field research data and the multi-level medical
institutions’ management reporting data, the selection and quantification of the indicators remain
problematic as they are often ill-defined and difficult to quantify. In this paper, the primary reason for
the selection of a fuzzy model for the index data processing was that multi-level medical collaborative
performance evaluations were found to have a certain ambiguity, so it was difficult to objectively
define and quantify the indicators’ data completely. For instance, the classification of the indicators for
proven demand for medical services and the medical services program evaluation were based on the
subjective judgment of experts, thus were, to some extent, ambiguous. Secondly, using the fuzzy
matrix has significant advantages when using the disposal index data, as it allows for a combination of
the qualitative analysis with a quantitative index calculation, making it easy to use specific figures to
indicate the differences between the various indices and all-levels of the medical institutions.
Simultaneously, by calculating the index in the form of index weights to determine the importance of
the evaluation system, the advantages of describing the system features quantitatively can be seen [23-25].

3.2. Hospital Management Collaborative Entropy Measurement Based on the Collaborative
Entropy-House of Quality

According to the entropy evaluation principle, the specific steps can be divided into two parts:
3.2.1. Medical Institutions and Medical Work Stages Importance Parameter Calculations

Medical institutions at all levels as well as the various stages of medical and management work
have a discrepant importance parameter determined by the different degrees of information resource
sharing and software and hardware support. Therefore, to determine an objective result, a triangular
fuzzy matrix is used to calculate the weights for the medical institutions at all levels and the various
medical work stages. The triangular fuzzy matrix is able to transform the uncertain factors into certain

values and transform those factors that can be only be evaluated by natural language into quantitative
indicators [26-28]. In the modality, Dy = [dbj,di\,/]!, d}l)lj], d]};j represents a conservative evaluation of
the y-th expert for the j-th index, while d?,/]! is the most likely value and dyj is the most optimistic

assessment value. According to the position of the experts in the group, the final score is calculated
based on a synthetic scoring matrix. The Equation for this is:

—_—

D, = E X Dy (1)
P=(d+2d"+d")/4,j=12n )
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In Equation (1), E is the weight vector for an expert, where Dy is the initial score matrix and Dy is
the implicit synthetic scoring matrix. In Equation (2), d¥, a]M, a]N are the conservative values, most
likely values and the most optimistic evaluation values for the implicit synthetic evaluation scoring
matrix, respectively, and P is the final evaluation score.

After the evaluation of medical institutions and medical work stages, v;, the medical institution
weight vectors, and wj, the weight vectors for each stage of medical work, are obtained through

calculations based on the entropy weight principle.
3.2.2. Hospital Management Collaborative Entropy Calculation

The systematic relationship and synergies between the medical institutions and the various medical
and management work stages reflect the synergy between the internal interactions. A collaboration
impact matrix is then established, which reflects the relationships between the various work stages and
the medical institutions:

}\11 A12 Alk
¢ = 21 22 2k 3)
)\51 )\SZ }\sk nn

In the collaboration matrix:
_ (1sandkisin the collaborative state
)\sk - .
0 otherwise
" = {1 elements in the lowest level
sk 0 elements in other levels

s#k
=k

Assume that medical institution M; has established j work stages, so Xjjq represents the fully
collaborative state for the number of work stages j in medical institution M;; Xjjr represents a
non-collaborative state for the number of work stages j in medical institution M;; the total number of
work stages is Xj; = Xjjq + Xjjr- The equation for calculating the entropy for the collaborative multi-
level hospital management is:
~__Xig
ijq X

Xijq

log—— 4
B%, O

H
ij
The equation for the non- collaborative entropy multi-level hospital management is:
Xijt

ng—i]_ (5)

X )

Hye = —5

ij
Accordingly, CD, the level of collaboration for hospital management elements of the same level, can
be determined:

CD=1-— ﬂ
maxHji;q (6)
In Equation (6), maxH;;q indicates the largest collaborative entropy for the hospital management
elements at the same level.
Collaborative efficiency can be expressed as:
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H;;
EFF=1-—39 7
Hyq + Hyr )

The integrated collaborative entropy for the hospital management elements at all levels is:

B= ) wh; (8)

In Equation (8), p; indicates the importance of each element in the hospital collaborative
management.

4. Case Analysis
4.1. Hospital Management Parameter Calculation

Multi-level medical institutions in Chengdu, Sichuan were selected for the study in this paper.
The hierarchical institutions were chosen according to the nature of work at all levels of medical
institutions and included; Large Three-level Class A hospitals (A1), Three-level Class A hospitals
(A2), One-level or Two-level hospitals (A3) and community health service centers (A4).This study
divided the medical work into information material transfer (I1), demand for medical services (12),
diagnostic analyses (I3), ---, and feedback (I9), which are the nine medical service process stages,
divided the cost work into budget performance(C1), ---, personnel costs(C5), which are the five medical
cost control stages, and divided the technical work into medical The supply of resources (T1), ---,
Formulation of an operating mechanism (T6), which are six technical support stages.

For the fuzzy trigonometric calculation principles, four experts were invited from four medical
institution levels and the importance of the medical institution levels as well as the various medical and
management work stages were scored. The four experts had over 10 years’ experience in health care
and were from Large Three-level Class A hospitals, where they had been working in medical resource
scheduling or hospital operations management for more than five years. They all had an in-depth
understanding of the operations resource management of the hospital and have published many
articles, which meant they had extensive experience to be able to develop the rating matrix evaluation
score for multi-level hospital management. For the one-level or two-level hospitals and the community
health service centers, two experts who had medical clinical work experience were asked to assist with
the research, which meant that there was a certain objectivity for the development of the rating matrix
for certain medical work in the medical centers. Because of the excessive calculations, the Large
Three-level Class A hospitals were taken as examples and the scores calculated at various medical
work stages. The 10-point benchmark results were as follows:

[2547] [4665] [3457] [67.58] [1254] [678] [4568] [2578] [7,7.58]
b _|B4555]  [3355] [234] [55565] [33545] [3,57] [3,56] [657,9.5] [456]

1 [467] [253.545] [15345] [6785] [2253] [25455] [65785] [5567] [3,66.5]
[3.54.55] [44.5,5] [1,23] [4556] [456] [3545] [4557] [368]  [468]

The importance proportion for each expert in the expert group based on a comprehensive
survey of four experts in terms of age, professionalism and experience was determined for
E=1[0.25 0.3 0.15 0.3]. Then, a fuzzy synthetic matrix D; was obtained for the Large Three-level
Class A hospitals (A1) in accordance with Equation (1):
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D, = [[3.2456] [3.54453] [193.245] [51627] [273.64.6] [3.85164] [445672] [43,6.683] [436.1,7.2]]

Equation (2) was calculated to obtain the Large Three-level Class A hospital (A1) scores for each
work process stage:

Py =[46 44 32 61 36 51 57 65 59]

The evaluation scores at the various medical process stages at the different medical institution levels
A2, A3, A4 were sequentially obtained, as shown in Table 1, and the evaluation scores for the cost
efficiency and technical efficiency indexes are as shown in Tables 2 and 3:

Table 1. Score Matrix at the Various Stages of Medical Process.

I I, I; I I I I, Ig Iy
Expert] 46 44 32 61 36 51 57 65 59
Expert2 34 38 47 51 26 46 37 43 35
Expert3 42 65 31 48 63 34 47 52 78
Expert4 16 22 74 37 51 28 47 39 64

Table 2. Score Matrix at the Various Stages of Medical Cost Control.

Cq ) Cs Cy Cs
Expert 1 4.3 4.7 2.2 6.6 4.6
Expert 2 3.7 5.8 3.7 5.7 4.6
Expert 3 44 3.5 3.6 4.8 4.3
Expert 4 4.6 3.2 24 5.7 3.7

Table 3. Score Matrix at the Various Stages of Medical Technical Support.

Ty T, T3 T, Ts Te
Expert 1 5.6 6.4 4.4 3.1 5.6 4.5
Expert 2 4.7 52 3.2 2.7 4.6 39
Expert 3 2.8 3.5 5.1 3.2 6.3 4.4
Expert 4 3.8 4.2 5.4 5.7 5.7 6.8

The weight vector for the work stages in the collaborative management process were obtained based
on the entropy calculation method:

w; =[0.0680 0.0893 0.1417 0.1040 0.1227 0.0850 0.1177 0.1134 0.1582]
uj=[0.2028 0.1970 0.1207 0.2813 0.1982]

pj=[0.1491 0.1724 0.1683 0.1273 0.2099 0.1730]

Similarly, a scoring matrix for the collaborative management in four medical institutions was
determined based on the triangular fuzzy function and the entropy value empowerment principle,
as shown in Table 4.
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Table 4. Scoring Matrix of the First-Level Medical Institution.

A(11) A(22) A(f) AE;”
Expert 1 6.6 54 4.2 6.1
Expert 2 5.4 3.8 5.7 4.7
Expert 3 4.2 55 4.1 53
Expert 4 4.6 4.2 6.4 3.7

According to the medical institution layering in Figure 1 and the scores from the medical
institutions in Table 4, this paper successively obtained scoring matrices for the second level and third
level medical institutions (shown in Tables 5 and 6), and, based on entropy evaluation methods, this
paper obtained a weight vector Vi(l) for the first level medical institutions A(ll)—AEf), a weight vector

vi(z) for the second level medical institutions A(lzz), A(123), A(124), A(223) ,A(zi), A(gi) and a weight vector Vi(3)

ol institut] 3) AB) AB) AB) .
for the second level medical institutions Ay, AT ,, Al5s, Asga:

Table 5. Scoring Matrix of the Second-level Medical Institutions.

R R R R TR
Expert 1 54 4.2 6.1 4.2 6.1 6.1
Expert 2 3.8 5.7 4.7 5.7 4.7 4.7
Expert 3 5.5 4.1 53 4.1 53 5.3
Expert 4 4.2 6.4 3.7 6.4 3.7 3.7

Table 6. Scoring Matrix of the Third-Level Medical Institution.

AR, AR, AR, AR,
Expert 1 42 6.1 6.1 6.1
Expert 2 5.7 4.7 47 47
Expert 3 4.1 5.3 5.3 5.3
Expert 4 6.4 3.7 3.7 3.7

v =[0.2590 0.2315 0.2731 0.2363]
v® =[0.1548 01921 0.1537 0.1921 0.1537 0.1537]
v =[03053 0.2316 02316 0.2316]

4.2. Hospital Management Synergy Efficiency Evaluation

Data in this paper are derived from actual surveys of hospital operations and multi-level
management reports. According to the synergistic relationship between medical institutions at all
levels as well as between the various stages of medical work, this paper analyzed the synergistic
relationship between the medical institutions at all levels and between the various medical work stages,
and a synergies influence matrix was created between the organizations. ¢ indicates the synergistic
influence of the matrix between the first-level medical institutions (as shown in Figure 1); ¢§2)

indicates the synergistic influence of the matrix between the second-level medical institutions and the
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Large Three-level Class A hospitals in the first level, d)gz) indicates the synergistic influence of the
matrix of the second-level medical institutions and the Three-level Class A hospitals in the first level;

53) indicates the synergistic influence of the matrix between the third-level medical institutions and
the Three-level Class A hospitals in the second level; and ¢, indicates the synergistic influence of the
matrix between the various medical work stages; ¢5 is the synergistic influence matrix for the cost
efficiency indexes, and ¢¢ is the synergistic influence matrix for the technical efficiency indexes. As
there is only one community health service center on the fourth level, the synergies with the other
medical institutions is considered to be 0, so this calculation is not included here. Based on research
information from the medical institutions and medical work stages, the synergistic influence matrix
was developed, as shown below:

0

0 1 1
1] L@ _ 1 0 1 (2):[1 0] ¢(3):[1 0
1"t T2 0 1™ 0 1
0 1 1 0

1 1 0 0 0 0 0 1 17

111110011

011111101 [1 1 0 1 0] é 2 1 1 2 (1)

011110100 1 0 0 1 1110 1 1
¢,=10 1 1 1 1 1 1 1 1,d)5—|0 0 1 0 1,¢6=1 1011 0

0 01 01 1101 ll 0 01 1 0111 1 1

0 01 111101 011 11 {0 1 0 1 1

110 0 1 0 0 1 1

111011111

The collaborative entropy, cooperative degree and collaborative efficiency were all separately
calculated using Equations (4)—(7). The relative weight vector for each hospital management element
was obtained using a fuzzy trigonometric method, and the integrated collaborative entropy B for
management elements at all levels was obtained using Equation (8), the results for which are shown in
Table 7.

Table 7. Collaborative Index of the First-level Medical Institutions.

A(11) A(zl) Agl) AE:) B1
collaborative entropy Hijq 0.1505 0.0937 0.0937 0.1505 0.1218
collaborative entropy Hij¢ 0.1505 0.1505 0.1505 0.1505 0.1505
collaborative degree CD1 0 0.3774 0.3774 0 0.1097
collaborative efficiency EF1 0.5000 0.6163 0.6163 0.5000 0.5527

In Table 7, the collaborative entropy for B1 was calculated using Equation (8) ( B = ¥ viHj;), where
v; represents the weight vector for the importance of the medical institutions at all levels; and Hj; is the
collaborative entropy for the medical institutions at different levels. Similarly, collaborative index
tables for the medical institutions on the other levels were calculated, as shown in Tables 8—12.
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Table 8. Collaborative Index of the Second-level Medical Institutions.
() (2) (2) (2) (2) (2)
A12 A13 A14 A23 A24 A34 B2
collaborative entropy Hijjq 0.1174 0.1174 0.1174 0.1505 0.1505 0 0.1108
collaborative entropy Hije 0.1590 0.1590 0.1590 0.1505 0.1505 0 0.1316
collaborative degree CD2 0.2199 0.2199 0.2199 0 0 1 0.2638
collaborative efficiency EF2 0.5753 0.5753 0.5753 0.5000 0.5000 1 0.5429
Table 9. Collaborative Index of the Third-level Medical Institutions.
®3) ®3) @) ®3)
A123 A124 A134- A234 B3
collaborative entropy Hijq 0.1505 0.1505 0 0 0.0808
collaborative entropy Hij;e 0.1505 0.1505 0 0 0.0808
collaborative degree CD3 0 0 1 1 0.4631
collaborative efficiency EF3 0.5000 0.5000 1 1 0.5000
Table 10. Collaborative Index of Process of Medical Work.
I, I, I, Is I, I, Ig Iy B4
collaborative entropy Hjjq  0.1565 0.0849 0.0849 0.1418 0.0455 0.1418 0.1174 0.1418 0.0455 0.0997
collaborative entropy Hjjr ~ 0.1418 0.1452 0.1452  0.1565 0.1060 0.1565 0.1590 0.1565 0.1060 0.1390
collaborative degree CD4 0.4575 0.4575 0.0939 0.7093 0.0939 0.2498 0.0939 0.7093 0.3029
collaborative efficiency EF4 0.4754 0.6310 0.6310 0.5246 0.6997 0.5246 0.5753 0.5246 0.6997 0.5823
Table 11. Collaborative Index of Cost Control.
Cl CZ C3 C4 C5 B5
collaborative entropy H;jq 0.1331 0.1331 0.1592  0.1331 0.0775 0.1252
collaborative entropy Hjje 0.1592  0.1592  0.1331 0.1592  0.1398 0.1552
collaborative degree CD5 0.1640 0.1640 0 0.1640 0.5132 0.2136
collaborative efficiency EF5  0.5446 0.5446 0.4554 0.5446 0.6434 0.5535
Table 12. Collaborative Index of Technical Support.
Ty T, T, T, Ty T, B6
collaborative entropy Hijjq 0.1174 0.1174 0.0660 0.1174 0.0660 0.1174 0.098
collaborative entropy Hj;e 0.1590 0.1590 0.1297 0.1590 0.1297  0.1590 0.1479
collaborative degree CD6 0 0 0.4378 0 0.4378 0 0.1562
collaborative efficiency EF6 0.5753 0.5753 0.6627 0.5753 0.6227 0.5753 0.6015

After the calculations for the various medical work stage collaborative entropy and the medical

institution collaborative efficiency calculations, a comprehensive study was conducted to assess the

collaborative relationship between the medical institutions at all levels and the various medical work

stages to determine the overall coordination for the medical management process performance.

Depending on the specific medical work at the medical institutions, a collaborative influence matrix
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was built. El(y ) = (Ij,Agy )) ~was the collaborative influence matrix for the specific medical work at
JXi

the y-level medical institutions fz(y ) = (Cj,AEy ))_ ~was the collaborative influence matrix for the
JXi

specific cost control at the y-level medical institutions; Eéy ) = (Tj,Al(y ))_ ~was the collaborative
JXi

influence matrix for the specific technical support at the y-level medical institutions, the results for
which are shown below:
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(1)1111(2)111110(3)0110

,o=11 1 0 1L&Y=[1 0 1 0 1 0l& =0 1 0 1
111 1 111111 01 0 1
1 0 0 14 0 01 0 1 1. 1 0 0 o
1 1 0 0 1 1 0 0 1 O 0 1 1 0y
111 1 0110 01 01 0 1

m_|1r 11 1f,»_f1 01 1 1 1,3 _[{1 0 0 1

3 "1t 10 19> fo 1 0 1 1 1P 1 11 0
11 0 0 11110 0 0 01 0
1 1 1 o 1 0 0 1 1 o 1 1 0 o

In the matrix, “1” represents the direct or indirect medical work stages that the medical institutions
were involved in and “0” represents the direct or indirect specific medical work stages that the medical
institutions were not involved in.

The weight vectors for the various medical stages were already known:

w; =[0.0680 0.0893 0.1417 0.1040 0.1227 0.0850 0.1177 0.1134 0.1582]

The collaborative relationships between certain medical stages at the medical institutions at all
levels were then calculated using Equations (4)—(8), as shown in Table 13.

Table 13. Collaborative Index for the Multi-level Medical Institutions and the Various
Medical Process Stages.

Hospital Level I, I, I I Is I I, Ig I, B7
Hijg  0.1505 0 0.0937 0.1505 0.1505 0.0937 0.0937  0.1505 0 0.0937
Hije  0.1505 0 0.1505  0.1505 0.1505 0.1505 0.1505 0.1505 0 0.1133
1 1
1 ]

L1
CD7 0 0.3774 0 0 03774  0.3774 0 0.3774

EF7 0.5000 0.6163  0.5000 0.5000 0.6163 0.6163  0.5000 0.5473
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Table 13. Cont.

Hospital Level I; I, I3 Iy I Ig I, Ig Iy B8
Hijq 0.1590 0.0660 0.1174 0.1590 0.1590 0.1174 0.1505 0.1505 0.0660 0.1246
Hy;e 0.1174 0.1297 0.1590 0.1174 0.1174 0.1590 0.1505 0.1505 0.1297 0.1375

L2 CD8 0 0.5849  0.2616 0 0 02616 0.0535 0.0535 0.5849 0.2164
EF8 04247 0.6627 0.5753 0.4247 04247 0.5753  0.5000 0.5000 0.6627 0.5246
I, I, I I, Is I I, Ig I, B9
Hijg  0.1505 0.0937 0.1505 0.1505 0.1505 0.1505 0.0937 0.1505 0.0937 0.1298
s Hije  0.0937 0.1505 0.0937 0.1505 0.0937 0.1505 0.1505 0.0937 0.1505 0.1252

CD9 0 0.3774 0 0 0 0 0.3774 0 03774  0.1375
EF9 0.3837 0.6163  0.3837 0.5000 0.3837 0.5000 0.6163 0.3837 0.6163 0.4910

In a similar way, the cost collaborative efficiency index and the technical collaborative efficiency
index for the medical institutions at all levels were obtained, as shown in Tables 14 and 15:

Table 14. Collaborative Index for the Multi-level Medical Institutions and Various Cost
Control Stages.

Hospital Level Cq C, Cs Cy Cs B10
Hijq 0.1505 0 0.0937 0 0.1505 0.0717
L1 Hijr 0.1505 1 0.1505 1 0.1505 0.5568
CD10 0 1 0.2772 1 0 0.5236
EF10 0.5000 1 0.6163 1 0.5000 0.8859

Cqy C, C3 Cy Cg B11
Hijq 0.1590 0.0660 0.1505 0 0.1505 0.0932
Lo Hijr 0.1174 0.1297 0.1505 1 0.1505 0.3787
CD11 0 0.5849 0.0535 1 0.0535 0.4138
EF11 0.4247 0.6627 0.5000 1 0.5000 0.8025

Cy C, C3 Cy Cg B12

Hijq 0.0937 0.1505 0.1505 0.1505 0.1505 0.1390
Hijy 0.1505 0.1505 0.1505 0.1505 0.0937 0.1392
CD12 0.3774 0 0 0 0 0.0754
EF12 0.6163 0.5000 0.5000 0.5000 0.3837 0.5003

L3

Table 15. Collaborative Index for the Multi-level Medical Institutions and Various Technical
Support Stages.

Hospital Level T, T, Ty T, Ts Te B13
Hijq 0.1505 0 0 0.0937 0.1505 0.0937 0.0822
Hijr 0.1505 1 1 0.1505 0.1505 0.1505 0.4399
CD13 0 1 1 0.3774 1 0.3774 0.4538
EF13 0.5000 1 1 0.6163 0.5000 0.6163 0.8426
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Table 15. Cont.

Hospital Level Ty T, T3 T, Ty Te B14
Hijq 0.1505 0.1505 0.0660 0.1174 0.1174 0.1174 0.1194
Hijr 0.1505 0.1505 0.1297 0.1590 0.1590 0.1590 0.1513

k2 CD14 0 0 0.5615 0.2199 0.2199 02199  0.2066
EF14 05000  0.5000  0.6627  0.5752 0.5752 0.5752 0.5589

T, T, Ts T, Ts T, BIS
Hyjq 0.1505 0.1505 0.1505 0.0937 0.1505 0.1505 0.1433
3 Hijg 0.1505 0.1505 0.1505 0.1505 0.0937 0.1505 0.1386
CD14 0 0 0 0.2199 0 0 0.0478

EF14 0.5000 0.5000 0.5000 0.6163 0.3837 0.5000 0.4917

4.3. Result Analysis

From the calculation results in Tables 715, a comparison chart for the integration of the collaborative

degree and collaborative efficiency was built as shown in Table 16:

Table 16. Comparison Chart of Integration, Collaborative degree and Collaborative Efficiency.

Collaborative Collaborativ Collaborative Collaborative Index of
Collaborative Index of
Index of e Index of Index of Medical Institution and
Medical Institution
Process Work Cost Work | Technical Work Process Work
B1 B2 B3 B4 B5 B6 B7 B8 B9
CD | 0.1097 | 0.3029 | 0.4631 0.3029 0.2136 0.1562 03774 | 0.2164 | 0.1375
EF | 0.5527 | 0.5823 | 0.5000 0.5823 0.5535 0.6015 0.5473 | 0.5246 | 0.4910

Collaborative Index of . .
Collaborative Index of Medical

Institution and Technical Work

Medical Institution and

Cost Work
B10 B11 B12 B13 B14 B15
CD | 0.5236 | 0.4138 | 0.0754 0.4538 0.2066 0.0478
EF | 0.8859 | 0.8025 | 0.5003 0.8426 0.5589 0.4917

As can be seen in Table 16, from the perspective of the collaborative EF efficiency, the synergy
index between the different level hospitals, the synergy index between the medical work and the
overall collaborative efficiency between the hospitals and the medical work all range from 40%—60%.
This indicates that the comprehensive collaborative efficiency is at a middle level, with a maximum
synergistic efficiency being 100%, so the collaborative management between the various management
elements still has room for improvement. Therefore, the hospitals need to implement the necessary
measures to improve the management between the various elements and to improve hospital management
performance coordination. The collaborative efficiencies between the medical institutions and the
medical costs and the medical technical work ranged from 50%-90%, indicating that the medical
institutions had a superior level of cost control and technical support. From the point of view of overall
CD coordination, the degree of coordination between hospitals was B1 < B2 < B3, the lower the level
of the medical institution, the greater the degree of coordination, which is largely because of the
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limited resource information lower-level medical institutions have access to. Therefore, the low-level
medical institutions turn to the high-level institutions for medical resources, which indicates that there
was frequent contact between the lower-level medical institutions, increasing the degree of
coordination. The collaborative degree between the medical institutions and the medical work was
B5 > B6 > B7, The collaborative degree between the medical institutions and the medical costs was
B10 > B11 > B12, and the collaborative degree between the medical institutions and the medical
technical work was B13 > B14 > B15, which was closely related to the management level of the
hierarchal medical institutions, so the higher the level of medical institution, the higher the level of
management, the more perfect the facilities, the stronger the medical work planning, and the higher the
synergy between the hospitals and the medical work stages. On the contrary, the lower the level of
medical institution, the weaker the planned medical work stages, and the lower the collaborative
performance between the hospitals and the medical work. The collaborative computation results for the
medical institution levels and the various medical work stages were further broken down to obtain
Figures 7-10:
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Figure 7. Medical Institutions Internal Collaborative Efficiency Diagram.
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Figure 8. Medical Institutions and Process Collaboration Diagram.
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Figure 9. Medical Institutions and Cost Control Collaboration Diagram.
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Figure 10. Medical Institutions and Technical Support Collaboration Diagram.

In Figure 7, the collaborative efficiency of the first-level medical institutions (EF1) did not fluctuate
greatly, with the range being only from 0.50 to 0.62, indicating that the difference between the medical
institutions was not large. However, when it comes to the second-level (EF2) and third-level (EF3), the
collaborative efficiency between the community health service centers and the second-level institutions
as well as the third-level medical institutions was large because of the influence of the lack of information
and resources. Based on a comparison of EF1, EF2 and EF3, however, it can be concluded that the low
level medical institutions had a higher collaborative efficiency than the high level medical institutions.

In Figure 8, generally speaking, the curve for the medical work internal collaborative efficiency had
a small fluctuation, and the collaborative efficiency of the different work stages was good, indicating
that the medical institutions had good planning and the convergence of the various medical work
stages was close. However, it can be seen from the collaborative efficiency curve for the medical
institutions and the medical work, high level medical institutions has a better performance than those at
the lower level in terms of work interoperability, which is further indicated by the small curve
fluctuation (EF5 > EF6 > EF7).

As can be observed visually in Figures 9 and 10, the medical institutions at the high level have
higher collaborative efficiencies for cost control (EF10 > EF11 > EFI12) and technical support
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(EF13 > EF14 > EF15) than medical institutions at the low level, which can also be seen in the
comprehensive collaborative efficiencies.

Based on the specific analysis of the synergy efficiencies at all medical institution and medical
work levels (Table 13 and Figure 8), the factors that influence these synergy efficiencies at all medical
institution levels can be elucidated; focused information materials transfer 11, building of health care
teams I4, medical service program assessments I5, collaborative medical care I8 and other aspects.
Those collaborative efficiency indicators with a low value indicate that there are some problems in the
effectiveness of the delivery of materials, the timeliness of patient medical referrals and treatment and
services interoperability, and that these are the key issues affecting the cooperative performance at
medical institutions. This indicates that this research into the medical institutions still has room for
further improvement. When it comes to the medical institutions and the medical cost work
collaborative efficiency (Table 14 and Figure 9), inventory turnover control C3 and personals costs C5
were found to be weak compared to other work, and that the key indicators needed to enhance the
collaborative efficiency of medical institutions are the mobilizing of supplies and a reduction in
personnel turnover. The hospital management indicator TS5 was found to be the key indicator affecting
the collaborative efficiency of medical institutions and medical technical work (Table 15 and Figure 10),
which suggests that the management hierarchy between the medical institutions still needs to be
strengthened. To solve the above problems, the recommendations for enhancing the collaborative
performance of medical institutions are as follows:

(1) Develop a reasonable communication and coordination mechanism. As the primary agents for
the hospital management development, the Large Three-level Class A hospitals should play a
central and leading role in the establishment of a reasonable hospital management internal
communication mechanism, improve patient referral work, ensure adequate and regular
communication between all levels of medical institutions, and achieve a two-way referral mode
for patients from all medical institution levels.

(2) Develop an effective mechanism for information sharing. To establish adequate service
concepts for inter-agency hospital management and information sharing mechanisms to
strengthen collaboration within the different agency operations and achieve health care
resource sharing, an information sharing resource platform needs to be developed to facilitate a
two-way flow of resources with information oriented towards patient demands.

(3) Improve the existing health care protection mechanism. To reduce the time lost in the patient
referral process, a medical services team which has efficient coordination and effective health
care programs needs to be developed to ensure the timely and effective treatment of patients, to
improve the synergy between the operational performances of the medical institutions, and to
improve the medical service support mechanisms.

5. Conclusions

It is vital to constantly improve hospital management and improve coordination to improve the
provision of medical services, and to promote a rational flow of medical resources. In this paper,
a Synergy Entropy and House of Quality analysis model was established based on collaborative
entropy, which was used in the comprehensive analysis of the collaborative relationship between the
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different medical institution levels and various medical work stages. This allowed for the inherent
synergies between the various elements of hospital management to be illuminated, the collaborative
hospital management performance to be evaluated, and the circulation of medical resources to be
promoted. From this analysis the following conclusions were made:

(1) Using the concept of quality house and collaborative entropy principles, this paper transformed
the qualitative analysis regarding hospital synergy performance management elements to
quantitative calculations and established a quality house evaluation model for hospital
management, providing a new method for the evaluation and optimization of hospital
management collaborative performance.

(2) Using the collaborative calculation principle from the House of Quality analysis model, this
paper evaluated hospital management effectively, rationally analyzed the synergies between the
multi-level medical institutions and the medical work and also more efficiently reflected the
hospital management synergy between the various elements using a cooperative and
collaborative degree concept.

(3) The analyses for the overall coordination degree and collaboration efficiency of each hospital
management element was consistent with the detailed analysis of the results between the
various elements, indicating that the quality of the housing cooperative evaluation model
evaluation results had a better consistency, but also reflected the higher effectiveness of the
collaborative entropy principle compared to traditional qualitative analysis, thereby providing a
more persuasive evaluation for the performance of hospital management collaborative research.

In this paper, the synergy entropy and House of Quality principle was used to investigate hospital
management collaborative performance. This paper transformed traditional qualitative analysis into
quantitative values, and compared the importance parameters for all medical institution levels and
medical work stages with the entropy results, allowing for an improved calculation of the overall
coordination and synergistic efficiency of the various elements. The use of the triangular fuzzy
function reduced the subjective influence of the evaluation process to some extent. However, some
subjectivity still exists, so the evaluation process still has room for improvement. Therefore, further
improvement in the accuracy of hospital collaboration performance evaluation and the development of
a stronger synergy entropy and House of Quality analysis model are key directions for the future.
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