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Abstract 7 

Background: This paper takes the Chinese medical-elderly care integration model as the 8 

background, and aims to quantitatively explore the impact of different investment levels on the 9 

performance of the medical-elderly care integrated institutions. 10 

Methods: Using the method of system dynamics, this paper divides the performance evaluation 11 

system of the medical-elderly care integrated institutions into three subsystems: input subsystems, 12 

output subsystems, and result subsystems, establishes a system dynamics model of performance 13 

evaluation for the medical-elderly care integrated institutions. Then set the integrated medical-14 

elderly care service content, human input, material input, and policy support as the key elements, 15 

and finally use Vensim PLE software for simulation. 16 

Results: The four key elements have different degrees of improvement in the performance of the 17 

medical-elderly care integrated institutions. Among them, the integrated medical-elderly care 18 

service content and the human input have the most significant impact on the performance of 19 

institutions. The model simulation results show that the system appears emergence phenomenon: 20 

the improvement rate of the combined effect of multiple factors is always higher than the sum of 21 

the improvement rates of the individual factors. 22 



Conclusion: The integration of service content and resource investment in the combination of 23 

medical and elderly care can promote the performance of elderly care institutions effectively. Policy 24 

support plays an important role in promoting the development of institutional medical-care 25 

integration models. Managers should formulate the development strategy of elderly care institutions 26 

from a systematic perspective, and pay attention to the integration of "medical" and "elderly care" 27 

resources. 28 

Keywords: medical-care integration models; performance evaluation; system dynamics; sensitivity 29 

analysis 30 

Introduction 31 

According to the results of China's seventh census in 2020, China's elderly population aged 60 32 

and above has exceeded 264 million, and the proportion of elderly people is close to 1/5, indicating 33 

that China is about to enter a moderately aging society. According to the survey data of the Chinese 34 

Centers for Disease Control and Prevention, more than 3/4 of the elderly people are suffering from 35 

chronic diseases. Traditional elderly care institutions only provide a single daily care service, which 36 

can no longer meet the medical needs of the elderly [1]. The phenomenon of "difficult and expensive 37 

medical treatment" in medical institutions is particularly serious among the elderly, and the 38 

development of the medical-elderly care integrated institutions has attracted more and more 39 

attention from all walks of life. 40 

In 2013, the State Council of the People's Republic of China clarified the development concept 41 

of the "Integration of medical care and elderly care". Since then, the medical-elderly care integrated 42 

institutions have entered a stage of rapid development. By the end of 2020, more than 90% percent 43 

of elderly care institutions in China can provide different forms of medical service for the elderly. 44 



The medical-elderly care integrated institutions play an important role in integrating medical and 45 

elderly care resources, improving the happiness and satisfaction of the elderly, and helping the 46 

development of healthy aging in China. However, at present, there are still problems of the blind 47 

resource investment and low service efficiency in the medical-elderly care integrated institutions 48 

[2[3]. In this context, this paper uses the system dynamics method to analyze the performance of 49 

the medical-elderly care integrated institutions and quantitatively explores the impact of institutional 50 

resource input, policy support, and other factors on the performance level of the institutions, to 51 

provide direction for the formulation of relevant policies and the transformation of traditional 52 

elderly care institutions. 53 

Performance evaluation of elderly care institutions 54 

The high demand for the integration of medical and elderly care has put forward higher 55 

requirements for the service content and service quality of elderly care institutions. The academic 56 

community has accumulated some research experience in the service evaluation of elderly care 57 

institutions. Guo HY (2013) already pointed out the importance of the institutional evaluation 58 

system as early as 2013. By analyzing the characteristics of the American elderly care institutional 59 

evaluation system, she believes that an effective way to improve the service quality of the medical-60 

elderly care integrated institutions is to establish a suitable evaluation system [4]. After that, Yin HR 61 

(2017) established an index system including two parts: “input” and “output” to evaluate the service 62 

capability of urban non-profit elderly care institutions [5]. Wang LJ (2017) pointed out that the 63 

development of comprehensive elderly care institutions is an important measure to adapt to aging, 64 

and it is necessary to explore the quality assessment methods of elderly care institutions. According 65 

to the SERVQUAL method, he established a service evaluation model for elderly care institutions 66 



covering life services, cultural entertainment, medical care, etc. [6]. Zhu L, Yang XJ (2019), etc. 67 

combined sampling method and Delphi method, based on the survey results of elderly care stations 68 

and community care centers, constructed an evaluation index system for the service quality of 69 

community home-based elderly care centers combining medical care and elderly care [7]. Zhang 70 

LW (2019) based on three-dimensional theory, made a comprehensive evaluation of Xiamen elderly 71 

care institutions, constructed an evaluation index system for institutional service quality according 72 

to "structure-process-result", and put forward relevant suggestions for institutional elderly care 73 

service standards [8]. Xiao XH, Huang ZM (2019), etc. adopted the expert consultation method and 74 

the analytic hierarchy process, and divided the performance evaluation system of the medical-75 

elderly care integrated institutions into three dimensions: system input, service output, and service 76 

result. The research results showed that the dimension of service output plays an important role in 77 

the institutional performance evaluation system [9]. The above studies have established the 78 

evaluation system of elderly care institutions from different perspectives and provided an important 79 

research basis and ideas for this paper. 80 

To sum up, the construction of a performance evaluation system is of great significance to 81 

improving the quality of institutional elderly care services. Existing studies have established a 82 

relatively complete performance evaluation system for the medical-elderly care integrated 83 

institutions, but there are also certain limitations: the lack of quantitative analysis of the impact of 84 

different factors on the performance level of institutions. And no research has included policy 85 

support into the evaluation system, so it is impossible to clarify the impact of policy support on 86 

institutional performance. The system dynamics method allows researchers to combine qualitative 87 

and quantitative analysis. After sorting out the causal logic of the performance evaluation system of 88 



the medical-elderly care integrated institutions, this research simulates the actual operation of the 89 

medical-elderly care integrated institutions through computer simulation and quantitatively explores 90 

the trends in the impact of different factors on institutional performance levels. The results can 91 

provide a reference for decision-makers to plan the investment of medical and elderly care resources. 92 

System structure analysis 93 

Based on the research ideas of Xiao XH (2019) [7], this paper divides the performance 94 

evaluation system of the medical-elderly care integrated institutions into three subsystems: input 95 

subsystem, output subsystem, and result subsystem. Through qualitative analysis, the relationship 96 

between the three subsystems and the overall structure of the system is determined as shown in Fig. 97 

1. The resource input of the medical-elderly care integrated institutions can be transformed into the 98 

service output of the institutions. The output subsystem has a promoting effect on the result 99 

subsystem, and the final result subsystem will react to the initial input of the system. There is a 100 

positive feedback relationship in the system; the performance level of the institutions is the result 101 

of the joint action of the three subsystems. 102 

 103 

Fig. 1  Conceptual model diagram of the system 104 

Model construction 105 



The analysis of system dynamics is mainly based on the close and interdependent relationship 106 

between the internal mechanisms of the system, involving two different aspects: qualitative analysis 107 

and quantitative analysis. The qualitative analysis includes the analysis of the correlation between 108 

the factors in the system and the creation of a causal relationship diagram; quantitative analysis is 109 

to construct a system dynamics flow diagram based on the causal relationship diagram, which is 110 

used to display the flow and velocity in the system, to improve the quantitative analysis proceeded 111 

holistically [1011] (Masilionyte, M; Mashal Farid; 2020). 112 

Causal relationship diagram and system dynamics flow diagram 113 

The input subsystem includes human input and material input. The medical-elderly care 114 

integrated institutions focus on the integration of products and services in terms of "medicine" and 115 

"elderly care". Therefore, the input subsystem will be analyzed based on the integration of medical 116 

and elderly care resources. In terms of human resources investment, factors such as medical 117 

personnel, elderly care workers, and the proportion of people receiving professional training are 118 

comprehensively considered; the material resources investment is mainly based on medical facility, 119 

nursing beds, health monitoring equipment, etc., and a health management system for the elderly 120 

for information sharing is also considered. The main indicators of the output subsystem include the 121 

service capability, service content, service quality, and service sustainability of the integrated 122 

medical care and elderly care, etc. It is worth noting that this paper adds the input conversion rate 123 

on the basis of the indicators of the output subsystem, both of which jointly affect the output of the 124 

system. Satisfaction and institutional profitability constitute the result subsystem, in which 125 

satisfaction includes institutional employee satisfaction, elderly satisfaction the satisfaction of their 126 

guardian and families, and public satisfaction. 127 



Through the transformation and utilization of the system input resources, the medical-elderly 128 

care integrated institutions can enrich the service projects of the institution, ensure the quality and 129 

sustainability of the institution's medical and elderly care services, improve the social public image 130 

and profitability of the institution, and ultimately have a positive role in promoting organizational 131 

development and performance improvement. At the same time, the improvement of institutional 132 

performance can further attract social investment and financial subsidies and expand the investment 133 

level of the institution. According to the analysis of the system causal relationship, the causal 134 

relationship diagram and the system dynamics flow diagram of the performance evaluation model 135 

of the medical-elderly care integrated institutions are constructed, as shown in Fig. 2 and Fig. 3, 136 

respectively. 137 

 138 

Fig. 2  The causal relationship diagram of the performance evaluation of the medical-elderly care 139 

integrated institutions 140 



 141 

Fig. 3 Dynamic flow diagram of the performance evaluation system of the medical-elderly care 142 

integrated institutions 143 

Equation construction and parameter setting 144 

The performance level of the medical-elderly care integrated institutions is determined by three 145 

factors: input, output, and outcome. That is, the performance can be regarded as the comprehensive 146 

output of three subsystems: input subsystem, output subsystem, and result subsystem. Therefore, 147 

this paper introduces the economic mathematical model " Cobb-Douglas production function ", and 148 

set the calculation formula for performance as: 149 

                            𝒀 = 𝝁𝑨𝑰𝜶𝑶𝜷𝑹𝜸                          （1） 150 

Among them, Y represents the performance of the medical-elderly care integrated institutions, 151 

that is, the output created by the input of production factors. The production factors include the input 152 

subsystem, the output subsystem, and the result subsystem, which are represented by 𝐼、𝑂 and 𝑅 153 

respectively, and 𝛼、𝛽、𝛾 are the elasticity coefficient of output provided by three production 154 

factors. It is assumed here that the production efficiency is not affected by the production scale, so 155 



𝛼 + 𝛽 + 𝛾 = 1. By sorting out the researches of Wang LJ, Zhang LW, Zhu L, and other scholars, 156 

this paper determines the elastic coefficients 𝛼 = 0.2163，𝛽 = 0.5762，𝛾 = 0.2075. A in formula 157 

(1) is the conversion efficiency of production factors to the system output. On the premise of not 158 

affecting the simulation results, this paper sets it as A=1, μ=0.1.The main equations in the model 159 

are shown in Tab. 1. 160 

Tab. 1  Main Equations in Performance Evaluation SD Model 161 

serial 

number 
Main simulation equations 

1 Performance Increment = 0.1*(Input Subsystem0.2163) *(Output Subsystem0.5762) 

*(Result Subsystem0.2075) 

2 Elderly Satisfaction = SMOOTH (Service Quality * 0.3 + Service Capability * 0.2, 

1.5) 

3 Institutional Employee Satisfaction = SMOOTH (Service Capability, 1) 

4 Input Conversion Rate = DELAY1I (Input Subsystem, 12, 0) 

5 Service Capability = SMOOTHI (1, 6, Policy Support*200) *STEP (Service Output, 

3) *(0.5182*Operation Management+0.347*Service Level of Institutional 

Staff+0.1347*Medical Care Institution Cooperation Mechanism) 

6 Institutional Operating Investment = STEP (0.4, 0) + Institutional Profitability 

7 Local Financial subsidy=0.3*PULSE TRAIN (1, 1, 12 ,120) +0.002* Institutional 

performance 

8 Medical Facility Configuration = RANDOM NORMAL (0.2, 1, 0.3, 1, 0.3) 

9 Service Sustainability = SMOOTH (0.327487* Social Recognition of Institutions + 

0.329174* Financial Status of the Institution, 4) – SMOOTH (0.343339* Turnover 

Rate of Service Staff, 6) 

10 Institutional Public Image = DELAY1I (Overall Institutional Satisfaction *0.2, 2, 0) 

 162 

Model simulation and sensitivity analysis 163 

This paper uses Vensim PLE software to simulate and sets the total simulation time as 120 164 

months and the simulation step size as 1. In order to unify the units of various variables in the system, 165 

the variables are dimensionless first. Set the value range of each variable as [0,1], the initial stock 166 

value of output system, result system, and institutional performance is 0, and the initial stock value 167 



of input system is 3. 168 

Model validity test 169 

The model adopts the extreme condition test, which puts the system investment, the content of 170 

integrated medical and elderly care services, and policy support elements under extreme conditions, 171 

that is, the relevant variables take the value of zero, and the results are shown in Fig. 4. Under 172 

extreme conditions, institutional performance improves slowly, and the performance level is always 173 

far lower than the normal situation, showing that in the absence of resource input related to the 174 

combination of medical and elderly care, institutions can only rely on the original facilities to 175 

provide basic elderly care services, and cannot carry out the integrated medical and elderly care 176 

services, at this time the institution is unable to obtain good income, indicating that the test results 177 

are in line with reality. 178 

 179 

Fig. 4  Comparison of institutional performance levels under normal and extreme conditions 180 

The results of the model validity test prove that the simulation model of performance 181 

evaluation of the medical-elderly care integrated institutions built in this paper conforms to the 182 

operating state of the real system, which can more realistically reflect the dynamic changes in the 183 

performance of the medical-elderly care integrated institutions when different variables and 184 

parameters change and can provide useful information. The model has a certain validity. 185 



Model simulation 186 

Running the simulation model, the institutional performance and its increment are shown in 187 

Figure 5. In order to clearly reflect the changing trend of the curve, this paper puts the institutional 188 

performance and performance increment in two coordinate systems. The variation range of the 189 

institutional performance level in Fig. 5 is [0~100], and the range of performance increment is [0~2]. 190 

 191 

Fig. 5  Performance increment vs. performance aggregate in model simulation 192 

It can be seen from the system simulation results that the overall performance of the medical-193 

elderly care integrated institutions shows an upward trend. On the one hand, as the input resources 194 

are gradually transformed into the output of the institution, the service quality and service capability 195 

of the institution are improved. Influenced by the positive feedback relationship between the amount 196 

of resource input and the institution's performance, the growth rate of the institution's performance 197 

in the early stage of simulation continues to accelerate. On the other hand, due to the time delay 198 

between institutional input and output, the early-stage institutional performance increment is 199 

relatively low. With the improvement of institutional development and resource conversion rate, 200 

although the increment of performance in the latter stage fluctuates up and down, it gradually 201 

stabilizes at about 1, so the growth rate of institutional performance tends to be stable. 202 



Sensitivity analysis 203 

Keep the values of other factors in the system unchanged, respectively increase the values of 204 

the four key factors related to human input (In the figure6, it is represented by “H”）, material 205 

resources (represented by “M”), service content of the integrated medical and elderly care 206 

(represented by “S”), and policy support (represented by “P”) based on their initial values, and then 207 

carry out the model simulation to get the corresponding Scenario1, Scenario2, and Scenario3. The 208 

output results of the four key factors are shown in Fig. 6. 209 

  210 

Fig.6- 1 Sensitivity analysis of human input   Fig.6- 2  Sensitivity analysis of material input211 

  212 

Fig.6- 3  Sensitivity analysis of service content   Fig.6- 4  Sensitivity analysis of policy support 213 

Fig. 6  Sensitivity analysis of four key factors 214 

In order to more intuitively compare the influence of the four key factors on the performance 215 

of the medical-elderly care integrated institutions, the improvement effect of each factor change on 216 

the performance of the institution is expressed as a percentage, as shown in Fig. 7. During the entire 217 

simulation cycle, the service content of the integrated medical and elderly care has a great effect on 218 



improving the performance of the institutions, and the improvement rate is up to 60%. The influence 219 

of human input and material input on institutional performance fluctuates greatly, which 220 

improvement rate increases rapidly in the early stage, and shows a U-shaped trend in the later stage, 221 

and the improvement effect of human input on institutional performance is always higher than that 222 

of material investment. In contrast, policy support has the least impact on institutional performance, 223 

but the overall improvement rate is relatively stable, maintained at about 15%. 224 

 225 

Fig. 7  The improvement rate of four key factors on institutional performance 226 

Simultaneously increase the values of the four factors for comprehensive simulation analysis, 227 

and compare the improvement rate of the comprehensive simulation results and the sum of the 228 

improvement rates of the individual factors on the performance of the medical-elderly care 229 

integrated institutions as Fig. 8. The result shows that the system has an emergent effect, that is, the 230 

whole is greater than the sum of its parts. In the whole simulation process, the improvement rate of 231 

the four factors' combined effect on the performance of the institutions is always greater than the 232 

sum of the improvement rates of the single factors, and the gap between the two is the largest at the 233 
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90th month of the simulation. The sum of the improvement rates of the individual factors is 120.6%, 234 

while the improvement rate of the comprehensive simulation is over 230%. 235 

 236 

Fig. 8  Comparison of the improvement rates of single-factor and multi-factor simulations on 237 

institutional performance 238 

Discussion 239 

This paper divides the performance evaluation system of the medical-elderly care integrated 240 

institutions into three subsystems: input, output, and results. Then establishes a system dynamics 241 

model for the performance evaluation of institutions. The validity test results show that the model 242 

can better reflect the real-world impact of key factors on institutional performance. The model 243 

simulation results show that the two factors of the service content integrated medical and elderly 244 

care and human input have the most significant impact on the performance of the institution. 245 

Measures such as enriching the service content of the integrated medical care and elderly care, 246 

improving service quality, improving the professionalism of staff in elderly care institutions, and 247 

improving the construction of talent team in elderly care institutions have a very positive effect on 248 
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improving the performance level of institutions. In addition, the simulation results also prove that 249 

the various elements in the system are not independent of each other, and the comprehensive change 250 

of the key elements can improve the performance of the medical-elderly care integrated institutions 251 

much higher than the sum of the individual elements. 252 

According to the author's investigation, this paper is the first to apply the system dynamics 253 

method to the performance evaluation system of elderly care institutions. By combining the SD 254 

model with institutional performance level, this paper quantitatively evaluates the change of 255 

performance level of the medical-elderly care integrated institutions under different resource 256 

investment levels. The establishment of SD models can help simplify the real-world operating 257 

conditions of research objects, and present actionable information to decision-makers concisely. It 258 

is worth noting that the simulation results of the SD model in this study are not predictions, but 259 

demonstrate the potential effects of different resource input levels on the development of the 260 

medical-elderly care integrated institutions and the changing trends of institutional performance. 261 

Additionally, there are still several limitations to this article. First of all, the advancement of 262 

science and technology has changed the operation mode of many industries. For example, in the 263 

elderly care service industry, whether the application of intelligent technology in the future can 264 

replace some of the jobs of nurses, enrich the content of medical and elderly care services, and 265 

reduce the demand for nurses? Whether the science and technology investment should be included 266 

in the system and the proportion of human investment should be reduced? Secondly, the requirement 267 

of normalizing the prevention and control of the COVID-19 has also forced people to change their 268 

lifestyles. Should the performance evaluation system of elderly care institutions take the level of 269 

epidemic prevention and control into consideration? The above factors may have a certain impact 270 



on the conclusions of this study, so in the future, further research will be conducted in combination 271 

with social reality. 272 

Conclusion 273 

Based on the above analysis, this paper believes that the integration of service resources of 274 

"medical" and "elderly care" is the decisive factor for the good development of the medical-elderly 275 

care integrated institutions. In the process of transformation, traditional elderly care institutions 276 

should pay attention to starting from a systematic point of view. The strategic planning of institutions 277 

should be combined with the national policy line, the level of institutional resource investment, the 278 

operation status of institutions, the demand characteristics of the elderly, and other factors, in order 279 

to make the best use of existing resources to improve the quality of medical and elderly care services 280 

and improve the institutional service system. At the same time, policy support also plays an 281 

indispensable role in the development of the medical-elderly care integrated institutions. Improving 282 

the talent training mechanism and attracting the participation of social capital will play an important 283 

role in promoting the expansion of resource investment in institutions, improving the professional 284 

level of the talent team, and continuing to carry out better medical and elderly care services. 285 
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