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Abstract: The medical care system in China has experienced significant changes during 

three decades of reform, and thus result in a need to investigate the effects of medical 

reform. This paper investigates the technical efficiency of Chinese hospitals in 31 provinces 

during the period from 2002 to 2013 by proposing a new global generalized directional 

distance function (GGDDF) approach taking account of undesirable output, i.e., mortality. 

Results show that despite the technical efficiency had being improved with time trend, 

most Chinese provinces are not performing well on hospitals’ technical efficiency and 

leave a large potential to improve. Some provinces display better performance compared to 

other provinces of China. We further investigate the factors that affect the technical 

efficiency of Chinese hospitals with Tobit models. It concludes that the medical insurance 

reforms have improved the performance of Chinese hospitals, while public subsidies have 

decreased it. The provinces with higher GDP per capital and population density, the 

performance of their hospitals is better. The related policy implications for Northeast Asia 

are derived, including encouraging the development of private hospitals, enlarging the 

coverage of medical services, and pursuing different policies for the provinces with higher 

GDP per capital and population density. 
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1. Introduction 

Since reform and opening up to the outside world in 1978, health status and outcome in China has 

been significantly improved. According to the World Development Indicators (WDI) published by the 

World Bank, life expectancy in China increased from 66.5 years in 1978 to 75.0 years in 2013, and the 

infant mortality rate decreased from 5.3% to 1.1% during the same period. However, the medical care 

sector in China has still been severely criticized for the high price and low quality of medical service 

since the market-orientated reform of 1985. It has even been judged as a failure by some researchers in 

China [1]. In addition, these challenges facing China’s medical system make the government 

authorities need to find new solutions and correct the distortions when pushing the reform forward. 

The government approved a new scheme for medical care reform in 2009 and significantly increased 

the fiscal budget in the medical care, so that to establish a universal coverage of medical care system 

that efficiently and conveniently provide the affordable and safe medical services in 2020.  

However, the ongoing reform still needs evaluation and correction. China is the most populated 

country in the world and has entered into the era of ageing society [2,3]. How to efficiently deliver 

enough medical service to people is a vitally important problem for the government authorities. 

Meanwhile, monitoring the efficiency performance of Chinese hospitals can provide useful 

information for assessing the effectiveness of health policies and measures, and also as a means to 

improve hospital efficiency and productivity in the most cost-effective way. As most of Chinese hospitals 

are public hospitals as non-profit enterprises and the price data is missing, we focus on the technical 

efficiency, which evaluates the ability of a DMU (Decision-making Unit) to produce the current 

outputs at the minimal amounts of inputs, rather than cost-effectiveness, which assesses the ability of a 

DMU to produce outputs at the minimum cost by simultaneously adjusting the output levels at the 

current revenue expressed in terms of the assessed DMU’s own prices and quantities [4,5]. 

Greater attention has been given to hospital’s technical efficiency and a growing number of studies 

in recent decades, so that to compare the relative performance given the need to ensure the best use of 

scarce resources [6], especially when facing the challenges in demands for high quality medical 

services over the long term in an ageing society [7,8]. The efficiency concept used is that of technical 

efficiency. A hospital is said to be technically efficient if an increase in an output requires a decrease 

in at least one other output, or an increase in at least one input. Alternatively, a reduction in any input 

must require an increase in at least one other input or a decrease in at least one output [9,10]. In the 

literature, there are two main approaches are employed to evaluate the technical efficiency of hospitals, 

including the DEA (Data Envelop Analysis) and SFA (Stochastic Frontier Analysis) [6,11–17].  

As mentioned above and the contextual setting that will be introduced later, the medical sector of 

China is still in transition and facing great challenges. However, focus on the technical efficiency of 

Chinese hospitals has not been well discussed in the literature. This is the first motivation of present 
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research to fill in this gap. Moreover, other important questions are proposed to address in this paper are 

as follows: 

i. What are the technical efficiency scores and the dynamics for the hospitals in different provinces 

of China during the period of 2002–2013? 

ii. How the external environmental factors affect the technical efficiency of Chinese hospitals? 

Have the medical reform improve the technical efficiency of Chinese hospitals? 

Comparing to other various technical efficiency methods, the directional distance function (DDF) 

approach has gained much attentions and allows for incorporating both desirable outputs and 

undesirable outputs (pollutant). Generally, there are two kinds of distance functions that are widely 

used in the literature, including the Shephard distance function and the DDF. More details are 

introduced by Zhang and Choi [18]. The undesirable outputs are by-products in the production that are 

typically ignored and may yield biased measured of technical efficiency [19–21]. Moreover, a major 

advantage of the DDF is that it is capable of expanding desirable outputs and contracting inputs or bad 

outputs simultaneously [18]. The DDF was first introduced by Chambers et al. [22,23] and later has 

been widely applied to studies in field of Environment Economics and Energy Economics [18,19]. 

Despite these distinguished features and advantages, the DDF has rarely been applied to analyze the 

sustainable performance of hospitals. Hence, it is the second motivation for this research. 

The basic DDF model that proposed by proposed by Chambers et al. [22,23] has several restrictions. 

The basic DDF function generalizes radial measures of technical efficiency since it allows for radial 

expansion of outputs and contraction of inputs as well as a non-radial expansion of outputs and contraction 

of inputs [24]. It does not provide technical efficiency information for specific inputs or outputs as it 

adjusts all inputs and outputs by the same proportion to the efficient targets. Moreover, the radial 

efficiency measures overestimate technical efficiency when there is slack [24]. Therefore, recent research 

has been developed to modify these drawbacks. Fukuyama and Weber [24] propose a slack-based 

inefficiency measure by extending the basic DDF model. Meanwhile, Färe and Grosskopf [25,26] 

propose a generalized non-radial DDF. Yu et al. [18], Zhang et al. [27] and Mei et al. [28] incorporate the 

meta-frontier approach into a non-radial DDF. In addition, Zhou et al. [29] design a non-radial DDF 

following an axiomatic approach, while Zhang et al. [19] develop a sequential generalized directional 

distance function approach to calculate the efficiency. We extend the work of Färe and Grosskopf [25,26], 

and use an innovative global benchmark technology in the generalized non-radial DDF that envelopes 

all contemporaneous benchmark technologies by establishing a single reference PPS (production 

possibility set) from a panel data on inputs and outputs of relevant DMUs, i.e., the global generalized 

directional distance function [30], so that to improve the discriminating power and comparability of 

intertemporal observations and analyze the sustainable performance of Chinese hospitals. 

With respect to factors that have influences on the technical efficiency of Chinese hospitals, 

Eggleston et al. [31] and Wagstaff et al. [32] have concluded that the Chinese hospital is quite 

inefficient after a comprehensive review of Chinese health care system. Hu et al. [14] use the Tobit 

model to analyze the effects of some factors on the technical efficiency of Chinese hospitals, including 

the coastal location, public subsidies, the social medical insurance reform, the ratio of third-class 

hospitals to total hospitals and population characteristics. In addition, they conclude that the former 

two have insignificant effect on improving the technical efficiency, while the latter two significantly 
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promote the technical efficiency. However, they use the traditional DEA to estimate the technical 

efficiency score in the first step. Therefore, it still needs more rigorous research to act as robust check. 

The remainder of this paper is organized as follows: Section 2 briefly introduces the background of 

this paper. Then the methodology specification is presented in Section 3. In Section 4, we analyze the 

empirical results of global generalized directional distance function (GGDDF) approach. In Section 5, 

it continues to detect the factors that affect the sustainable performance of Chinese hospitals with Tobit 

models. The Section 6 concludes and provides some policy implications of this research. 

2. The Medical Care System of China 

In the period 1949 to 1978, the medical care system of China was characterized by “prevention 

first”, community organization and cooperative financing. In this stage, the price of medical service 

was kept low by the Central Price Commission. People’s needs for basic medical service had been 

satisfied, which helped to improve their health status [33]. As the economic reform moved forward, the 

government put first priority on economic development when the local government was given more 

autonomy and competed for economic growth, rather than public services like medical care [34,35]. 

As a result, the development of the medical care system was challenged by limited public funds and 

the rapid expansion of medical expenditures [36]. 

Reform in the medical care system was not implemented until 1985, when the State Council 

approved the plan proposed by the Ministry of Health (MOH) of China, which intended to encourage 

the establishment of more hospitals in urban and rural areas. This gave existing hospitals more 

autonomy and raised the price of medical service, reducing the restrictions on the supply of medical 

service [37]. Meanwhile, the MOH of China also strengthened the quality of medical service through 

stipulating a regulation on hospital grading in late of 1989, namely certificating hospitals in China 

every three year in different grade according to their capacity to supply high-quality medical service. 

Later in 1992, the MOH of China granted further substantial financial autonomy to hospitals, 

encouraging the hospitals to increase their revenue by offering higher quality service and allowing 

hospitals to transform to modern companies and set joint ventures. After these reforms, new hospitals 

began to spring up and the supply of medical service largely increased [38]. As the regulation and 

entry barriers, the number of private hospitals had not increased a lot until 2001 when the government 

abolished some limitations. According to the latest China’s Health Statistical Yearbook, up to the end 

of 2013, there are 11313 private hospitals in China, while there are 13396 public hospitals. However, 

the public hospitals still maintain the dominant position in the healthcare sector of China [39]. At the same 

time, China began market and commercialization reform in the medical care system. Negative side-effects 

quickly began to emerge, including the poor access and high costs of medical service [31,35].  

In addition, the average growth of health expenditure per capita has reached 16.02% during 2001–2013 

(See Figure 1). The government just undertook 23.31% of it. 

Responding to the rapid increase of costs and the reduction of medical care affordability, the 

government launched a series of reforms in 1994. The State Council implemented the pilot reform of 

basic social medical insurance scheme (BSMIS) for urban employees in Jiangsu and Jiangxi province. 

This was applied to the whole country in 1998. In 2003, the new rural cooperative medical system 

(NRCMS) was implemented in the four provinces by the State Council. For more details, see Dong [36]. 
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With the outbreak of SARS (Severe Acute Respiratory Syndromes) in 2003 and the scandal of high 

expenses in medical services, i.e., an inpatient was charged 5.5 million yuan (0.67 million USD) by the 

hospital in 2005 and the MOH found there existed arbitrage charge and forged diagnosis report in the 

hospital after investigation, the MOH finally made a prudent review on the medical care system in 

China and admitted the low coverage of the medical insurance and the failure of market-orientation 

reform in medical care industry. 
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Figure 1. Trend of medical expenditure per capita (left) and the share of government 

medical expenditure (right) in China. Sources: China’s Health and Family Planning 

Yearbook 2014 [40]. 

After 2005, the government took measures to increase the coverage of medical insurance. The 

milestone in this period is the publication of new scheme for medical care reform in 2009. The government 

promised to increase the fiscal subsidies rather than rely on market to sufficiently satisfy people’s 

needs for basic medical services. Meanwhile, it would invest 850 million yuan (about 124.43 million 

USD) in the next two years to deepen the reform, including accelerating the establishment of basic 

medical care insurance system and essential drug system, improving the community-level medical 

service system, increasing the equalization in the public medical services and the pilot experiments on 

public hospital reforms. Reform will never cease until people can access to more affordable, accessible 

and equal medical service in this first largest populated country. 

3. Methodology 

3.1. Global Generalized Directional Distance Function 

In order to introduce the generalized directional distance function, firstly we need to explain the 

term “production technology with undesirable outputs”. Assume that there are j = 1, ... , N DMUs. 
These can be hospitals. Suppose that each DMU uses inputs vector x ∈ M

+ℜ  to jointly produce good 

output vector y ∈ S
+ℜ  and bad output vector b ∈ J

+ℜ . The production technology is expressed as:  
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)},( producecan  :),,{( byxbyxT =  (1)

where T is often assumed to satisfy the standard axioms of production theory, such as inactivity is 

always possible, and finite amounts of input can produce only finite amounts of output. In addition, 

inputs and desirable outputs are often assumed to be strongly or freely disposable. In the presence of 

undesirable output, a weak disposability needs to be imposed on T. The weak-disposability assumption 

implies that reducing bad outputs, such as mortality rate, are costly in terms of proportional reductions 

in hospital production. The DEA piecewise linear production frontier is used to construct the 

production technology. Then, production technology T for N DMUs exhibiting constant returns to 

scale can be expressed as follows: 
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A formal definition of the generalized DDF is proposed in Yu et al. [18] and Zhang et al. [19] with 

undesirable outputs. Following Yu et al. [18], the generalized DDF is defined as:  

( )( , , ; ) sup{ : ( , , ) ( ) }TD x y b g x y b g diag T= + ⋅ ∈w β β


 (3)

where Tb
j

y
s

x
m www ),,(=w  denotes a normalized weight vector relevant to numbers of inputs and 

outputs, ),,( byx gggg −−=  is an explicit directional vector, and ( , , ) 0x y b T
m s jβ = β β β ≥  denotes the 

scaler of scaling factors. We also incorporate global production technology into the GDDF model to 

improve the discriminating power and comparability of intertemporal observations. 

The value of );,,( gbyxD


 under the global production technology can be calculated by solving the 

following DEA-type model: 
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The directional vector g can be set up in different ways, based on given policy goals.  
If 0);,,( =gbyxD


, then the specific unit to be evaluated is located on the frontier of best practices in 

the direction of g. 
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The technical efficiency can be defined based on the generalized DDF. As there are three kinds of 

variables, three inputs, two desirable outputs, and one undesirable output, we set the weight vector as 
(1/3M, 1/3S, 1/3J) and the directional vectors as ( , , )g x y b= − − , based on Equation (3). 

The overall technical efficiency (OTE) for a hospital is defined as the average technical efficiency 
of each factor. Suppose that *

xβ , *
yβ , and *

bβ  represent the optimal solutions to Equation (4), then the 

OTE can be formulated as: 

* * *

1 1 1

1
1 ( )

M S J

xm ys bj
m s j

OTE
M S J = = =

= − β + β + β
+ +     (5)

3.2. Tobit Model 

After the technical efficiency scores generated from GGDDF, we further regress it on the 

environmental variables, so that to check the effects of these exogenous on the difference technical 

efficiency of Chinese hospitals. As the technical efficiency scores must lie between 0 and 1, we adopt 

the censored (Tobit) regression model. The unobservable latent regression is specified as follows: 
*
it it itOTE x′= β + ε  (6)

where itx  is a vector of exogenous environmental variables, and β  is a vector of parameters to be 

estimated. itε  is the error term and distributed as N (0,σ2). 

The observed technical efficiency scores, OTEit, are the censored values of *
itOTE . It is defined as follows: 
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The Tobit model structured in the Equations (6) and (7) are finally estimated by the maximum 

likelihood method (MLE). 

3.3. Background Literature and Descriptive Data 

Our analysis includes the province-level data of Chinese hospitals available over the period 2002 to 

2013 (372 observations) due to the hospital-level data being rarely disclosed, which cover much longer 

period than previous research on China, like Ng [13] and Hu et al. [14]. This province-level data was 

obtained from China's Health Statistical Yearbook that published by MOH of China during 2003–2014. 

We have obtained approval from the Ethics Board to use data. It covers all the hospitals in different 

provinces of China. The overwhelming majority of Chinese hospitals are public hospitals. According 

to the data of China’s Health Statistical Yearbook, the proportion of total assets of private hospitals 

just account for 4.07% at end of 2013 in China. The criteria used for adopting the inputs and the 

outputs variables are the practices according to the previous research on hospital efficiency, which 

include Jacobs [6], Hu et al. [14], Barros et al. [15,16], Koop et al. [41], Rosko and Mutter [42], 

Varabyova and Schreyögg [43], Li et al. [10], and the accessibility of the data of Chinese hospitals, so 

that to rigorously estimate the technical efficiency [10]. For the inputs, we choose the total staff, the total 

assets and the number of beds, which stands for the labor, the capital and the capacity, respectively. 
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For the curse of dimensionality is always present in nonparametric estimation, we adopt the total staff 

as a whole instead of physicians, nurses and technicians, to represent labor input [10,13,14]. Meanwhile, 

for the outputs, there is still no established consensus on how to accurately measure the outputs of 

hospital production. Some researchers use the number of outpatient and inpatient to measure the 

outputs of hospitals [10,13,14]. However, according to Biørn et al. [44] and Ozcan [45], it is more 

appropriate to adopt the total revenue and the number of surgery as output variables. Furthermore, except 

for these desirable outputs, we also focus on the bad outputs “mortality rate” under GGDDF method, 

which has not been paid much attention in the literature of hospital efficiency. It is measured by the 

morality rate of different provinces in China. We recognize that it is significant to distinguish the death 

due to the mistakes in the medical services and the natural death. However, according to present 

literature, Zuckerman et al. [46] and Hu et al. [14] also used this indicator to measure the undesirable 

outputs. Moreover, as the detailed information of mortality in China is not disclosed [47], we simply 

use the single indicator “mortality rate”. We also try to find some other alternative indicators to replace 

it, but we failed at last. If we acquire the more details in the future, we will use more accurate variables 

to improve present research. By the way, we believe that the simple indicator “mortality rate” could 

reflect the death due to the mistakes in the medical services to some degree. We just focus on the 

hospitals in China, and there will be no significant differences in the natural death rate for these 

domestic areas of China. The detailed definition and descriptive statistics of these inputs and outputs 

variables are presented in Table 1. 

Table 1. The definition and descriptive statistics of input and output variables. 

Variable Definition Observation Mean Std. Dev. Min Max 

total staff the number of total staff in the hospitals 372 207,046.2 130,728.4 10,058 684,976 

total assets the total assets of hospitals (million yuan) 372 43,800.00 39,800.00 717.00 216,000.00 

beds the number of beds in the hospitals 372 100,245.90 79,129.75 4238.00  1,027,919.00 

total revenue the total revenue of hospitals (million yuan) 372 34,200.00 34,500.00 588.00 214,000.00  

surgery the total number of surgeries 372 748,730.00 997,765.20  6230.00 16,000,000.00 

mortality the mortality ratio in different provinces 372 5.96  0.67  4.21  7.30  

Sources: China’s Health Statistical Yearbook 2003–2013 [48–58], China’s Health and Family Planning Yearbook 2014 [40]. 

We utilize the Lingo package to estimate the technical efficiency of Chinese hospitals with the 

mentioned data. Thereafter, we adopt the Stata software (StataCorp LP, College Station, TX, USA) to 

analyze how these environmental variables affect the technical efficiency scores in the second stage. 

4. Technical Efficiency Estimation 

The proposed technical score is applied to hospitals in 31 provinces of China. It is calculated from 

the GGDDF of Equation (5) and takes values of between 0 and 1. According to this definition, the 

closer the technical efficiency measure is to 1, the more efficient the hospitals can be considered to be 

in providing medical services. 

The hospital’s overall technical efficiency scores are presented in Table 2. According to Table 2, 

the overall technical efficiency varies from different provinces and different years. In 2003, the 

technical efficiency scores of Beijing, Hainan and Tibet all equal to 1, inferring that the hospitals in 
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these three provinces are the most efficient and lie on the frontier. Meanwhile, the overall technical 

efficiency scores of Beijing, Shanghai and Guangdong also equal to 1 in 2013. However, from the 

estimated technical efficiency scores of Table 2, most of the Chinese hospitals are inefficient and far 

from the technical frontier. When the SARS broke out in 2003, it had caused the panic among people 

as well as the government intervention at that time. Therefore, the technical efficiency of Chinese 

hospitals also had been affected and showed oscillations. Some provinces, like Beijing, Hainan, Tibet 

and Qinghai, experienced the sharply increase of technical efficiency, while others, including 

Guangdong, Hebei, Shandong and Shaanxi undergone large decrease of technical efficiency. 

Table 2. The technical efficiency scores of Chinese hospitals in different provinces and years. 

Province 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Anhui 0.181 0.166 0.358 0.285 0.271 0.519 0.354 0.402 0.415 0.444 0.512 0.522 

Beijing 0.368 1.000 0.393 0.396 0.518 0.451 0.547 0.594 0.644 0.730 0.968 1.000 

Chongqing 0.196 0.315 0.222 0.246 0.254 0.323 0.626 0.404 0.424 0.443 0.549 0.574 

Fujian 0.267 0.344 0.306 0.320 0.326 0.934 0.364 0.332 0.418 0.389 0.579 0.602 

Gansu 0.159 0.196 0.181 0.164 0.164 0.500 0.241 0.200 0.359 0.370 0.425 0.460 

Guangdong 0.337 0.249 0.497 0.463 0.450 0.492 0.569 0.625 0.690 0.807 0.952 1.000 

Guangxi 0.146 0.183 0.261 0.275 0.280 0.339 0.354 0.406 0.446 0.492 0.599 0.636 

Guizhou 0.177 0.264 0.203 0.237 0.274 0.412 0.347 0.446 0.452 0.478 0.536 0.565 

Hainan 0.213 1.000 0.166 0.197 0.189 0.252 0.270 0.316 0.360 0.381 0.450 0.473 

Hebei 0.534 0.118 0.278 0.291 0.289 0.374 0.405 0.486 0.487 0.468 0.606 0.595 

Heilongjiang 0.167 0.190 0.275 0.299 0.300 0.407 0.414 0.477 0.438 0.463 0.533 0.544 

Henan 0.217 0.092 0.284 0.311 0.310 0.363 0.415 0.472 0.496 0.514 0.622 0.618 

Hubei 0.242 0.180 0.353 0.307 0.308 0.386 0.512 0.455 0.462 0.472 0.566 0.573 

Hunan 0.233 0.155 0.289 0.282 0.295 0.616 0.379 0.320 0.458 0.479 0.589 0.641 

Inner Mongolia 0.141 0.158 0.207 0.210 0.238 0.289 0.298 0.279 0.390 0.424 0.491 0.490 

Jiangsu 0.357 0.232 0.589 0.394 0.405 0.445 0.460 0.495 0.521 0.555 0.690 0.726 

Jiangxi 0.223 0.172 0.321 0.260 0.264 0.627 0.342 0.340 0.442 0.467 0.546 0.550 

Jilin 0.221 0.196 0.271 0.226 0.244 0.323 0.416 0.449 0.420 0.420 0.524 0.575 

Liaoning 0.073 0.135 0.285 0.295 0.314 0.471 0.407 0.449 0.476 0.502 0.637 0.652 

Ningxia 0.070 1.000 0.172 0.191 0.185 0.222 0.265 0.303 0.337 0.359 0.419 0.461 

Qinghai 0.072 0.984 0.129 0.141 0.152 0.283 0.212 0.267 0.296 0.346 0.432 0.477 

Shaanxi 0.352 0.179 0.212 0.207 0.225 0.270 0.320 0.354 0.412 0.454 0.553 0.564 

Shandong 0.417 0.113 0.383 0.317 0.342 0.429 0.448 0.485 0.511 0.552 0.661 0.681 

Shanghai 0.419 0.578 0.576 0.490 0.492 0.522 0.613 0.640 0.675 0.801 0.966 1.000 

Shanxi 0.221 0.146 0.327 0.213 0.249 0.630 0.283 0.255 0.383 0.398 0.522 0.561 

Sichuan 0.250 0.140 0.277 0.308 0.299 0.448 0.417 0.495 0.510 0.535 0.636 0.653 

Tianjin 0.310 0.864 0.338 0.351 0.338 0.453 0.410 0.490 0.525 0.598 0.659 0.732 

Tibet 0.097 1.000 0.243 0.088 0.121 0.473 0.201 0.263 0.207 0.259 0.349 0.300 

Xinjiang 0.209 0.213 0.274 0.280 0.246 0.392 0.323 0.351 0.429 0.463 0.547 0.550 

Yunnan 0.077 0.217 0.226 0.236 0.255 0.299 0.394 0.396 0.418 0.451 0.517 0.513 

Zhejiang 0.357 0.316 0.544 0.419 0.440 0.520 0.584 0.579 0.620 0.657 0.839 0.878 

With regard to overall average technical efficiency of hospitals in individual provinces, Shanghai 

shows the best performance among all the counterpart provinces for highest averaged technical 
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efficiency score 0.648 (See Figure 2, with standard deviation of 0.185). The hospitals in Beijing rank 

the second place, with averaged technical efficiency score of 0.634 (with standard deviation of 0.239). 

The hospitals in Guangdong rank the third place for averaged technical efficiency score of 0.594 (with 

standard deviation of 0.232). Despite the averaged overall technical efficiency scores of hospitals in 

these three provinces are still much less than 1, they seems much better comparing to other provinces, 

which also indicates the technical efficiency of hospitals in developed regions will be more excellent. 

Shanghai, Beijing and Guangdong are provinces with higher level of economic development in the 

passing decades. Beijing is the capital of China as well as political and cultural center in China. 

Meanwhile, the Shanghai is the municipality directly under the central government and financial center 

in China. Guangdong has first experienced the “Open and Reform” policy since 1978 in China and 

witnessed the sharp expansion of FDI and international trade. 
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Figure 2. Technical efficiency scores of hospitals in different provinces (Sources: the technical 

efficiency score estimate with DEA is obtained from Hu et al. [14] “Analysis of hospital 

technical efficiency in China: Effect of health insurance reform”, China Economic Review). 

The trends of relative technical efficiency performance of all the hospitals in 31 provinces of China 

are shown in Figure 3. Although the overall technical efficiency score temporally declined during the 

period of 2004–2006 and 2008–2009, the long-term technical efficiency is still in an upwards trend. 

Therefore, the overall technical efficiency of hospitals in China has been improved in the last decade. 

The fluctuation of the overall technical efficiency score may be due to the rapid increase of medical 

fees for inpatient and outpatient as well as the outbreak of financial crisis since 2008. As the statistics 

of China's Health Statistical Yearbook indicated, the average inpatient medical charge and outpatient 

medical charge both had increased about 7.5%–11.0% during the period of 2004–2006 and 2008–2009, 

which is much higher than other period. 
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Figure 3. Trend of technical efficiency score. 

5. Determinants of Technical Efficiency for Chinese Hospitals 

5.1. Model and Variables Specification 

From the information of contextual setting part of this paper, the medical sector of China had 

underwent profound reform in the passing three decades. The social and economic environment was 

also in rapid transition for emerging of “China’s miracle”. Meanwhile, we need to further investigate 

the deep reasons for the changes of technical efficiency of Chinese hospitals, so that to acquire more 

insights on hospital management and public policy implications for further reform in the medical 

sector of China. Therefore, following the literature on two-stage DEA [14,59,60], we adopts a Tobit 

model to exam how these exogenous environmental variables affects the technical efficiency for 

Chinese hospitals. 

Based on the literature survey, contextual setting of China and the available data, the independent 

variables are selected as follows, i.e., we will examine the relationship between hospital’s overall 

technical efficiency and the following covariates: 3A class (San Ji Jia Deng) hospital proportion (best), 

public subsidies (suby), medical insurance reforms (reform1) and (reform2). The justification for the 

selection of these covariates is provided in the following subsections. 

The 3A class hospital proportion in the total number of public hospitals indicates the supervision as 

well as the medical services quality. In China, the hospitals have been divided into three grades 

according to their capability to supply high-quality medical service. There are three subclasses in each 

grade. The top is labeled as 3A hospital. They could offer specialized medical service, medical 

research and tertiary medical education. However, the technological advantage and accumulation of 

human resources is costly to improve the medical services of hospitals. 

The public subsidies are the amount of funds transferred to the hospitals, which could increase the 

hospitals’ budget for more professional personnel and advanced equipment, as well as induce moral 



Sustainability 2015, 7 14103 

 

 

hazard or shirking behavior. The net effects of public subsidy are not clear. Public hospitals in China 

always hold the major share of the medical market despite flourishing private hospitals since 2001. 

Furthermore, price regulation on medical service makes the public subsidies very significant to cover 

expenses for public hospitals. 

The social medical insurance reform is measured with two dummy variables. As the contextual 

setting part indicates, China initiated the NRCMS in 2003. The government launched the basic social 

medical insurance for urban residents program (BSMIP) in 2007, which is different from BSMIS and 

covers the elderly, students, children and unemployed. Then the three-tier social medical insurance 

schemes finally established and increase the affordability of medical service. Follow the research of 

Hu et al. [14], we also examine whether the introduction of NRCMS and BSMIP have increased the 

technical efficiency of hospitals. We define that these binary dummy variables equal 1 for post-reform 

period after 2003 and 2007, respectively. 

Moreover, to control the heterogeneity of different provinces, we further introduce explanatory 

variables of the characteristics of provinces in China, including the GDP per capita (gdpp), the 

population density (popd) and the geography location (area). According to the China Statistical 

Yearbook, the eastern area includes 12 provinces like Beijing, Tianjin, Hebei, Liaoning, Jiangsu, 

Shandong, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi and Hainan. The middle area includes 

nine provinces, such as Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei and 

Hunan. The western area includes the rest 10 provinces, i.e., Chongqing, Sichuan, Guizhou, Yunnan, 

Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. The variable area is a dummy variable.  

When the province is in the east area, area is labelled 0, and equals 1 for the middle area, 2 for the  

west area. 

The detailed definition and descriptive statistics of these independent variables are presented in 

Table 3. 

Table 3. The definition and descriptive statistics of independent variables. 

Variable Description Observations Mean Std. Dev. Min Max 

gdpp GDP per capita 372 9.766 0.648 8.089 11.228 
popd population density 372 0.413 0.598 0.002 3.833 
suby government subsidy 372 14.937 8.122 3.037 59.232 
best ratio of 3A hospitals 372 4.180 2.431 0.792 13.143 

reform1 NRCMS reform 372 0.833 0.373 0 1 
reform2 BSMIS reform 372 0.500 0.501 0 1 

area location 372 0.935 0.841 0 2 

From the correlation matrix reported in Table 4, the adopted explanatory variables are all 

significantly related with the technical efficiency of the Chinese hospitals in different provinces. 

Moreover, most correlation coefficients of these explanatory variables are much lower than 0.5. In 

addition, the possibility of multi-collinearity problem can be eliminated with further check on VIF 

(variance inflation factor), which is smaller than 5. 
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Table 4. The correlation matrix between technical efficiency (TE) and explanatory variables. 

 TE gdpp popd suby best reform1 reform2

TE 1       
gdpp 0.663 *** 1      
popd 0.401*** 0.529 *** 1     
suby −0.304 *** −0.172 *** −0.272 *** 1    
best 0.370 *** 0.499 *** 0.588 *** −0.303 *** 1   

reform1 0.260 *** 0.433 *** 0.026 −0.049 0.05 1  
reform2 0.472 *** 0.554 *** 0.039 0.069 0.06 0.447 *** 1 

Note: The symbols *, **, *** indicate significance at 10%, 5% and 1% levels, respectively. 

5.2. Empirical Results 

Table 5 reports the empirical results of Tobit model regressed on the explanatory variables 

mentioned above. It starts from a limited set of regressors and gradually adds in more controls.  

The column (1) of Table 5 is the baseline results. In the continued columns, we further add more new 

variables to check the effects of different factors as well as the robustness of the empirical models.  

The time trends are captured and controlled through year dummy in the models. 

Table 5. The results of Tobit models. 

 (1) (2) (3) (4) (5) 

gdpp 0.100 *** 0.075 *** 0.073 *** 0.073 *** 0.083 *** 
 (5.79) (4.54) (4.74) (4.74) (4.50) 

popd 0.066 *** 0.052 *** 0.050 *** 0.050 *** 0.049 *** 
 (5.16) (4.01) (3.65) (3.65) (3.48) 

suby  −0.007 *** −0.007 *** −0.007 *** −0.007 ***
  (−5.47) (−5.39) (−5.39) (−4.96) 

best   0.001 0.001 0.002 
   (0.34) (0.34) (0.53) 

reform1    0.173 *** 0.168 *** 
    (5.06) (4.84) 

reform2    0.137 *** 0.131 *** 
    (3.81) (3.57) 

area     0.010 
     (0.75) 

_cons −0.694 *** −0.370 ** −0.359 ** −0.359 ** −0.452 ***
 (−4.51) (−2.43) (−2.49) (−2.49) (−2.64) 

sigma      
_cons 0.126 *** 0.113 *** 0.113 *** 0.113 *** 0.113 *** 

 (10.61) (11.63) (11.63) (11.63) (11.78) 
Year effects Yes Yes Yes Yes Yes 

Log pseudolikelihood 265.97 265.53 265.53 265.49 227.14 
F 55.09 59.66 59.65 63.51 58.61 
N 372 372 372 372 372 

Note: The t value in parentheses (based on robust standard error). The symbols *, **, *** indicate 

significance at 10%, 5% and 1% levels, respectively. 
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According to column (1) of Table 5, the variable gdpp and popd are both significant at 1% and 

positive with the overall technical efficiency of Chinese hospitals. In column (2) of Table 5, we further 

investigate the effects of government subsidies (suby) on the sustainable performance of hospitals on the 

basis of the model of column (1). The results shows that the coefficient of public subsidies is negative 

at 1-percent significant level, which means that the subsidies make negative impacts on the Chinese 

hospitals to improve technical efficiency. According to column (3) in Table 5, the coefficient of the 3A 

class hospital proportion is not significant, implying that it has no effects on technical efficiency of 

Chinese hospitals. As the definition in Table 3, the binary dummy variables Reform1 and Reform2 are 

designed to analyze the effects when introducing the social medical insurance reform in 2003 and 

2007. Referring to column (4) in Table 5, both coefficients of Reform1 and Reform2 are significantly 

positive at 1 percent level. 

In order to further control the location heterogeneity, an area dummy variable is added into model 

and the regression results is showed in column (5) of Table 5. The estimated coefficient of area is 

statistically insignificant, implying there is no apparent difference among eastern, middle and western 

provinces, after controlling for other factors. 

Furthermore, comparing the results of different columns in the Table 5, we find that the estimated 

results are very robust for each regressor, for example, the variable “gdpp” is statistically significant at 

1% in model 1-model 5, and its coefficients fluctuate in small range. 

6. Discussion 

The results reveal that technical efficiency of Chinese hospitals varies among different provinces 

and time. Despite the trend of technical efficiency being improved with time, most Chinese provinces 

are not performing well leave a large potential to improve. Beijing, Shanghai and Guangdong display 

better performance comparing to other provinces of China. Later, we further investigate the factors that 

may affect the technical efficiency of Chinese hospitals, which also shed lights on the effects of 

reforms undergone. It concludes that the social medical insurance reforms that launched in 2003 and 

2007 both have promoted the technical efficiency of Chinese hospitals. Meanwhile, the government 

subsidies have negative influence on the technical efficiency of Chinese hospitals. The proportion of 

3A hospitals and the area dummy variable is not statistically significant. With higher GDP per capital 

and population density, which means greater medical services demand potentials, the technical 

efficiency scores is higher in China. 

6.1. Technical Efficiency Estimation Compared with Other Research 

For comparison purposes, we also provide the technical efficiency estimated by Hu et al. [14] in 

Figure 2, who also make a research on the technical efficiency of Chinese hospital with province level 

data during 2002–2008. They employed the output-oriented CCR DEA model and considered both 

desirable and undesirable outputs in hospital production. The outputs variables are the total number of 

outpatient and emergency room visits, the total number of inpatient days and patient mortality, while 

the inputs variables are the number of doctors, medical technicians, other staff and beds as well as the 

fixed assets. According to the existing research, including Jacobs [6], Barros et al. [16], Koop et al. [41], 

Rosko and Mutter [42], we add the total revenue as an output of hospitals. As the contextual setting 
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part indicates, after years of medical reforms during the period of 2002–2013, the hospitals in China 

began to rely more on market and revenue collected from the medical services rather than the 

government subsidies. For most provinces of China, the proportion of the government subsidies in the 

total revenue is less than 16% at present. Comparing to our estimation of overall technical efficiency 

scores, the results of Hu et al. [14] has much higher values (The Tibet’s efficiency score had not been 

estimated for missing data in Hu et al. [14]), implying an overestimated technical efficiency 

performance. However, our results and the results of Hu et al. [14] shows similar patterns for different 

provinces, for example, the technical efficiency scores of Shanghai, Beijing and Guangdong were also 

much higher than other provinces in Hu et al. [14]. 

6.2. Discussion on Determinants of Sustainability Technical Efficiency for Chinese Hospitals 

As the coefficients of GDP per capita and population density are all positive, it implies that when 

the economic development and population density is higher, there will be more demands for medical 

services, and the overall technical efficiency will be pushed to a higher level. This is also confirmed by 

the facts that hospitals in Beijing, Shanghai and Guangdong display better performance. 

Public subsidies may increase the hospitals’ budget for more professional personnel and advanced 

equipment, as well as induce moral hazard or shirking behavior. Our results indicate that pubic 

subsidies to hospitals are an incentive to induce moral hazards rather than improve on technical 

efficiency. In contrast, Hu et al. [14] argued that the government subsidy has ambiguous and 

insignificant effects on the Chinese hospital efficiency. 

The 3A class hospital proportion has positive but not significant effects on Chinese hospital’s 

technical efficiency, suggesting its limited influences on the performance of Chinese hospitals.  

The supervising authorities will grade the hospitals according to several standards every three years. 

Hence, the 3A hospital rating is also a signal for great technology advantage and high quality of 

medical service. However, without a sound pre-triage system, the 3A hospitals just attract crowded 

patients for signals and take advantage of the monopoly power in the medical market. Therefore, the 

net effects are ambiguous and the coefficient of variable “best” is not significant despite it is still positive. 

The social medical insurance reforms have a positive influence on the overall technical efficiency of 

Chinese hospitals, which is consistent with the empirical results of Hu et al. [14]. The medical 

insurance reforms of the NRCMS and BSMIP has increase the opportunity of the poor to acquire the 

medical service, namely the government subsidy people to get the basic medical service and therefore 

increasing the demand for medical service as well as the output of the hospitals. Wagstaff and 

Lindelow [61] and Wagstaff et al. [62] also witnessed the increase in the medical service utilization 

after the reform. Moreover, as the column (1) in Table 2 indicates, the absolute value of the 

coefficients of Reform1 is much larger than the Reform2. It implies that the coverage of social medical 

insurance in the rural is more effectively lower the cost of Chinese hospitals than that in the urban. 

Reform was first initiated in eastern provinces of China, which may enhance the management and 

incentives in the medical care industry through deregulation. Moreover, the eastern area is much richer 

and more developed than western and central area of China [63]. The more favorable environment and 

diversified medical demand of people will drive the hospitals to be more efficient. However, most 

private hospitals in China were also set up there for deregulation. According to the latest China’s 
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Health and Family Planning Yearbook [40], up to the end of 2013, there are 11,313 private hospitals in 

China. Therefore, the overall technical efficiency of hospitals may be lowered down mainly for the 

market share nibbled away by the private hospitals. Therefore, it may be underlying reasons for the 

insignificancy of variable “area”, despite the results still need further research and tests. 

Based on the analysis mentioned above, the policy implications are derived as follows: Firstly, it 

needs to encourage the development of private hospitals for the government. Meanwhile, the 

government should cut down the fiscal subsidies on the hospitals and switch from relying on the 

government to the market. Secondly, a sound pre-triage system is necessary when the pushing the 

reform of big public hospitals and community-level hospitals. When 3A hospital is evaluated without 

it, the effects of this monitoring mechanism will be limited. Thirdly, the coverage of medical services 

should be enlarged, especially for the treatment of critical diseases as well as the essential drugs. 

Meanwhile, the medical insurance for the rural and urban should be unified an integrated to offer 

people equal insurance for basic medical service. The present medical insurance in China is in a high 

degree of fragmentation for different provinces or counties. Finally, the government needs to pursue 

different policies to improve the technical efficiency of Chinese hospitals for the province with higher 

GDP per capital and population density having better performance.  

As this empirical study just focuses on the Chinese hospitals with province-level data, the further 

research could try to collect and utilize the hospital-level data to check the robustness of the 

conclusions and provide more policy implications. Meanwhile, a comparative study can be conducted 

on the technical efficiency of China, Korea, Japan, etc. Such a benchmarking comparison among the 

Northeast Asian countries could provide much more comprehensive implications. Moreover, some 

scholars argue that it should adopt alternative methods to analyze the determinants of technical 

efficiency of Chinese hospitals. Therefore, we plan to use double-bootstrapped truncated regression [64] 

and the conditional nonparametric approach [65] to replace the present Tobit model in the second stage 

and try to check the robustness of results in this paper. 

7. Conclusions 

In the background of the New Normal, which does not had a clear definition at present and usually 

refers to a significant regime change of economic growth that display an obvious slow-down, it is 

significant to quantify its technical efficiency in different sectors for China. The medical sector of 

China has undergone decades of reform, despite still being criticized for the problems of “poor access 

and high fee”. As a new round of reform are approaching and its critical importance for the welfare of 

whole society, this study is the first to analyze the technical efficiency of province-level of Chinese 

hospitals in the period 2002 to 2013 using a new global generalized directional distance function 

approach taking account of undesirable output. Meanwhile, this research fills the gap in the literature 

on the hospital’s technical efficiency in different area of China. 

This study shows that the technical efficiency of Chinese hospitals has been improved with time 

trend. However, most Chinese provinces still do not perform well and have large potentials to improve. 

Meanwhile, some factors improve the technical efficiency of Chinese hospitals, including economic 

development, population density and social medical insurance reforms. In contrast, the government 

subsidies to hospitals reduce the technical efficiency of Chinese hospitals. The proportion of 3A 
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hospitals display limited positive effects on the technical efficiency of Chinese hospitals.  

These indicate that not all the medical reforms have successfully raised the hospital efficiency in China, 

and leave clues for future reform. 

The present research offers a comprehensive evaluation of Chinese hospitals. This study also 

proposes suggestions for further medical reform in China. China is the largest Northeast Asian country. 

The research may shed lights on medical reforms or hospital management in other Northeast Asian 

countries for the similar culture and contiguity to each other, for example, the medical insurance as 

well as the government subsidies on public hospitals. Moreover, China has played a significantly 

important role in the Northeast Asian area. It has the largest land area, population and GDP.  

The reform and improvement on the technical efficiency for the Chinese medical system will promote 

the overall welfare in this region as well as boost the economic integration in the medical sector. 
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