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Introduction

Data envelopment analysis (DEA) is a kind of multi-
objective decision-making method, which uses optimization 
techniques to evaluate the efficiency of homogeneous 
evaluation objects with multi input and multi output. In 
this paper, the Malmquist model of DEA is used to analyze 
the running efficiency of the Guangzhou Institute of 
Respiratory Diseases (GIRD). Furthermore, we aimed to 

explore factors associated with the development to bring 
forward suggestions.

Methods

Data sources and research objects

The data for this paper were obtained from the scientific 
research management department of Guangzhou Medical 
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University and the GIRD. In this study, data were collected 
with personnel, financial and material inputs, scientific 
awards score and other outputs in 2009–2013 from  
19 project research teams of the GIRD. The trend of 
the total factor productivity (TFP), technical efficiency, 
technical changes and other aspects of 19 project research 
teams from 2009 to 2013 were evaluated.

Data envelopment analysis

The evaluation objects of DEA are also called decision 
making units (DMUs). The method was proposed by 
American operations research scientists (A.Charnes, 
W.W.Cooper and E.Rhodes) in 1978. It can calculate the 
relative efficiency of DMUs and also point out the index of 
excess or insufficient output for the low efficiency unit (1). 
More importantly, the DEA method is non-parametric in 
nature, which does not require pre-estimated parameters 
and uniform units. It can provide an index that incorporates 
various measurements with good stability and sensitivity. 
Therefore, it has many advantages such as avoiding 
subjective factors, simplifying algorithm and reducing 
errors, etc. (2,3).

Malmquist index 

For panel data, the change of efficiency of DMUs in 
a certain period of time cannot be analyzed by using 
traditional model, the Malmquist index (MI) model is 
needed. It was established to measure the TFP of each 
DMUs in different period by using panel data (4).This 
paper mainly applied the DEA based MI method proposed 
by Färe et al. (5), to evaluate the dynamic changes of the 
TFP of the 19 project teams in the GIRD from 2009 to 
2013. Moreover, this method is widely used in finance, 
medical treatment, enterprise and other related aspects. 
In this study, we take each project team as a DMU and 
Malmquist TFP index can be calculated on the panel data 
for each DMU in different periods. In addition, the dynamic 
change trend of the efficiency of DMUs is obtained and 
MPI is used to objectively measure the relationship between 
technical efficiency change, technical change and total 
factor change (6). According to the definition of Caves, 
Christense et al. (4), the change in the productivity of the 
period from t to t+1 under the technical level of t period can 
be expressed as:
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Among them, (xt, yt) respectively, on behalf of the 
input and output vector of the DMUs, di

t (xt,yt) represents 
the distance between the DMUs in the t period and the 
efficiency frontier in the period of t. The variable di

t(xt+1,yt+1) 
indicates the distance between the DMUs in the t+1 period 
and the efficiency frontier in the period of t. Similarly, 
under the technical conditions of the period of t+l, the 
change of productivity from the period of t to t+l can be 
expressed as:
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In order to avoid the differences in the randomness of 
time selection, Caves, Christensen and Diewert (1982) et al.  
suggested that the geometric mean of mi

t and mi
t+1 were 

used to calculate the MI. Its formula is expressed as:

211
1

11111
21

111 ][
),(

),(
),(

),(),,,( +

+

+++++
+++ ⋅=⋅= 



 t

i
t
ittt

i

ttt
i

ttt
i

ttt
ittttt

i mm
yxd
yxd

yxd
yxdyxyxm       [3]

Among these variables: x,y respectively, the input and 
output indicators, t represents the year. Formula (3) indicates 
the total factor productivity change of the production 
function point (xt+1,yt+1) as compared to the production 
function point (xt,yt), if mi

t+1(xt +1,yt +1,xt,yt)<1,it indicates that 
the TFP of the period of t +1 is decreased in comparison 
with the period t; if mi

t+1(xt +1,yt +1,xt,yt)= 1, it indicates that 
compared to the t period, the t+1 period of the TFP does 
not change; if mi

t+1(xt +1,yt +1,xt,yt)>1,it means that compared to 
the t period, the t+1 period of TFP is increased. In addition, 
di

t (xt ,yt ) indicates the current technical efficiency level of 
technical efficiency in the period of t, di

t+1 (xt+1,yt+1 ) indicates 
the current technical efficiency level of technical efficiency 
in the period of t+1, di

t
 (x

t +1,yt +1) indicates the efficiency 
value of the DEA of the t+1 period, relative to the t phase of 
the technology; and di

t +1 (xt ,yt ) indicates the efficiency value 
of the DEA of the t period, relative to the t+1 phase of the 
technology (7). Meanwhile, Färe et al. further decompose 
the Formula (3) into Formula (4). As shown below:
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In addition, MPI is a commonly used index to compare 
total productivity changes over time. Caves et al. (4) firstly 
used MPI for productivity measurement. Total productivity 
change could be decomposed into three main components. 
We can calculate MPI through the following equation: MPI = 
Technical efficiency change (Effch) × technological changes 
(Techch). Furthermore, Technical efficiency change could 
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be decomposed to include two separate components: Pure 
efficiency change (Pech) and scale efficiency change (Sech); 
therefore we can write = (Pech × Sech) × Techch (8,9). This 
decomposition could help a research institute to realize the 
reason of productivity change in a particular time period. 
According to the input-oriented DEA approach, the MPI >1 
indicates performance improvement of a research institute 
via minimization of inputs, and the index upper than 1 
shows the worsening performance of a research institute (8). 
Specifically, the production technology of DMUs can be 
improved when the value of technical efficiency change is 
>1, and vice versa; the management improvement makes 
the efficiency increase when the pure technical efficiency 
change value >1, it indicates that the change of factor input 
leads to the increase of scale efficiency when the scale 
efficiency change value >1, technological change value >1, 
it means that technological progress, and vice versa for 
technical setbacks (10).

Input and output

In order to select more scientific and reasonable input and 
output indicators in this study, the following considerations 
were based on in the process of selecting indicators: (I) 
reflection of the evaluation content in an objective manner; 
(II) technically, the strong linear relationship between 
the internal indicators of input and output sets should be 
avoided; (III) the availability of the data. At the same time, 

the method should follow the principle of “systematic, 
feasible, objective and scientific” (11). Besides, the selection 
of indicators for the efficiency of scientific research 
innovation was based on the experts’ opinions and previous 
studies (2,12-14). There are seven variables in the input-
oriented Malmquist index model, including three input 
variables and four output variables. The detailed definitions 
are illustrated in Table 1. Information on indicator values are 
also shown in Table 2. The input measures included number 
of scientific research personnel, scores of scientific research 
projects and scientific research funds. On the other hand, 
the output measures included SCI points, research awards 
score, invention patent score and graduate students score.

Analysis

Using DEAP 2.1, a computer program that is designed 
to conduct DEA, we analyzed total factor productivity 
change and its components including technological change, 
technical efficiency change, and scale efficiency change for 
each project research team during 2009–2013.

Results

The results of this research were shown in Table 3. The 
results indicated that the productivity changes of the 
included project research teams in this study ranged between 
0.801 and 2.171. The most and least optimal project 

Table 1 Input &output index system of GIRD

Variables Specific definition No.

Input

Scientific research funds  
(unit of measure is ten thousand Yuan)

The sum of government funds, enterprises and institutions entrusted funds 
and other funds

X1

Scores of scientific research projects The sum of the scientific research project with the different levels (school, 
bureau, city, hall, provincial, Ministry, national level, etc.) 

X2

Number of scientific research personnel Number of persons directly engaged in scientific and technological activities X3

Output

SCI impact factors Sum of IF points of articles published in the SCI of the foreign language 
journals by the first author or the correspondence author

Y1

Research awards score The sum of award score with different levels (school, bureau, city, hall, 
provincial, Ministry, national level, etc.)

Y2

Invention patent score The total score of different patent (national invention patents, utility model 
patents, design patents)

Y3

Graduate students score The sum of training graduate student's scores (Master, PhD, post doctoral) Y4
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Table 2 Assign points of input & output index system

Variables Marks

Scores of scientific research projects

Major national issue (863,973, 12th five-year plan projects) 12

Major projects of the national natural science foundation of China 11

Surface projects of the national natural science foundation of China 10

Youth Projects of national natural science foundation of China 9

Major projects of provincial natural science foundation of China 8

Surface projects of provincial natural science foundation of China 7

Youth Projects of provincial natural science Foundation of China 6

Provincial science and technology department of social development projects 5

Provincial Health Department (Provincial Department of education, provincial administration 
of traditional Chinese Medicine) project

4

Municipal science and technology and information bureau projects 3

City board of education projects 2

College-level research projects 1

Invention patent score

National invention patents 5

Utility model patents 3

Design patents 1

Research awards score

National science and technology achievement first-class award 15

National science and technology achievement second-class award 10

National science and technology achievement  third-class award 5

Provincial science and technology achievement first-class award 10

Provincial science and technology achievement second-class award 5

Provincial science and technology achievement third-class award 3

Municipal Science and technology achievement first-class award 5

Municipal science and technology achievement second-class award 3

Municipal science and technology achievement third-class award 1

Graduate students score

Training post doctoral 3

Training doctor 2

Training Masters 1

research teams were DMU11 and DMU7, respectively. The 
results also showed that the total factor productivity index 
of GIRD in 2009–2013 was 1.304, indicating that in the 
year 2013, the total productivity of GIRD increased by 30.4 
percentage points when compared to 2009. Only 4 (DMU7, 
DMU10, DMU12 and DMU18) out of the 19 DMUs in 

the analysis were found to be relatively inefficient during 
the study period. The total factor productivity of these four 
DMUs were less than 1, which indicated that they were 
not at the forefront of efficiency. In addition, the overall 
productivity of DMU7, DMU10, DMU12 and DMU18 
decreased by 19.9%, 18.8%, 6.1% and 0.9%, respectively, 



2713Journal of Thoracic Disease, Vol 8, No 10 October 2016

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2016;8(10):2709-2716jtd.amegroups.com

Table 3 Average productivity index of project research teams of the GIRD during 2009~2013

Team number (N=19)
Technical efficiency 

change
Technological 

change
Pure efficiency 

change
Scale efficiency  

change
Productivity changes 

(Malmquist index)

DMU1# 1.159 0.954 1.000 1.159 1.106 

DMU2# 1.045 0.961 0.966 1.082 1.004 

DMU3** 1.169 1.332 1.097 1.066 1.557 

DMU4** 1.005 1.225 1.000 1.005 1.231 

DMU5** 1.000 1.014 1.000 1.000 1.014 

DMU6# 1.036 1.416 0.780 1.328 1.467 

DMU7# 0.760 1.054 0.760 1.000 0.801 

DMU8** 1.147 1.372 1.147 1.000 1.574 

DMU9# 1.000 1.155 1.000 1.000 1.155 

DMU10# 0.766 1.061 0.816 0.938 0.812 

DMU11# 1.645 1.320 1.496 1.100 2.171 

DMU12** 0.773 1.215 0.776 0.996 0.939 

DMU13# 1.286 1.584 1.276 1.008 2.037 

DMU14# 1.130 1.740 1.127 1.003 1.967 

DMU15# 1.324 1.383 1.140 1.162 1.832 

DMU16** 1.270 1.154 1.156 1.099 1.466 

DMU17# 1.092 1.311 0.976 1.119 1.432 

DMU18# 0.915 1.083 0.897 1.020 0.991 

DMU19** 1.062 1.245 1.051 1.010 1.322 

Mean 1.064 1.225 1.009 1.054 1.304

**, Basic research team; #, Clinical application research team.

when compared with that in 2009. The main reason for 
the decline in the overall efficiency was the reduction of 
technical efficiency. Among them, the decline of TFP for 
DMU12 and DMU10 was mainly caused by the decrease of 
pure technical efficiency and the decrease of scale efficiency. 
However, the TFP decline of DMU18 and DMU7 was 
mainly due to the decrease of pure technical efficiency. 
The TFP of the remaining 15 DMUs were greater than 1, 
which indicated that the TFP of the 78.94% (15/19) DMUs 
in GIRD was in a growing trend. Among them, the largest 
increase was DMU11 (117.1%), followed by DMU13 
(103.7%). In summary, the vast majority of 19 DMUs’ TFP 
growth was mainly dependent on technological progress. 
Furthermore, the scale effect change of 4 project research 
teams was equal to 1, and they were: DMU5, DMU7, 
DMU8 and DMU9. Pure efficiency change of 4 project 

research teams was equal to 1, and they were: DMU1, 
DMU4, DMU5 and DMU9 (Table 3).

According to our analysis (Table 4), the total productivity 
during all the study years was 1.304 on average. This 
showed that overall, there was an improvement in 
productivity in the years of study. This was accompanied 
by the improvement of technological progress. In this 
study, the annual average growth rate of technological 
changes, technical efficiency change, pure efficiency 
change, and scale efficiency change had reached 22.5%, 
6.4%, 0.9% and 5.4%, respectively. Therefore, the greatest 
contribution of the improvement of the TFP for GIRD 
was technological changes. There was a fluctuation in the 
trend of productivity over the study period (Figure 1), and 
the TFP of GIRD showed an upward trend from 2009 
to 2013. However, the TFP growths were not stable but 
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Figure 1 Trend of Malmquist index (Tfpch, Techch, Pech and Sech) in studied project research teams during 2009~2013.
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volatile, i.e., the annual growth rate was 2.6%, 56.9%, 
13.1% and 58.6%, respectively. Further analysis showed 
that the efficiency of scientific and technological progress 
(whose value is 0.786) grow negatively during 2009–2010, 
the growth of TFP was mainly dependent on the expansion 
of the scale effect (the value is 1.153) and the improvement 
of the pure technical efficiency (the value is 1.133). The 
technical change efficiency for these two years (2011–2012, 
2012–2013) was less than 1 and the values were 0.998 and 
0.873, respectively. The fact that each index was greater than 
1 during 2010–2011 illustrated that during this period, the 
input and output of GIRD was driven by catch-up effect 
and growth effect, the overall efficiency of scientific research 
have increased significantly. Finally, the growth of TFP was 
largely caused by the increase of technical efficiency change 
(increased by 12.7 percentage points) and the efficiency of 
technological progress (the growth rate was 39.3%).

Discussion

It is believed that the Malmquist index method is 
appropriate for evaluating the dynamic change of the 
efficiency of DMUs. This method can analyze factors 

that influence the development of productive forces, 
which relies on technological progressing or management 
level improving. During the period 2009–2013, we 
found that technological progressing has played a key 
role in the increase of total factor productivity. The total 
factor productivity, the technological change and the 
technical efficiency change were 1.304, 1.225 and 1.064, 
respectively. Technological progress index describes the 
change of cutting-edge technology, namely “frontier 
mobile” effect which represents the progress of technology 
and innovation. In this study, 17 out of 19 investigated 
project research teams had averagely improved in term 
of technological change in the years of study. The largest 
and smallest increases in the technical progress index were 
DMU14 (74%) and DMU5 (1.4%), respectively. The 
technical efficiency change was described in organization 
and its management from the period of t to period t+1, 
namely the “catch-up effect”. Moreover, the mean value of 
the technical efficiency change was greater than 1, and this 
suggested a catch-up effect of scientific research efficiency 
and the research ability of GIRD in these years have been 
improved. Besides, the technical efficiency change of the 
68.42% (13/19) DMUs in GIRD was greater than 1 and 

Table 4 The mean of productivity changes in pharmaceutical companies calculated via MPI (2009~2013)

Year
Technical efficiency  

change
Technological  

change
Pure efficiency  

change
Scale efficiency  

change
Productivity changes 

(Malmquist index)

2009–2010 1.306 0.786 1.133 1.153 1.026 

2010–2011 1.127 1.393 1.055 1.068 1.569 

2011–2012 0.998 1.134 0.988 1.010 1.131 

2012–2013 0.873 1.817 0.879 0.993 1.586 

Mean 1.064 1.225 1.009 1.054 1.304

Effch, technical efficiency change; Techch, technological change; Pech, pure efficiency change; Sech, scale efficiency change; Tfpch, total 
factor productivity change; MPI, malmquist productivity index.
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their growth rate fluctuated between 0.5–64.5%. Therefore, 
in order to further improve the input-output efficiency 
of scientific research activities, we should continue to 
strengthen the technological innovation and progress while 
maintaining the improvement of technical efficiency.

As one of the main body of science and technology 
production activities, scientific research institutions play an 
increasingly more important role in the development of science 
and technology. Meanwhile, its scientific and technological 
activities have the characteristics of multi-objective, complex 
and systematic. Consequently, the research purpose, method 
and content also showed diversity (15).

What is more important is that technical efficiency 
reflects the change of efficiency of the organization’s 
technology policy and system. The higher technical 
efficiency is associated with better efficiency of technology 
production. The change of production technology reflects 
the trend of improvement, stagnation or degradation of the 
key hard conditions (e.g., personnel quality and equipment 
level), which determine the scientific and innovative 
production. From the point of measurement, the change 
of technical efficiency reflects the short-term innovation 
potential of the organization; on the contrary, technological 
progress reflects its long-term ability to innovate. As 
Nishimizu and Page (1982) (8) thought. (I) The “catching 
up effect” of the technical efficiency leads to the increase 
of the actual output; (II) the growth effect caused by 
technological progress is not only the improvement of the 
short-term output level, but also the sustainable growth 
of the economy. Their essential difference is that the 
catch-up effect will disappear over time, but the growth 
effect will still maintain or increase instead. In this study, 
we found that 21.1% (4/19) research teams’ TFP index 
during the period of 2009–2013 was less than 1, the 
most severe decline was found in DMU7, followed by 
DMU10 with the decline rate being 19.9% and18.8%, 
respectively. The decline of TFP in DMU10 was mainly 
caused by the decrease of pure technical efficiency and the 
decrease of scale efficiency. However, the decline of TFP 
of DMU7 was only due to the decrease of pure technical 
efficiency. Therefore, for some teams with more serious 
decline in TFP, they not only need to introduce advanced 
management mode, but also focus on the optimal allocation 
of resource. At the same time, strengthen the introduction 
of talent and continue to maintain the absorption of new 
technology and innovation. Moreover, overall average scale 
efficiency index was 1.054 and the growth rate (5.4%) was 
at a low level. Nevertheless, the growth rates of a few teams 

were satisfactory as reflected by the scale efficiency (such as: 
DMU6 increase of 32.8%). Therefore, we should maintain 
a moderate scale development, it is necessary to avoid an 
increase in management cost and idle equipment caused by 
the excessive scale, and wary of the scale is too small to play 
the maximum effectiveness of the teams. Moreover, we also 
need to continue to optimize the team structure, thereby 
improving overall operational efficiency.

  The study found that the annual average growth rate of 
technological progress was relatively high, compared to the 
speed of technical efficiency. Although technical efficiency 
has contributed to the improvement of the TFP of the 
project research teams, the effect of technical progress 
efficiency was obvious and need to be further strengthened. 
Thus we should increase the investment in the field of 
scientific research and deepen the introduction of science 
and technology innovation and strengthen the digestion of 
new technologies.

According to the results of the dynamic analysis of the 
GIRD during 2009–2013, we found that the overall TFP 
of the institute was on the rise, but the TFP growth was 
unstable but volatile, the range were 2.6–58.6%. As a result, 
we should pay more attention to the internal management 
of scientific research system when introducing talents and 
promoting technological progress. Besides, it is necessary to 
make a systematic development plan of scientific research. 
Given continuous adjustment and improvement of the plan, 
the combined efforts in technical efficiency and progress 
efficiency could foster the development of scientific research 
efficiency. As a result, it enhances the overall strength of 
scientific research and promotes the steady development 
of the GIRD. Meanwhile, we must be alerted to the blind 
pursuit of technological progress, while ignoring adapt 
to the new research environment, otherwise it will lay 
hidden danger for future research activities. Therefore, we 
should pay more attention to the absorption of scientific 
research and practical application, and make a reasonable 
development plan of scientific research, when focusing on 
scientific research innovation and reform. On the one hand, 
we should allocate scientific research resources in a more 
rational manner with the use of various means to improve 
management and technological level. On the other hand, 
we should improve research management environment 
and keep the growth of research efficiency remains stable, 
sustained and balanced.

This study had some limitations. First, only longitudinal 
research grants were included to ensure the quality and 
availability of data, and research tenders were not included 
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as research outputs. Hence, there might be a challenge in 
generalizing the results to the entire GIRD. Second, our 
results were largely dependent on the selection of inputs and 
outputs for measuring productivity in this study. It would 
be useful to adopt other analytical methods to include other 
inputs and outputs for project research teams studied in this 
paper to examine the consistency of the study results. Last 
but not least, the marks of inputs and outputs may also exert 
an influence on the study result.

Conclusions

In conclusion, the growth of TFP for GIRD resulted mainly 
from technical progress and efficiency improvement, and 
technological progress played a leading role. In addition, 
a handful of project research teams whose TFP declines 
seriously would require closer attention to technological 
innovation and scale improvement, along with optimization 
of scientific research development planning.
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