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Abstract. Aiming at the practical problems in the performance management of scientific research, 
an IDEA-BCC model based on the combination of kernel function mapping and the BCC model in 
the traditional DEA method is proposed in this paper. Taking the annual research input and output 
data of the scientific research institution as an example, the IDEA-BCC application model is 
established and the validity of the method is illustrated by the experimental data. 

Introduction 
DEA (data envelopment analysis, DEA) [1] method is a non-parametric statistical method which 

is to the concept of relative efficiency as the basis, to the convex analysis and linear programming 
as a tool for evaluation a prolific DMU (decision making unit, DMU) whether has the same type of 
multi input is the "technology" or not. The basic idea of DEA is to each unit to be assessed as a 
DMU, again by many DMU constitute the group evaluation, through the comprehensive analysis of 
input and output ratio, DMU each input and output index weights for variable operations, determine 
the efficient production surface, and according to each DMU and efficient surface distance state to 
determine the DMU is DEA efficient, and gives various meanings of evaluation index. DEA is 
widely used in production [2] [3], finance [4] [5], business [6] [7], research & development [8] and 
other fields [9] [10]. The better results have been obtained by providing a scientific basis for 
decision makers. 

DEA has developed many models and the most basic is the two models BCC and CCR. In this 
paper, an IDEA-BCC model based on the combination of kernel function mapping and the BCC 
model in the traditional DEA method is proposed. Taking the annual research input and output data 
of the scientific research institution as an example, the IDEA-BCC application model is established 
and the validity of the method is illustrated by the experimental data. 

Design of the IDEA-BCC model 
Step1:  
There are n decision making units, DMUj (j=1,...,n), their input and output vectors are 

respectively:  
X‘j=(x‘1j,x‘2j,...,x‘mj)T>0, Yj=(y1j,y2j,...,ysj)T>0, j=1,...,n.  
The weight vectors of input and output are respectively v=(v1,v2,...,vm)T, u=(u1,u2,...,us)T.  
Step2: 
The weight vector of input X’j is mapped to the data analysis space Xj. 
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Step3: 
Get BCC model. 
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Step4: 
The linear programming model is obtained by using the Charnes-Cooper transform. 
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Step5: 
According to the basic theory of linear programming, get the form of the dual problem of the 

model (5). 
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Experiment and Results 
The 5 scientific research institutions (DMU1-DMU5) in 2012 research performance related data, 

are obtained in the experiment. Set up the index system of scientific research investment as number 
of scientific researcher, research funding, research equipment, the number of scientific research 
subjects. Set up the index system of scientific research output as achievement award, work 
completion score. The investment and output index data are standardized, as shown in Table 1. 

The results of DEA analysis based on the IDEA-BCC model proposed in this paper are 
calculated as shown in Table 2. The results are analyzed as follows. 

DMU1: 
The total efficiency of DMU1 θ=1, it is not necessary to adjust the scientific research 

investment. 
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Tab.1. The investment and output index data 
 number of 

scientific 
researcher  

research 
funding 

research 
equipment 

the number of 
scientific 
research 
subjects 

achievement 
award 

work 
completion 

score 

DMU1 84 506 36 18 8 94 
DMU2 46 422 28 6 3 92 
DMU3 38 406 32 6 5 96 
DMU4 41 60 12 2 1 86 
DMU5 39 85 25 2 1 92 

 
Tab.2. The results of DEA analysis 

 total 
efficiency 

θ 

number of 
scientific 
researcher 

research 
funding 

research 
equipment 

the number of 
scientific 
research 
subjects 

achievement 
award 

work 
completion 

score 

DMU1 1 0 0 0 0 0 0 
DMU2 0.976 0 8.42 8.220 3.83 8.19 4.32 
DMU3 1 0 0 0 0 0 0 
DMU4 0.92 3.40 0 0 1.04 6.9 5.3 
DMU5 0.96 1.95 1.2 1.42 0 2.67 3.88 

 
DMU2: 
Total efficiency of DMU2 is "technology" invalid, the reason is scientific research investment 

slack variable Sinv=(0, 8.42, 8.22, 3.83), so the number of scientific researcher are not enough, cause 
other resources are unused and wasted. 

The method for improving efficiency of DMU2 is as follows: 
0 0

0

0

0.976 (46,422,28,6) (0,8.42,8.22,3.83)
(58,420,26,6)
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=
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That means the investment of DMU2 can be adjust to (58, 420, 26, 6), the output can be raised to 
(11.2, 95.86). 

DMU3: 
The total efficiency of DMU3 θ=1, it is not necessary to adjust the scientific research 

investment. 
DMU4: 
Total efficiency of DMU4 is "technology" invalid, the reason is scientific research investment 

slack variable Sinv=(3.4, 0, 0, 1.04), so the research funding and research equipment are not enough, 
cause other resources are unused and wasted. 

The method for improving efficiency of DMU4 is as follows: 
0 0

0

0

0.976 (41,60,12,2) (3.4,0,0,1.04)
(38,59,11,3)

θ= −
= × −
=







invx x S
x
x
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0 0

0

0

0.976 (1,86) (6.9,5.3)
(7,93)

θ= +
= × +
=
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y

 

That means the investment of DMU4 can be adjust to (38, 59, 11, 3), the output can be raised to 
(7, 93). 

The analytical method of DMU5 is the same as the DMU4. 
 

Conclusion 
In this paper, an IDEA-BCC model based on the combination of kernel function mapping and the 

BCC model in the traditional DEA method is proposed. Taking the annual research investment and 
output data of five scientific research institutions as an example, get the results of scientific research 
performance evaluation, find the reasons of the invalid DEA from the analysis of the results, give 
the rectification recommendations. The validity of the IDEA-BCC model is illustrated by the 
experimental data. 
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