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Abstract. The construction of public infrastructure and public affairs management requires a lot of 
capital investment, which will lead to excessive financial burden on the government. Therefore, the 

Public-Private Partnership (PPP) is increasingly being introduced into public construction and 
operations. In the past related research, most of the PPP project performance indicators based on 

key performance indicators or balanced scorecards were in line with the life cycle of PPP projects, 
then estimated the importance of indicators through methods such as AHP (Analytic Hierarchy 

Process) or factor analysis, however it lacks objectivity and ignores the interaction between 
indicators. This paper quotes the DEMATEL method to analyze the influence between indicators, 

and further integrates and corrects the final weights to establish a relatively complete PPP 
performance evaluation system. 

Introduction  

In recent years, most countries attach great importance to the construction of public infrastructure 

and public affairs management, but this requires a lot of capital investment, which will lead to 
excessive financial burden on the government. Therefore, the Public-Private Partnership (PPP) is 

increasingly being introduced into public construction and operations, which can effectively reduce 
the financial and administrative burden of government departments, and can also increase the 

quantity, quality, and efficiency of public construction. 
With the extensive application and problems that followed by PPP model, it is of great 

significance to implement reasonable and effective performance evaluation for PPP projects. In the 
past related research, most of the PPP project performance indicators based on key performance 

indicators or balanced scorecards were in line with the life cycle of PPP projects [1], then estimated 
the importance of indicators through methods such as AHP (Analytic Hierarchy Process) or factor 

analysis [2-3]. 
Although AHP takes into account the comparative relationship between indicators, it lacks 

objectivity. Although factor analysis is a more objective analysis method, it ignores the interaction 
between indicators. Therefore, based on the four dimensions of balanced scorecard, this paper 

establishes the evaluation index system on PPP project performance from the financial dimension, 
customer dimension, internal business process dimension, and learning and growth dimension. 

According to the characteristics of PPP project, related research and actual research, this paper 
extends the customer dimension to the stakeholder dimension and introduces a more objective 

entropy method to analyze the weight of the indicator. At the same time, this paper quotes the 
DEMATEL method to analyze the influence between indicators, and further integrates and corrects 

the final weights to establish a relatively complete PPP performance evaluation system. 

Method 

Entropy Method. Entropy method is an objective weighting method to calculate information 
entropy through the uncertainty of data. This method has been widely used by scholars [4-5]. 

Entropy method is a decision method which can measure the amount of useful information 
provided by the obtained data. First, it needs to standardize the actual data and obtain a 

standardized matrix. Let multi-attribute decision-making have m evaluation objects, n 
evaluation indicators, xij is the j-th evaluation index value of the i-th object. 
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(1) Assuming that there are m evaluated objects and n evaluation indexes for each evaluated 

object, a judgment matrix is constructed: 

X = (𝑋𝑖𝑗)𝑚×𝑛(i=1,2,…..,m; j=1,2,….n)                      

(2) Standardize the judgment matrix: 

𝑝𝑖𝑗 =
𝑋𝑖𝑗

∑𝑋𝑖𝑗
⁄  

(3) Calculate information entropy: 

𝐸𝑗 = −𝑘∑ 𝑃𝑖𝑗𝑙𝑛𝑃𝑖𝑗
𝑚
𝑖=1 , where k = 1

ln𝑚⁄  

(4) Calculate index deviation: 
𝐷𝑗 = 1 − 𝐸𝑗 

(5) Define the weight of indicator j: 

𝑤𝑗 =
𝐷𝑗

∑ 𝐷𝑗
𝑛
𝑗=1

⁄  

DEMATEL technique. The decision making trail and evaluation laboratory (DEMATEL) [6] has 
been applied in many researches [7-8]: The procedure is as below: 

(1) Establish direct-relation matrix 
With the opinion integration of all experts, the direct-relation matrix, A, of n × n can be obtained. 

In the direct relation matrix, A, xij represents the variable, the level of i affects variable j, and the 
diagonal variable xij of the direct-relation matrix, A is set to 0. 

(2) Calculate normalized direct-relation matrix 
The normalized direct-relation matrixes N can be obtained through the maximum value of sum 

of the row vector in matrixes A as the normalized base. 
(3) Calculate total-relation matrix 

The total-relation matrix, T, can be obtained from Eq. (6) 
12

w
)()......( limitT 


 NINNNN w

 
Combined with DEMATEL and Entropy method. In order to give consideration to the 

objectivity of weight and the relationship between factors, the weight calculated by entropy weight 
method is combined with DEMATEL method. In this study, the combined weight method proposed 

by Li et al. (2006) [9]. The method is used to establish the combined weights of the weight vector 
W obtained by the entropy weight method and the complete relation matrix T obtained by the 

DEMATEL method, as shown in the following equation (7): 

𝑊𝑓 = 𝛼𝑊 + (1 − 𝛼)(𝑊 × 𝑇)   

Where: α can be set according to the sensitivity of the study, generally taken as 0.5. 

Case Study 

Design of performance evaluation indicators for PPP projects. This study attempts to 
combine the research of many scholars [10-11], comprehensively refers to the number and 

importance of indicators in the relevant research results and combined with the actual investigation 
of PPP projects, and has deleted unnecessary and less influential indicators. Finally, 13 PPP project 

performance evaluation indicators were determined by expert method. The established indicator 
system is shown in Table 1: 
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Table 1. Index system 

 
Analysis. Seven relevant experts (including 2 government executives and 2 private sector 

supervisors and 3 engineering management teachers) were independently rated for their perceived 
importance of the indicators. The importance of each factor ranges from 1 ~ 10, representing the 

range from unimportant to very important. An evaluation matrix𝑋7×13 is abtained:  

X =

[
 
 
 
 
 
 
8 3 9 4 5 6 5 7 4 5 4 8 4
3 8 9 3 4 5 6 9 9 7 3 2 6
3 4 3 9 3 6 3 5 8 8 5 6 8
6 3 4 5 7 3 8 2 5 5 7 8 6
2 9 7 4 5 7 5 4 9 4 7 4 6
6 8 7 3 6 6 7 9 4 3 3 7 3
9 4 3 2 5 8 8 3 2 3 7 4 6]

 
 
 
 
 
 

 

The value of entropy index is calculated by the equations (1) to (3). Then, the weights of each 

indicator are obtained through equations (4) and (5), as shown in Table 2 below: 

Table 2. Entropy method weight result 

 
In addition, 7 experts are required to assign values to the mutual influence of indicators. The 

degree of influence between the set indicators and the indicators is in the range of 0~ 3 points, 

which represents “no impact” to “very large impact”. After the geometric mean, the following direct 
relationship matrix A is obtained: 

𝐴 =

[
 
 
 
 
 
 
 
 
 
 
 
 

0 0 2.43 0 1.02 2.73 0 2.09 1.89 0 0 0 0
0 0 2.01 0 0.99 0 0 1.33 1.93 0 1.52 0 0

2.73 0 0 0 1.32 1.54 0 1.93 0 0 0 0 0
1.34 0 0 0 1.54 0.61 0 0 0 0 0 0 2.07
0 0 0 2.11 0 0 0 0 0 2.33 0 1.93 1.44
0 0 0 0 0 0 0 0 0 0 1.86 0 0
0 0 0 0 0.73 0.82 0 0 0 0 1.25 0 0

1.83 1.11 1.93 0 1.26 1.33 0 0 0 0 0 0 0
1.51 0 0 2.63 2.11 1.76 0 0 0 0 1.32 0 1.57
0 0 0 2.33 0.89 1.09 1.87 0 2.73 0 0.37 0 0

2.59 1.31 0 0 0 0.68 1.52 0 2.46 0.67 0 0 0
0 0 0 0 1.14 0 0 0 1.89 0 0 0 1.74
0 0 0 2.54 1.23 0.51 0 0 0 30 0 2.12 0 ]

 
 
 
 
 
 
 
 
 
 
 
 

 

And then, the direct relation matrix is normalized to obtain the initial direct influence matrix N. 
Then calculate the total relation matrix T by equation (6), as follows: 
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𝑇 =

[
 
 
 
 
 
 
 
 
 
 
 
 
0.21 0.05 0.33 0.17 0.30 0.46 0.03 0.30 0.28 0.07 0.12 0.08 0.12
0.22 0.05 0.28 0.18 0.29 0.21 0.04 0.22 0.31 0.08 0.23 0.08 0.13
0.34 0.04 0.13 0.11 0.26 0.32 0.02 0.27 0.11 0.06 0.08 0.06 0.08
0.18 0.01 0.05 0.14 0.25 0.15 0.02 0.04 0.07 0.06 0.04 0.10 0.28
0.09 0.01 0.03 0.38 0.18 0.12 0.05 0.02 0.14 0.26 0.05 0.27 0.29
0.07 0.03 0.02 0.03 0.04 0.05 0.03 0.02 0.07 0.02 0.20 0.01 0.02
0.06 0.02 0.02 0.05 0.11 0.12 0.03 0.02 0.06 0.03 0.15 0.03 0.04
0.30 0.13 0.29 0.11 0.27 0.30 0.02 0.12 0.12 0.06 0.09 0.06 0.08
0.30 0.03 0.09 0.45 0.40 0.35 0.05 0.08 0.15 0.10 0.21 0.13 0.33
0.15 0.02 0.04 0.41 0.28 0.27 0.20 0.04 0.35 0.07 0.15 0.08 0.18
0.40 0.15 0.14 0.20 0.23 0.31 0.18 0.12 0.40 0.12 0.15 0.07 0.14
0.07 0.01 0.02 0.17 0.23 0.09 0.02 0.02 0.23 0.05 0.05 0.09 0.27
0.07 0.01 0.02 0.35 0.24 0.12 0.01 0.02 0.08 0.05 0.03 0.27 0.15]

 
 
 
 
 
 
 
 
 
 
 
 

 

The final weight vector 𝑊𝑓  is obtained by equation (7), and the comparison is sorted as shown 

in Table 3 below: 
Table 3. Final weight and ranking 

 
Result. From the results of the combined weights, the top three rankings are “Project ROI”, 

“Public Satisfaction” and “Quality and Safety Management”, and the values are 0.167, 0.159, and 
0.148, respectively. The last two rankings are “Partnership Coordination” and “Government 

Supervision and Service Efficiency”. It shows that when measuring the success of PPP projects, the 
key criteria are “Project ROI”, “Public Satisfaction” and “Quality and Safety Management”. The 

Project ROI is the key to the viability of the project and the main driving force for the PPP project 
to attract the private sector. Although the public does not participate in investment and construction, 

it is the payer of the project. From this perspective, the public is the main person to judge the PPP 
project. Quality and safety management is an important part of performance indicators in the 

process of project construction, and is also the basic element of project success.  

Conclusion 

In this paper, the objective performance evaluation system of PPP project is established by 
combining entropy method with DEMATEL method and considering the interaction between factors. 

The analysis shows that the key of PPP project performance evaluation lies in the return on 
investment, public satisfaction and quality and safety management, which provides a direction for 

the reasonable evaluation of the performance level of PPP project. However, the PPP project is a 
huge and complicated cooperation mode, so it needs further research to evaluate the performance 

index of PPP project comprehensively, objectively and systematically. For example, the PPP project 
performance evaluation index constructed in this study is applicable to general PPP projects, but it 

needs further discussion and improvement for different PPP project evaluation. 
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