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Abstract. Concept assessment is a complex problem which needs to be evaluated 

comprehensively and multiple dimensions. This paper proposes a multidimen-

sional concepts evaluation system based on Balanced Scorecard (BSC) and De-

cision-Making Trial and Evaluation Laboratory (DEMATEL) method. BSC pro-

vides a reference framework to select evaluation indicators. DEMATEL method 

can effectively analyze the mutual relationship and structure of components in 

the system. This methodology can help manager to evaluate from a holistic per-

spective.  This paper identifies and constructs the causal relationships among the 

critical evaluation criteria. The cause and effect diagram analysis clearly indicate 

which aspect /criteria is more important to make continuous improvement, so as 

to enhance competitiveness. 

Keywords: Concepts Evaluation, Balanced Scorecard (BSC), Decision-Making 

Trial and Evaluation Laboratory (DEMATEL). 

1 Introduction 

Innovation is a process of transforming concepts into useful products or services [1]. 

The concept evaluation has an important impact on the success and cost of innovation 

[2,3]. Rietzschel et al. [4] proposed that it is necessary to clearly determine the concept 

evaluation criteria and optimize the evaluation process, in order to choose the best con-

cept. Hart [5] emphasized that technical feasibility is the most commonly used criterion 

for evaluating concepts. Shortening the development time and choosing the right strat-

egy are important factors to survive in the market [6]. Schwarz and Bodendorf [7] pro-

posed that good concepts must be feasible, new, profitable, useful, very mature, and so 

on.  

The concept evaluation is a complex issue, multiple factors need to be considered 

comprehensively [8]. The identification of key influencing factors is therefore signifi-

cant to the reasonable concept evaluation. Our study aims to propose a multidimen-

sional approach to conduct a comprehensive concept assessment. In view of the com-

plexity of the evaluation issue, this paper identifies first the key influencing factors of 

concept evaluation based on Balanced Score Card (BSC) method. BSC provides a ref-

erence framework for us to select concept evaluation indicators [9]. However, the 
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degree of mutual impact between key factors may be different [10]. This paper adopts 

Decision-Making Trial and Evaluation Laboratory (DEMATEL) method to identify the 

interdependence among criteria of evaluation system through a causal diagram. The 

proposed approach can aid decision makers to make decisions based on full considera-

tion of the most relevant impact indicators for achieving goals. The next section pre-

sents the methodology used in this paper. 

2 Methodology  

2.1 Balanced Score Card (BSC)   

Robert S. Kaplan and David P. Norton first proposed "balanced scorecard" (abbreviated 

to "BSC") in their article "Balanced Scorecard - measures to drive performance", which 

was published in Harvard Business Review in 1996 [9]. The BSC comprehensively 

takes into account a balance between short-term and long-term objectives financial and 

non-financial measures, and internal and external interests [11].   

BSC provides a framework for thinking and acting sustainably [12]. This paper di-

vides the concept evaluation system into four perspectives based on BSC method: Con-

cept attractiveness perspective (P1), Financial perspective (P2), Market perspective 

(P3) and Innovative capabilities perspective (P4). 

Concept Attractiveness Perspective (P1). Understanding of customer existing or po-

tential needs is the starting point for innovation. The new concept shall be applicable 

to and effectively meet these needs [13,14]. In addition, the concept should be clear, 

complete and well communicated (specificity) [15].   

Financial Perspective (P2). The success of the enterprise must finally translate into 

financial success. Concepts evaluation must also take into account financial factors. 

The development of new concepts is a long process. Cooper [16] emphasizes that the 

shortening of R&D cycle and the acceleration of market access can provide a powerful 

guarantee for enterprises to seize market opportunities. 

Market Perspective (P3). In research of Frishammar et al. [17], successful firms gen-

erally analyze the prospective and current product offerings of competitors. It is very 

important to assess market segments in which the business will compete. 

Innovative Capabilities Perspective (P4). Not all new product concepts can be devel-

oped into new products. Some concepts may be very good, but if the enterprise lacks 

the corresponding resource conditions, the concept lacks the possibility of develop-

ment. The Innovative capabilities perspective mainly measures the ability to achieve 

transformation of concept, so as to better meet the changing needs of customers and 

achieve sustainable growth. 

16 evaluation criteria in 4 dimensions of the concept evaluation index system based 

on BSC method are summarized in Table 1, which will be set as P11, P12… Pij. 
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Table 1. Evaluation index system.  

Dimension Criteria Explication 

Concept attractiveness 

perspective 

(P1) 

Novelty (P11) Original and uncommon.  

Specificity (P12) Clear, complete and explicit. 

Workability (P13) It does not violate known constraints or if it can be eas-

ily implemented. 

Uniqueness (P14) The degree to which the concept is unique. 

Effectiveness (P15) The degree to which the concept will solve the prob-
lem. 

Financial perspective 

(P2) 

Investment cost (P21) Financial resources required. 

R & D cycle (P22) R & D cycle. 

Anticipated profita-
bility (P23) 

Anticipated profitability of an investment in develop-
ment.  

Market perspective  

(P3) 

Market need (poten-

tial) (P31) 

Is it a growing market? 

Forward-looking 

(P32) 

Does this concept match the current development, is it 

reasonable in the market? 

Competitive inten-
sity (P33) 

Market competition (number and intensity of compet-
itors) 

Entry barriers (P34) Obstacles that make it difficult to enter a given market. 

Innovative capabilities 

perspective 

(P4) 

Access to technology 

(P41) 

Measure complexity to master this technique 

Relevant capabilities 
and experience 

(P42） 

Do we have the necessary skills and experience? 

Available physical 

resources （P43) 

Difference between required and existing physical re-

sources 

Strategic alignment 

(P44) 

Consistency with the company's strategy 

2.2 Decision-Making Trial and Evaluation Laboratory (DEMATEL) 

In view of the different degree of interaction between criteria, this paper made an in-

depth analysis of the relationship among criteria based on the Decision-Making Trial 

and Evaluation Laboratory (DEMATEL) method. DEMATEL method developed by 

Battelle Memorial Institute between 1972 to 1979 [18]. DEMATEL method can not 

only visualize the causal relationship among variables, but also identify the key factors. 

DEMATEL method has been successfully applied to the operation safety evaluation of 
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urban rail stations [19], geographical environment evaluation and other fields. Here are 

the steps of DEMATEL [18, 20]: 

Step 1: Generating the Initial Direct Relation Matrix A. An evaluation scale from 0 

to 4 is used to measure the direct influence relationship among the indicators: 0 (no 

influence), 1(low influence), 2(medium influence),3 (high influence), and 4 (very high 

influence), respectively. The initial direct relation matrix A=（aij）n x n is then obtained, 

 A=  [

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21 𝑎22 ⋯ 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑛1 𝑎𝑛2 ⋯ 𝑎𝑛𝑛

]               (1) 

where aij denoted as the degree in which the factor i affects the factor j [20]. If factor i 

has a very strong influence on factor j, then define aij = 4.  

Step 2: Normalizing the Direct-Relation Matrix D. Normalize matrix A according 

to equation (2).  

 𝐃 = λ * A (2) 

where  λ =𝑀𝑖𝑛(
1

𝑀𝑎𝑥 ∑ 𝑎𝑖𝑗
𝑛
𝑗=1

,
1

𝑀𝑎𝑥 ∑ 𝑎𝑖𝑗
𝑛
𝑖=1

);  1≤i≤n, 1≤j≤n. 

Step 3: Construct the Total Relation Matrix T. Use the following equation (3) to 

calculate the total relation matrix T： 

 T=D*(I-D)-1 (3) 

Where I denoted as the identity matrix. 

Step 4: Calculate (Equation 4 and 5) the Sum of the Elements of Each Row (R) 

and Each Column (C) of the Total Relation Matrix T.   

 𝑅𝑖 = ∑ 𝑡𝑖𝑗
𝑛
𝑗=1   (i=1, 2...n) (4) 

 𝐶𝑗 = ∑ 𝑡𝑖𝑗
𝑛
𝑖=1   (j=1, 2…n) (5) 

Ri represents the effects given by the factor i to other factors. Cj indicate the effect 

received by the factor j from other factors [21].  

DEMATEL method can effectively show the complex causal structure. The relative 

importance degree among factors can be determined by calculating the value of (R + 

C) and (R - C). The causal diagram then can be draw. The sum (R + C) is horizontal 

axis, called “Prominence”, which shows the relative importance of each index. The 

difference (R - C) is vertical axis called “Relation”, which divides the indicator into 

cause group and effect groups [21]. When (R - C) is positive, the factor 𝑖 belong to the 
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cause group; if (R - C) is negative, the factor 𝑖 is a receiver which belongs to the effect 

group.  

3 Case Study  

3.1 24h of Innovation 

"24h of innovation" is an international innovation competition organized by ETS 

(www.24h.com). Participants must develop innovative solutions, within 24 hours, to 

meet the challenges proposed by enterprises. The best solution for each site is ultimately 

evaluated by an international jury Committee from academia and industry to select the 

main winners of the year from local winners.  

The goal of innovation competition is not only to encourage innovation, but also to 

help to find good concepts that can be transformed into efficient products. Varies eval-

uation factors coexist. This paper constructs the evaluation indicators system based on 

BSC and DEMATEL, in order to help select the promising concept which deserves 

further development. This system can effectively simplify the types and quantity of 

indicators and clarify the impact relationship between indicators, so as to help make 

decisions based on full consideration of various factors. 

3.2 Proposed Methodology 

On the basis of the above analysis, the procedure of concept evaluation index system 

with BSC and DEMATEL methods are presented as follows: 

Identify the Influential Criteria for Concept Evaluation and Generate the Direct-

Relation Matrix (A). The BSC method was used to identify the influential criteria for 

concept evaluation (Table 1), and DEMATEL was used to find out the influence degree 

among indicators. In this paper, the direct influence degree of criteria i on criteria j is 

divided into five grades (See Table 2). Three experts are invited to evaluate the inter-

action among criteria according to table 2. The initial average direct relation matrix A 

(Table 3,Table 4) is generated by summing up all the scores separately and averaging 

them. 

Table 2. Direct impact degree of criteria. 

Direct influence degree of crite-

ria i on criteria j 

Score 

no influence 0 

low influence 1 

medium influence 2 

high influence 3 

very high influence 4 

 

http://www.24h.com/
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Table 3. Averaged direct-relation matrix A1 (Perspective) 

 
 

Table 4. Direct-relation matrix A2 (Criteria) 

 

Normalize the Direct-Relation Matrix and Construct the Total Relation Matrix 

(T). Equation (2) were used to normalize the matrix of direct relations A, and the total 

relation matrix (T) was calculated by using equation (3). 

Calculate the Sum of the Elements of Each Row (R) and Each Column (C) of the 

Total Relation Matrix T. Equation (4) and (5) were used to calculate the sums of rows 

and columns of matrix T(Table 5,Table 6). 

 
Table 5. Total relation matrix (T) of four perspective 

 
 
 
 
 
 
 
 
 
 

 

A1 P1 P2 P3 P4

P1 0.00000 2.66667 3.33333 2.66667
P2 1.66667 0.00000 1.00000 3.33333
P3 3.66667 3.66667 0.00000 2.00000
P4 4.00000 3.33333 2.66667 0.00000

A2 P11 P12 P13 P14 P15 P21 P22 P23 P31 P32 P33 P34 P41 P42 P43 P44

P11 0.00000 1.00000 1.66667 2.00000 1.33333 1.00000 0.66667 1.66667 1.33333 2.33333 2.00000 0.33333 0.66667 0.66667 1.00000 1.00000
P12 1.00000 0.00000 3.00000 3.00000 3.66667 2.00000 1.00000 4.00000 3.33333 2.00000 3.33333 1.00000 2.66667 3.33333 2.00000 2.33333
P13 2.33333 2.66667 0.00000 2.00000 3.66667 2.00000 1.33333 2.33333 2.33333 1.00000 2.66667 0.33333 3.33333 1.33333 1.66667 3.00000
P14 3.66667 3.00000 3.00000 0.00000 2.00000 3.00000 3.00000 2.66667 3.66667 3.33333 2.66667 1.66667 4.00000 3.66667 3.00000 2.00000
P15 1.66667 3.66667 4.00000 2.00000 0.00000 3.00000 3.00000 2.33333 4.00000 2.66667 2.00000 0.33333 3.00000 3.00000 2.33333 3.00000
P21 2.00000 2.00000 3.00000 2.66667 2.00000 0.00000 2.33333 1.66667 1.00000 2.00000 3.00000 0.00000 4.00000 2.33333 3.00000 2.00000
P22 0.33333 1.66667 1.33333 1.00000 3.33333 3.66667 0.00000 3.00000 1.66667 0.66667 3.00000 0.66667 1.66667 2.00000 1.66667 1.00000
P23 0.00000 0.66667 1.00000 1.00000 0.66667 3.33333 2.66667 0.00000 2.33333 3.00000 3.00000 1.66667 2.66667 2.00000 1.33333 2.00000
P31 3.00000 4.00000 3.33333 3.66667 3.66667 3.33333 2.33333 4.00000 0.00000 2.33333 4.00000 1.33333 1.00000 2.66667 2.00000 1.66667
P32 4.00000 3.00000 0.66667 2.00000 0.33333 3.33333 3.00000 2.66667 3.33333 0.00000 3.33333 1.33333 2.00000 1.66667 2.33333 1.00000
P33 1.66667 1.33333 1.66667 2.00000 1.00000 2.66667 3.00000 3.00000 2.66667 2.33333 0.00000 0.33333 2.66667 3.00000 0.33333 0.66667
P34 1.33333 0.33333 2.66667 0.66667 0.00000 3.00000 2.00000 2.66667 0.33333 2.33333 3.33333 0.00000 4.00000 3.33333 2.00000 3.00000
P41 2.66667 3.33333 3.33333 3.00000 3.33333 3.66667 3.66667 2.66667 0.66667 3.00000 3.00000 1.66667 0.00000 1.66667 0.33333 2.66667
P42 2.33333 2.33333 3.66667 2.00000 3.00000 3.33333 3.66667 3.00000 0.66667 2.33333 1.66667 0.00000 3.00000 0.00000 1.66667 3.00000
P43 0.00000 1.00000 1.33333 1.00000 0.66667 2.66667 3.00000 2.00000 0.00000 0.33333 1.33333 0.00000 1.33333 1.33333 0.00000 2.66667
P44 3.00000 2.00000 2.00000 3.00000 2.00000 3.33333 3.00000 3.00000 0.00000 3.00000 1.00000 0.00000 2.00000 3.00000 2.00000 0.00000

T1 P1 P2 P3 P4 R C R+C R-C

P1 1.27115 1.53034 1.27565 1.37088 5.44803 5.64403 11.09206 -0.19600
P2 1.10136 0.98834 0.86727 1.12993 4.08689 5.86107 9.94796 -1.77418
P3 1.57574 1.63222 1.05522 1.37531 5.63849 4.54555 10.18404 1.09294
P4 1.69578 1.71017 1.34741 1.29175 6.04511 5.16787 11.21298 0.87723
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Table 6. Total relation matrix (T) of criteria 

 

4 Result Analysis 

The analysis of causality is helpful to judge which evaluation dimensions are relatively 

important, which perspective needs continuous improvement [22]. DEMATEL pre-

sents the complex relationship among factors with cause and effect diagram.  

4.1 Producing a Causal Diagram of Four Perspectives 

According to Table 5, we can get the causal diagram of four perspectives (see Fig. 1).  

 
Fig. 1. Cause and effect diagram (Dimension relationship) 

 

Perspectives was divided in cause group and effect group by the value of (R - C).  Fig.1 

shows that the perspective P1 and P2 belongs to the effect group which are influenced 

by the perspective P3 and P4.  P3 and P4 constitute the cause group, which indicate that 

changes in the innovative capabilities dimension and the market dimension directly af-

fect the concept attractiveness dimension and the financial dimension. 
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The horizon axis (R+C) indicates the importance degree of evaluation perspective. 

The greater the value of (R + C) is, the higher the importance is. As shown in Fig. 1, 

the (R+C) value of innovative capabilities perspective is the highest, which means that 

the impact of innovative capabilities perspective to other perspectives is the greatest. 

Innovative capabilities perspective affects the other three perspectives. Innovative ca-

pabilities perspective and concept attractiveness perspective affect also each other. Fi-

nancial perspective is affected by concept attractiveness, market and innovative capa-

bilities perspective. Compared with the concept attractiveness, financial or market per-

spective, improving innovative capabilities plays a crucial role to the success of inno-

vation. 

4.2 Producing a Causal Diagram of Indicators.  

According to Table 6, the cause and effect diagram among evaluate indicators was 
constructed as Fig. 2. 

      

   
Fig. 2. Cause and effect diagram (Indicator relationship). 

 

From Fig. 2, Uniqueness has a greater correlation with other factors of concept attrac-

tiveness perspective. Investment cost is the most critical within financial perspective; 

market need and access to technology are the most critical within market perspective 

and innovative capabilities perspective, respectively. These factors have the greatest 

influence on other factors for each dimension. Enterprise managers should pay attention 

to these factors.  

It can be seen from Fig. 2 that P12, P14, P15, P31, P32, P34, P41, P42 and P44 are 

cause factors according to their value of (R - C). P11, P13, P21, P22, P23, P33 and P43 

are the result factors. The value of (R+C) shows the degree of importance of the factors. 

For example, in the concept attractiveness perspective, Uniqueness and Effectiveness 

have the greatest influence on other factors. Cause factors have great influence on other 
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factors. Relatively, the factor in effect group are on the level of being affected, and there 

is no much room for improvement. If we want to improve the success rate of concept 

development / innovation, the cause index should be first focused on.     

5 Conclusion  

Concept evaluation is a complex problem, which is influenced by a number of factors. 

This paper establishes four dimensions and 16 specific evaluation criteria of the concept 

evaluation index system. BSC provides a reference framework to select performance 

indicators. DEMATEL method helps to analyze interrelationships of the criteria by di-

viding factors into cause and effect group. Cause factors are considered to be more 

influent in the decision. Managers should adjust and improve factors in cause group. 

The proposed integration approach can help to evaluate from a holistic perspective.  

This methodology identifies the most important aspect to enhance competitivity, so as 

to provide targeted basis for concept evaluation. In the future research, a priority of 

concepts will be reasonably identified in combination with other methods (such as 

ANP) to improve the accuracy of concept evaluation.  
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