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Abstract: This study proposes a decision support framework using a hybrid 
multi-criteria decision making (MCDM) approach for evaluating supplier 
performance in the trial production stage of new car model development. First,  
18 evaluation criteria are identified through rigorous literature review and 
confirmed by two groups of industrial experts. Second, consistent fuzzy 
preference relations (CFPRs) and fuzzy-based criteria importance through  
inter-criteria correlation (fuzzy CRITIC) are integrated to determine the 
subjective weights and objective weights of evaluation criteria. Next, a  
fuzzy-based Vlse Kriterijumska Optimizacija I Kompromisno Resenje (fuzzy 
VIKOR) approach is employed to rank the performance of suppliers. 
Thereafter, the sensitivity analysis is conducted to verify the stability and 
robustness of the proposed decision-making framework. Finally, the 
comparative study with other MCDM approaches. One of the largest Japanese 
car manufacturing in Thailand is used as a case study to demonstrate the 
applicability of the proposed framework. 

Keywords: multi-criteria decision making; MCDM; CRITIC; consistent fuzzy 
preference relation; CFPR; VIKOR; supplier performance. 

Reference to this paper should be made as follows: Sumrit, D. and  
Pingsusaen, K. (2024) ‘A decision-support framework for evaluating supplier 
performance in the trial production stage of new car model development: a 
hybrid multi-criteria decision-making approach’, Int. J. Management and 
Decision Making, Vol. 23, No. 1, pp.1–32. 

Biographical notes: Detcharat Sumrit is currently a Lecturer of the Faculty of 
Engineering, Mahidol University, Thailand. He graduated an Engineering 
Bachelor’s degree from the Kasetsart University, Thailand. He holds  
two Master’s degrees: Master of Engineering from the Chulalongkorn 
University, Thailand and MBA from Thammasat University. Also, he obtains 
his PhD from Technopreneurship and Innovation Management, Chulalongkorn 
University. His current research interests are in multi-criteria decision  
making (MCDM), supply chain management, performance measurement and 
optimisation. 



   

 

   

   
 

   

   

 

   

   2 D. Sumrit and K. Pingsusaen    
 

    
 
 

   

   
 

   

   

 

   

       
 

Kamphon Pingsusaen graduated from the Silpakorn University with a Bachelor 
of Engineering Program in Petrochemicals and Polymeric Materials. He is 
currently a Master’s student at The Cluster of Logistics and Rail Engineering, 
Faculty of Engineering, Mahidol University, Thailand. His research topic is 
based on supplier performance evaluation in automotive manufacturing in 
Thailand. He has experience developing automotive parts with local suppliers 
in Thailand and global suppliers, reviewing and approving proposals for global 
business contracts, including with established import – export parts criteria to 
enhance international collaboration. 

 

1 Introduction 

It has been broadly recognised that new product development (NPD) is one of the key 
strategies that play an important role in bringing competitiveness to an organisation. 
However, growing product complexity, fast technological innovation, shrinking product 
life cycle and volatility of customer demands in today’s market dynamics pressure 
manufacturers to develop new products faster, more efficient, and launch them into the 
market in a timely manner (Sumrit, 2020). NPD is a complex process surrounded by an 
uncertain environment leading manufacturers to strengthen collaboration with external 
parties such as suppliers (Melander, 2018). In principle, suppliers are responsible for 
developing parts/processes and providing services to NPD. They can also share 
resources, investments, information, capabilities, ideas and knowledge with 
manufacturers (Wowak et al., 2016; Zhao et al., 2018). Thus, the success of the NPD 
depends mainly on the performance of suppliers involved in the projects because they 
have specialised product and process capabilities (Im et al., 2019). Previous studies 
highlighted the importance of incorporating suppliers into NPD projects. The early 
supplier involvement (ESI) in NPD literature highlights that partnering with suppliers 
with strong technical capabilities reduces the risks associated with design delay problems 
(Mackelprang et al., 2018). Underlying transaction cost economics (TCE) theory, 
integration suppliers in NPD can benefit the manufacturers such as lower development 
costs, improve product quality, reduce development time and foster innovation 
(Schoenherr and Swink, 2015). It is an increasing trend that manufacturers attempt to 
engage suppliers into NPD as early as possible. Numerous academic studies posit that 
there is a positive correlation between the performance of suppliers and the success of 
NPD projects (Yan and Kull, 2015; Rajeev et al., 2017; Im et al., 2019). The evaluation 
of supplier performance in NPD is one of the most important supply chain decisions. 
Thus, evaluating supplier performance in NPD is a challenging task for many 
manufactures. This is not accepted for automobile manufacturing sector. The success of a 
new car model development is greatly relied on the performance of the first-tier suppliers. 

The aim of performance evaluation should not solely emphasise on supplier selection 
but also the development of suppliers in new car model development processes. 
According to the extensive literature review, almost of the existing studies in evaluating 
supplier performance in NPD focus on either fuzzy front-end process or mass production 
stage rather than trial production stage. Even an evaluation of supply performance in trial 
production stage is crucial importance, especially in new car model development. 
Because, the improper supplier performance in trial production stage can lead to 
additional development costs and times, inferior product quality and delays in 
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introduction of new car model to the market. This study aims to contribute to the body of 
knowledge on ESI in NPD literature by proposing an evaluation framework of supplier 
performance in trial production stage of new car model development. 

Basically, the nature of supplier performance evaluation is complex due to the 
consideration of various criteria in decision making process. In addition, this problem 
also involves the degree of uncertainty and imprecise information input from decision 
makers. Multi-criteria decision making (MCDM) approaches under fuzzy environments 
are widely used to deal with such problem. This study reports some of the example 
papers from literature using fuzzy MCDM application to evaluate supplier performance 
in various industries as: clean energy sector (Liang et al., 2022), automotive sector 
(Ghadimi et al., 2019), electronics sector (Chatterjee et al., 2018), logistics sector (Wang 
et al., 2019) and construction sector (Zarbakhshnia et al., 2020). 

In this study, evaluating supplier performance in trial production stage of new car 
model development is treated as a MCDM under fuzzy environment problem. A hybrid 
MCDM composed of consistent fuzzy preference relations (CFPRs) and fuzzy-based 
criteria importance through inter-criteria correlation (fuzzy CRITIC) are integrated to 
determine the subjective weights and the objective weights of evaluation criteria 
respectively. Next, a fuzzy-based Vlse Kriterijumska Optimizacija I Kompromisno 
Resenje (fuzzy VIKOR) approach is employed to rank the performance of suppliers. One 
of the largest Japanese car manufacturing in Thailand is used as a case study to 
demonstrate the applicability of the proposed framework. 

This paper addresses the following objectives: 

• To identify the criteria of for evaluating supplier performance in trial production 
stage of new car model development. 

• To develop/propose a hybrid multi-criteria decision support framework for 
evaluating supplier performance in trial production stage of new car model 
development. 

• To implement the proposed framework by evaluating the performance of five-wheel 
disc suppliers in a new car model development for one of the largest Japanese car 
manufacturing in Thailand. 

1.1 Research contributions 

This study provides several important contributions to the extant literature and 
managerial practices as follows: 

• This work bridges the gap in the lack of research on evaluating supplier performance 
in trial production stage. To do this, a hybrid MCDM framework is proposed by 
integrating CFPR, fuzzy-based CRITIC and fuzzy-based VIKOR approaches. Such a 
combination approach is the first time to be introduced in the literature. 

• In this study, the performance criteria for supplier evaluation in trial production stage 
for new car model development are firstly explored and reviewed through the lenses 
of experts from car manufacturer. 
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• The important weights of performance criteria are obtained using a combination 
between subjective and objective weights. As a result, the criteria weights are more 
accurate. 

• Using different MCDM methods for solving the same problem can sometimes 
produce to a different result. To verify the conformity of the proposed framework, 
this study conducts a comparative study with other fuzzy MCDM approaches 
including weighted aggregated sum product assessment (WASPAS), preference 
ranking organisation method for enrichment evaluation (PROMETHEE), elimination 
and choice expressing reality (ELECTRE) and technique for order of preference by 
similarity to ideal solution (TOPSIS). 

• Apart from those aforementioned academic contributions, this study also makes a 
practical contribution. This finding in this study provides depth insight to scholars 
and practitioners involved in evaluating supplier performance in trial production 
stage for new car model development. As well as, they can use the proposed 
framework as a guideline for systematically evaluating supplier performance in trial 
production stage. 

The remaining of this paper is organised as follows. Section 2 provides a brief of  
relevant literature review. The methods used in this study are presented in Section 3. The 
proposed decision-support framework is shown in Section 4. In Section 5, the application 
of the proposed decision-support framework is performed. The discussion and managerial 
implications are portrayed in Section 6. The conclusions and future research directions 
are outlined in Section 7. 

2 Literature review 

This section is divided into two subsections. Section 2.1 presents relevant literature on 
supplier performance in NPD and MCDM related supplier performance evaluation 
exhibits in Section 2.2. 

2.1 Supplier performance in NPD 

It is essential to monitor suppliers’ performance to ensure overall supply chain 
performance. As a result, buyer firms must continuously monitor supplier performance 
and collaborate with them on improvement strategies. The participation of a supplier in 
an NPD project is used to evaluate supplier performance in trial production stage. The 
ultimate goal of project performance development is to increase effectiveness and 
efficiency. NPD efficiency refers to completing a project on time and within budget since 
each project has different success variables necessitating various approaches (Um and 
Kim, 2019). Dweiri et al. (2016) supported that price, quality, delivery, and service are 
frequently used as performance indicators in supplier selection. Organisational practices, 
risk management, environmental and social practices are among the leading criteria for 
identifying those factors in which stakeholders are involved. As a result, we need 
techniques, criteria, and sub-criteria that are customised to each scenario. To keep a 
balance between literature and practice in an automotive NPD project, sub-criteria such 
as knowledge integration, engineering changes, information sharing, and others were 



   

 

   

   
 

   

   

 

   

    A decision-support framework for evaluating supplier performance 5    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

added to performance indicators focusing on flexibility, special requirements, and close 
collaboration with concurrent engineering systems. 

One of the most important activities during the trial production stage is the frequent 
sharing of information, such as technical information, new product information and 
market information. The product development process is a highly integrated, complicated 
process in which numerous activities must be completed in concurrently and in constant 
collaboration across many departments (such as marketing, pre-development and 
production) (Fürst and Vietor, 2019). Even though, information sharing with a supplier 
can enhance supplier performance and encourage more collaborative cooperation 
(Maestrini et al., 2018). On the other hand, sharing knowledge is a double-edged sword. 
It is advantageous to the relationship between exchange partners. Another indicator is 
supplier flexibility, which is defined as the supplier’s ability to adjust the aggregated 
output level based on customer requirements, as well as the supplier’s ability to change 
the planned or assumed delivery schedule to cope with all changes (Yang et al., 2019). 

In the automotive supply chain, where materials and information flow from various 
chains all over the world, this process change becomes more complicated. The most 
important tool for efficiently managing change in NPD is ‘engineering change 
management’ (ECM), which is looking for improvements in quality improvement, cost 
savings, and standing in market strongly against competitors reaching on time in market 
(Shivankar and Deivanathan, 2021). The capabilities of the automotive supply chain are 
highly dependent on the efficiency of both car manufacturers and suppliers. Thus, they 
must monitor and assess not just the long-term profitability of their operations, but also 
the sustainability of their suppliers and other stakeholders (Giannakis et al., 2020). 

2.2 MCDM related supplier performance evaluation 

Decision making is an inevitable part of life. In real-world, data is frequently inadequate, 
unavailable, or inaccurate, and thus not deterministic. Complicated decision making 
problems often involve a large number of criteria with different degrees of importance. 
For this reason, it is difficult for humans can make the appropriate decisions 
(Shekhovtsov and Sałabun, 2020). MCDM are effective tools to help decision makers 
obtain the optimum solution in their decision processes (Biscaia et al., 2021). The most 
widely used MCDM approaches in evaluating and selecting suppliers usually integrate 
fuzzy-based approaches into MCDM because human judgements are typically imprecise 
when selecting an alternative from multiple criteria (Memari et al., 2019). In formulating 
the problem, decision makers might be difficult to give accurate numerical numbers. The 
linguistic variables such as very low, low, medium, high, very high, or something similar 
are also easier to cope with when attempting to make a decision (Ploskas and 
Papathanasiou, 2019). As a result, fuzzy sets are suitable for this purpose. A triangular 
fuzzy number (TFN) is widely used to represent a fuzzy number in most research 
(Hosseini et al., 2021). The implementation of various fuzzy MCDM applications in the 
context of automotive supplier evaluation has recently been documented in the literature; 
such as Memari et al. (2019) used an intuitionistic fuzzy TOPSIS method to select the 
right automotive spare parts supplier. Dweiri et al. (2016) applied hierarchy process 
(AHP) to select automotive suppliers in Pakistan. Dwivedi et al. (2017) modified fuzzy 
interpretive structural modelling (fuzzy-ISM) method to rank the barriers of the usage of 
additive manufacturing (AM) in the Indian automotive industry. Giannakis et al. (2020) 
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used the analytic network process (ANP) method to develop framework for sustainability 
performance supplier evaluation and selection thorough study of 144 supply chain 
specialists in the UK and France. Most previous studies have concentrated on 
performance in the mass production stage for monitoring and evaluating supplier 
performance in order to maintain production stability. Afrasiabi et al. (2022) assessed 
supplier performance in the context of sustainable resilience under fuzzy environments. 
Nonetheless, very few research has been conducted on the trial production stage. For 
example, Wang and Yang (2021) investigated the role of supplier involvement in trial 
stage of sustainable NPD. In this study, MCDM under fuzzy environment is used to 
evaluate supplier performance in trial production stage of new car model development. 

3 Methods 

In this section, the methods used in this study, including CFPR, fuzzy-based CRITIC and 
fuzzy-based VIKOR, are presented as follows. 

3.1 CFPR 

Herrera-Viedma et al. (2004) proposed an efficient method with consistency results 
called CFPR. This method not only allows decision-makers to present their alternatives 
with minimal judgement, but it also eliminates the need to check for consistency 
throughout the decision making process (Park et al., 2019) and makes weighing severity 
simple (Alias et al., 2019). Furthermore, the CFPR questionnaire is relatively simple and 
short for respondents to answer, increasing the chances of receiving responses (Lu et al., 
2019). Compared with extent analysis (EA) and fuzzy preference programming (FPP), 
these methods are a huge number of pairwise, n ∗ [(n – 1) / 2] nevertheless, CFPR is only 
use n – 1 to confirm consistency where n is the number of criteria (Wahyuningrum et al., 
2019). CFPR steps are described as follows: 

Step 1 Form a pairwise comparison matrix of each expert using Table 1. A pairwise 
comparison matrix is represented as equation (1): 

1 2 3

1 12

2 23

3 34

1

1
1

1

1

n

k

k

k k

k
n n

n

C C C C
C a
C a

A C a
a

C
−

× × × 
 × × × 
 = × × ×
 
 
 × × × × 

…

 (1) 

where k
ija  stands for a pairwise preference score between evaluation criterion i 

and j judged by expert kth, 1 , 9
9ija  ∈   

 and aij · aji = 1, ∀i, j ∈ {1, 2, …, n}. 

Step 2 Aggregate all pairwise comparison matrices into a single matrix ( )ijA a=  using 
equation (2): 
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( )1 21 k
ij ij ij ija a a a

k
= + + +  (2) 

where ija  is an element in aggregated pairwise comparison matrix. 

Step 3 Use the multiplication preference relation properties to convert all element 

values in aggregated pairwise matrix from 1 , 9
9

a  ∈   
 to P = (pij) with  

pij ∈ [0, 1] and then construct a preference matrix as follows: 

( ) ( )9
1 1 log
2ij ij ijp g a a= = +  (3) 

1 , {1, 2, , }ij jip p i j n+ = ∀ ∈ …  (4) 

3 , , 1, 2, ,
2ij jk kip p p i j k n+ + = ∀ = …  (5) 

3 1, 2, ,
2ij jk kip p p i j k n+ + = ∀ < < = …  (6) 

( 1) ( 1)( 2) ( 1)
1

2i i i i j j ji
j ip p p p i j+ + + −
− ++ + + + = ∀ <  (7) 

Step 4 Construct a preference matrix based on results from Step 3 as follows: 

1 2 3

1 12

2 12 23

3 23 34

1

0.5
1 0.5

1 0.5

0.5

n

k

k k

k k

k
n n

n

F F F F
F p
F p p

P F p p
p

F
−

× × × 
 − × × 
 = × − ×
 
 
 × × × × 

…

 (8) 

If some element values in preference matrix are in the interval [a, 1 + a],  
a transformation function is used to convert them in the interval [0, 1]. The 
transformation function is determined by equation (9). 

( ) 1 2

k
ijk

ij
p a

f p
a

+
=

+
 (9) 

Step 5 Normalised all elements in the preference matrix by equation (10): 

1

ij
ij n

iji

p
g

p
=

=


 (10) 

Step 6 Compute the subjective weight ( )s
jw  by equation (11): 
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1

1 1

n
ijjs

j n n
iji j

g
w

g

=

= =

=


 
 (11) 

Table 1 Scale of relative importance weight 

Relative importance Meaning 
1 Equally importance 
3 Moderate importance 
5 Strong importance 
7 Very strong importance 
9 Extreme importance 
2, 4, 6, 8 Intermediate values between two adjacent judgements 

Source: Alias et al. (2019) 

3.2 Fuzzy-based CRITIC 

‘Criteria importance through inter-criteria correlation’ known as CRITIC is a MCDM 
method that uses to determine the objective weights of criteria. The basic principle of 
CRITIC is that the criteria can be considered as a source of information. In decision 
matrix, the amount of information contained in each criterion can be represented the 
degree of importance weight. CRITIC divides the sources of information in each criterion 
into contrast intensity and conflict between criteria. The contrast intensity is defined by 
standard deviation while the conflict between criteria is represented by correlation 
coefficient. Recently, CRITIC was applied to solve real-world problems such as supply 
risk management of subsea pipelines (Li et al., 2022); evaluate wearable health 
technology application (Haktanir and Kahraman, 2022). The objective weight calculation 
by fuzzy CRITIC can be obtained as follows: 

Step 1 Formulate fuzzy performance rating matrix ( )z  for each expert kth by using 
linguistic expressions in Table 2: 

1 2

1 11 12 1

2 21 22 2

1 1

n

n

n

m m m mn

C C C
A x x x
A x x x

z

A x x x

 
 
 =
 
 
 

…
…
…

…

 (12) 

where k
ijx  is performance rating score of alternatives Ai with respect to criterion 

Cj, evaluated by kth expert, 1( , , ), 1, 2, 3, ,k k k k
ij mij uijijx i m= = …α α α  and j = 1, 2, 3, 

…, n. 

Step 2 Aggregate all fuzzy performance decision matrices into a group decision matrix 
as follows: 
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( )11 k K
ij ij ij ijx x x x

K
= ⊕ ⊕ ⊕ ⊕  (13) 

Step 3 Obtain the normalised decision matrix D = [dij]m×n. 

*

*

if 

if 

ij j

j j

jk ij

j j

x x
j B

x x
D

x x
j C

x x

−

−

−

−

−
∈ −= 

− ∈ −

 (14) 

where B represents a set of beneficial criteria while C represents a set of cost 
criteria, dij represents the normalised values of fuzzy performance rating  
matrix for ith alternative with respect to jth criterion. If j ∈ B, then 

*
1 2max[ , , , ]j mx x x x= …  and 1 2min[ , , , ],j mx x x x− = …  and if j ∈ C, then 

*
1 2min[ , , , ]j mx x x x= …  and 1 2max[ , , , ].j mx x x x− = …  

Step 4 Measure the contrast intensity represented by standard deviation (σj) for each 
criterion j, as follows: 

( )2

1 1
m ij j

j i

x x
σ

m=

−
=

−  (15) 

where σj stands for the standard deviation of the jth criterion. 

Step 5 Measure the conflict between criteria represented by correlation coefficient 
matrix R = (rjj′)n×n as follows: 

( )( )

( ) ( )
1

2 2

1 1

m
j j j jx

jj
m m

j j j jx x

x x x x
r

x x x x

′ ′
=

′

′ ′
= =

− −
=

− −


 

 (16) 

Step 6 Calculate the information measures of each criterion as follows: 

( )
1

1
n

j j jjj
H σ r ′′=

= −  (17) 

Step 7 Obtain the fuzzy objective weight of each jth criterion as follows: 

1

j
j n

jj

H
ω

H
=

=


 (18) 

where wj is the objective weight of the jth criterion, ( , , ).l m u
j j j jω ω ω ω=  

Step 8 De-fuzzy the objective weight of each jth criterion to crisp number as follows: 

( )4
.

6

l m u
j j jo

j
ω ω ω

w
+ +

=  (19) 
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Table 2 Linguistic expressions for alternatives performance ratings 

Linguistic expressions Symbol Fuzzy scores 
Very poor VP 0.00, 0.00, 1.00 
Poor P 0.00, 1.00, 3.00 
Medium poor MP 1.00, 3.00, 5.00 
Fair F 3.00, 5.00, 7.00 
Medium good MG 5.00, 7.00, 9.00 
Good G 7.00, 9.00, 10.00 
Very good VG 9.00, 10.00, 10.00 

Source: Demirel et al. (2020) 

3.3 Combination weight 

The combination weight is computed by aggregated subjective weight (obtained by 
CFPR) and objective weight (obtained by fuzzy CRITIC) as follows: 

1

s o
j jcom

j n s o
j jj

w w
w

w w
=

×
=

×
 (20) 

where ωj is a combination weight, φ ∈ [0, 1]. 

3.4 Fuzzy-based VIKOR 

The Vlse Kriterijumska Optimizacijia I Kompromisno Resenje (VIKOR) was developed 
by Opricovic in 1998. This method focuses on ranking and selecting a range of 
alternatives based on conflicting and non-commensurable decision criteria (Hosseini  
et al., 2021; Demirel et al., 2020). It relies on an aggregating function by being the closest 
to the ideal solution of the decision-maker in reaching a final decision (Hezer et al., 
2021). Fuzzy VIKOR is the best method that is widely used in the multi-criteria 
environment of complex systems (Parvez, 2020). In the presence of conflicting criteria, 
the user can directly input judgement data and define the list of alternatives used for 
ranking and selecting alternatives (Suganthi, 2018). There are several MCDM methods, 
including VIKOR, TOPSIS, PROMETHEE, COMET, COPRAS, and others. It can be 
used to rank and select the best alternatives. TOPSIS and VIKOR are two of the most 
commonly used methods for ranking decision variants and obtaining a reliable result 
(Shekhovtsov and Sałabun, 2020). TOPSIS is considered in determining an ideal and an 
anti-ideal solution by comparing the distances of each alternative to those. WASPAS 
evaluates the maximisation and minimisation criteria simultaneously. It is also 
appropriate for both qualitative and quantitative criteria (Al-Barakati et al., 2022). While, 
ELECTRE takes full advantage of data and transforms it into a decision matrix, as well as 
outstanding use in comparing alternatives ranking (Chen et al., 2022). Conversely, 
VIKOR was developed to provide compromise solutions to discrete multiple criteria 
issues with non-commensurable and conflicting criteria (Ploskas and Papathanasiou, 
2019). Furthermore, Sennaroglu and Celebi (2018) compare PROMETHEE to VIKOR. 
In ranking and selecting the best alternative, PROMETHEE is used as an outranking 
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method while VIKOR is used as a compromise ranking method. The VIKOR method is 
frequently used to various international literatures (Papathanasiou, 2021). It is commonly 
applied in supplier selection, material selection, risk assessment, customer satisfaction, 
supply chain management, healthcare management, and tourism management (Ploskas 
and Papathanasiou, 2019; Demirel et al., 2020). Such as Sennaroglu and Celebi (2018) 
used VIKOR to assess alternative locations for military airports in Turkey. Parvez (2020) 
assessed the performance of original equipment manufacturers using the fuzzy VIKOR 
technique, and Ayyildiz and Taskin (2022) applied VIKOR to select serving petrol 
stations during COVID-19 lockdown. 

The fuzzy VIKOR proposed in this research is based on Taylan et al. (2020) and 
utilises fuzzy linguistic expressions to evaluate alternatives ratings are shown in Table 2. 

Step 1 Assumed that , ,l m uA A A A=  is a fuzzy number, where defA  is the 

defuzzification value of A  (Hosseini et al., 2021) 

( )4
6

l m u
def A A AA + +=  (21) 

Step 2 Determine the best (positive ideal) *
if  and the worst if −  (negative ideal) values 

of all criteria functions, i = 1, 2, …, n as follows: 

{ } { }* max , mini ij i ij
ii

f f f f−= =  (22) 

Step 3 Compute the highest utility value of the majority Si and the distinct regret of the 
opponent Ri for the benefit criteria as follows: 

( )*

*1

n i ij
i ii i i

f f
S w

f f −=

 − 
=  − 
  (23) 

( )*

*
max i ij

i i
i i i

f f
R w

f f −

  −  =   −   
 (24) 

where wi represents the weight of criteria. 

Step 4 Calculate the value of merit function Qi as follows: 
* *

* *
(1 )i i

i
S S R RQ v v
S S R R− −

− −   = + −   −  −  
 (25) 

where v represents the strategy of maximum group benefit weight, 1 – v is the 
weight of particular regretand. 

Whereas * *max{ }, min{ }, max{ }, min{ }.i i i i
i ii i

S S S S R R R R− −= = = =  

Step 5 Rank the alternatives in ascending order by the values S, R and Q. 

Step 6 Propose the alternative (a′) that is best ranked by the measure Q (minimum) as a 
compromise solution, if the following two conditions are met. 
Condition 1 ‘Acceptable advantage’ 
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If alternatives a′ and a″ are ranked first and second, respectively. 
Where m is the number of alternatives. Relation (26) must be true: 

( ) ( ) 1
1

Q a Q a
m

′′ ′− ≥
−

 (26) 

Condition 2 ‘Acceptable stability in decision making’ 
Alternative a′ is the best alternative, and it must also be ranked 
based on the S and/or R values. During the decision making 
process, this compromise solution remains steady. The weight of 
the decision making method is represented by v. If one of these 
conditions is not satisfied, a set of compromise solutions is 
suggested. Then, a set of compromise solutions are included the 
following: 
• Alternatives a′ and a″ only if the Condition 2 is not met. 
• Alternatives a′, a″, …, am if the Condition 1 is not met; am is 

determined for maximum m with 1( ) ( )
1

mQ a Q a
m

′− <
−

 

(closeness to the positions of these alternatives). 

4 Proposed decision-support framework 

The proposed decision-support framework is illustrated in Figure 1. 

Figure 1 Proposed decision-support framework 

Identifying performance evaluation criteria 

Validating performance evaluation criteria 

Formulating a decision-making model 

Obtaining combination weights of the evaluation criteria 

Determination of the subjective weight 
of the evaluation criteria by CFPR 

Computing objective weights of 
evaluation criteria by fuzzy CRITIC 

Evaluating and raking performance of suppliers  
by fuzzy VIKOR 

Sensitivity analysis Comparative study with other 
MCDM approaches 
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5 Application of the proposed decision-support framework 

This section provides a demonstration of the proposed decision-support framework using 
XYZ company as a case study. 

5.1 Problem description 

Case company is one of the largest Japanese car manufacturers in Thailand. The name of 
the case company cannot be disclosed to maintain confidentiality. Hence, for the rest of 
this paper the case company is named as XYZ company. Currently, the company has  
two car assembly factories that produce only passenger cars for domestic sales and export 
to many countries around the world. The company plans to produce approximately 
130,000 passenger cars in 2021. According to new product planning, XYZ company has 
regularly developed a range of new car models every two and a half years. A new car 
model development process of the XYZ company can be divided into three stages 
including design stage, trial production stage and mass production stage as shown in 
Table 3. Although, suppliers are actively interfaced in all stages of the development of 
new car model but many problems owned by suppliers cannot be resolved before the 
mass production stage begins. Such problems lead to high difficulties in troubleshooting 
and clarifying the responsibility of the problems, higher resolution costs in mass 
production, and delays in bringing new car models into the market. Currently, XYZ 
company has a supplier performance evaluation process only in mass production stage. 
New car model development project team need to implement a supplier performance 
evaluation process in trial production stage in order to proactively address supplier issues 
in advance. Thus, the decision-support framework proposed from this study can help 
XYZ company’ to systematically evaluate supplier performance in trial production stage 
of new car model development. In this regard, a new hybrid MCDM under fuzzy 
environment is introduced by combining CFPR, CRITIC and VIKOR approaches to 
address this issue. The five first-tier wheel disc suppliers referred as A1, A2, A3, A4 and A5 
are selected to validate the proposed decision-support framework. 
Table 3 A new car model development process of the XYZ company 

Design stage 
Trial production stage Mass production 

stage Event X Event Y Event Z 
Investment and 
product design 

Tooling design 
and durability test 

Process 
capability 

Standardisation and 
pre-mass production 

High volume 
production 

5.2 Identifying performance evaluation criteria 

Based on the analysis of the literature, 18 criteria of supplier performance evaluation in 
trial production stage of new car model development are identified as shown in Table 4. 
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Table 4 The evaluation criteria of supplier performance 

 

C
ri

te
ri

a 
D

es
cr

ip
tio

n 
Au

th
or

s 

Pa
rt 

qu
al

ity
 (C

1)
 

Pa
rts

 d
ev

el
op

ed
 b

y 
su

pp
lie

rs
 m

ee
t c

us
to

m
er

’s
 a

cc
ep

te
d 

qu
al

ity
 st

an
da

rd
s. 

D
w

ei
ri 

et
 a

l. 
(2

01
6)

, G
ia

nn
ak

is
 e

t a
l. 

(2
02

0)
, K

ha
n 

 
et

 a
l. 

(2
01

8)
, Z

ha
o 

an
d 

C
ao

 (2
01

5)
 

Q
ua

lit
y 

co
m

m
itm

en
t (

C
2)

 
Su

pp
lie

rs
 a

re
 c

om
m

itt
ed

 to
 c

on
tin

ua
lly

 im
pr

ov
in

g 
th

ei
r m

an
uf

ac
tu

rin
g 

pr
oc

es
se

s t
o 

m
ee

t c
us

to
m

er
 a

cc
ep

ta
bl

e 
le

ve
ls

 o
f q

ua
lit

y.
 

B
en

to
n 

et
 a

l. 
(2

02
0)

, C
or

st
en

 e
t a

l. 
(2

01
1)

, R
ui

z 
an

d 
R

av
in

dr
an

 (2
01

8)
, S

ch
oe

nh
er

r a
nd

 W
ag

ne
r (

20
16

) 
K

no
w

le
dg

e 
in

te
gr

at
io

n 
(C

3)
 

Su
pp

lie
rs

 a
re

 w
ill

in
g 

to
 in

te
gr

at
e 

es
se

nt
ia

l k
no

w
le

dg
e 

of
 d

ev
el

op
ed

 p
ar

ts
 su

ch
 

as
 te

ch
no

lo
gi

ca
l i

nn
ov

at
io

n 
an

d 
en

gi
ne

er
in

g 
de

si
gn

. 
K

um
ar

a 
an

d 
R

ah
m

an
b 

(2
01

5)
, S

ch
oe

nh
er

r a
nd

 W
ag

ne
r 

(2
01

6)
, S

um
rit

 (2
02

0)
 

Te
ch

ni
ca

l s
up

po
rt 

(C
4)

 
Su

pp
lie

rs
 c

an
 p

ro
vi

de
 fu

ll 
su

pp
or

t t
o 

so
lv

e 
te

ch
ni

ca
l p

ro
bl

em
s. 

qu
al

ity
 p

ro
bl

em
 

an
d 

ch
an

ge
 re

qu
ire

m
en

ts
. 

B
en

to
n 

et
 a

l. 
(2

02
0)

, S
ch

oe
nh

er
r a

nd
 W

ag
ne

r (
20

16
), 

Zh
ao

 
an

d 
C

ao
 (2

01
5)

 
FM

EA
 a

ct
iv

iti
es

 (C
5)

 
Su

pp
lie

rs
 c

an
 p

er
fo

rm
 ‘f

ai
lu

re
 m

od
es

 a
nd

 e
ffe

ct
s a

na
ly

si
s’

 (F
M

EA
) e

ff
ec

tiv
el

y.
 

Su
m

rit
 (2

02
0)

, Z
ha

o 
an

d 
C

ao
 (2

01
5)

 
D

el
iv

er
y 

re
lia

bi
lit

y 
(C

6)
 

Su
pp

lie
rs

 c
an

 c
ar

ry
 o

ut
 re

lia
bl

e 
de

liv
er

y 
of

 p
ar

ts
 a

cc
or

di
ng

 to
 c

us
to

m
er

 
re

qu
ire

m
en

ts
. 

C
or

st
en

 e
t a

l. 
(2

01
1)

, K
an

na
n 

(2
01

8)
, G

ör
en

er
 e

t a
l. 

(2
01

7)
, Z

ha
o 

an
d 

C
ao

 (2
01

5)
, K

ha
n 

et
 a

l. 
(2

01
8)

 
En

gi
ne

er
in

g 
ch

an
ge

s 
m

an
ag

em
en

t (
C

7)
 

Su
pp

lie
rs

 p
ro

vi
de

 a
n 

ef
fe

ct
iv

e 
‘e

ng
in

ee
rin

g 
ch

an
ge

 m
an

ag
em

en
t’ 

(E
C

M
) f

or
 

de
ve

lo
pe

d 
pa

rts
. 

Su
m

rit
 (2

02
0)

 

Pa
rt 

ce
rti

fic
at

io
n 

(C
8)

 
Su

pp
lie

rs
 c

an
 m

an
ag

e 
‘p

ar
t c

er
tif

ic
at

io
n’

 in
 a

cc
or

da
nc

e 
w

ith
 la

w
s/

re
gu

la
tio

ns
 

an
d 

ef
fe

ct
iv

el
y 

co
m

pl
yi

ng
 w

ith
 c

us
to

m
er

’s
 le

ad
 ti

m
e.

 
Po

ltr
on

ie
ri 

et
 a

l. 
(2

01
9)

, Z
ha

o 
an

d 
C

ao
 (2

01
5)

 

D
oc

um
en

ta
tio

ns
 (C

9)
 

Su
pp

lie
rs

 c
an

 p
ro

vi
de

 re
qu

ire
d 

do
cu

m
en

ts
 su

ch
 a

s ‘
pr

od
uc

tio
n 

pa
rt 

ap
pr

ov
al

 
pr

oc
es

s’
 (P

PA
P)

 a
cc

ur
at

el
y 

an
d 

co
m

pl
et

el
y.

 
C

or
st

en
 e

t a
l. 

(2
01

1)
, G

ör
en

er
 e

t a
l. 

(2
01

7)
 

W
ar

eh
ou

se
 m

an
ag

em
en

t (
C

10
) 

Su
pp

lie
rs

 h
av

e 
a 

go
od

 w
ar

eh
ou

si
ng

 m
an

ag
em

en
t s

ys
te

m
 to

 g
ua

ra
nt

ee
 re

lia
bl

e 
st

oc
k 

an
d 

to
 p

re
ve

nt
 in

co
rr

ec
tly

 p
ro

cu
re

d 
pa

rts
. 

G
ör

en
er

 e
t a

l. 
(2

01
7)

, L
io

u 
et

 a
l. 

(2
01

9)
 

R
el

ia
bl

e 
pr

ic
in

g 
(C

11
) 

Th
e 

pr
ic

es
 q

uo
te

d 
fo

r p
ar

ts
 a

nd
 se

rv
ic

es
 b

y 
su

pp
lie

rs
 a

re
 re

lia
bl

e.
 

C
or

st
en

 e
t a

l. 
(2

01
1)

, G
ör

en
er

 e
t a

l. 
(2

01
7)

 
Fl

ex
ib

le
 p

ric
in

g 
(C

12
) 

Th
e 

pr
ic

es
 q

uo
te

d 
fo

r p
ar

ts
 a

nd
 se

rv
ic

es
 p

ro
vi

de
d 

by
 th

e 
su

pp
lie

r a
re

 fl
ex

ib
le

. 
G

ör
en

er
 e

t a
l. 

(2
01

7)
, D

w
ei

ri 
et

 a
l. 

(2
01

6)
 

C
os

t a
ss

is
ta

nc
e 

(C
13

) 
Su

pp
lie

rs
 c

an
 a

ss
is

t i
n 

op
tim

is
in

g 
pr

oj
ec

t c
os

ts
. 

C
or

st
en

 e
t a

l. 
(2

01
1)

, Z
ha

o 
an

d 
C

ao
 (2

01
5)

 
B

us
in

es
s c

om
pa

tib
ili

ty
 (C

14
) 

Th
e 

su
pp

lie
r’

s b
us

in
es

s m
od

el
 is

 c
om

pa
tib

le
 w

ith
 th

e 
cu

st
om

er
. 

R
ui

z 
an

d 
R

av
in

dr
an

 (2
01

8)
, D

w
ei

ri 
et

 a
l. 

(2
01

6)
,  

U
m

 a
nd

 K
im

 (2
01

9)
, S

ch
oe

nh
er

r a
nd

 W
ag

ne
r (

20
16

), 
M

ae
st

rin
i e

t a
l. 

(2
01

8)
 

Fl
ex

ib
le

 m
an

ag
em

en
t (

C
15

) 
Su

pp
lie

rs
 h

av
e 

fle
xi

bi
lit

y 
in

 p
ro

je
ct

 m
an

ag
em

en
t s

uc
h 

as
 p

ro
du

ct
io

n 
fle

xi
bi

lit
y,

 
so

ur
ci

ng
 fl

ex
ib

ili
ty

 a
nd

 c
om

m
un

ic
at

io
n 

fle
xi

bi
lit

y.
 

U
m

 a
nd

 K
im

 (2
01

9)
, D

el
ic

 a
nd

 E
ye

rs
 (2

02
0)

, K
ha

n 
et

 a
l. 

(2
01

8)
, M

ae
st

rin
i e

t a
l. 

(2
01

8)
, Y

an
g 

et
 a

l. 
(2

01
9)

 
In

fo
rm

at
io

n 
sh

ar
in

g 
(C

16
) 

Su
pp

lie
rs

 a
re

 w
ill

in
g 

to
 sh

ar
e 

es
se

nt
ia

l i
nf

or
m

at
io

n 
ab

ou
t d

ev
el

op
m

en
t 

pr
oj

ec
ts

. 
B

en
to

n 
et

 a
l. 

(2
02

0)
, C

or
st

en
 e

t a
l. 

(2
01

1)
, G

ör
en

er
 e

t a
l. 

(2
01

7)
, K

um
ar

a 
an

d 
R

ah
m

an
b 

(2
01

5)
, S

ch
oe

nh
er

r a
nd

 
W

ag
ne

r (
20

16
), 

Y
an

g 
et

 a
l. 

(2
01

9)
 

H
ea

lth
 a

nd
 sa

fe
ty

 (C
17

) 
Th

e 
su

pp
lie

r’
s h

ea
lth

 a
nd

 sa
fe

ty
 re

gu
la

tio
ns

/p
ol

ic
y 

ar
e 

in
 a

cc
or

da
nc

e 
w

ith
 th

ei
r 

cu
st

om
er

s. 
G

ia
nn

ak
is

 e
t a

l. 
(2

02
0)

, K
ha

n 
et

 a
l. 

(2
01

8)
, M

em
ar

i e
t a

l. 
(2

01
9)

 
G

re
en

 p
ol

ic
y 

(C
18

) 
Th

e 
su

pp
lie

r’
s g

re
en

 p
ol

ic
ie

s s
uc

h 
as

 e
nv

iro
nm

en
ta

l p
ro

te
ct

io
n,

 e
m

is
si

on
s a

nd
 

w
as

te
 m

an
ag

em
en

t a
re

 c
om

pi
le

d 
w

ith
 th

ei
r c

us
to

m
er

s. 
Po

ltr
on

ie
ri 

et
 a

l. 
(2

01
9)

, M
em

ar
i e

t a
l. 

(2
01

9)
 



   

 

   

   
 

   

   

 

   

    A decision-support framework for evaluating supplier performance 15    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

5.3 Validating performance evaluation criteria 

In order to validate the performance evaluation criteria, thirteen qualified experts from 
automotive industry having knowledge and experiences are formed. All of experts have 
at least 15 years in the field of new car model development. Experts are divided into  
two groups. The first group (referred as ‘Group I’) consists of six middle management 
staffs responsible for new component parts development such as interior and exterior 
parts, body parts, chassis parts and electronic parts. The second group (referred as  
‘Group II’) consists of seven senior executives comprising three Thai directors and  
four Japanese directors. Details and qualifications of experts are presented in Table 5. An 
in-depth interview is conducted with experts from ‘Group I’ regarding the suitability of 
evaluation criteria as mentioned in Table 4. After gathering the results from ‘Group I’, 
the experts from ‘Group II’ are asked to validate of evaluation criteria. Finally, all criteria 
in Table 4 are affirmed for further use in the next phase of this study. 
Table 5 Details and qualifications of experts 

Group Expert Position Experiences 
(years) Area of expertise 

Group I (middle 
management) 

E1.1 Section manager 22 Interior and exterior 
part development 

E1.2 Section manager 25 Body part 
development 

E1.3 Section manager 24 Chassis part 
development 

E1.4 Section manager 21 Electronic part 
development 

E1.5 Section manager 27 Strategy of new part 
development 

E1.6 Section manager 18 Strategy of 
purchasing planning 

Group II (top 
management/senior 
executives) 

E2.1 Department manager 21 Operation of new 
car guarantee 

E2.2 Division manager 25 Strategy of car 
guarantee 

E2.3 Deputy-chief 
engineering of quality 

24 Quality of car 
guarantee 

E2.4 Quality coordinator 
(Japanese) 

22 Quality executive of 
car guarantee 

E2.5 Delivery coordinator 
(Japanese) 

24 Delivery executive 
of car guarantee 

E2.6 New model executive 
(Japanese) 

25 Strategy of car 
guarantee 

E2.7 General manager 
(Japanese) 

27 Strategy of car 
guarantee 
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5.4 Formulating a decision making model 

Based on the result in Section 5.2, a decision making model for supplier performance 
evaluation in trial production stage of new car model development is formulated as 
depicted in Figure 2. 

Figure 2 A decision making model for supplier performance evaluation in trial production stage 
of new car model development 

A decision-support 
framework for 

evaluating supplier 
performance in 
trial production 

stage  

Part quality (C1) 

Quality commitment (C2) 

Knowledge integration (C3) 

Technician support (C4) 

FMEA activities (C5) 

Delivery reliability (C6) 

Engineering change management 
(C7) 

Part certification (C8) 

Documentations (C9) 

Warehousing management (C10) 

Reliable pricing (C11) 

Flexible pricing (C12) 

Cost assistance (C13) 

Business compatibility (C14) 

Flexible management (C15) 

Information sharing (C16) 

Health and safety (C17) 

Green policy (C18) 

Supplier A1 

Supplier A2 

Supplier A3 

Supplier A4 

Supplier A5 
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5.5 Determination of the subjective weight of the evaluation criteria 

In this section, the subjective weights of the evaluation criteria are determined by CFPR 
approach as described in Section 3.1. First, each expert from Group II is assigned to 
assess the importance of evaluation criteria using linguistic terms in Table 1. The 
linguistic terms are then converted into corresponding numbers. The pairwise comparison 
matrix of each expert is formulated for a set of n – 1 pairs of neighbouring criteria  
{C12, C23, …, C17,18}. The pairwise comparison matrices from all experts are formed by 
equation (1). Then, equation (2) is utilised to aggregate all pairwise comparison matrices 
into a single matrix. Using equation (3), all elements in aggregated pairwise comparison 
matrix are converted to [0, 1] as illustrated by the following example: 

( )
( )
( )
( )

( )
( )

12 9

23 9

34 9

45 9

16,17 9

17,18 9

0.5 1 log 2.925 0.744,
0.5 1 log 1.91 0.647,
0.5 1 log 0.763 0.439,
0.5 1 log 0.870 0.468, ,

0.5 1 log 1.419 0.580,
0.5 1 log 2.529 0.711.

p
p
p
p
p
p

= × + =

= × + =

= × + =

= × + =

= × + =

= × + =

…
 

Next, the remain elements in aggregated pairwise matrix can be computed using 
equations (4)–(8). The completed aggregated pairwise matrices for criteria are shown in 
Table 6. Some numerical examples for criteria are illustrated as follows: 

21 121 1 0.744 0.256,p p= − = − =  

32 231 1 0.647 0.353,p p= − = − =  

75 56 67
( 1) (7 5 1) 0.840 0.556 0.104,

2 2
j ip p p− + − += − − = − − =  

18,15 15,16 16,17 17,18
( 1)

2
(18 15 1) 0.568 0.580 0.711 0.141

2

j ip p p p− += − − −

− += − − − =
 

Since some element values in Table 6 are not in the range [0, 1], therefore the 
transformation function as equation (9) is applied to maintain reciprocal and additive 
consistency properties. The criteria matrices are derived from transformation functions 
shown in Table 7. Finally, equations (10)–(11) are used to calculate the subjective 
weights of criteria ( )s

jw  as illustrated in Table 7. 
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Table 6 The completed aggregated pairwise matrices for criteria 
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Table 7 The transformation function of pairwise matrices 
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Table 8 Aggregated a group of decision making matrix 
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5.6 Computing objective weights of evaluation criteria 

The objective weights of the evaluation criteria can be obtained by fuzzy CRITIC as 
described in Section 3.2. First, all experts from Group II are invited to evaluate  
five-wheel disk suppliers (A1, A2, A3, A4, A5) using the linguistic expressions as presented 
in Table 2. The linguistic terms are then converted into fuzzy scores as equation (12). 
Next, input data from all experts are aggregated into a group of decision making matrix 
by equation (13) as shown in Table 8. All elements in group decision making matrix are 
normalised by equation (14). Subsequently, the information measures of each criterion 
are calculated by equations (15)–(17). The fuzzy objective weights are obtained by 
equation (18). Finally, the objective weights are converted to crisp numbers by  
equation (19) as shown in Table 9. 
Table 9 The objective weights of criteria by fuzzy CRITIC 

Criteria 
σj 

 
( )1

n

j j ij
j

H σ r= −  
 

ωj 
o
jw  

l
jσ  m

jσ  u
jσ   l

jH  m
jH  u

jH   l
jω  m

jω  u
jω  

C1 0.447 0.447 0.435  4.407 4.417 4.169  0.037 0.038 0.039 0.039 
C2 0.411 0.424 0.434  5.944 6.221 6.666  0.053 0.054 0.062 0.055 
C3 0.435 0.456 0.435  6.744 7.002 5.321  0.060 0.061 0.049 0.059 
C4 0.548 0.548 0.548  8.771 8.836 9.176  0.077 0.078 0.085 0.078 
C5 0.354 0.354 0.408  4.283 4.262 4.603  0.037 0.038 0.043 0.038 
C6 0.548 0.548 0.447  6.735 6.798 5.322  0.058 0.059 0.049 0.058 
C7 0.354 0.354 0.408  4.283 4.262 4.603  0.037 0.038 0.043 0.038 
C8 0.447 0.447 0.548  9.006 9.030 11.271  0.079 0.080 0.105 0.083 
C9 0.354 0.354 0.365  4.868 4.855 5.177  0.042 0.043 0.048 0.043 
C10 0.548 0.548 0.548  6.785 6.678 5.719  0.058 0.060 0.053 0.058 
C11 0.418 0.447 0.548  5.902 6.267 7.860  0.052 0.055 0.073 0.057 
C12 0.548 0.548 0.548  7.609 7.615 7.860  0.066 0.067 0.073 0.068 
C13 0.548 0.548 0.548  7.609 7.615 7.860  0.066 0.067 0.073 0.068 
C14 0.548 0.548 0.548  6.785 6.678 5.719  0.058 0.060 0.053 0.058 
C15 0.447 0.447 0.447  5.573 5.621 5.615  0.048 0.049 0.052 0.050 
C16 0.380 0.390 0.408  5.561 5.783 6.392  0.049 0.050 0.059 0.052 
C17 0.354 0.355 0.149  4.207 5.693 1.774  0.037 0.050 0.016 0.042 
C18 0.418 0.419 0.183  8.137 7.268 2.635  0.063 0.072 0.024 0.058 

5.7 Obtaining combination weights of the evaluation criteria 

The combination weights of evaluation criteria ( )com
jw  can be obtained based on the 

weights from CFPR and fuzzy CRITIC using equation (20) as shown in Table 10. A 
numerical example for criterion C1 is illustrated below. 
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1
0.087 0.039

(0.087 0.039) (0.080 0.055) (0.028 0.058)
0.062

comw ×=
× + × + ×

=
 

Table 10 The combination weights of the evaluation criteria 

Criteria s
jw  o

jw  com
jw  Ranking 

C1 0.087 0.039 0.062 6 
C2 0.080 0.055 0.078 4 
C3 0.076 0.059 0.084 3 
C4 0.077 0.078 0.111 1 
C5 0.078 0.038 0.054 7 
C6 0.068 0.058 0.072 5 
C7 0.066 0.038 0.047 10 
C8 0.067 0.083 0.103 2 
C9 0.055 0.043 0.046 11 
C10 0.049 0.058 0.051 8 
C11 0.043 0.057 0.041 12 
C12 0.034 0.068 0.036 14 
C13 0.036 0.068 0.048 9 
C14 0.043 0.058 0.041 12 
C15 0.039 0.050 0.035 15 
C16 0.037 0.052 0.037 13 
C17 0.035 0.042 0.022 17 
C18 0.028 0.058 0.031 16 

5.8 Evaluating and raking performance of suppliers 

In this section, fuzzy VIKOR approach (described in Section 3.4) is employed to evaluate 
and rank the performance of suppliers in trial production stage. Based on Table 8, all 
elements in the aggregated evaluation matrix are defuzzied into crisp numbers by 
equation (21) as shown in Table 11. The best positive ideal *( )if  and the worst negative 
ideal ( )if −  values of all criteria are determined by equation (22) as shown in Table 12. 
Based on the combination weights ( )com

jw  in Table 10, the highest utility values of the 
majority (Si), the distinct regret of the opponent (Ri) and the value of merit function of 
each supplier’s performance (Qi) are calculated by equations (23)–(25) respectively, as 
shown in Table 13. In this study, v value is defined as 0.5. A computation of Qi values are 
illustrated below. 

1
0.653 0.253 0.111 0.0690.5 (1 0.5) 0.977
0.672 0.253 0.111 0.069

Q − −   = × + − =   − −   
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2
0.253 0.253 0.069 0.0690.5 (1 0.5) 0.00
0.672 0.253 0.111 0.069

Q − −   = × + − =   − −   
 

3
0.253 0.253 0.069 0.0690.5 (1 0.5) 0.00
0.672 0.253 0.111 0.069

Q − −   = × + − =   − −   
 

4
0.518 0.253 0.103 0.0690.5 (1 0.5) 0.722
0.672 0.253 0.111 0.069

Q − −   = × + − =   − −   
 

5
0.672 0.253 0.084 0.0690.5 (1 0.5) 0.681
0.672 0.253 0.111 0.069

Q − −   = × + − =   − −   
 

Then, the compromise solution conditions are checked using equation (26) as follows: 

Condition 1 

( ) ( ) 1
1

10.681 0.000
5 1

0.681 0.25

Q a Q a
m

′′ ′− ≥
−

− ≥
−

≥

 

Condition 2 Based on Si and Ri values indicate that A2 = A3 > A5 > A4 > A1. Both 
conditions are satisfied, therefore the final suppliers’ performances ranking 
is A2 = A3 > A5 > A4 > A1. 

Table 11 The defuzzification of aggregated evaluation matrix 

 Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 C9 

A1 6.000 5.639 7.278 5.639 6.333 6.306 6.972 6.944 5.333 
A2 8.528 6.306 6.972 7.278 7.278 7.917 6.972 6.972 8.194 
A3 8.222 9.028 6.639 7.583 6.972 7.917 6.639 7.583 6.306 
A4 5.639 6.611 8.083 7.750 6.306 6.000 7.583 6.667 6.333 
A5 5.639 5.333 6.306 7.778 5.667 7.000 5.667 7.278 7.278 
 Criteria 

C10 C11 C12 C13 C14 C15 C16 C17 C18 
A1 7.111 8.222 7.000 6.306 5.333 4.667 5.667 7.750 7.583 
A2 7.278 8.222 7.000 6.639 7.306 7.444 7.778 7.278 7.278 
A3 6.639 8.389 6.639 6.639 6.972 7.917 8.722 6.306 5.972 
A4 6.667 7.611 6.639 6.611 6.972 7.583 7.917 5.639 6.306 
A5 6.306 7.306 6.639 6.000 6.667 5.972 7.611 6.306 6.306 
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Table 12 The 
*

*

( )i ij
i

i i

f fw
f f −

− 
 − 

 values 

 Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 C9 

A1 0.054 0.072 0.038 0.111 0.032 0.061 0.015 0.072 0.046 
A2 0.000 0.057 0.053 0.026 0.000 0.000 0.015 0.069 0.000 
A3 0.000 0.057 0.053 0.026 0.000 0.000 0.015 0.069 0.000 
A4 0.062 0.051 0.000 0.001 0.033 0.072 0.000 0.103 0.030 
A5 0.062 0.078 0.084 0.000 0.054 0.034 0.047 0.034 0.015 
 Criteria 

C10 C11 C12 C13 C14 C15 C16 C17 C18 
A1 0.009 0.006 0.000 0.025 0.041 0.035 0.037 0.000 0.000 
A2 0.000 0.006 0.000 0.000 0.000 0.005 0.011 0.005 0.006 
A3 0.000 0.006 0.000 0.000 0.000 0.005 0.011 0.005 0.006 
A4 0.032 0.029 0.036 0.002 0.007 0.004 0.010 0.022 0.025 
A5 0.051 0.041 0.036 0.048 0.013 0.021 0.013 0.015 0.025 

Table 13 The Si, Ri and Qi value 

Suppliers Si Ri Qi Rank 
A1 0.653 0.111 0.977 4 
A2 0.253 0.069 0.000 1 
A3 0.253 0.069 0.000 1 
A4 0.518 0.103 0.722 3 
A5 0.672 0.084 0.681 2 

Table 14 The Qi values for ten scenarios 

Suppliers 

Scenarios 
1 2 3 4 5 6 7 8 9 10 

v = 0.1 v = 0.2 v = 0.3 v = 0.4 v = 0.5 v = 0.6 v = 0.7 v = 0.8 v = 0.9 v = 1.0 
Qi values 

A1 0.995 0.991 0.986 0.982 0.977 0.973 0.968 0.964 0.959 0.955 
A2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A4 0.793 0.776 0.758 0.740 0.722 0.705 0.687 0.669 0.651 0.634 
A5 0.426 0.490 0.554 0.617 0.681 0.745 0.809 0.872 0.936 1.000 

5.9 Sensitivity analysis 

In this section, a sensitivity analysis is carried out to verify the stability and robustness  
of decision makers towards the proposed decision making framework. To do this,  
ten scenarios are formulated by altering v values to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
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0.9, 1.0 to examine the impact on ranking of suppliers. Table 14 presents the Qi values, 
while Figure 3 presents the ranking of suppliers for ten scenarios. It can be seen that 
when v values are changed the ranking of suppliers mostly remains unchanged through 
all scenarios (A2 = A3 > A5 > A4 > A1). It indicates that the proposed decision making 
framework is robust and stable. 

Figure 3 The ranking of suppliers for ten scenarios (see online version for colours) 
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5.10 Comparative study with other MCDM approaches 

In this study, a comparative study between the proposed framework and four selective 
MCDM methods as WASPAS, PROMETHEE, ELECTRE, and TOPSIS under fuzzy 
environment is carried out to validate the conformity of the proposed framework using 
the same case study. The comparative ranking results of the different MDCM methods 
for evaluating supplier performance are presented in Table 15. Utilising equation (27), 
Spearman’s correlation coefficient between a pair of MCDM methods is computed to 
determine the degree of conformity as shown in Table 17. From Table 16 indicates that 
supplier A2 is the best supplier for all comparison MCDM methods. Using Table 15 and 
Table 17, the correlation results can be interpreted that the proposed framework (fuzzy 
VIKOR) is very strong conformity with fuzzy TOPSIS (R = 0.849), also strong 
conformity with fuzzy ELECTRE (R = 0.765), fuzzy WASPAS (R = 0.606) and fuzzy 
PROMETHEE (R = 0.606). It implies that the proposed framework in this study 
conforms with other MCDM approaches. 

( )

2

2

6
1

1

D
R

N N
= −

−
  (27) 
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Table 15 Interpretation degree of correlation by Spearman’s correlation coefficient 

Spearman’s correlation coefficients Degree of conformity 
R < 0.2 Very weak 
0.2 ≤ R < 0.4 Weak 
0.4 ≤ R < 0.6 Moderate 
0.6 ≤ R < 0.8 Strong 
R ≥ 0.8 Very strong 

Source: Keshavarz-Ghorabaee et al. (2020) 

Table 16 Comparative ranking results of different MDCM methods 

Suppliers 
Ranking the different MCDM methods under fuzzy environment 

VIKOR WASPAS PROMETHEE ELECTRE TOPSIS 
A1 4 4 4 4 5 
A2 1 1 1 1 1 
A3 1 2 2 2 2 
A4 3 3 3 3 3 
A5 2 5 5 4 4 

Table 17 Spearman’s correlation coefficient between a pair of MCDM methods 

MCDM methods under 
fuzzy environment VIKOR WASPAS PROMETHEE ELECTRE TOPSIS 

VIKOR 1.000 0.606 0.606 0.765 0.849 
WASPAS - 1.000 1.000 0.970 0.900 
PROMETHEE - - 1.000 0.970 0.900 
ELECTRE - - - 1.000 0.970 
TOPSIS - - - - 1.000 

6 Discussion and managerial implications 

Due to lack of criteria to evaluating suppliers’ performance in trial production stage from 
the existing literature, this study therefore identifies eighteen criteria and validates them 
through industrial experts’ review. Based on the results from combination weights of 
criteria in Table 10, the findings indicate that ‘technical support’ (C4) is the most 
important performance criteria followed by ‘compliance part certification’ (C8) and 
‘engineering change management’ (hereafter ECM) (C7) for supplier performance 
evaluation in trial production stage for new car model development for case study. Thus, 
this finding suggests that a car manufacturer should give the high priority for these three 
criteria when evaluating the performance of suppliers in trial stage of new car model 
development. Considering suppliers’ technical support during the trial production stage, 
this suppliers’ performance can benefit to car manufacturer in a number of ways such as 
resolving the hidden parts quality issues, advising value analysis/value engineering 
(VA/VE) for costs reduction, reducing production trial lead time, cooperating design for 
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manufacturing/design for assembly (DFM/DFA) activities. Technical support from 
suppliers includes ‘design for X’ (DFX) that can help automakers deal with specific 
engineering contexts such as manufacturability, maintainability, assimilability, 
recyclability and sustainability (Favi et al., 2022). Next, ‘compliance part certification’ is 
the second most importance performance criteria. Therefore, suppliers must ensure that 
the parts supplied are complied with the specific quality and safety standards governed by 
the laws and regulations of the country of manufacture. Suppliers who are unable to 
produce supplied parts to meet such regulations in a timely manner leading to a delay in 
the development of new car model development. ECM is the third most important 
performance criteria. This finding is in accordance with Sumrit (2020), who stated that 
the work flow of ECM is a complex task, especially in the early stages of a NPD project 
due to the numerous engineering changes. An effective ECM is essential to reduce the 
negative impact of design on automotive components. 

Controversially, ECM can cause substantial economic losses in product development 
if not managed properly (Yin et al., 2022). ECM often suffers from long lead times and 
non-transparent information flow causing delays in implementation (Pan and Stark, 
2022). Therefore, car manufacturers and suppliers need to work together to properly 
control and implement the ECM to avoid unnecessary NPD time delays and costs. 
Therefore, an efficient ECM is one of key performance of suppliers in trial production 
stage of new car model development. Based on the results of five-wheel disk suppliers 
ranking by fuzzy VIKOR, this study reveals that supplier A2 together with supplier A3 are 
the best performance suppliers followed by supplier A5, supplier A4 and supplier A1, 
respectively. 

7 Conclusions and future research directions 

The integrating of suppliers into NPD can open up opportunities to reduce the 
development costs, enhance the product quality, shorten the development times, and 
foster the higher degree of innovation. Hence, properly evaluate supplier performance in 
the NPD stage is one of challenges for manufacturers. As well as car manufactures, 
developing a new car model is heavily relied on suppliers’ performance at all stages of 
NPD. From the academic’s point of view, most of studies focused on evaluating the 
performance of suppliers at mass production stage but little attention has been paid to the 
trial production stage. Supplier performance evaluation in trial production stage is clearly 
a critical decision for scholars and practitioners involving in a new car model 
development. This study proposes a comprehensive framework to evaluate performance 
of supplier in trial production stage of new car model development. The reason for the 
emphasis on the trial production stage is that improper supplier management and control 
activities at this stage can lead to additional development costs and times, inferior product 
quality and delays in introduction of new car model to the market. On the other hand, 
implementing a proper mechanism to evaluate supplier performance in trial production 
stage can prevent risks posed by suppliers transferring to mass production. In this study, 
evaluating the suppliers’ performance in trial production stage of new car model 
development can be treated as MCDM problem. In this regard, a hybrid MCDM 
approach is introduced by combining CFPR, fuzzy CRITIC and fuzzy VIKOR. The 
applicability of the proposed framework is demonstrated by using one of the largest 
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Japanese car manufacturing in Thailand as a case study. There are four main 
contributions of this study. First, evaluation of suppliers’ performance in trial production 
stage does not appear to be explored in existing literature. Even in the automotive 
industry, it is one of the most important NPD stages for the development of new car 
model. To the authors’ best knowledge, this is the first study to introduce a framework 
for supplier performance in trial production stage. Second, proposed method incorporates 
uncertain and imprecise data provided by decision-makers using fuzzy set theory. Third, 
to obtain a better and more accurate calculation of important weights of performance 
criteria, the combination weight method is used in this study by integrating subjective and 
objective weights. Finally, the scholars and practitioners involving in the development of 
new car model can use the proposed framework as a guideline for systematically 
evaluating supplier performance in trial production stage. This study has some 
restrictions that open the window of opportunities for future research. First, the 
complexity of the proposed decision making model should be reduced by grouping 
performance criteria into relevant dimensions. In this regard, the statistical technique 
such as exploratory factor analysis (EFA) can be applied. Second, the interdependence 
between performance criteria should be investigated, therefore some MCDM techniques 
such as decision making trial and evaluation laboratory (DEMATEL) or ANP can be 
employed. Finally, it will be interesting to conduct a comparative study/benchmarking 
between eastern and western car manufacturers by applying the proposed framework. 
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