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Vendors play a key role in their company's success, so having a vendor's performance evaluation
system in order to identify strengths, areas of improvement and profitability in any company is
essential. In this paper, a data envelopment analysis (DEA), which is a technique to evaluate the
performance of decision-making units (DMUSs), is first studied. Then, the efficiency scores of 66
automotive vendors based on the DEA based on the CCR model are calculated using Lingo software.
Then, based on the efficiency scores of each vendor, an improvement plan with the help of the dual
DEA model is presented to increase the efficiency scores of inefficient vendors. Finally, it will be clear
that each inefficient vendor for improving the inefficiency should focus on which of the factors.
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1. INTRODUCTION

Nowadays, the performance evaluation in organizations
is the most important processes and management tools
for improving existing status. The performance
evaluation of vendors is a crucial subject for managing
an efficient company. In addition, managers have an
interest in identifying the most efficient vendor. 1SO
9001 is a QMS (quality management system) standard
that is widely adopted by many companies, including an
automotive industry. It is based on eight quality
management principles, namely customer focus,
engagement of people, process approach, system
approach to management, continual improvement,
factual approach to decision making, and mutually
beneficial supplier relationship. The standard describes
the requirements of a QMS that needs to be
implemented completely. However, many of the 1SO
9001 certified companies are incapable to meet the
standard’s requirements properly. Thus, this paper aims
to propose a hybrid approach including the data
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envelope analysis (DEA) and QMS that can be used to
evaluate the performance of automotive vendor’s in
meeting standard’s requirements. An improvement plan
is then presented to increase the efficiency of inefficient
DMuUs. The proposed approach of this paper is expected
to identify strength and weakness points in the
performance of automotive vendors in terms of quality.
Furthermore, it will illustrate the areas of improvement.
Yadav and Goel [1] presented a quality improvement
plan for the customer satisfaction in an automotive
industry to improve the vehicle quality, achieve higher
customer satisfaction (CS), improve business
effectiveness, and develop higher-quality products with
fewer resources in less time. The suggested framework
follows steps: identify and prioritize improvement
opportunities, set attribute-level CS targets, establish
attribute-level objective metric (measurable) targets,
cascade top-level targets to lower-level elements
(components) and optimize component-level design.
Ibusuki and Kaminski [2] considered a systematic
approach of value engineering (VE) and target-costing
in cost management used the quality function
deployment (QFD) for the product development process
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in an automotive company. This methodology was
useful at the improved product cost, functionality and
quality accomplishment and in accordance with
customer needs. Heuvel et al. [3] used the Six Sigma
approach and ISO 9001: 2000 with each other to help
resolve some of the problems at Red Cross Hospital.
The results included shortening the length of stay of
COPD patients, reducing errors in invoices from temp
agencies, revision of the terms of payment, reducing the
number of mistakes in invoices, rooming-in in the
children’s department and reducing the number of
patients on intravenous antibiotics. Thompson et al. [4]
by using the DEA method analyzed the efficiency of 14
integrated oil companies for the years 1980-1991. The
inputs of the DEA models were total costs incurred,
proved crude oil and natural gas reserves at previous
year-end, and the outputs were additions made to crude
oil, natural gas reserves by exploration, crude oil and
natural gas production for sale from its respective
proved reserves. They found that of the 168 DMUs were
evaluated, 118 DMUs were efficient and 50 were
inefficient. For this purpose, they used an assurance
region (AR) method. At the end, they suggested the dual
DEA model for improving the inefficient DMUs.

Nepal et al. [5] used a fuzzy AHP (analytic
hierarchy process) approach to prioritization of
customer satisfaction attributes in target planning for
automotive product development. Aggogeri and Gentili
[6] used the Six Sigma methodology to increase the
performance level of industrial processes and systems in
the automotive industry. They indicated that Six Sigma
can give an important solution for those companies that
want to achieve customer satisfaction by considering the
continuous improvement of the processes. Rezaee and
Ghanbarpour [7] developed the DEA method to multi-
group state to evaluate 59 Iranian manufacturing
industries. The inputs of the DEA models were energy
resources such as the amount of fossil fuel, water and
electricity consumption and a non-energy resource such
as the number of employees. Outcomes of this paper
indicated that the efficiency scores and energy
consumption performance are greatly changed when
each industry is assessed in its own group. Torabi and
Shokr [8] used a common weight data envelopment
analysis (CWDEA) model in a material selection
problem including both quantitative and qualitative
criteria in an effective manner. Their proposed model is
not able to produce a full ranking. Sadjadi and Bayati
[9] extended a generalized network DEA models to
evaluate the efficiency of two-tier supplier considering
cooperative and non-cooperative strategies. Wu et al.
[10] proposed a cross-efficiency evaluation approach
based on Pareto improvement, which could improve the
cross-efficiencies of the DMUSs.

Lijo et al. [11] considered the combination of life
cycle assessment (LCA) and DEA methodologies to

identify efficient operational plants and propose
improvement measures for the inefficient ones. Kourtit
et al. [12] used a DEA synthesis to present a
comprehensive efficiency improvement strategy for 39
world cities. Yousefi et al. [13] used a new network goal
programming DEA (GP-DEA) model to present
improvement solutions for all efficient and inefficient
units based on experts’ opinions. He et al. [14] used
ideal points to improve the interval efficiencies in the
DEA for inefficient DMUs. In addition, decision
making for the performance evaluation and
improvement is a critical conecpt in different discplines,
such as its applications in quality [15], supply chain
coordination [16] and pharmaceutical supply chain [17].
In previous research, different approaches are used to
present an improvement plan especially in the
automotive industry. While in this study, the dual DEA
model is used to present the improvement plan with a
focus on increasing the output factors and decreasing
the input factors.

2. DATA ENVELOPMENT ANALYSIS (DEA)

The data envelopment analysis is a mathematical
programming technique for evaluating the performance
of decision making units (DMUSs) by supposing multiple
inputs and outputs. The DEA method was developed by
Charnes, Cooper and Rhodes (CCR) in 1978 as shown
below:

MaxQ Uy, (1)
s.t.

2Vix. =1 )
i—1

Zl:uryrj _Zl:vixij <0 j=1..,n (3)
u 20 4)
v, >0 ©)

u, - weight of the r-th output

v; - weight of the i-th input

0 : index of a DMU that is under study , o € {1,2, ...,n}
Yro- @amount of the r-th output

X;, . amount of the i-th input

x;; - amount of the i-th input for the j-th unit

¥rj - amount of the r-th output for the j-th unit

For each DMU model (1) should run to attain the
efficiency.
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3. DUAL DEA MODEL

The following dual model is considered to present the
improvement plan for increasing the efficiency scores of
DMUs that are less than one and inefficient.

Min 0 (6)
st.

0x — X\ + Pr >0 @)
YA+ Qr>y. (8)
220 ©)
720 (10)
20 (11)

s~ and st are slack variables of two constraints of the
above model.

sT=0x —-X.+ Pr (12)

st=—y. + YA+ Ot (13)

The dual DEA model is run for each DMU. If (s=* = 0,
st =0, 8* = 1), the DMU will be efficient. If 6* <1,
the DMU will be inefficient.

Two steps are suggested to present the improvement
plan for each inefficient DMU:
Step 1: First, the dual DEA model should be solved.
Step 2: In the second step, the following model is
suggested. The objective function of this model is the
summation of slack variables of two constraints of the
dual DEA model. 8 in the following model is the
optimal objective function of the dual DEA model that
is obtained in the first step.

Mins~*+ s** (14)
s.t.

sT'=0"x— XA+ Pr (15)
st'=—y + YA+ Or (16)
A=0 (17)
=0 (18)
>0 (19)
sT*=0 (20)
s¥T=0 (21)

The above model is run for each inefficient DMU to
reach the vector of slack variables. Improvement for
input and output factors of inefficient DMUs are
considered as follows:

e Input factors' vector should be decreased by the

value of s~ vector.
e Output factors' vector should be increased by the

value of s* vector.
Amin and Toloo [18] presented a polynomial algorithm
to calculate the Epsilon for DEA models: (m = the
numbers of inputs, s = the numbers of outputs, n = the
numbers of DMUS)

M = LUmax {1,,X; : j = 1,..,n} (22)
N =min {(1,X;)/(1sY}) : j = 1,...n} (23)
Epsilon: min {M,MN} (24)

4. RESEARCH METHOD

The proposed approach of this paper in terms of quality

and through the DEA includes the following five steps:

1. Establishing the relationship between quality
measures and performance evaluation measures.

2. Collecting the data related to input and output
factors. For investigating the proposed approach,
the data of 66 automotive vendors are considered.

3. Running the DEA (CCR) model to calculate the
efficiency scores of each DMU.

The efficiency scores of each vendor based on the DEA
(CCR) are calculated using Lingo software

4. Presenting the improvement plan to increase the
efficiency scores of inefficient DMUs. To present
the improvement plan, the dual DEA model is
considered.

5. Analyzing the results of improvement.

5. CASE STUDY

In this study, some performance evaluation measures of
a Turkish automotive company that manufactures both
passenger car and light commercial vehicle have been
collected below [19]:

Input Factors:

e  X1: number of branch offices.

e  X2: total number of exhibiting vehicles (including
branch offices)

X3: total number of test vehicles

X4: total number of selling advisers

X5: total number of employees of vendors

X6: number of the exhibition and presentation
activities realized by vendors
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Figure 1. Proposed approach

e X7: number of advertisement broadcasting by
multi-media
Output Factors:

e Y1: number of the sold vehicles

e Y2: average satisfaction value for all vendors
determined by the whole customers

e Y3: service endorsement of vendors after selling
(in Turkish Lira (TL))

e Y4: credit endorsement loaned by means of
financial founding for customers (in TL)

e Y5: vendor's selling endorsement on the spare
parts (in TL)

The relationship between performance evaluation
measures and quality measures is then investigated.
Table 1 indicates the classification the input and output
factors of DEA model according to their relationship
with the requirements of ISO 9001:2015 and quality
management principles.

In this section by using the DEA and data of 66
automotive vendors (DMUs) according to Toloo and
Ertay [19], the efficiency scores of each vendor based
on the DEA (CCR) are calculated. As can be seen in
Table 2, the efficiency scores of 45 vendors are 1. It
means that basic DEA model cannot prioritize DMUs
correctly. So, in this paper, a modified version of the
DEA (i.e., augmented DEA) is used to increase the
discrimination power of the DEA to prioritize DMUs
correctly. According to this method, two virtual DMUs
which are supposed are added.

TABLE 1. Relationship between inputs and outputs factors
and the requirements of I1SO 9001:2015 and quality
management principles

Quality
Factors 1SO 9001:2015 management
principles

Clause 7.1.3 of I1SO 9001:2015.

X1
Infrastructure
X2 Clause 7.1.3. Infrastructure
X3 Clause 7.1. Resources (Physical
resources)

X4 Clause 7.1.2. People engagement of people
X5 Clause 7.1.2. People engagement of people
X6 Clause 7.1.3. Infrastructure
X7
vi Clause 8.5.1. Control of

production and service provision

Clause 9.1.2. Customer
Y2 . - customer focus
satisfaction

Clause 8.5.5. Post-delivery

Y3 activities

va Clause 8.5. Production and
service provision

Y5 Clause 8.5.5. Post-delivery

activities

TABLE 2. Efficiency scores of 66 automotive vendors based
on the DEA model (CCR)

DMUs Efficiency DMUs Efficiency DMUs Efficiency

score score score

1 1 23 1 45 1

2 1 24 1 46 1

3 1 25 1 47 1

4 0.949 26 0.861 48 1

5 0.962 27 1 49 1

6 0.928 28 0.984 50 0.988

7 0.977 29 0.779 51 0.878

8 1 30 0.863 52 1

9 1 31 1 53 1

10 1 32 1 54 1

11 0.736 33 1 55 1

12 1 34 0.997 56 1

13 1 35 1 57 0.856

14 1 36 0.888 58 1

15 0.922 37 1 59 0.836

16 1 38 1 60 1

17 1 39 1 61 1

18 0.914 40 1 62 1

19 1 41 1 63 1

20 0.994 42 1 64 1

21 1 43 0.831 65 0.969

22 0.836 44 1 66 1
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They have the best and the worst efficiency scores.
DMUG67 with the maximum output and the minimum
input in each column has the highest level of
performance. It means that maximum outputs are
achieved from minimum inputs. DMUG8 with the
maximum input and the minimum output in each
column has the lowest level of the performance.

Now again according to the data of 66 vendors and
two virtual DMUSs, the efficiency scores of each vendor
based on the DEA model (CCR) are calculated by using
Lingo software.

According to Table 3, the efficiency scores of D01,
D56 and D61 are equal to one. Therefore, they are
efficient in utilizing inputs to achieve outputs but the
efficiency scores of the rest of the units are less than
one. It means that they are inefficient in utilizing inputs
to achieve outputs. So for increasing their efficiency
scores, an improvement plan is presented. For this
purpose two steps of dual model are applied to improve
the inefficient units.

Tables 4 and 5 indicate the suggested improvements
for output and input factors of some automotive vendors
that need more improvement.The corresponding
improved cells are shaded with gray color and include
decreasing input factors (represented by a negative sign)
and increasing of output factors (positive sign).

TABLE 3. Total efficiency scores based on the DEA

TABLE 4. Suggested improvements for the input factors of
some automotive vendors

% X1 X2 X3 X4 X5 X6 X7
4 0 -3.89 ES 444 -27.22 -17.22  -32.77
18 -3 0 0 -18 0 -71 0
19 0 -10.52 -7 0 -26.98 -79 -261
20 0 -30 -0.91 0 0 -23.33 0
29 -1 -11 -6 -9 0 0 0
30 0 -22 -24 0 -106 0 -175
34 -5 -27 =1/ -1.56  -21.89 0 -44.45
42 il 0 0 0 0 -26 0

48 0 -7.25 0 -5.28 -62 -27.79 0
52 0 -21 33 ) -19 -0.69 -67 -11.41
55 0 0 0 -19 -29.87 -57 0

TABLE 5. Suggested improvements for the output factors of
some automotive vendors

DMUs Efficiency DMUs Efficiency DMUs Efficiency
score score score
1 1 23 0.971 45 0.966
2 0.933 24 0.972 46 0.889
3 0.919 25 0.428 47 0.926
4 0.922 26 0.669 48 0.952
5 0.927 27 0.702 49 0.928
6 0.909 28 0.488 50 0.946
7 0.493 29 0.480 51 0.576
8 0.979 30 0.317 52 0.959
9 0.972 31 0.742 53 0.5
10 0.997 32 0.895 54 0.967
11 0.312 33 0.937 55 0.929
12 0.962 34 0.372 56 1
13 0.357 35 0.947 57 0.472
14 0.907 36 0.466 58 0.934
15 0.680 37 0.550 59 0.493
16 0.935 38 0.906 60 0.981
17 0.944 39 0.948 61 1
18 0.236 40 0.967 62 0.976
19 0.927 41 0.871 63 0.922
20 0.932 42 0.595 64 0.921
21 0.474 43 0.307 65 0.498
22 0.445 44 0.891 66 0.481

DMUs Y1 Y2 Y3

4 +302.35 +22.145 +2199649 .
18 +39521.10 +3999.11 +95722020
19 +3671.36 +75.31 +6134230
20 +2641.09 +124.34 +6533307
29 +534132.1 +68790.84 +631973100
30 +2959872 +365916.0 +7780618000
34 +17244.57 +230.02 +23166530
42 +601466.1 +45074.25 +2025846000
48 +8197.67 +224.79 +15846090
52 +12913.85 +397.09 +20541300
55 +16359.41 +578.4 +35021860

Suggested improvements shown in Tables 4 and 5 with
gray color are categorized in two groups:

e decreasing input factors,

e increasing output factors.

In order to improve the efficiency of inefficient DMUs,
the first group suggests that input factors, which include
a number of branch office, total number of exhibiting
vehicle, total number of test vehicle, total number of
selling adviser, total number of employee of vendors,
number of the exhibition and presentation activities
realized by vendors and number of advertisement
broadcasting by multi-media should be decreased by the

value of s™, while the second group suggests that
output factors, which include number of the sold
vehicles, average satisfaction value for all vendors
determined by the whole customers, service
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endorsement of vendors after selling, credit
endorsement loaned by means of financial founding for
customers and vendor's selling endorsement on the

spare parts, should be increased by the value of s*.

6. DISCUSSION

In this section, the performance improvement of
automotive vendors are discussed. For this purpose, the
difference between the improved data (desirable data)
and available data are calculated separately for each
input and output factors. Then, the obtained results for
each factor are ranked from minimum to maximum.
Next for each factor is analyzed that DMUs should
focus more in order to reach desirable status and how
much the scores of each inefficient DMU for each
factors should be increased to reach efficient scores.

In order to improve the efficiency of inefficient
DMuUs, input factors should be decreased by the value

of S~. Therefore, as shown in Table 6, DMUs which
should focus more on the X1 (number of branch
offices), first is DMU 34, which should be decreased by
the value of five branches in order to reach the
improved data.

DMU, which should focus more on the X2 (total
number of exhibiting vehicle), first is DMU 20, which
should be decreased by the value of 30 exhibiting
vehicles in order to reach improved data.

DMU, which should focus more on the X3 (total
number of test vehicle), first is DMU 30, which should
be decreased by the value of 24 test vehicles, in order to
reach the improved data.

DMU, which should focus more on the X4 (total

number of selling adviser), first is DMU 52, which
should be decreased by the value of 19 selling advisers
in order to reach the improved data.
DMUs which should focus more on the X5 (total
number of employee of vendors), first is DMU 30,
which should be decreased by the value of 106
employee of vendors, in order to reach improved data.

DMUs which should focus more on the X6 (number
of the exhibition and presentation activities realized by
vendors), first is DMU 19, which should be decreased
by the value of 79, in order to reach improved data.

DMUs which should focus more on the X7 (number
of advertisement broadcasting by multi-media), first is
DMU 19, which should be decreased by the value of
261 in order to reach the improved data.

In order to improve the efficiency of inefficient
DMUEs, output factors should be increased by the value
of s*. As shown in Table 7, DMU, which should focus
more on the Y1 (number of the sold vehicles), first is
DMU 30, which should obtain 2959872 score to reach
the desirable data.

TABLE 6. Ranking the difference between available and
desirable data for each input factors

Number of branch office (X1)

DMU 34 18
Difference -5 -3

Total number of exhibiting vehicle (X2)

DMU 20 34
Difference -30 -27

Total number of test vehicle (X3)

DMU 30 4
Difference -24 -15

Total number of selling adviser (X4)

DMU 52 55
Difference -19 -19

Total number of employee of vendors (X5)

DMU 30 48
Difference -106 -62
Number of the exhibition and presentation activities realized by
vendors (X6)
DMU 19 18
Difference -79 -71

Number of advertisement broadcasting by multi-media (X7)

DMU 19 30
Difference -261 -175

TABLE 7. Ranking the difference between available and
desirable data for each output factors

Number of the sold vehicles (Y1)

DMU 42 30
Difference 601466 2959872

Average satisfaction value for all vendors determined by the
whole customers (Y2)

DMU 29 30
Difference 68790.84 365916
Service endorsement of vendors after selling (in Turkish Lira)
(Y3)
DMU 42 30
Difference 2025846000 7780618000

Credit endorsement loaned by means of financial founding for
customers (in TL) (Y4)

DMU 42 30

Difference 1730413000 7418704000

Vendor's selling endorsement on the spare parts (in TL) (Y5)

DMU 42 30

Difference 3030531000 5544085000
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DMU, which should focus more on the Y2 (average
satisfaction value for all vendors determined by the
whole customers), first is DMU 30, which should obtain
365916 score to reach the desirable data.

DMU, which should focus more on the Y3 (Service
endorsement of vendors after selling (in Turkish Lira)),
first is DMU 30, which should obtain 7780618000 score
to reach the desirable data.

DMU, which should focus more on the Y4 (credit
endorsement loaned by means of financial founding for
customers (in TL)), first is DMU 30, which should
obtain 7418704000 score to reach the desirable data.

DMU, which should focus more on the Y5 (vendor's
selling endorsement on the spare parts (in TL)), first is
DMU 30, which should obtain 5544085000 score to
reach the desirable data.

7. CONCLUSION

In this study, DEA technique was used to evaluate the
efficiency scores of 66 automotive vendors. Then by
using the dual DEA model, improvement plans were
suggested to increase the efficiency scores of inefficient
vendors. The results showed that which DMUs should
focus more for each input and output factor in order to
reach the desirable data. For example, for input factors,
the unit which should focus more on the XI was DMU
34; the unit which should focus more on the X2 was
DMU 20, the unit which should focus more on the X3
was DMU 30, the unit which should focus more on the
X4 was DMU 52, the unit which should focus more on
the X5 was DMU 30, the unit which should focus more
on the X6 was DMU 19 and the unit which should focus
more on the X7 was DMU 19. Also for all output
factors the unit which should focus more, was DMU 30.
Main contributions of this research are as follows:

e To present an improvement plan to increase the
level of measures related to quality and changing
the organizations to efficient DMUs.

e To identify strength and weakness points in the
performance of automotive vendors in terms of
quality.

e To analyze the relationships between the
performance evaluation measures with the
requirements of 1SO 9001:2015 and quality
management principles

The developed framework in this study provides an

opportunity for organizations and the consulting

companies to have a comprehensive evaluation based on
the combination of quality management standards and

DEA technique. In addition results of this study can

assist all ISO 9001 certified company managers and the

consulting companies that service in the field of

Organizational quality for measuring and improving

their QMS.
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