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ABSTRACT

Car manufacturing is recently growing rapidly along with the
development of technology and science. Consequently, car manu-
facturers have to improve their products, i.e., the cars, to meet
customers’ requirement. This study tried to evaluate car selection
by utilizing nine criteria that are considered by the customers
when they are willing to purchase the cars, namely, exterior, con-
venience, performance, safety, price, fuel efficiency, resale, spare
part warranty, and dealer. The analytic hierarchy process (AHP)
and technique for others reference by similarity to ideal solution
(TOPSIS) were combined to accomplish the objective of this
study. Firstly, the AHP was used to determine the weights of each
criterion. The weights that have been identified by the AHP were

then employed to select the best alternative using TOPSIS method.

A case study to exhibit the applicability of the methods was con-
ducted to evaluate two types of cars that have similar engine ca-
pacity and price range, i.e., All New Avanza 1.3 E and All New
Xenia 1.3 R. Data were collected and compiled from three experts
consist of a car rental owner, a car workshop owner, and a car
dealer employee. The AHP result showed that the price was la-
belled as the most important criterion with weight of 0.182. The
All New Avanza 1.3 E were regarded preferable than All New
Xenia 1.3 R based on TOPSIS calculation. The finding of this
study might offer the car manufacturers with valuable insight into
the criteria that reflect customer’s assessment in car selection.

CCS Concepts

Applied computing— Multi-criterion optimization and deci-
sion-making
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1. INTRODUCTION

While the first car was invented in Germany and France in the late
1800s, the United States ever dominated the automotive industry
in the first half of the twentieth century. The motor vehicle indus-
try in the U.S. began with hundreds of manufacturers, but by the
end of the 1920s it was dominated by three large companies, i.e.,
General Motors, Ford, and Chrysler, all based in Metro Detroit
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[1]. Afterwards, the car was developed in accordance with techno-
logical advances. In 1925 to 1948, it was considered as the era of
classic cars; and in 1946 after a lull during World War 11, it was
the era of European postwar designs. Subsequently, it was the era
of Japanese cars; and now in the late 20th century, it is the era of
diesel engines and electric cars [2].

As science and technology escalate exponentially, the number of
cars produced in the world reached 72.10 million unit in 2016, led
by China about 24.4 million unit, Japan at 7.87 million unit, and
Germany at 5.74 million unit [3]. Furthermore, the cars are pro-
jected to reach the two billion mark by 2040 [4]. The prediction is
supported by a report from Macquarie Bank that in 2016, 88.1
million cars and light commercial vehicles were sold worldwide,
up 4.8% from a year earlier [5]. In sum, it can be assumed that the
need for cars increases.

As time goes by and as competition goes more intense, car manu-
facturers struggle to deliver their best products to meet customers’
needs with an increasing range of criteria [6]. Manufacturing such
products according to the wide range of criteria which are taken
into customers’ considerations is considered challenging since the
criteria would conflict each other. Therefore, it is essential to ap-
ply an effective tool for recognizing and prioritizing relevant cri-
teria to develop a robust assessment method. This method also
should develop consensus decision making. The multi-criteria
decision making (MCDM) theory could be applied in analyzing
the quality of the products regarding to some criteria. This
MCDM theory is a discipline that take aim at supporting decision
makers who are faced with formulating various and conflicting
evaluations.

There are numerous tools in MCDM which have been successful-
ly applied in several fields. However, the analytic hierarchy pro-
cess (AHP) proposed by [7] is considered as one of the most pop-
ular and powerful MCDM tool for decision making that has been
used for years, (see [8]-[11] for the example of the application of
the AHP). The AHP is considered as an intuitive method; easy to
handle multiple criteria; user friendly since it allows the users to
structure complex problems in the form of a hierarchy levels; and
has an advantage as seeking consistency in judgments [12]. The
AHP regulates basic rationality by solving the problem into small
parts and then asks for a simple pairwise assessment in developing
priorities in a hierarchy [13].

In this study, we attempted to combine the AHP with technique
for order preference by similarity to ideal solution (TOPSIS) by
[14] to determine the importance criteria and the best alternative
among alternatives in respect to the customers’ needs. The TOP-
SIS method is used here to identify the ranking of all alternatives
to be considered. It is simultaneously consider the distance to the
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“positive ideal solution” and the “ideal negative solution” associ-
ated with each alternative and choose the nearest to the ideal solu-
tion as the best alternative [15]. This technique has high flexibility
so it can accommodate further extensions to make better choices
in various situations [16]. The combination of these techniques is
widely used in several researches, see for example [17]-[20].

In order to demonstrate the applicability of the methods, a case
study was conducted on two types of cars which are regarded as
two most popular cars in Indonesia, i.e., All New Avanza 1.3 E
and All New Xenia 1.3 R. Indonesia was chosen since it is the
country that has the highest car sales in Southeast Asia. The low
ratio of ownership, the growth of income per capita which in-
creased 11% annually in a decade, and the largest Indonesian
population which reached 41% of the total population in South-
east Asia are considered as factors that supporting the huge
amount of car sales in Indonesia [21]. Thus, the objectives of this
research are twofold. The first is to show how to determine the
importance of assessment criteria using the AHP method. The
second is to identify the ranking of each alternative. The finding
of this research is useful in determining the best criteria chosen by
the customers when they are purchasing the cars.

2. RESEARCH DESIGN

In this study, the criteria for evaluating car selection between two
alternatives aforementioned were determined as nine criteria, i.e.,
exterior, convenience, performance, safety, price, fuel efficiency,
resale, spare part warranty, and dealer. They were selected and
chosen by literature review [6], [22], [23] and deep interview with
some experts. The first criterion is exterior, which is related to
physical appearance from both inside and outside of the car. This
criterion includes some aspect, such as color, dimension, tires, and
headlamp. The second criterion is convenience that is defined by
how the design can help users to operate the car easily. It involves
the available space inside the car, comfortable seats, and the quali-
ty of audio system. The criterion that associated with the func-
tionality of the car is performance, as the third criterion of this
study. It involves acceleration, maximum speed, brake, and turn-
ing ability. The fourth criterion is related to how the car features
can help users to stay safe while driving. Some features such as
airbag, anti-lock braking system, seat belt, and alarm are included
in this criterion. The fifth criterion is price. It is defined as how
much money the customers have to purchase for the car. The next
criterion is fuel efficiency which is related to fuel consumption of
the car while it is operated. In addition, it can be identified by how
far the car can travel in some unit of fuel volume. The seventh
criterion is resale. It is defined by how much money the owner of
the car would get when he/she would like to sell the used-car. It is
assumed that the used car is in a normal condition when it would
like to be sold. Subsequently, spare part warranty, which is the
eighth criterion is related to warranty from the manufacturer in
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case some spare parts of the car are broken. It includes the service
coverage and duration of warranty. The last criterion is dealer,
which involves the availability of car dealers near to the custom-
ers. It also includes the service quality of the dealers.

Another objective of this research is to find out the best car model
between two aforementioned alternatives. All New Avanza 1.3 E
was chosen since it has the highest market share in period of June
to July 2017. While All New Xenia 1.3 R was chosen since it has
almost same physical characteristics and the other specifications
with the first alternative.

In order to apply the AHP and TOPSIS methods to the prioritizing
of criteria for evaluating car selection between those two alterna-
tives, the criteria abovementioned are initially structured into
different hierarchy levels. The hierarchy of the decision model is
shown in Figure 1, where the objective is to select the best car
between two alternatives. This hierarchy of criteria is the subject
of a pairwise comparison. Data are collected from three respond-
ents who have different occupation, i.e., car rental owner, car
workshop owner, and car dealer employee.

The evaluation process was divided into two steps. The first is to
assess the weight of each criterion using the AHP and the second
is to compare two alternatives based on the weights that have been
identified in the first step using TOPSIS. For the first, the decision
makers are asked to compare the elements on a pairwise basis in
order to estimate their relative importance. A nine point scale
questionnaire [24] is used to show the decision makers’ judgment
among options as equally, moderately, up to extremely important
(or unimportant); see Table 1 for the detail.

Table 1. One to nine scale questionnaire

Intensity of Definition Explanation
Importance
1 Equal im- | Two activities contribute equally
portance | to the objective
3 Moderate | Experience and judgement
importance | slightly favor one over another
5 Strong Experience and judgement
importance | strongly favor one over another
Very strong An activity is stron_gly favored
7 . and its dominance is demon-
importance - -
strated in practice
9 Absolute Importance of one over another
importance | on the highest possible order
Intermedi- | Used to represent compromise
2,4,6,8 oo
ate values | between the criteria
Reciprocals If criterion i has one of the above non-zero
of above numbers assigned to it when compared with
non-zero criterion j, then j has the reciprocal value when
numbers compared with i.




After the weight of each criterion was identified, a calculation to
rank the alternatives was employed using TOPSIS technique.
Detail of calculation and process involved in each step are de-
scribed in the following subsections.

2.1 The Analytic Hierarchy Process

The AHP is a decision-making tool which was developed in 1980
by Thomas L. Saaty [7]. This method is usually used in explaining
complex decision-making problems and has several attributes by
modeling the amorphous problems studied into hierarchical ele-
ments. An important component of a hierarchical system is the
main objective, the criteria that affect the objective, and alterna-
tives available for the problem. Seven steps of implementation
procedure of the AHP is presented as follows.

1) Step 1: Describe the problem and determine the criteria to be

used.

The problem of this study that has been previously stated is to
select the best car model between two alternatives, i.e., All New
Avanza 1.3 E and All New Xenia 1.3 R. The figure of those two
alternatives is depicted in Figure 2. While the criteria that are
considered are exterior, convenience, performance, safety, price,
fuel efficiency, resale, spare part warranty, and dealer.

(a) All New Avanza 1.3 E
Figure 2. Two Alternatives

(b) All New Xenia 1.3 R

2) Step 2: Arrange the problem into the hierarchy by consider-

ing the objective.

The hierarchy of the problem is depicted in Figure 1, where the
objective is located on the top of the hierarchy as the level 0; the
criteria are located in the second layer as the level 1; and the al-
ternatives are located in the third layer as the level 2.

3) Step 3: Collect the data from respondents or decision makers.

Three respondents have been selected in this research to evaluate
car model selection, i.e., car rental owner, car workshop owner,
and car dealer employee.

4) Step 4: Develop a paired comparison matrix for the criteria.

This step is to conduct the pairwise comparisons for each criterion
according to the hierarchical tree structure that has been identified
before. Nine scale questionnaire which has been mentioned previ-
ously is used in this pairwise comparison. Based on the pairwise
comparisons, the relative importance degrees are estimated. A
total number of n(n — 1)/2 pair-wise comparisons are evaluated,
where n is the number of criteria. Let A represent an n < n pair-
wise comparison matrix as follows:

1 ap ayn
a. 1 a
A= | o ®
A Ay o 1

The diagonal elements in the matrix A are self-compared of the
criteria, and thus a; = 1, where i = j, i, j =1, 2, ..., n. The values
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on the left and right sides of the matrix diagonal represent the
strength of the relative importance degree of the ith element com-
pared to the jth element. Let a; = 1/a;;, where a;; >0, i #j.

5) Step 5: Calculate the importance degrees for each criterion.

The NGM (normalization of the geometric mean) method is used
to determine the importance degrees for each criterion. Let W;
denotes the importance degree for the ith criterion, then

n yn
i)
j=1

n n ]/n’
Z[Haij]

i=1\ j=1

w; = ii=12 ...n. @)

6) Step 6: Test the consistency.

To ensure that the evaluation of the pairwise comparison matrix is
reasonable and acceptable, a consistency check is performed. Let
C denote an n-dimensional column vector describing the sum of
the weighted values for the importance degrees of the criteria,
then

C=[al =AW, i=1,2..n, 3)
where
1 ap an | (W] | ¢
awT -|%2 1 fn | | W2 || €2 @)
ay ap - 1 Wy, Ch

The consistency values for can be represented by the vector CV =
[cvilixn, With a typical element cv; is defined as
G .
cvi=—,i=1,2,...,n.
Wi

(®)

However, to avoid the inconsistency occur when using different
measurement scales in the evaluation process, Saaty [7] suggested
use the maximal eigenvalue Ay t0 evaluate the effectiveness of
measurements, which can be determined by

n
2.0V
Amax = 2—, i=1,2,...,n (6)
n
A consistency index (ClI) is then can be determined by
Cl= Amax —N ) @
n-1

If CI = 0, the evaluation for the pairwise comparison matrix is
implied to be completely consistent. Notably, the closer of the
maximal eigenvalue is to n, the more consistent the evaluation is.
Generally, a consistency ratio (CR) [7] can be used as a guidance
to check for consistency.

Cl
CR= —, 8
Al (®)
where RI denotes the average random index with the value ob-
tained by different orders of the pairwise comparison matrices. If

the value of CR is below than the threshold of 0.1, then the evalu-



ation of the importance degrees of each criteria is considered to be
reasonable.

7) Step 7: Determine the relative overall importance degrees.

This last step is the ultimate goal of the first objective of this re-
search. After the degrees of importance for each criterion have
been identified, to accomplish the second objective of the research,
the TOPSIS technique is applied.

2.2 TOPSIS

TOPSIS technique was first developed by Hwang and Yoon in
1981 [14], with further developments by Yoon in 1987 [25] and
Hwang, Lai, and Liu in 1993 [26]. TOPSIS is based on the con-
cept that the chosen alternative should have the shortest geometric
distance from the positive ideal solution (PIS) and the longest
geometric distance from the negative ideal solution (NIS). The
steps of TOPSIS technique implementation are presented as fol-
lows.

1) Step 1: Establish a normalized decision matrix.

Let Z denote a normalized decision matrix representing the rela-
tive performance of the generated design alternatives, with typical
element Z;; which can be calculated as

Yij

2,
‘/Zyﬁ
j=1

where yj; is the performance score of alternative j against criterion
i(i=1,2,...,n (number of criteria) and j =1, 2, ..., K (number of
alternatives).

2) Step 2: Calculate the weighted decision matrix.

Let X;; be the weighted normalized decision matrix (i=1,2, ..., n
andj=1,2, ..., K). It can be determined by

Xij = Wi -Zjj,

Zij =

©)

(10)

where w; is the weight of each criterion. These weights have been
identified by using the AHP.

3) Step 3: Calculate the PIS and NIS.
The PIS and NIS are defined as

T
) foper)

where | = {i =1, 2, ..., nand i is associated with the beneficial

PIS= A" = {m_in Xjj (11)
J

(12)

NIS= A~ _{[max Xij
i

criterion of X}, and I'={i=1,2, ..., nand i is associated with
the cost-effective criterion of X;}.
4) Step 4: Compute the distance of each alternative from PIS

and NIS.

Let the S;" denotes the distance of each alternative from PIS and
S; denotes the distance of each alternative from NIS.

§' = L (Xij _Ai+)2:|1/2’

(13)

Lb=
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S = (14)

L%(Xu - Aﬁ)zr~

Step 5: Compute the closeness coefficient (CC;) of each al-
ternative.

The ranking score can be calculated by employing the CC; as
follows

5)

Sj
CCi = . (15)
Sj +Sj

6) Rank the alternatives.

The different alternatives are ranked according to the closeness
coefficient in decreasing order. The best alternative is closest to
the PIS and farthest from the NIS.

3. CASE STUDY RESULT

The following is the application of the AHP and TOPSIS to eval-
uate car model selection. The methods were employed based on
the aforementioned criteria. First, the decision makers filled the
pairwise comparison to express their preferences between the
alternatives and criteria in a nine point scale questionnaire. The
AHP was then applied to calculate the weights or the importance
degrees for each criterion. Note that consistency test was conduct-
ed to ensure that the pairwise comparison matrix is reasonable and
acceptable; and thus can be used for further analysis. The result
which is the weights that indicated the importance of criteria for
car model selection is shown in Table 2.

Table 2. The weights for each criterion

Criterion Weight
Exterior 0.172
Convenience 0.128
Performance 0.068
Safety 0.056
Price 0.182
Fuel efficiency 0.152
Resale 0.129
Spare part warranty 0.048
Dealer 0.065

The weights for each criterion are exterior with 0.172, conven-
ience with 0.128, performance with 0.068, safety with 0.056, price
with 0.182, fuel efficiency with 0.152, resale with 0.129, spare
part warranty with 0.048, and dealer with 0.065. According to this
result, price, exterior, and fuel efficiency are regarded as the first,
second, and third-most important criteria. In other words, it seems
that the buyers view those criteria as major factors to be noticed
by the manufacturers when they produce the cars.

The price is regarded as the most important criteria since most car
buyers in Indonesia, as a developing country, still view the cars as
luxury products; thus, the price is considered as a very influential
factor for the buyers when they purchase such cars. The second-
most important criterion is exterior. Indonesians are very con-
cerned about the look of the products they buy. This situation also
influences the experts so that they infer that the buyers do not
bother to purchase a car with better exterior design in spite of



having higher price. Some Indonesians also consider fuel efficien-
cy as the vital criterion in purchasing cars since they generally use
the cars for a long distance travel. Afterwards, resale, convenience,
and performance are considered as less important; while dealer,
safety, and spare part warranty are labelled as the least important
criteria in evaluating car selection.

After the weights of each criterion have been calculated, the
TOPSIS technique is then applied to select the best alternative
between two aforementioned alternatives. The result, which is the
alternative priority weights, is depicted in Table 3.

Table 3. Alternative priority weights for each criterion

Criterion All New AI_I New
Avanzal.3E Xenial.3R
Exterior 0.558 0.442
Convenience 0.409 0.591
Performance 0.558 0.442
Safety 0.500 0.500
Price 0.409 0.591
Fuel efficiency 0.442 0.558
Resale 0.825 0.175
Spare part warranty 0.500 0.500
Dealer 0.631 0.369

As we can see in Table 3, the first alternative, i.e., All New Avan-
za 1.3 E surpasses the second alternative, i.e., All New Xenia 1.3
R for criteria of exterior (55.8% vs. 44.2%), performance (55.8%
vs. 44.2%), resale (82.5% vs. 17.5%), and dealer (63.1% vs.
36.9%); while the second alternative exceeds the first in criteria of
convenience (40.9% vs. 59.1%), price (40.9% vs. 59.15), and fuel
efficiency (44.2% vs. 55.8%). Safety and spare warranty criteria
are considered same for both alternatives (50% vs. 50%).

Finally, TOPSIS technique ranked the best alternative according
to the relative proximity to the ideal solution. The result shows
that the first alternative beats the second alternative across all nine
criteria. The All New Avanza 1.3 E scores 0.63 while the All New
Xenia 1.3 R scores 0.37. Although the first alternative has higher
price than the second one, however, it has better resale price (the
depreciation price is 12% comparing to 24%).

4. CONCLUSION AND FUTURE
RESEARCH DIRECTION

The study aims to develop a model to evaluate car model selection
as a basis for the buyers to purchase the cars, especially in Indo-
nesia. Data are collected from three experts who have abundant
experiences. The result of this research as depicted in Table 2 and
3 show that the manufacturers should focus on price (it has high-
est weights among all, i.e., 0.182), exterior (0.172), and fuel effi-
ciency (0.152) aspects to attract buyers to purchase their products.

The ranking of two alternatives based on the calculations (the
AHP and TOPSIS technique) is: All New Avanza 1.3 E with 63%
and All New Xenia 1.3 R with 37%. Although the first alternative
surpasses the second, it does not mean that the first is a gorgeous
product comparing to the other. In fact, other car should improve
the quality considering those criteria. These findings can provide
the car manufacturers with valuable insights into the criteria that
reflects customers’ perceptions when they purchase the cars.
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For further research, it is recommended to use other multi-criteria
decision making tools to evaluate car model selection. For exam-
ple, if is suspected that there are interdependent relationships
among criteria, the analytic network process (ANP) [27] can be
used (Note that in this study, the criteria are assumed independent.)
Another consideration can be used if the linguistic assessment of
human feelings and perceptions, which are the answers of the
experts are considered as fuzzy. Human’s judgments in the AHP
are represented as precise; yet in real life situations, it is not.
Hence, it is not reasonable to represent it in terms of precise num-
bers; is more convenience to give interval judgments than fixed
value judgments. Thus, the concept fuzzy AHP (as well as fuzzy
TOPSIS) can be utilized in evaluating such multi-criteria decision
making problems. They have been successfully applied in several
fields, see for example: [28]-[30]. Comparing the results generat-
ed by those methods with this research is an interesting area to be
pursued.
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