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Abstract. Excavators are quite expensive vehicles. Therefore, there may be huge losses for decision makers if a wrong
decision is made during the purchasing process. A good evaluation of excavator alternatives both reduces costs and in-
creases the benefits the excavator for the purchaser. The aim of this study is to prioritise excavator technologies to help
decision makers during the purchasing process and to apply three different “data fusion methods” instead of the “theory
of dominance” of the original MULTIMOORA method. The MULTIMOORA method is composed of three methods,
namely: the ratio analysis as a part of MOORA, Reference Point Theory (the reference point approach as a part of
MOORA) and the Full Multiplicative Form. It is used to prioritise excavator technologies in this study. The MULTI-
MOORA method combines three results obtained from these three methods using the theory of dominance. Dominance
directed graph, Rank position method and Borda count method as data fusion methods are also used to combine these
three results instead of the “theory of dominance”. The results from this study show that there is no difference between
the data fusion methods and the MULTIMOORA method can be applied to technology evaluation of the excavator al-
ternatives successfully.

Keywords: excavator technologies, MULTIMOORA, dominance directed graph, rank position method, Borda count

method, decision making.

Introduction

Machinery and equipment selection is essential to firms
in order to be successful in a business environment. The
selection of unsuitable machinery negatively affects
all aspects of business performance. This also leads to
failure in meeting the requirements of the customers in
terms of quality, time and cost. Therefore, the selection of
the most suitable machine among alternatives increases
firms’ competitiveness.

The purchasing function has received considerable
attention because it is vital in determining the survival
and profitability of businesses (Bayazit ef al. 2006). The
process of buying a machine is complex and consists of
many stages. In this process, different business manag-
ers try to determine the machine which will be bought
with respect to certain criteria and to influence the selec-
tion decision based on their own selection priorities. They
also consider different evaluation criteria with respect to
whether they are buying a machine for the first time.

Selecting the best excavator technologies (in terms
of criteria considered) is not easy since there are many
criteria, and they can be quantitative or qualitative, with
equipment characteristics judged as beneficial and non-

beneficial. The aim of the excavator selection process is
to choose the option that reduces costs and increases ben-
efits compared with alternative excavators.

In Turkey, ongoing urban renewal is increasing the
demand for excavation equipment, and is making choos-
ing the right equipment all the more important. Both do-
mestic and foreign investors have begun to invest in the
heavy equipment sector in Turkey due to its anticipated
growth (Dunya newspaper 2014). On a project scale, the
selection of the most suitable excavator — an essential
vehicle in urban renewal — is important in order to ob-
tain maximum efficiency and effectiveness. According to
the Industry Directorate-General study (2010), in Turkey,
11,500 units of business machinery were sold in 2007, of
which 3,830 were excavators.

Inappropriate excavator selection increases costs
and decreases the benefits of the excavator for decision
makers. This paper presents a real-life case study on the
successful application of the MULTIMORA method for
the selection of excavator technologies. The MULTIMO-
RA method provides evaluation of technology alterna-
tives from multiple perspectives. The major contribution
of this paper is to extend different data fusion methods,
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namely dominance directed graph, rank position meth-
od and the Borda count method, in conjunction with the
MULTIMOORA method for excavator selection.

The MULTIMOORA method was introduced by
Brauers and Zavadskas (2010). This method prioritises
alternatives easily in the presence of cost and benefit cri-
teria. It is composed of three methods: the ratio analy-
sis as a part of MOORA, Reference Point Theory (the
reference point approach as a part of MOORA) and the
Full Multiplicative Form. The MULTIMOORA method
combines three results obtained from these three methods
using the theory of dominance. Instead of the theory of
dominance in the original MULTIMOORA method, the
dominance directed graph, rank position method and the
Borda count method are also used to combine these three
results in this paper.

1. Literature review

The research considered different criteria in the literature
for the selection of excavator technologies. Among them,
Cebesoy (1999) took into account bucket size, engine
power, weight, breakout force, crowd force, speed, cut
height, digging height, and digging depth for excavator
selection using an improved quality comparison method.
Soykan (2009) selected an excavator using conjoint anal-
ysis and considered walking system, scoop movement,
catalogue language, scoop storage, and working load as
criteria. In addition to these studies, Aykul et al. (2007)
selected hydraulic excavator/truck and surface miner/
truck combinations for highly selective excavation sur-
face coal mining. Kirmanli and Ercelebi (2009) also de-
veloped an expert system for hydraulic excavators and
truck selection in surface mining.

The MULTIMOORA method has been successfully
applied in many fields, such as evaluation of the econo-
my of the Belgian regions (Brauers, Ginevicius 2010),
project management (Brauers, Zavadskas 2010; Brauers
2012), evaluation of Lithuania’s position in the Europe-
an Union (Balezentis ef al. 2010), ranking heating losses
in a building (Kracka et al. 2010), the selection of bank
loans (Brauers, Zavadskas 2011a), selection of building
elements for renovations important for energy savings
(Brauers et al. 2012), evaluation of the construction sec-
tor in twenty European countries (Brauers et al. 2013),
evaluation of public debt risk (Stankevié¢iené, Rosov
2013), ranking climate change mitigation policies in
Lithuania (Streimikiene, Balezentis 2013), evaluation of
the financial stability of commercial banks (Brauers et al.
2014) and special education and rehabilitation center se-
lection (Ozgelik et al. 2014). In addition to these stud-
ies, Brauers and Zavadskas (2012) provided information
about the robustness of the MULTIMOORA method. A
survey of the applications of the MULTIMOORA method
can be found in T. BaleZentis and A. BalezZentis (2014).

The MULTIMOORA method is composed of the ra-
tio analysis as a part of MOORA, Reference Point The-
ory (the reference point approach as part of MOORA)

and the Full Multiplicative Form. The MOORA method
is applied in many different fields, such as materials se-
lection (Karande, Chakraborty 2012), privatisation in a
transition economy (Brauers, Zavadskas 2006), evalua-
tion of inner climate (Kalibatas, Turskis 2008), assess-
ment of road design alternatives (Brauers ef al. 2008a),
contractors’ ranking (Brauers et al. 2008b), assessment
of regional development in Lithuania (Brauers et al.
2010), evaluating contractors’ alternatives in the facili-
ties sector in Lithuania (Brauers, Zavadskas 2009), ro-
bustness in regional development in Lithuania (Brauers,
Ginevicius 2009), decision-making in the manufacturing
environment (Chakraborty 2011) and parametric optimi-
sation of the milling process (Gadakh 2011). Galetakis
et al. (2015) developed an expert system for the predic-
tion of the performance of bucket-wheel excavators. In
some studies, researchers focused on equipment selection
for excavators. For example, Morley et al. (2013) used
discrete event simulation for excavator hauler fleet selec-
tion; Qunzhang et al. (2011) proposed analytical hierar-
chy method for monitoring the parameters selection of
the hydraulic system of an excavator. Wang et al. (2009)
proposed a combined simulation and analysis to compare
the performance of excavator types.

The combination of the MULTIMOORA method
and other methods has been extensively documented in
the literature; for example, the combination of the MUL-
TIMOORA method and data envelopment analysis for
multi-criteria assessment and comparison of farming ef-
ficiency (T. Balezentis, A. Balezentis 2011a), the com-
bination of the MULTIMOORA method and data en-
velopment analysis for assessing the efficiency of the
Lithuanian transport sector (T. Balezentis, A. Balezentis
2011b), the combination of the MULTIMOORA method
and grey set theory for robot selection (Datta et al. 2013)
and the combination of the MULTIMOORA method and
interval value grey number sets for CNC machine tool
evaluation (Sahu ef al. 2014). Liu et al. (2014) proposed
interval 2-tuple linguistic MULTIMOORA method for
health-care waste treatment technology selection.

In the literature, the usage of the MULTIMOORA
method is generally preferred if the presence of quanti-
tative criteria is known and there is a possibility to con-
struct the decision matrix easily. However, in this paper,
the excavator selection problem is solved by group deci-
sion makers and according to the quantitative and qualita-
tive criteria of the MULTIMOORA method. In addition,
this is the first study that extends the original MULTI-
MOORA method using different data fusion methods,
namely, Dominance directed graph, Rank position meth-
od and Borda count method.

2. Methods

2.1. MULTIMOORA

The MULTIMOORA is a relatively new multi-criteria de-
cision making method consisting of three parts: the ratio
analysis as a part of MOORA, Reference Point Theory
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Fig. 1. Diagram of MULTIMOORA (Brauers et al. 2012)

(the reference point approach as a part of MOORA) and
the Full Multiplicative Form (T. Balezentis, A. BaleZentis
2014). The MULTIMOORA method makes it a possible
to increase the robustness of the results due to the aggre-
gation of these approaches (Brauers, Zavadskas 2011Db).
In the MULTIMOORA method, the theory of dominance
is proposed by Brauers and Zavadskas (2011a) to com-
bine the results of these methods. Details on the theory
of dominance can be found in Brauers and Zavadskas
(2011a) and Brauers et al. (2012). The dominance direct-
ed graph, Rank position method and Borda count method
are also used to obtain a ranking of alternatives. Figure 1
summarises the MULTIMOORA method.

2.1.1. The ratio analysis as a part of MOORA

The steps of the ratio analysis as a part of MOORA are
given below in stepwise fashion.

Step 1: Construct the decision matrix of responses (see
Fig. 1).
Step 2: Normalize the decision matrix by using Eqn (1):

* Xij
xl.j -, (1)

2%

where: x;; — response of alternative j on objective i; j = 1,
2, ..., m; m is the number of alternatives; i =1, 2, ..., n;

n is the number of objectives.

Step 3: Calculate the final preference by using Eqn (2):
Vi = ig=1xé/‘ _Z:lzg-H Yijs @)

where: i = 1, 2, ..., g as the objectives to be maximized;
i=g+1,g+2, ..., n as the objectives to be minimized;
yj* — the final preference for j alternative. Each alterna-
tive is sorted in descending order with respect to yj*.

2.1.2. The Reference Point Approach as a part of MOORA

The Reference Point Approach as a part of MOORA in-
cludes three steps and the first two steps are the same
steps as the ratio analysis as a part of MOORA. The steps
of the reference point approach as a part of MOORA are
given below in a stepwise manner.

Step 1: Construct the decision matrix which shows the
matrix of responses (see Fig. 1).

Step 2: Normalize the decision matrix by using Eqn (1).
Step 3: Calculate the reference point by using Eqn (3)
and give a preference with respect to the result:

Z; = min(j) {max(i)|r; — x; |}, 3)

where: Z; — the final preference for the j™ alternative;
r;— the i coordinate of the reference point in the normal-
ized decision matrix.

If the objective should be maxima, we choose the
highest value as 7; for related objective. On the other
hand, we choose the lowest value as r; for related objec-
tive, if the objective should be minimal. Herein, the low-
est Z; value shows the best alternative, while the highest
Z; value shows the worst alternative.

2.1.3. The Full Multiplicative Form for Multi-Objectives

The Full Multiplicative Form for Multi-Objectives in-
cludes two steps, the first of which is that same as the
first step of MOORA (both Ratio Analysis and Reference
Point Approach). The steps of the full multiplicative form
for multi-objectives are given as follows in a stepwise
manner.

Step 1: Construct the decision matrix of responses (see
Fig. 1).
Step 2: Calculate the overall utilities (U)) by using Eqn (4):

n
i=1



980 S. Altuntas et al. Evaluation of excavator technologies: application of data fusion based MULTIMOORA methods

If some objectives are to be maximized and others
are to be minimized, we combine these objectives by us-
ing Eqn (4°):

U =—L. (4%)

U’ shows the value of the utility of alternative j with
the objectives to be maximized and objectives to be mini-
mized with:

4 =11xg (5)
g=1

j=1,2, ..., mis the number of alternatives and i is the
number of objectives to be maximized with:

B, =[] . (6)

k=i+1
n—i is the number of objectives to be minimized.

2.2. Data fusion methods

The aim of data fusion methods is to merge results ob-
tained from the different resources. Data fusion methods
are extensively used in the literature for the information
retrieval system. However, in addition to utilising the
theory of dominance proposed by Brauers and Zavads-
kas (2011a) in the original MULTIMOORA method, the
dominance directed graph, the rank position method and
the broad count method are also used in this study to
merge the results of the ratio analysis part of MOORA,
the reference point approach part of MOORA and the full
multiplicative form for multi-objectives.

2.2.1. The dominance directed graph

The dominance directed graph is known as a tournaments
because each ranking obtained from the three methods
can be considered to be a tournament. In addition, each
alternative (excavator technology) can also be considered
a team. In the dominance directed graph, Team A can
dominate Team B or vice versa, but not both. The vertex
matrix (M = [m;]) of each tournament should be con-
structed. If Team A dominates Team B, mp is equal to
1, otherwise 0. Matrix M shows the dominance relation
among alternatives for a tournament. Subsequently, M2
is calculated and then A = M + M2. The row sums of A
show its preference. The highest value of the row sums
is the best alternative, while the lowest value is the worst
alternative. In this study, the sum of each row obtained
by each method for each excavator technology is summed
for the final ranking.

2.2.2. The rank position method

The rank position method, which is also named the recip-
rocal rank method, considers the current position of each
alternative with respect to each method. The following
formula shows the rank position score () for each alter-
native, and is used to obtain final ranking. The highest
value of the rank position score is the worst alternative
and the lowest value is the best alternative:

r(d) =1/ (; 1/ position dy) for all (j), 7

k — number of results obtained from the methods, j = 1,
...., k; p — number of alternatives, i = 1, ...., p.

In this paper, k = 3 (the results of the ratio analysis
part of MOORA, the reference point approach part of
MOORA and the full multiplicative form for multi-objec-
tives) and p = 13 (the number of excavator technologies).

An example can be given to show how the rank po-
sition method works. There are only two possible ways,
which equal to k, to sort the alternatives with respect to
their priorities. Each possible way is denoted A and B.
There are four alternatives (p), namely x, y, z, t. The rank-
ing lists are given as follows:

A=(x,,t 2);
B=(,x,y,2).

The computation of rank position of each alternative
is given as follows:

o) =1/(1+1/2)=067;
) =1/(12+1/3)=12;
Hz)=1/(1/4 + 1/4) = 2;

He)y=1/(1/3+1)=0.75.

Hence, the final ranked list of the alternatives is:
xX>t>y>z

2.2.3. The broad count method

The broad count method is a simple and effective method
(Erp, Schomaker 2000) and does not require any training
to combine the rankings (Ruta, Gabrys 2000). The num-
ber of alternatives is equal to the number of votes in the
method. The highest ranked alternative (in a p-way vote)
gets p votes and each subsequent alternative gets one vote
less (Nuray, Can 2006). The Broad Count (BC) value is
calculated by summing the votes given to each alterna-
tive in each method. The final broad score is calculated
by the aggregation of each of the individual scores, which
denoted by BC(i) (Moreira 2011). BC(7) shows the BC
value of i alternative. The highest BC value is the best
alternative and the lowest value is the worst alternative
in the method. Some examples for the introduction of the
method can be found in Nuray (2003), Nuray and Can
(2006), Bozkur et al. (2007) and Moreira (2011).

The computation of broad count method is presented
in the following by considering the previous small ex-
ample:

BCx)=4+3=7,
BC(y)=3+2=35;
BCz)=1+1=2;
BC(H)=2+4=6.

Therefore, the final ranked list of the alternatives is
x>t>y >z Table 1 summarizes all methods.
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Table 1. A summary of all method

No Method

Formula

1 The Ratio Analysis as a part of MOORA

(as a first part of
the MULTIMOORA)

2 The Reference Point Approach as a part of MOORA

(as a second part of the MULTIMOORA)

3 The Full Multiplicative Form for Multi-Objectives A.
(as a third part of the MULTIMOORA) U =—L
B.
J
4 The dominance directed graph A=M + M2

5 The rank position method

r(dy) =1/ (% 1/ position dj) for all (j)

6 The broad count method

BC(i)

3. Application of the proposed method for evaluat-
ing excavator alternatives

At the beginning of the study, the construction companies
within Bayburt Trade and Industry Cooperation in Turkey
were determined. Interviews were carried out with the
heads of the companies, and one company was expected
to buy an excavator in the near future. Decision makers in
the company stated that they would purchase an excava-
tor weighs about 25-30 tonnes with crawler. Subsequent-
ly, 13 alternatives meeting the requirements of the deci-
sion makers were identified from seven different brands.
Then, the factors influencing the excavator choice were
analysed through a review of the literature. To find cri-
teria apart from those in the related literature concerning
the excavator selection process, the opinions of marketing
managers who work in excavator firms were surveyed via
e-mail. Eleven quantitative criteria (five beneficial crite-
ria and six non-beneficial criteria) and seven qualitative
criteria (all of them beneficial) were determined for the
excavator selection.

Some selection criteria were deemed to be missing
from the catalogues for quantitative criteria. The sales
representatives of the branches of all the brands were
called to determine the missing quantitative criteria. A
questionnaire was administered to the decision makers
group with the aim of measuring their evaluations for
qualitative criteria with regard to the 18 criteria and seven
brands determined through the literature reviews and the
interviews with the marketing managers. All studies up
to that point included the stages of problem identification
and organising the data. The data obtained subsequent-
ly were analysed by using the original MULTIMOORA
method. In the final part of the study, alternatives were
placed in order using the dominance directed graph, the
rank position method, and the Borda count method adjust-
ed MULTIMOORA methods. All these studies, including
application, analysis and evaluation, are summarised in
Figure 2. Figure 3 presents the hierarchical decision mod-
el for the evaluation of excavator technologies.

3.1. Criteria

In the literature, researchers use objective (quantitative)
criteria only for examining excavator technologies. How-
ever, Chernatony and McDonald (2003) indicate that both
objective and subjective issues have an impact on the
decision makers. In addition, there may be some crite-
ria that should be minimized, while others maximised.
Therefore, we tried to determine the criteria affecting
the excavator selection process based on the above men-
tioned lines. Firstly, some criteria were determined by
reviewing the related literature. To find criteria apart from
those in the related literature that affect the excavator se-
lection process, an e-mail survey was conducted to gather
the opinions of marketing managers who work in exca-
vator firms. It should be noted that selected excavator
firms are members of the Turkey Construction Machinery
Manufacturers and Distributors Association. Finally, the
literature review and interviews suggested 11 quantitative
criteria (five beneficial criteria and six non-beneficial cri-
teria) and seven qualitative criteria (all of them beneficial
criteria) for this study. Criteria and objectives of excava-
tor models are given in Table 2. If there are different units
in different multiple objectives, this makes optimisation
difficult (Brauers, Ginevi¢ius 2013). In this study, quali-
tative criteria were measured via a survey study using
a five point Likert scale (1 = “not at all” and 5 = “to a
great extent”) except for the “brand experience” criteria.
We measured brand experience by conducting a survey,
as well as asking decision makers to use a scale between
1 and 3 with respect to their experiences (1 = “negative”,
2 = “no idea” and 3 = “positive”):

- Motor power (X;): There are different excavator
models with respect to their motor power. Motor
power is an important criterion in terms of the us-
age area of the excavator and the aim of its usage.
Motor power ranges from 93 hp to 464 hp.

- Bucket size (X,): Bucket size is one of the crite-
ria that show excavator capacity. There are different
excavator models with respect to bucket size which
range from 0.19 m3 to 6.6 m>.
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Application of the MUTIMOORA Method

Final Evalution
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Step 1: Determination of criteria

!

Step 2: Determination of alternative

v

Step 3: Separation of criteria according to quantitative and qualitative

v

Step 4: Obtaining data for quantitative criteria from firm catalogues and firm owners

v

Step 5: Determination of decision makers

!

Step 6: Conducting a questionnaire on decision makers for quantitative criteria

v

Step 7: Construction of decision matrix

Step 8 Application of the Ratio Analysis as a part of MOORA

v

Step 9: Application of the Reference Point Approach as a part of MOORA

v

Step 10: Application of the Full Multiplicative Form for Multi-Objectives

v

Step 11: Ordering Alternatives with MULTIMOORA Method

Step 12: Application of Dominance Directed Graph Method

L

Step 13: Application of Rank position Method

v

Step 14: Application of Borda count Method

L

Step 15: Comparing and evaluating the ordering Results

Fig. 2. Application steps
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Table 2. Criteria and objectives of excavator technologies
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Attributes Units of measurement max/min
Motor power (X;) horse power max
Bucket size (X;) m3 max
Language of product catalogue (X3) Turkish / English max
Lead time (X}) days min
Cutting Height (X5) mm max
Digging Depth (Xy) mm max
References (X7)* - max
Country of origin (Xg)* - max
Product reliability (Xg)* - max
Company reputation (Xq)* - max
Easiness of selling in the second-hand market (X;;)* - max
Brand confidence (X},)* - max
Brand experience (X3)* - max
Purchasing price (X 14) Dollar min
Hydraulic oil consumption (X5) liter/hour min
Engine oil consumption (X;) liter/hour min
Cab comfort (X|7) dba min
Fuel consumption (X g) liter/hour min

Note: *The attribute is measured by scale between 1 and 5 via survey study.

- Language of product catalogue (X3): Soykan (2009)
emphasises that the decision makers prefer the lan-
guage of the product catalogue for excavators to be
in both Turkish and English. However, parts of the
product catalogue may be written in only one lan-
guage, i.e. Turkish or English. We use a three-point
scale (1 — English language, 2 — Turkish language,
3 — both English and Turkish language).

- Lead time (X,): Decision makers expect a short
lead time. If the lead time is high for one excavator
model, this negatively affects the company. Delivery
speed and timely deliveries affect the decision as to
which excavator to purchase.

- Cutting Height (X;5): Decision makers want to buy
an excavator that has a high cutting height due to the
fact that this provides high work capacity. It enables
the performance of high jobs with less movement,
especially in road works.

- Digging Depth (Xy): Digging depth is quite impor-
tant when the excavator works on infrastructure.
Therefore, decision makers prefer an excavator with
greater digging depth.

- References (X;): References are indicative of the
supplier’s relationships with its existing customers
that can be used to evaluate the supplier’s product or
service, management and cooperation performance
(Salminen 2001). Customer references can also be
considered important marketing tools for companies
(Jalkala, Salminen 2009). Ruokolainen and Igel
(2004) indicate that the references can be more im-

portant than price, delivery capability, or new tech-
nological features.

Country of origin (Xg): Negative perceptions of the
product’s country of origin can affect buyers’ per-
ceptions towards that product (Samiee 1994). For
example, Glidiim and Kavas (1996) researched the
Turkish industrial purchasing managers’ perceptions
of foreign and national industrial suppliers. The re-
sults of their study indicate that the managers in Tur-
key prefer German and Japanese suppliers to US and
national suppliers. Therefore, decision makers’ per-
ceptions related to country of origin affect the buy-
ing decision. Details on the studies related to coun-
try of origin criteria can be found in review studies
(Al-Sulaiti, Baker 1998; Dinnie 2004).

Product reliability (Xy): Product reliability attracts
increasing attention from manufacturers as this is
a vital factor in a competitive world (Jiang et al.
2010). Murthy et al. (2008) give the following defi-
nition: “product reliability conveys the concept of
dependability, successful operation of performance
and the absence of failures”. Homburg and Rudolph
(2001) emphasise that product reliability is one of
the satisfaction criteria related to product dimension.
Company reputation (X;,): Reputation addresses the
image of the company to all its constituents, includ-
ing investors (Mudambi 2002). The company’s rep-
utation has a strong influence on buying decisions
in many business markets (Cretu, Brodie 2007). A
buyer’s expectation is also affected by a company’s
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reputation and its service offering information (Yoon
et al. 1993).

- Easiness of selling in the second-hand market (X7;):
Second-hand products have previously been used by
an end user or consumer (Mehrabad et al. 2010).
Decision makers prefer excavators that are easier to
re-sell in the second-hand market. Baykasoglu et al.
(2012) also addressed the truck selection problem by
considering the “easiness of selling in the second-
hand market” criteria.

- Brand confidence (X},): There are many brands of
excavator. During the purchasing process, the buyer
considers the brand confidence to decrease the pos-
sibility of defects related to the product in the future.

- Brand experience (X;3): Brand experience is a new
consumer psychology concept (Brakus ef al. 2012).
Brakus et al. (2009) defined brand experiences as
“subjective, internal consumer responses (sensa-
tions, feelings and cognitions) as well as behavio-
ral responses evoked by brand-related stimuli that
are part of a brand s design and identity, packaging,
communications and environments” .

- Purchasing price (X}4): One of the key factors af-
fecting the purchasing decision is total price. Stock
(2005) defined purchasing price as the actual price
paid by a customer, including all of the costs. Deci-
sion makers want to buy the cheapest excavator that
meets their requirements.

- Hydraulic oil consumption (X;5): Many thousands
of litres of hydraulic oil are consumed for the op-
eration of an excavator. The hydraulic oil pan must
be refilled when it becomes empty, which is costly.
Therefore, decision makers want to buy an excava-
tor that consumes the least amount of hydraulic oil
per hour.

- Engine oil consumption (Xj4): Engine oils reduce
wear by reducing friction between moving parts. En-
gine oil consumption for an excavator may be high
depending upon the amount of usage. Therefore, de-
cision makers want to select an excavator that con-
sumes the least amount of engine oil per hour during
its operation.

- Cab comfort (X;7): Cab comfort affects operator
fatigue and efficiency directly. The excavator cab
should have sound absorption properties, a wide
viewing angle, air conditioning and an ergonomic
design. These factors influence decision makers and
the decision to buy.

- Fuel consumption (Xig): Fuel for vehicles can be
considered one of the most important criteria cur-
rently. Decision makers prefer to buy an excava-
tor which consumes less fuel, especially due to the
higher cost of fuel in Turkey.

As can be seen from Table 1, there are 12 criteria
that should be maximised while the others are minimised.
These 12 criteria are called as beneficial criteria. This

means that the outcome of these criteria is desired to be
as high as possible by decision makers to increase the
work capacity and efficiency of an excavator. For exam-
ple, the language of the product catalogue (Xj3) is pre-
ferred to be both in Turkish and English by decision mak-
ers. A three-point scale (1 — English language, 2 — Turkish
language, 3 — both English and Turkish language) is used
to measure this criterion and high outcome for an exca-
vator alternative indicates that this meets the standard of
the decision maker with respect to Xj criterion. In addi-
tion, the value of References (X;) and Country of origin
(Xg) are beneficial criteria and they are measured by a
scale in between 1 and 5 via survey study. Similar to X3
criterion, the outcome of X, and Xy criteria are desired
to be as high as possible due to these being beneficial
criteria. If a decision-maker marked “5” for an excavator
alternative in the survey study for X; criterion, this means
that customers have a good perception in the market for
the excavator alternative and it meets the standard of the
decision — maker with respect to X; criterion. Similarly,
a decision-maker can mark “1” or “2” for an excavator
alternative in the survey study for Xy criterion if he/she
has negative perceptions of the product’s country of ori-
gin. Decision-makers want to buy an excavator that has
high values for beneficial criteria and less value for non-
beneficial criteria.

3.2. Results

Table 3 presents the matrix of responses of alternatives
on objectives. Based on this matrix as an input, the rank-
ing of the 13 excavator technologies according to the two
parts of MOORA, namely, the ratio analysis and the ref-
erence point approach, and the full multiplicative form
are performed. Details on the calculation of the two parts
of MOORA can be found in Tables 7—10 in Appendix A.
In addition, Table 11, which is presented in Appendix B,
includes the calculation of the full multiplicative form
for multi-objectives. Furthermore, Appendix C, which
is composed of Tables 12—14, gives the details of the
dominance directed graph calculation. Table 4 shows the
ranking by the dominance directed graph based the MUL-
TIMOORA method. Table 5 presents ranking by rank
position based the MULTIMOORA method and Borda
count method based on the MULTIMOORA method, and
Table 6 gives the original MULTIMOORA result for ex-
cavator technologies. As can be seen in Tables 4, 5 and
6, the ranking of excavators according to the original
MULTIMOORA and data fusion methods based MUL-
TIMOORA methods have the same ranking (P — preferred
to): E3 -P- E8 -P- E11 -P- E9 -P- E2 -P- E1 -P- E13
-P- E10 -P- E12 -P- E5 -P- E7 -P- E4 -P- E6. The
results from this study show that there is no difference
between the data fusion methods and the MULTIMORA
method can be applied to an excavator selection problem
successfully. Excavator 3 (E3) can be recommended to
the firm since it ranked first in all results.
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Table 3. Matrix of responses of alternatives on objectives: (x;)
Xp | X | X5 Xy| X5 Xo | X7 | Xg | Xo | Xq9 | Xyp | X2 | Xy3 X4 Xis | X6 | Xa7 | Xis
E1 | 169 | 1.61 | 1 | 6 | 11575 | 6655 | 5 | 5 | 5 | 46 |3.6| 5 | 2.6 |224941.86 | 750.00 | 30 | 75 | 18
E2 | 202 | 1.70 | 2 | 1 | 14890 | 14210 | 3 |22| 3 |38 |38 | 4 2 | 184043.34 | 925.00 | 38 | 74 | 18
E3 | 177 | 1.50 | 3 | 1 | 10290 | 7290 |4.6| 5 | 4.6 4.6 2.6 | 208582.45 | 700.00 | 27 | 70 | 20
E4 | 227 | 1.85| 1 | 15| 1140 | 7790 | 3 [3.2 |22 42142 2.6 | 181440.00 | 640.00 | 24 | 70 | 21
E5 | 230 | 1.85 | 1 | 15| 11400 | 8090 | 3 [3.2|22 42142 2.6 | 147960.00 | 330.00 | 24 | 70 | 21
E6 | 197 | 1.80 | 1 |20 | 1069 723 |44 |44 42 |28 |42| 3 |170410.50 | 301.25 | 22 | 74 | 21
E7 | 216 | 1.80 | 1 |20 | 11261 | 7619 (4.4 |4.4 42 |28 42| 3 193586.32 | 181.25 38 | 74 | 21
E8 | 188 | 1.60 | 2 | 10| 10130 | 6940 (44| 5 |48 | 4.6 |3.6 |46 | 2.6 | 190331.18 | 330.00 | 23 | 74 | 18
E9 | 179 | 140 | 2 | 10| 10000 | 6920 (44| 5 |48 | 4.6 |3.6 |46 | 2.6 |215708.66 | 337.50 | 23 | 74 | 21
E10| 180 [ 1.80 | 1 | 5 | 10730 | 7600 | 4.4 |34 |48 |42 (32|42 2.6 |159504.22 | 800.00 | 32 | 73 | 17
E11 | 170 | 1.80 | 1 | 5 | 18207 | 14347 |44 |34 |48 | 42 |32 42| 2.6 | 179953.48 | 320.00 | 30 | 71 | 22
E12| 192 (210 | 1 | 5 | 11650 | 7580 |4.4 |34 (48| 42 |32 |42 2.6 | 170410.50 | 1000.00 | 32 | 73 | 17
E13| 195|140 | 1 | 5 | 10700 | 7300 [4.4|3.4 |48 | 42 |32 |42 |26 |197676.18 400 30 | 71 | 22
Table 4. Ranking by Dominance directed graph

Ratio analysis | Reference point approach | Full multiplicative form | Sum | Rank

El 36 36 28 100 6

E2 28 45 45 118 5

E3 80 66 78 224 1

E4 0 3 1 4 12

E5 6 10 3 19 10

E6 1 1 0 2 13

E7 3 0 6 9 11

E8 68 78 55 201 2

E9 56 55 36 147 4

E10 15 15 10 40 8

Ell 68 28 66 162 3

E12 10 6 15 31 9

El13 21 21 21 63 7

Table 5. Ranking by Rank position and Borda count methods

Rank position method

Borda count method

r(d;) Rank BC(i) Rank
El 1.76 6 26 6
E2 1.50 5 28 5
E3 0.40 1 38 1
E4 3.98 12 6 12
ES 3.31 10 12 10
E6 4.11 13 5 13
E7 3.73 11 8 11
E8 0.60 2 35 2
E9 1.28 4 30 4
E10 2.77 8 17 8
Ell 0.86 3 32 3
E12 2.98 9 15 9
E13 2.33 7 21 7
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Table 6. The original MULTIMOORA results for excavator models

Ratio analysis | Reference point approach | Full multiplicative form | MULTIMOORA

El 5 5 6 6
E2 6 4 4 5
E3 1 2 1 1
E4 13 11 12 12
E5 10 9 11 10
E6 12 12 13 13
E7 11 13 10 11
E8 3 1 3 2
E9 4 3 5 4
E10 8 8 9 8
Ell 2 6 2 3
E12 9 10 8 9
E13 7 7 7 7

g ALTERNATVE
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Fig. 3. Hierarchy for excavator technologies evaluation
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Conclusions

Excavators are very important vehicles for business and
construction machinery. The selection of the right exca-
vator technology with respect to considered criteria for
a firm provides many benefits, such as maximum effi-
ciency, effectiveness and long economic life. Thirteen ex-
cavator technologies, which met the requirements of the
decision makers, were ranked in this study according to
18 criteria by using the MULTIMOORA method. These
included qualitative, quantitative, beneficial and non-ben-
eficial criteria. There are three reasons for the selection
of the MULTIMOORA method. First, its robustness is
emphasised in the literature. Second, it considers quali-
tative, quantitative, beneficial and non-beneficial criteria
at the same time. Third, it provides the decision makers
with a means to assess the technologies through multiple
perspectives.

The MULTIMOORA method uses the theory of
dominance to combine the result of the ratio analysis as
part of MOORA, Reference Point Theory (the reference
point approach as part of MOORA) and the Full Multipli-
cative Form. In this study, the dominance directed graph,
the rank position method and the Borda count method as
data fusion methods are also used to combine these three
results instead of the theory of dominance. The results
show that there is no difference between the data fusion
adjusted MULTIMOORA methods and the original MUL-
TIMOORA method. In this study, the MULTIMOORA
with the dominance theory is not beaten by other data
fusion methods, namely dominance directed graph, rank
position method and Borda count method for the evalua-
tion of excavator technologies.

It should be noted that there may be equivalence for
some alternatives based on the results of the broad count
method. For example, there is equivalence for “¢” and “y”
if we consider these two ranking list, namely (x, y, z, f)
and (¢, x, y, z). There are many different criteria for the
excavator selection. Most commonly used criteria, which
are defined by both reviewing the related literature and
marketing managers who work in excavator firms in this
paper, are taken into account in the technology evaluation
process. More technical criteria such as “breakout force”
and “crowd force” can also be considered for evaluation
of excavator technology.

For future research, sensitivity analyses can be con-
ducted to examine the best alternative with respect to dif-
ferent criteria values for each alternative technology. In
addition, application of the other data fusion methods,
such as concordant method and logistic regression, can
be conducted. Finally, the importance of the criteria can
be taken into account in the evaluation process.

Acknowledgements

The authors would like to thank the two anonymous re-
viewers for their insightful comments and suggestions
that have significantly improved the paper.

References

Al-Sulaiti, K. I.; Baker, M. J. 1998. Country of origin effects: a
literature review, Marketing Intelligence & Planning 16(3):
150-199. http://dx.doi.org/10.1108/02634509810217309

Aykul, H.; Yal¢in, E.; Ediz, 1. G.; Dixon-Hardy, D. W.; Akca-
koca, H. 2007. Equipment selection for high selective ex-
cavation surface coal mining, The Journal of The Southern
African Institute of Mining and Metallurgy 107: 195-210.

Balezentis, T.; Balezentis, A. 2011a. A multi-criteria assess-
ment of relative farming efficiency in the European Union
Member States, Zemes Ukio Mokslai 18(3): 125-135.

Balezentis, A.; Balezentis, T. 2011b. Assessing the efficiency of
Lithuanian transport sector by applying the methods of Mul-
timoora and data envelopment analysis, Transport 26(3):
263-270. http://dx.doi.org/10.3846/16484142.2011.621146

Balezentis, T.; Balezentis, A. 2014. A survey on development
and applications of the multi-criteria decision making
method MULTIMOORA, Journal of Multi-Criteria Deci-
sion Analysis 21(3—4): 209-222.
http://dx.doi.org/10.1002/mcda.1501

Balezentis, A.; Balezentis, T.; Valkauskas, R. 2010. Evaluating
situation of Lithuania in the European Union: Structural
indicators and MULTIMOORA method, Technological
and Economic Development of Economy 16(4): 578—602.
http://dx.doi.org/10.3846/tede.2010.36

Bayazit, O.; Karpak, B.; Yagci, A. 2006. A purchasing decision:
Selecting a supplier for a construction company, Journal
of Systems Science and Systems Engineering 15(2): 217-
231. http://dx.doi.org/10.1007/s11518-006-5009-3

Baykasoglu, A.; Kaplanoglu, V.; Durmusoglu, Z.; Sahin, C.
2012. Integrating fuzzy DEMATEL and fuzzy hierarchi-
cal TOPSIS methods for truck selection, Expert Systems
with Applications 40(3): 899-907.
http://dx.doi.org/10.1016/j.eswa.2012.05.046

Bozkurt, I. N.; Gurkok, H.; Ayaz, E. S. 2007. Data fusion and
bias. Technical report, Bilkent University. 33 p.

Brakus, J. J.; Schmitt, B.; Lia, Z. 2009. Brand experience: what
is it? How is it measured? Does it affect loyalty?, Journal
of Marketing 73(3): 52—-68.
http://dx.doi.org/10.1509/jmkg.73.3.52

Brakus, J. J.; Schmitt, B.; Zarantonello, L. 2012. Brand experi-
ence: managerial application of a new consumer psychol-
ogy concept, in S. S. Posavac (Ed.). Cracking the code
leveraging consumer psychology to drive profitability.
New York, USA: ME Sharpe, 159-180.

Brauers, W. K. M. 2012. Project management for a country
with multiple objectives, Czech Ecenomic Rewiew 6(1):
80-101.

Brauers, W. K. M.; Ginevicius, R. 2009. Robustness in regional
development studies. The case of Lithuania, Journal of
Business Economics and Management 10(2): 121-140.
http://dx.doi.org/10.3846/1611-1699.2009.10.121-140

Brauers, W. K. M.; Ginevicius, R. 2010. The economy of the
Belgian regions tested with multimoora, Journal of Busi-
ness Economics and Management 11(2): 173-209.
http://dx.doi.org/10.3846/jbem.2010.09

Brauers, W. K. M.; Ginevicius, R. 2013. How to invest in Bel-
gian shares by MULTIMOORA optimization, Journal of
Business Economics and Management 14(5): 940-956.
http://dx.doi.org/10.3846/16111699.2013.837244

Brauers, W. K. M.; Zavadskas, E. K. 2006. The MOORA meth-
od and its application to privatization in a transition econ-
omy, Control and Cybernetics 35(2): 443—469.

Brauers, W. K. M.; Zavadskas, E. K. 2009. Robustness of the
multi-objective Moora method with a test for the facili-
ties sector, Technological and Economic Development of
Economy 15(2): 352-375.
http://dx.doi.org/10.3846/1392-8619.2009.15.352-375



988 S. Altuntas et al. Evaluation of excavator technologies: application of data fusion based MULTIMOORA methods

Brauers, W. K. M.; Zavadskas, E. K. 2010. Project manage-
ment by Multimoora as an instrument for transition econo-
mies, Technological and Economic Development of Econ-
omy 16(1): 5-24. http://dx.doi.org/10.3846/tede.2010.01

Brauers, W. K. M.; Zavadskas, E. K. 2011a. Robustness in
economic development studies: The case of Tanzania,
New State of MCDM in the 21! Century, Lecture Notes in
Economics and Mathematical Systems 648(3): 199-213.
http://dx.doi.org/10.1007/978-3-642-19695-9 17

Brauers, W. K. M.; Zavadskas, E. K. 2011b. Multimoora opti-
mization used to decide on a bank loan to buy property,
Technological and Economic Development of Economy
17(1): 174-188.
http://dx.doi.org/10.3846/13928619.2011.560632

Brauers, W. K. M.; Zavadskas, E. K. 2012. Robustness of Mul-
timoora: a method for multi-objective optimization, /nfor-
matica 23(1): 1-25.

Brauers, W. K. M.; Zavadskas, E. K.; Peldschus, F.; Turskis, Z.
2008a. Multi-Objective decision-making for road design,
Transport 23(3): 183—193.
http://dx.doi.org/10.3846/1648-4142.2008.23.183-193

Brauers, W. K. M.; Zavadskas, E. K.; Turskis, Z.; Vilutiene, T.
2008b. Multi-objective contractors’ ranking by applying
the Moora method, Journal of Business Economics and
Management 9(4): 245-255.
http://dx.doi.org/10.3846/1611-1699.2008.9.245-255

Brauers, W. K M.; Ginevicius, R.; Podvezko, V. 2010. Regional
development in Lithuania considering multiple objectives
by the Moora method, Technological and Economic De-
velopment of Economy 16(4): 613—640.
http://dx.doi.org/10.3846/tede.2010.38

Brauers, W. K. M.; Kracka, M.; Zavadskas, E. K. 2012. Lithu-
anian case study of masonry buildings from the Soviet
period, Journal of Civil Engineering and Management
18(3): 444-456.
http://dx.doi.org/10.3846/13923730.2012.700944

Brauers, W. K. M.; Kildiené, S.; Zavadskas, E. K.; Kaklaus-
kas, A. 2013. The construction sector in twenty European
countries during the recession 2008-2009—country rank-
ing by MULTIMOORA, International Journal of Strate-
gic Property Management 17(1): 58-78.
http://dx.doi.org/10.3846/1648715X.2013.775194

Brauers, W. K. M.; Ginevicius, R.; Podviezko, A. 2014. Devel-
opment of a methodology of evaluation of financial sta-
bility of commercial banks, Panoeconomicus 3: 349-367.
http://dx.doi.org/10.2298/PAN1403349B

Cebesoy, T. 1999. Hydraulic excavator selection using im-
proved quality comparison method, Journal of Engineer-
ing Sciences 5(1): 1001-1008.

Chakraborty, S. 2011. Applications of the MOORA method for
decision making in manufacturing environment, 7he Inter-
national Journal of Advanced Manufacturing Technology
54(9-12): 1155-1166.
http://dx.doi.org/10.1007/s00170-010-2972-0

Chernatony, L. D.; McDonald, M. 2003. Creating powerful
brands. Oxford: Burlington. 496 p.

Cretu, A. E.; Brodie, R. J. 2007. The influence of brand image
and company reputation where manufacturers market to
small firms: a customer value perspective, Industrial Mar-
keting Management 36(2): 230-240.
http://dx.doi.org/10.1016/j.indmarman.2005.08.013

Datta, S.; Sahu, N.; Mahapatra, S. 2013. Robot selection based
on grey-MULTIMOORA approach, Grey Systems: Theory
and application 3(2): 201-232.

Dinnie, K. 2004. Country-of-origin 1965-2004: a literature
review, Journal of Customer Behaviour 3(2): 165-213.
http://dx.doi.org/10.1362/1475392041829537

Dunya newspaper. 2014 [online], [cited 27 August 2014]. Avail-
able from Internet: http:/www.dunya.com

Erp, M. V.; Schomaker, L. 2000.Variants of the Borda count
method for combining ranked classifier hypotheses, in
Proceedings of the Seventh International Workshop on
Frontiers in Handwriting Recognition, 11-13 September
2000, Amsterdam, Netherlands, 443-452.

Gadakh, V. S. 2011. Application of MOORA method for para-
metric optimization of milling process, International Jour-
nal of Applied Engineering Research 1(4): 743-758.

Galetakis, M.; Papadopoulos, S.; Vasiliou, A.; Roumpos, C. P.;
Michalakopoulos, T. 2015. Development of an expert sys-
tem for the prediction of the performance of bucket-wheel
excavators used for the selective mining of multiple-lay-
ered lignite deposits, in Proceedings of the 12" Interna-
tional Symposium Continuous Surface Mining — Aachen
2014, Lecture Notes in Production Engineering. Springer
International Publishing, 47-58.

Gudiim, A. G.; Kavas, A. 1996. Turkish industrial purchasing
managers’ perceptions of foreign and national industrial
suppliers, European Journal of Marketing 30(8): 10-21.
http://dx.doi.org/10.1108/03090569610130070

Homburg, C.; Rudolph, B. 2011. Customer satisfaction in indus-
trial markets: dimensional and multiple role issues, Jour-
nal of Business Research 52(1): 15-33.
http://dx.doi.org/10.1016/S0148-2963(99)00101-0

Industry Directorate-General. 2010. Tiirkiye Isve Insaat Makina
lart Alt Sektorii [online], [cited 12 May 2015]. Available
from Internet: http://www.sanayi.gov.tr/Files/Documents/
is_ve_insaat mak sektoru -16082010142908.pdf (in
Turkish).

Jalkala, A.; Salminen, R. T. 2009. Communicating customer
references on industrial companies’ Web sites, Industrial
Marketing Management 38: 825-837.
http://dx.doi.org/10.1016/j.indmarman.2008.04.009

Jiang, P.; Guo, B.; Lim, J. H.; Zuo, M. J. 2010. Group judg-
ment of relationship between product reliability and qual-
ity characteristics based on Bayesian theory and expert’s
experience, Expert Systems with Applications 37(10):
6844-6849. http://dx.doi.org/10.1016/j.eswa.2010.03.040

Kalibatas, D.; Turskis, Z. 2008. Multicriteria evaluation of inner
climate by using MOORA method, Information Technol-
ogy and Control 37(1): 79-83.

Karande, P.; Chakraborty, S. 2012. Application of multi-objec-
tive optimization on the basis of ratio analysis (MOORA)
method for materials selection, Material and Design (37):
317-324. http://dx.doi.org/10.1016/j.matdes.2012.01.013

Kirmanli, C.; Ercelebi, S. G. 2009. An expert system for hy-
draulic excavator and truck selection in surface mining,
The Journal of the Southern African Institute of Mining
and Metallurgy 109: 727-738.

Kracka, M.; Brauers, W. K. M.; Zavadskas, E. K. 2010. Rank-
ing heating losses in a building by applying the MULTI-
MOORA, Inzinerine Ekonomika — Engineering Econom-
ics 21(4): 352-359.

Liu, H. C.; You, J. X.; Lu, C.; Shan, M. M. 2014. Application
of interval 2-tuple linguistic MULTIMOORA method for
health-care waste treatment technology evaluation and se-
lection, Waste Management 34(11): 2355-2364.
http://dx.doi.org/10.1016/j.wasman.2014.07.016

Mehrabad, M. S.; Noorossana, R.; Shafiee, M. 2010. Modeling
and analysis of effective ways for improving the reliability
of second-hand products sold with warranty, The Inter-
national Journal of Advanced Manufacturing Technology
46(1-4): 253-265.
http://dx.doi.org/10.1007/s00170-009-2084-x

Moreira, C. A. P. 2011. Learning to rank academic experts:
MSc thesis. Uiversidade Tecnica de Kisboa.



Journal of Civil Engineering and Management, 2015, 21(8): 977-997 989

Morley, D.; Lu, M.; AbouRizk, S. 2013. Utilizing simula-
tion derived quantitative formulas for accurate excavator
hauler fleet selection, in Proceedings of the 2013 Winter
Simulation Conference, 8-11 December 2013, Washing-
ton, DC, USA, 3018-3029.
http://dx.doi.org/10.1109/WSC.2013.6721669

Mudambi, S. 2002. Branding importance in business-to-busi-
ness markets: three buyer clusters, Industrial Marketing
Management 31(6): 525-533.
http://dx.doi.org/10.1016/S0019-8501(02)00184-0

Murthy, D. N.; Rausand, P.; Osteras, T. 2008. Product reliabili-
ty, specification and performance. Berlin: Springer-Verlag.
284 p.

Nuray, R. 2003. Automatic performance evaluation of informa-
tion retrieval systems using data fusion: Master thesis.
Bilkent University, Turkey.

Nuray, R.; Can, F. 2006. Automatic ranking of information
retrieval systems using data fusion, Journal Information
Processing and Management 42: 595-614.
http://dx.doi.org/10.1016/j.ipm.2005.03.023

Ozgelik, G.; Aydogan, E. K.; Gencer, C. 2014. A hybrid moora-
fuzzy algorithm for special education and rehabilitation
center selection, Journal of Military and Information Sci-
ence 2(3): 53-62. http://dx.doi.org/10.17858/jmisci.53708

Qunzhang, T.; Qiliang, S.; Jun, Y.; Min, S.; Guotao, W. 2011.
Study of monitoring parameters selection based on ahp for
hydraulic system of excavator, in The Third International
Conference on Measuring Technology and Mechatronics
Automation, 67 January 2011, Shangshai, China, 401—
405.

Ruokolainen, J.; Igel, B. 2004.The factors of making the first
successful customer reference to leverage the business of
start-up software company — multiple case study in Thai
software industry, Technovation 24(9): 673—681.
http://dx.doi.org/10.1016/S0166-4972(02)00130-X

Ruta, D.; Gabrys, B. 2000. An overview of classifier fusion
methods, Computing and Information Systems 7: 1-10.

Sahu, A. K.; Sahu, N. K.; Sahu, A. K. 2014. Appraisal of CNC
machine tool by integrated MULTI-MOORA-IVGN cir-
cumferences, Grey Systems.: Theory and Application 4(1):
104-123.

Salminen, R. T. 2001. Success factors of a reference visit — a
single case study, Journal of Business & Industrial Mar-
keting 16(6): 487-507.
http://dx.doi.org/10.1108/08858620110403086

Samiee, S. 1994. Customer evaluation of products in a global
market, Journal of International Business Studies 25(3):
579-604. http://dx.doi.org/10.1057/palgrave.jibs.8490213

Soykan, Y. 2009. Conjoint analysis in industrial purchasing de-
cisions and an application, Academic Review, Internation-
al Referred Social Science Electronic Journal 16: 1-18
(in Turkish).

Stankeviciené, J.; Rosov, S. 2013. Implementation of multi-
objective evaluation method in public debt risk manage-
ment, Entrepreneurial Business and Economics Review
1(4): 7-19. http://dx.doi.org/10.15678/EBER.2013.010402

Stock, M. R. 2005. Can customer satisfaction decrease price
sensitivity in business-to-business Markets?, Journal of
Business-to-Business Marketing 12(3): 59-87.
http://dx.doi.org/10.1300/J033v12n03_03

Streimikiene, D.; Balezentis, T. 2013. Multi-objective rank-
ing of climate change mitigation policies and measures
in Lithuania, Renewable and Sustainable Energy Reviews
18: 144-153. http://dx.doi.org/10.1016/j.rser.2012.09.040

Wang, D.; Guan, C.; Pan, S.; Zhang, M.; Lin, X. 2009. Perfor-
mance analysis of hydraulic excavator powertrain hybridi-
zation, Automation in Construction 18(3): 249-257.
http://dx.doi.org/10.1016/j.autcon.2008.10.001

Yoon, E.; Guffey, H. J.; Kijewski, V. 1993. The effects of in-
formation and company reputation on intentions to buy
a business service, Journal of Business Research 27(3):
215-228.
http://dx.doi.org/10.1016/0148-2963(93)90027-M



S. Altuntas et al. Evaluation of excavator technologies: application of data fusion based MULTIMOORA methods

990

8S'IL | TY19T | 01°S0I 8CT91¢C €6°8SL9L9 Ly'6 | 6LST | 06'CL | TSSI €esl 0S¥l 0rslI YTr680€ 6T°CST0r §8'6€ | 8Y'S | 0T9 | L6TOL W rmm
:
£¢
€CLS | SYP89 | LY OVOLL | SLEVEYSLOY | TT'961TT1C008SY | 9°68 | vr'6vC | #7991 | 9L°0¥T | 80°SEC | 8TOIT | ¥0°8CT | ¥CIVSHIS6 | 9SYIPTOTOL | 88ST | 0€ | €¥'8€ | TOIV6Y m w
is
8y | 1I¥0S 006 000091 6€°6E1CLBSLO6E | 9L°9 | VO'LT | ¥TOL | ¥9°LT | ¥O'€C | 9STL | 9€°61 | 00006CES | 00006¥111 94 ! 961 | SCO8E | €14
68¢ (434 ¥20l 0000001 STOISBELOEO6T | 9L°9 | ¥9°LT | ¥TOI | ¥9°LL v0°€C 9¢°11 9¢61 00¥9SYLS 00STCLSEL 4 I Iy | ¥989¢ | TIH
14314 1¥0$ 006 00¥201 LTP96¥STERETE | 9L°9 | ¥9°LT | ¥TOI | ¥9°LI ¥0°€C 9¢'11 9¢'61 60¥9¢8S0C | o6¥8YovIce 4 I yoe 0068C | T1H
68¢ 6C¢ES ¥20l1 00009 I8°L6196S1¥YST | 9L°9 | ¥9°LT | ¥TOl | ¥9°LI ¥0°€C 9¢'11 9¢'61 00009LLS 006CCISTI 4 I yoe oovce | OIH
Iy | 9LYS | T19°€ES ST906E1T | 00°6665TTOESIY | 9L°9 | 91'IT | 96°CL | 91'IT | ¥0'€C 94 9¢61 | 00¥988LY | 000000001 | 001 ¥ 961 | I¥0CE | 64
vee | 9L¥S | 19°€ES 006801 PSLESIS6STTIE | 9L 9 | 91'IT | 96°CL | 91T | ¥0°€T s¢ 9¢'61 | 009€918y | 006919¢01 | 001 14 9¢°C | vPESE | 8H
Iy | 9LYS a4 ST9STIS8TE | vI16CE9ISLYLE | 6 YO'LL | ¥8°L | ¥9°LI 91 9cel | 9¢61 | [916+08S | ICIOI89CTI | 00F ! YTe | 95997 | LA
Ity | 9L¥S STT9Y STISISLO6 | STOISBELOEO6T | 6 YO'LL | ¥8°L | ¥9°LI 91 96l | 9¢6l 6CLTTS 19LTr11 00¥ ! YTe | 6083€ | 94
Iy 006¥ 9LS 006801 00°009T91T681C | 9L°9 | ¥9°L1 | ¥9°LI 91 1207 yTol 6 0018%¥S9 | 0000966CI1 §CT I e | 006CS | SH
[82% 006% 9LS 00960% 00°009€LY0T6TE | 9L9 | YI9'LT | ¥9°LI 91 1207 Yol 6 0018909 00966C1 ¢ce ! e | 6CSIS | YA
00¥ | 006% 6CL 00006% 00'8¥+8€990S¢€y | 9L'9 ST 9rI'1c 94 9I'lc 94 9U'IC | 001vrIES | 001¥88S0I1 I 6 §TT | 6CEle | €d
€43 9ILYS 424! §T96S8 9€'8660561L8E€ 4 91 vl | vyl 6 Y8'v 6 001¥C610C | 00ICILITC I % 68°C | v080Y | TH
(43 §T9¢ 006 005795 9T°08€0188650S | 9L9 S¢ 96°¢l | 9I'IT 94 Y4 4 SC068CYY | STI086¢€E] 9¢ ! 65°C | 1968C | TH
wﬁvﬂ b—k e—x m-V\ :vN mﬁk N-V\ :MN .:V\ aVN wy\ bMN cVN mVN vy\ mVN NVN GN

sjoo1 arenbs 1oy pue sarenbs jo wing ‘/ 9[qel,

v xipuaddy



S9¢0| 0L0°0| +00°0| I80°0| IOI'0| €L00| C¢¥O'0| ISO0| 601°0| CSO0O| €I00| OIT'O| OFO'0O| 8CCO| 981°0| 00I'0| S9€0| €IT°0| 0S0°0| €14

991

6L€0| 0000 I10°0| O0I'0| 6L£0| €€00| CHO'O| ISO0| 60I'0| CSO0| €10°0| OIT'O| O¥O0O| 6ITO| €91°0| 00I'0| S9E€0| 0000| ¥SO°0| CId

§9¢0| 0L0O0| ¥00°0| 180°0| ¥90°0| L¥0O| <¥O'0O| 1SO0| 601°0| TSO0O| €100 | OIT'O| O¥O'0O| 000°0| 0000| OOI'0| S9€0| 8700| S80°0| I1d

S9¢0| 0000 | IT00| 00I'0| 98C0| LIOO| ¢¥O'0| 1SO0| 601°0| TSO0O| €I00| OIT'O| O¥O'O| 8ICO| 981°0| 00I'0| S9€0| 870°0| [LOO| O1H

0¥C’0| 950°0| S10°0| SI00| CLOO| O0OI'0| CHO'O| SCO'0| 8LO0| 920°0| €10°0| 0000| 000 | OPTO| ¥OTO| 9CCTO| €810 | €II'0| €L00| o6d

0¥C0| ¥10°0| SI00| SI00| 6900 | €900| CFO'0| SCO0| 8L0°0| 920°0| €10°0| 0000| 0¥0°0| OPCO| [0CTO| 9CCO| €8I0 | I80°0| 0900 | &4

N
Cl—=|en|oo|e|ZS |~

LLY'O| 9S0°0| STO0O| LST'O| 0000 | L90°0| 000°0| ISO0| OFI'0| TSO0O| S90°0| I¥0°0| 0¥O'0| BICTO| €LI'O| LLFO| S9€0| 8700 | 0200 | LH

4! LLYO| 9S00 | STO0O| 0000| SSO'0| €€0°0| 0000 | 1SO0| OFI'0| TSO0O| S90°0| 1¥0°0| O¥O'O| I¥P 0| 9CH'0O| LLYO| S9€0| 8700 | L¥O'O| 9d

6 §9€0 | 9500 | 0000 | ¥200| 690°0| 0000| CFO'0| 1SO0| T€O0| ¥90°0| €81°0| ¥CI'0O| CEI'O| €0CO | 691°0| ISCO| S9€0| O¥O0 | 0000 | ¢SH

Il Yer'0 | 950°0| 0000 | +200 | CITO| 6¥0°0| CFO'0O| 1SO0 | [€0°0| ¥90°0| €81°0 | ¥CI'0| CEI'0| CTICTO | ¥Cr'O| ISE0| S9€0| 0¥00 | ¥00'0 | +H

4 0¥C’0| ¢¢0°0 | 0000 | ¢SO0 | 0¥CO| 0600 | 00| 000°0 | 0000 | 0000 | 9200 | 0000 | 9200 | 8CTO | L6I'0 | 0000 | 0000 | L60°0| SLOO| €H

4 Pre0 | 100 | S10°0| LSTO| ¥PE0| €500 901°0 | €90°0 | T90°0 | LLOO| OET'O| €610 | CEI'0O| ¥00°0 | 2800 | 0000 | €810 | S90°0| 0+0°0 | <TH

S §9¢€0 | Y100 | 6100 | 1800 | €9C0| ¥II'0O| ¢¥O'0| 0000 | 8L0°0 | 9200 | 0000 | 0000 | 0000 | 6¥C0 | SO0 | STI'O| S9E€0| 6,00 | L8OO | 14

utw (‘7)

81 L1 91 St 148 €1 (4 1 o1 6 8 L 9 S 14 € [/ 1
yuey Xewt X X X X X X X X X X X X X X X X X X

VIOOW Jo 1ed e se yoeoidde jurod oouoiojor oy 10J soAneuId)[e Jo Sunjuel pue jurod 90USIOJAI OY) WO SUONRIAS( (0 d[qeL

8€T0 | 89C0 | SOTO | ¥80°0 | 61CTO | LIEO | LIEO| LSEO| TCEO| 9TE0 | SPEO | 1€€0 | ¥9¥°0 | TSHO | STO0 | 8¥S0O | 6€€0 | LTEO

XLIJEW UOISIOP ) PazIjeuriou oy ul jurod 90UI9JAI Y], “6 J[qBL

61971 | LOEO | ILTO | S8CTO | S8I'0 | T6TO | SLTO | 99C°0 | 8YC0O | ILTO | €1€0 | ¥€TO | 16C0 | 9€C0 | 99C°0 | STI'0 | €81°0 | 9TTO | LLTO | €1H

L9ST | 8€T0 | 6LC°0 | ¥OE0 | TOP°0 | TSTO | SLTO | 99C°0 | 8¥C0O | ILTO | €1€0 | ¥€TO | 16C0 | SYTO | 68C°0 | STI'0 | €810 | 6€€°0 | €LC0 | CIH

9CI'C| LOEO | ILTO | S8CTO | YI0 | 99C0 | SLTO | 99C°0 | 8¥C0 | ILTO | €1€0 | ¥€CT0 | 16C0 | ¥9¥°0 | TSY'O | STI'0 | €81°0 | 06C°0 | CPTO | [T

88C1 | 8€T'0 | 6LC°0 | ¥OE0 | OLE0 | 9€TO | SLTO | 99C°0 | 8¥C0 | ILTO | €1€0 | ¥€TO | 16C0 | 9YT0O | L9TO | STI'O | €81°0 | 06C°0 | 9ST0 | OIH

L8Y'T | €6C°0 | €8C°0 | 0TTO | 9ST°0 | 61€°0 | SLTO | 16C°0 | 6LC°0 | 96C°0 | €1€°0 | SVE0 | 16C0 | ¥TTO | 8YC0O | ISTO | S9€°0 | 9TC0 | SSTO | 64

610°C | ISTO | €8C°0 | 0CTTO | €ST°0 | I18C0 | SLTO | 16C°0 | 6LC°0 | 96C°0 | €1€0 | SPE0 | 16C0 | STTO | TSTO | ISTO | S9€°0 | 8ST0 | L9TO | 84

1! €Y' | €6C0 | €8T°0 | T9E°0 | ¥80°0 | 98C°0 | LI€0 | 99T0 | LITO | ILTO | 19C0 | €0€0 | 16C0 | L¥YCTO | 08C0 | COS0 | €81°0 | 06C0 | LOCO | LH

Cl 9S0°1 | €6C°0 | €8C°0 | SOTO | 6€1°0 | CSTO | LI€O | 99C0 | LITO | ILTO | 19C°0 | €0€°0 | 16C°0 | €200 | LZOO | TOSO | €810 | 06C°0 | 08C°0 | 94

01 €0S°T | €6C°0 | 89T0 | 8CTO | €S1°0 | 61C°0 | SLTO | 99T0 | 9C€0 | 85TO | €10 | 1TTO | 661°0 | T9CT0 | €8C0 | 9LE0 | €81°0 | 86CO | LCEO | SH

€l Iv0°'T | €6T°0 | 89T°0 | 8TTO | 96T°0 | 89T'0 | SLTO | 99T°0 | 9TE0 | 8STO | €10 | 1TTO | 661°0 | TSTO | 8TO0 | 9LE0 | €81°0 | 86T0 | €TE0 | vA

I C6TT | 6LT°0 | 89T0 | LSTO | ¥TE0 | 8O0 | SLTO | LIEO | LSEO | TTEO | 00€°0 | SPEO | SOEO0 | 9€T°0 | 9ST°0 | STO'0 | 8¥S°0 | THT'O | TSTO | €4

9 9891 | 16T°0 | €8C°0 | C9€°0 | 8CY0 | CLTO | TIT0 | €ST0 | S6C0 | SYTO | 961°0 | TSI'0 | 661°0 | 09%°0 | 0LE0 | STO0 | S9€°0 | ¥LTO | L8O | CH

S TOL°T | 1ST0 | L8TO | S8TO | LVPE0 | TEC0 | SLTO | LIEO | 6LT0 | 96T0 | 9TE0 | SYE0 | 1€€°0 | SITO | 88C0 | ISI'0 | €810 | 09C°0 | 0¥C0 | 14

s

yuey wﬁk 5\/\ EVN mﬁx v-vmq QVN Nﬁx :MN ocm ak w\ﬂ hvﬂ ek m\/\ v\ﬂ mx NMW Gﬂ

Journal of Civil Engineering and Management, 2015, 21(8): 977-997

VOO Jo 1ed e se sisA[eue onel oy 10J SOAIRUIO)E JO Sunjuel pue sjool axenbs 110y} Aq PopIAIp $oARd3[qQ °§ d[qeL,



S. Altuntas et al. Evaluation of excavator technologies: application of data fusion based MULTIMOORA methods

992

00°09LL6VI08E9 | ¥'€ | 00°00¥9FISILST | ¥'¥ | 00°000908¥9TF | 00€L | 00°0TTH8S | 00L01 |  09°tS S 00°€LT I | 00€LT [OF1| S61 | €19
08°0VIPOEIES90T | ¥'€ | 00TIS9ELTEEIE | v'¥ | 00°08F9LOITIL | 0SSL | 009SP6€6 | 05911 ¥9°08 S 0T €Y I | oTeor (o1 c6l | zid
19°TL9YLI9SI6ET | V'€ | TIEEV86I0PE0L | vy | 08 PEL8OYIS6ST | LbEPI | 0V'89THIIL | LOT8I | 0T 19 S 00°90€ I | 0090€ [081| 0L | 114
00'78SE8TESO6L | ¥'€ | 00°09LS960STET | v'¥ |  00°00¥OIEFSTS | 009L | 00F0€S69 | 0EL0T | 089 S 007 I | 00¥ZE [081| 081 | 01
00°00088920€9L S | 000009L£S09TST | ¥'v |  00°00070€89vE | 0T69 | 00°00T10S | 00001 AR 0l | 0T10S T | 090ST |01 | 6L1 64
00'7PLLIEILOEE S | 08'8PSELT6098] | vb | 00°TSE08E6TTY | 0¥69 | 08°0TH609 | 0SIOT | 91709 0l | 09109 T | 0800 |09°1 | 881 84
SI'6T0TE906TTE | ¥'¥ | T990008L8EEL | ¥'v | 96°9¥SP06L99T | 619L | v8'€1681T | 19TI1 | ¥t'6l 0T | 0888¢ I | 0888 [081| 91C L4
£€8°979567S9T vy ¥9°09¥v6209 vy 1$°98T€0LE]1 €L LEES68] 6901 €LLI 0T | 09S¢ I | 09%SE [081 | L6l 9d
00°0ZEYS6VIIST | TE | 00°009TEPSHSL € 00°00ZH¥1919C | 0608 | 00°08€€TE | 00VII LEST SI | oSSty I | 0SSty |S8T1| 0€T cd
08°00117898€T e 00'76S188SHL 3 00°861L2984C 06LL 0T9161€ ov1l 00'8C SI | <66l I | s66ly |S81| LTT v
00°0S6¥080TTYLEL | S | 00066091+¥8YLT | 9F | 00°0S90EL8YL6S | 06TL | 00°S865618 | 06201 | 0S96L I 0S'96L € | 05697 |0ST| LLIT €d
00'TLTLTO0860656 | TT | 00°09L8¥9ES6SEY | € | 00°0T6TSSLIESHT | OITHT | 00°TSHITTOT | 068F1 | 08989 I 08'989 T | overe |oL1 | 2oz 4
1L'T61S6E1EELS S | vS8E06LTIVLI | S 1L°LOSSSTE6YE | SS99 96'9061TS | SLSTI SESy 9 60°TLT I | 60TLT [ 1971 | 691 &

8x1'L=1'8 8y LxT'9=T"L tx 9:1'6=19 X S«Iv=1'S X | vesly | X | eslT=le | X | THl=1T | |

Xewr Xewr xXewr xXewr QME Xeuwr 1'C Xewr Xewr

8 L 9 S ¥ € z I

$9ARO(QO-HNIA 10§ U0 AR dDINI [N YL 1T d[qeL

q xipuaddy



993

Journal of Civil Engineering and Management, 2015, 21(8): 977-997

L L96¥119 T | 69°T6TSTEL L 8L LY681 0€ | €S€€¥89S 0000y | €14
8 SE°L606S LT | €6459¥001 €L 0v'TILET € | 8996£0t 0070001 |19
z LY'SELYIE T | SYorTyTe9 L 09t7SL6 0 | €6LELST6T 000z | 114
6 06'S9S8S LT | LE0T9S66 €L £9'8€9¢€ 1 € | €C9er9tey 00008 | 014
S £8°5661S1 1T | veielele yL S6'ccley €7 | 6T76£966 0s'LgS | 6d
3 86T790ST 81 | 9S€LSTISH yL 12°L9609 €7 | 9STHEsOpI 00°0¢€ | 84
01 LE 1850 12 | 89'8077901 yL LTSEDT 8¢ | IS°8SHSHS STI8I | LA
€1 20208 1T | 9€THS0l yL N&4dl T | 867790¢€ ST10€ | 94
I 9% €€88T 1T | $9705509 0L 00598 v | 16°009L0T 00°0¢€ | ¢4
1 0TTSTI 1T | 97961+ 0L 99°St¢ YT | 9875678 000v9 | ¥4
I €7°$808L91 0T | T19°v0L19SEE 0L T6TSY6LY LT | T6'8TTSP6TI | 00°00L | €4
v 18°62C11T 81 19°9€1208¢ vL TTO8ETS 8¢ | €S°8vPTS6I 00576 | A
9 PI'68ELL 8T | 0900£6€1 SL 6€°€LSST 0 | ¥8T10TLSS 000sL | 14
SI/I'LT =181 8ty LUT9T =TL1 Oy 91/1'ST =191 M | s1/TPI=T1761 Sy
yuey urw urw ur uru
81 Ll 91 S1
I8 T1FELELTT | 8T°9LIL6T | 06 FPSO8YLOSIV6YY | 09°T | O1'TLISSETYOLSTLT | 0T | TI€6¥ETTTI6STIY | 0TE | 09 1¥87618€TISTI | 0T | 00°8YT681LFTI0E | 8 | €14
80°18996£0y | 0S'OTYOLT | 0L'STOOTISITSYOSL | 09°T | O TLY69Y669Y988T | 0TH | 6T TELTO6VLYSTLYY | 0TE | €5'8LYI60ILILYIT | 0TV | ¥8°SL86STOSEIIS | 8 | TIA
80°6£19€79¢€6 | 87 '€S66LT | 00FSS6TEIS68LY8IT | 09°T | 00°€1TS9996S66LF9 | 0TH | 0€'6LYIGESLYSTYST | 0T'E | 8L'66E19S86E1T8Y | 0T | TS8THBEOTSOLYIT | 8F | 114
$9T906¥16V€ | TTHOS6ST | Ob'SE8T0687L069SS | 09°T | 0T'86£80881S61+IT | 0T | 107 1LSOEHS88660S | 0T | v¥ E€SOL6TFILEEST | 0TY | 0T EOTILSSYELE | 8v | 014
00°TLOESTIEE | 99°80LSTT | OE'SLETYSOLIGESTL | 09°T | Ob'TTTE60T89668LT | 09 | 00 FPLEIOSFTISI09 | 09°C | 00°0FOTSEEILYSIT | 09'F | 00°00¥T06TSTI9E | 8F | 64
CLEPOESLYOY | 8T'TEE06T | 0S1S9E9E€6695H88 | 09°T | 0E I8YFTSOTEITOVE | 09'F | LO'SET6LIGI096EL | 09°E | TSLBLEGLEIYHSOT | 09°v | 0T TLISISTTI9WY | 8 | 8d
€5°6SEP9886 | TE98SE6T | 0L'TOTIILISLIEI6] | 00°C | YT HELSSSS6S6LED | OTY | T10°TSO0EEIS68IST | 08T | S9°68081978YTHS | 0T | 85°9118TSTol6T] | v | LA
VS'€TLTT6 | 0SOTVOLT | SL'9OTOLLIFTLST | 00°€ | 9T TOVITO6EIPTS | 0TV |  ST9STOOS6LPTI | 08T |  08°0£59969Shy | 0TH |  €€L0STSTT901 v | oF
18°66780589 | 00°096LY1 | 08 T0S6£088YISIOT | 09°C | +TTI6SHT6VIS68E | 0TH |  0TLIPOT86HT8T6 | 0T | 00°910T981101CT | 00'F | 00°40SS96TSTSS | TT | sA
P6°0SE60ES | 00°0FPIST | OFOTIPE9STEEI6 | 09T | 6€6ITEIONISOLE | 0T | LS'S88LO69ITSS | OTH | #0°L89STOVOOIT | 00V | 9L1TH9001STS | TT | vA
9L'SHT0991906 | SH"T8S80T | 00°0ETITIS6TEOT068T | 09°T | 00°0SSST8SOSTIGITL | 00°S | 00'0TLEITTISTEESHT | 09'F | 00°0S8ETSSLOLOIIE | 00°S | 00°0LLTOLSTYITEY | 9% | €A
8C688Y 109081 | € €HOFST | 00F8ETEETIOSSETEE | 00°T | 00°TEISITIOSTEIION | 00t | O1°ETHIYSITISFSIH | 08°C | 08'00601SLILEEE0T | 08°E | 00918180V6TLL8T | € | <A
TCOSEI06LIY | 98'TH6VTT | OC TEPSSLEISE00V6 | 09°T | O€ TSL609LETSSIOE | 00°S | STOSEITS6E0TETL | 09°C | 6T TEL680TTIS00T | 09'F | ¥S€965L69599¢y | & | 14
PI/TEI=I"V1 iy Cl«1'TI=T"¢l Ty LT T1=1"C1 ' IT+1°01=1"T1 x 0T+1°6=1"01 Ty 6x1'8=1'6 ox
uru Xeuwr Xeuwr Xeuwr Xeuwr Xeuwr
! €1 1 11 01 6

(PanuRu0D) SARAQO-HMA 10§ Wiiog dAneondn[ny [[nd YL ‘11 8L



S. Altuntas et al. Evaluation of excavator technologies: application of data fusion based MULTIMOORA methods

994

Appendix C

Table 12. The result of Dominance Directed Graph for the ratio analysis as a

part of MOORA method
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Table 13. The result of Dominance Directed Graph for the reference point approach as a part of

MOORA method
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Table 14. The result of Dominance Directed Graph for the full multiplicative form for

multi-objective
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