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Innovative technologies are increasingly determining 
the competitive advantage of enterprises. They also 
form the basis for modern manufacturing processes, 

enabling them to meet the needs of society. Awareness 
of the need for technological development has become 
widespread, which has been confirmed by international 
and national programs, scientific and research activities, as 
well as emerging institutions. Considering the increasing 
demand for innovative technologies and a developed 
market, it appears important to use specific methods and 
tools for the effective analysis and selection of technologies. 
This paper presents a proposal to use multi-attribute 

decision-making methods during technology assessment 
and selection. The proposed concept combines an S-life-
cycle analysis (S-LCA), which determines the performance 
of a technology, the method of Technology Readiness Levels 
(TRL), which examines the technological maturity, and the 
TOPSIS method, which allows for developing a technology 
ranking. To verify this approach, the example of a ranking 
and selection of the best road technology in Poland is 
presented, considering the proposed set of criteria and 
sub-criteria. In the assessment, the criteria for innovation, 
competitiveness, and usefulness of this technology were 
used in addition to S-LSA and TRL methods. 
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The selection of technologies is based on a set of 
pre-defined criteria, the aggregation of which 
allows one to create a ranking. The task of the 

ranking is to collect information on alternative tech-
nologies from different sources and to assess these 
alternatives based on a set of criteria, considering the 
priorities of the organization that carries out or com-
missions the assessment. The selection of appropriate 
technologies allows for the empirical evaluation of 
current technology parameters and its development 
potential. It is used for the assessment of a set of ex-
isting technical solutions, a portfolio of technologies, 
products, or patented inventions owned by an organi-
zation. Selection and ranking require either the mea-
surement of relevant parameters of the technology, an 
organization and its market environment, or the use 
of expert evaluations to determine the values of some 
of these parameters. Technology Assessment (TA) is 
an integral part of the ranking. 
The concept of technology assessment was first intro-
duced in the mid-1960s to determine the consequenc-
es arising from the development of new technologies 
[van den Ende et al., 1998; Carlsen et al., 2010]. Over 
time, the concept of technology assessment was cre-
ated to evaluate the effects of the introduction or de-
velopment of new technologies, especially focusing 
on the negative impacts. This concept responded to 
technologies emerging in the second half of the 20th 
century that were widely recognized as risky or dan-
gerous, such as biotechnologies, nanotechnologies, 
and nuclear technologies [Goulet, 1994; Coates, 1998; 
Tran, Daim, 2008]. Technology assessment is intend-
ed to provide an early warning system and identify 
opportunities and risks for the use of a technology so 
that the legitimacy of its implementation and devel-
opment can be verified. For many years, specialists 
have been tasked with making the public aware of the 
potential that new technologies have in order to con-
vince people to implement the innovations [Halicka, 
2017; Halicka, 2018].
From the literature review, it can be seen that initially 
the concept of Technology Assessment was used for 
political decision making. It was mainly used for 
strategic economic assessments of complex technolo-
gies, such as conventional and nuclear energy tech-
nologies and aeronautical technologies. Most of these 
technologies have been developed and implemented 
by government institutions. Over time, TA has been 
used for business decision making and the evaluation 
and selection of implemented technologies. A litera-
ture review shows that there are several varieties of 
TA (Table 1) [Carlsen et al., 2010; Tran, Daim, 2008; 
van den Ende et al., 1998].
Participatory Technology Assessment (PTA) is about 
increasing the participation and influence of the pub-
lic in the decision-making process based on what is 
already known about a technology, rather than an-

ticipating the unexpected effects of future technolo-
gies [Goulet, 1994; Tavella, 2016]. Awareness TA 
(ATA), on the other hand, focuses on anticipating a 
technological change and its impact, with a particular 
focus on unplanned and unexpected consequences 
[Coates,1998; Arora et al., 2014]. Constructive TA 
(CTA) makes it possible to shape the course of a tech-
nological development in socially desirable directions 
[van den Ende et al., 1998; Schot, Rip, 1997; Versteeg el 
al., 2017]. Backcasting is about developing scenarios 
for the desired future and launching innovative pro-
cesses based on these scenarios [Zimmermann et al., 
2012]. Strategic TA (STA) supports specific entities 
or groups of entities in formulating their policies and 
strategies for specific technological developments 
[Daim et al., 2018; Grimaldi et al., 2015]. The first 
four types of TA are currently used for political deci-
sion making. The last type of technology assessment 
(STA) points to the emergence of a further stream of 
TA research in the business, industry, and non-gov-
ernmental environments. 
The strategic technology assessment was first carried 
out in the 1980s, but a more detailed version fol-
lowed after the 1990s. This approach can be used for 
the economic assessment of alternative technologies, 
for the selection and purchase of strategic technolo-
gies, or strategic planning. It considers technological 
readiness, commercial potential, or innovative tech-
nology. In this case, the dominant role is played by a 
potential or current supplier or user interested in the 
commercialization or implementation of the most 
appropriate technologies. Therefore, the technology 
assessment can be made by organizations developing 
technologies (e.g. research institutes) or enterprises 
that want to select and implement the most appro-
priate technologies for their needs. In this trend of 
technology assessment, the importance of technology 
is examined from the point of view of the recipient, 
current and expected plans for its implementation, 
and the application by the recipient and other entities. 
This trend in technology assessment is an unsavory 
element of technology selection.

Literature Review
Technology selection is a dynamically developing 
area, which is reflected in a growing number of pub-
lications. Over the last 40 years, 1,753 publications 
have been indexed in the Scopus database with the 
keyword “technology selection”. The number of pub-
lications between 1979 and 2018 is shown in Figure 1. 
According to the figure, initially — during the first 
twenty-five years — there was no significant interest 
in this issue. Until 2003, no more than 40 articles in 
this field were published annually. Only since 2004, 
has interest in the selection of technologies started to 
significantly increase, which is reflected in the num-
ber of publications in the Scopus database.
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The largest number of publications on technol-
ogy selection was announced in journals such as 
SAE Technical Papers (31 articles), A Journal Of 
Cleaner Production (31 articles), International 
Journal of Production Research (18 articles) and the 
International Journal of Advanced Manufacturing 
Technology (16 articles).
For the selection of technologies, both qualitative and 
quantitative methods can be used. The first group is 
aimed at identifying features that may potentially im-
pact the effect of implementation and commercializa-
tion. The second group of methods should be used 
to identify the relevant characteristics that explain 
the reasons for the differences between technologies. 
Practical methods are usually a combination of quali-

tative and quantitative approaches. Research conduct-
ed around the world suggests that it is impossible to 
choose one method, which is best suited for technol-
ogy analysis. Consequently, there is a noticeable trend 
in the use of several methods in each procedure.
The process of evaluating and selecting technologies 
is difficult. The reasons for this arise from the un-
certainty surrounding the production of technology, 
including the ambiguity of the assessments (judge-
ments) of the experts involved in the ranking re-
search, the interdependencies between technologies, 
and the multidimensional nature of technologies. 
Considering the specific features listed above, multi-
attribute decision-making methods are used to solve 
the problem of the selection and ranking of technolo-

 

Figure 1. Number of Publications in the Scopus Database in 1979–2018
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Source: own calculations based on the search results in the Scopus database for the term “technology selection” in the title, abstract, or the key-
words of an article.

Таble 1. Types of TA 

Types of TA Publications Application Recipient’s 
Profile

Selected Criteria for Technology 
Assessment

Participatory Technology Assessment (PTA) [Goulet, 1994; 
Tavella, 2016]

to make 
political 
decisions

policymakers

•	 the economic value of a technology 
•	 opportunities to obtain advantages 

based on differentiation
•	 opportunities to influence 

technological progress through 
government intervention

•	 appropriateness of government 
intervention

•	 low potential for misappropriation
•	 significant social benefits

Sustainability Assessment of Technologies (SAT) [Ren et al., 
2017]
Awareness Assessment of Technologies (ATA) [Coates,1998; 
Arora et al., 2014]
Constructive Assessment of Technologies (CTA) [van den 
Ende et al., 1998; Schot, Rip, 1997; Versteeg el al., 2017]
Backcasting [Zimmermann et al., 2012]

Strategic Assessment of Technologies (STA) [Daim et al., 
2018; Grimaldi et al., 2015]

to make 
business 
decisions

decision-
makers

•	 validity from the point of view of the 
recipient

•	 current implementation/application 
plans

•	 expected implementation/application 
plans

•	 time of market introduction
•	 number of suppliers/points of sale

Source: author’s study based on [Goulet, 1994; Tavella 2016; Ren et al., 2017; Coates,1998; Arora et al., 2014; van den Ende et al., 1998; Schot, Rip, 1997; 
Versteeg el al., 2017; Zimmermann et al., 2012; Daim et al., 2018; Grimaldi et al., 2015].
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gies [Winebrake, Creswick, 2003]. MADM methods 
define procedures for processing the information on 
the value (assessment) of options against criteria to 
prioritize solutions and select the best one. Using the 
approach described above, a wide range of methods 
was distinguished, including [Zavadskas et al., 2016; 
Mardania et al., 2018; Vavrek, Adamisin, Kotulic, 
2017; Tamošiūnas, 2018; Roszkowska, Kacprzak, 
2016; Chodakowska, Nazarko, 2017]: the SAW 
(Simple Additive Weighting) method, ELECTRE 
(Elimination and Choice Expressing the Reality) and 
PROMETHEE (Preference Ranking Organization 
Method for Enrichment Evaluation) ranking methods, 
as well as methods based on the degree of distance 

from the ideal/anti-ideal VIKOR (VIsekriterijumska 
optimizacija i KOmpromisno Resenje — Multi-
criteria Optimization and Compromise Solution). 
The most important of these are Multicriteria 
Optimisation and Compromise Solution, Technique 
for Order Preference by Similarity to Ideal Solution, 
Analytic Hierarchy Process, ANP (Analytic Network 
Process), and MACBETH (Measuring Attractiveness 
by a Categorical Based Evaluation Technique). The 
literature review shows that the AHP and TOPSIS 
methods are most frequently used to select technolo-
gies. A characteristic feature of the AHP method is 
that it compares the adopted criteria with each other, 
which results in a comparison matrix. The next step 
in the AHP method is to determine global and lo-
cal preferences based on a comparison matrix and 
to calculate the compliance factor. The final step is 
to create a final ranking of the accepted alternatives. 
This is possible by calculating the usefulness function 
of the variants. The TOPSIS method, on the other 
hand, is a method of similarity to an ideal solution, 
which is classified as a distance method. The vari-
ants are evaluated by determining their distance from 
the ideal and anti-master. The determination of the 
preferential sequence requires the consideration of 
the weights of the criteria and the standardization of 
the assessment of the alternatives in the light of the 
criteria. The best solution is the one closest and the 
one furthest from the ideal. This allows for determin-
ing the value of a synthetic meter, which indicates the 
position of particular variants in the ranking. AHP 
methods are not usually used in situations with a 
large number of criteria. For example, for 24 criteria, 
the matrix has 24 columns and 24 rows. It is usually 
used when there are less than 10 criteria. Moreover, 
in the AHP method, weights for particular criteria 
are often determined subjectively, based on expert 
opinions. Moreover, problems frequently result from 
interdependencies between alternatives and criteria. 
This may lead to inconsistencies between the deci-
sion and ranking criteria and the reversal of the rank-
ing [Nermed, 2015; Velasquez, Hester, 2013; Anand, 
Vinodh, 2018; Mobinizadeh et al., 2016; Oztaysi, 2014]. 
Therefore, this study uses the TOPSIS method to se-
lect road technologies.
Initially, a detailed literature review was carried 
out and a bibliographic analysis of publications on 
technology selection using the TOPSIS method was 
performed. In the Scopus database for the period 
1999–2019, 33 records are indexed with the keywords 
“technology selection” and “TOPSIS” or “technology 
assessment” AND “TOPSIS”. The number of publica-
tions is presented in Table 2. The first articles in this 
field were published in 1999.
The identified publications were analyzed in terms of 
subject areas (Table 3). Each article could be assigned 
to several areas. More than half of the identified pub-
lications concerned engineering issues. Issues attrib-
uted to the area of Computer Science were addressed 

Таble 2. Number of Publications in the Scopus 
Database between 1999–2019

Year Number of publications
1999 1
2009 1
2011 1
2012 4
2013 3
2014 1
2015 2
2016 5
2017 5
2018 6
2019 4

Source: own calculations based on the search results in the Scopus 
database for keywords “technology selection” and “TOPSIS”, or 
“technology assessment” AND “TOPSIS” in the title, abstract, or 
keywords of an article.

Таble 3. Breakdown of Publications by Subject 
Matter of the Identified Articles

Subject Area Number of 
Publications

Engineering 19
Computer Science 8
Environmental Science 7
Business 5
Energy 3
Medicine 4 
Social Sciences 2
Decision Sciences 2
Materials Science 2
Agricultural and Biological Sciences 1
Biochemistry 1
Chemistry 1
Mathematics 1
Physics and Astronomy 1

Source: own study based on records from the Scopus database.
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in eight articles, and seven articles were dedicated 
to the area of Environmental Science. Other articles 
dealt with Business, Energy, Material Sciences, and 
Social Sciences.
The review of the publications shows that the TOPSIS 
method was used most frequently to select energy 
technologies, such as energy storage or renewable 
sources as well as health technology (Table 4). This 
method was also used to rank environmental tech-
nologies (i.e., treatment and disposal, ballast wa-
ter treatment, desalination, wastewater treatment, 
healthcare waste treatment technologies) and auto-
motive industry technologies (i.e., the restoration in 
engine remanufacturing practice, ABS sensors). It 
was also used for such technologies as smart glass 
(SG), emerging three-dimensional integrated circuit 

(3DIC), or iron making as well as advanced under-
water systems.
This article looks into the use of the TOPSIS method 
to rank the following five road-pavement technolo-
gies [Nazarko et al., 2015; Nazarko, 2017; Kikolski, 
Chien-Ho Ko, 2018]: road pavement with rubber-
asphalt binder (T1), pavement with porous asphalt 
mixture (T2), Perpetual Pavement (T3), the tradi-
tional cement concrete (T4), and pavement  with 
elastomeric binders (T5). Literature studies and ex-
ploratory research conducted gave rise to the follow-
ing research questions: (1) How does one apply the 
TOPSIS method to the assessment of road pavement 
technology? (2) What are the criteria for assessing 
road pavement technology? (3) How has technology 
been assessed against various criteria?

Таble 4. TOPSIS Method in Technology Selection

Authors (year) Type of Technology
[Habbal et al., 2019] radio access technologies
[Gladysz et al., 2017; Wan et al., 2016] radio frequency identification (RFID)
[Zhang et al., 2019] energy storage technology
[Restrepo-Garcés et al., 2017; Hirushie et al., 2017] renewable energy sources
[Karatas et al., 2018] energy technology
[Streimikiene, 2013a,b; Streimikiene et al., 2013; Streimikiene, Balezentiene, 
2012] electric vehicles 

[Zheng et al., 2012] green buildings
[Peng et al., 2019] restoration technology in engine remanufacturing practice
[Aloini et al., 2018] advanced underwater system
[Büyüközkan, Güler, 2017] smart glass (SG)
[Ansari et al., 2016; Puthanpura et al., 2015] automotive technology
[Elahi et al., 2011] ABS sensor technology
[Govind et al., 2018] treatment and disposal technology
[Ren, 2018] ballast water treatment
[Vivekh et al., 2017] desalination technology
[Kalbar et al., 2012; Fu et al., 2012] wastewater treatment technology
[Jiří, 2018; Mobinizadeh et al., 2016; Gajdoš et al., 2015; Lu et al., 2016] health technology
[Lee, James Chou, 2016] emerging three-dimensional integrated circuit (3DIC)
[Tavana et al., 2013] advanced-technology projects at NASA
[Oztaysi, 2014] information technology
[Towhidi et al., 2009] iron-making technology

[Parkan, Wu, 1999] robots to perform repetitious, difficult, and hazardous tasks 
with precision

Source: own study.

Таble 5. Scheme for the Operationalization of the Assessment  
and Selection of Road Pavement Technologies

Research Task Contractor Method Result
1. Assessment of Technology 
Maturity and Performance

The author, experts Literature review, Technology Readiness 
Levels, life cycle analysis

Life cycle phases of technologies, 
levels of technological maturity

2. Identification of Technology 
Assessment Criteria

The author Literature review The criteria catalog

3. Technology Assessment Experts Surveys Completed technology assessment 
questionnaires

4. Technology Selection The author TOPSIS Ranking
Source: соmpiled by the author.

Halicka K., pp. 85–96
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Research Methods
The process of road pavement technology selection 
was carried out in four successive stages. The opera-
tional diagram of road pavement technology selec-
tion is presented in Table 5. 
Completing the first research task, the author and key 
field experts assessed the level of technological ma-
turity of the prioritized road surface technologies in 
Poland. The model of Technology Readiness Levels 
(TRL) was applied for this purpose. According to 
the literature, this technology has a low level of tech-
nological readiness. In the case of the three levels of 
technological readiness, the basic principles of the 
analyzed technology were observed and described, 
the concept of the technology and/or its application 
was defined, and the key functions and/or the con-
cept of the technology were confirmed analytically 
and experimentally. Technologies with a medium lev-
el of technological preparedness have TRL 4, 5, and 
6. Technologies with a medium level of preparedness 
have already been tested in a near-real environment. 
Technologies with a high level of technological readi-
ness have TRL 7, 8, and 9. Technologies with a low 
to medium level of technological readiness include 
fundamental research consisting of the acquisition 

of new knowledge of the underlying principles and 
observable facts, without a direct practical or indus-
trial application focus. This is aimed at acquiring new 
knowledge and skills to develop new products, pro-
cesses, and services or to bring a significant improve-
ment to existing products, processes, and services. 
The phases of the life cycle of individual technolo-
gies are then determined. The following life phases 
of a technology are listed in the literature: the birth 
phase, which is characterized by high uncertainty, re-
search intensity, and the reduction of investment; the 
development phase, which is characterized by aver-
age uncertainty, an emphasis upon applications, and 
high investment; the maturity phase, which is char-
acterized by low uncertainty, cost reduction, and the 
reduction of investment as well as a decline in tech-
nology assessment where the technology is outdated 
and replaced by a new technology with a higher com-
petitive value. 
During the second task, three groups of technol-
ogy assessment criteria were selected on the basis 
of a literature review [Ejdys et al, 2016, Ejdys, 2015]: 
(1) innovation, (2) competitiveness, and (3) usabil-
ity. The criteria were developed in the form of ques-
tions. The author’s catalogue of criteria consisted of 

Таble 6. Catalogue of Technology Assessment Criteria  

Acronym Name of the Criterion
TRL Technology Readiness Levels

S S-life-cycle analysis
Innovation

I1 What is the level of technological innovation? 
I2 Is the technology original according to the current state of knowledge? 
I3 Is there an improvement in the technology compared to existing alternatives?

Competitiveness
C1 Is the market position of the technology threatened by existing solutions?
C2 How will the dissemination of the technology affect the existing alternative solutions?
C3 Are the new opportunities offered by the technology compared to the alternatives relevant for road users?
C4 Is the improvement in the comfort of use compared to the alternatives to the technology relevant for road users?
C5 How many similar alternatives to technologies are available on the Polish market?
C6 What is the popularity of the alternatives to the technology?
C7 Are there entry barriers for potential competitors?

Usability
U1 Does the technology have measurable value for users? 

U2 Will potential users gain additional benefits from the use of the technology that are not available when alternatives 
are used?

U3 Does the technology or the product based on it offer higher user-friendliness and ease of use than the available 
alternatives?

U4 Is the technology or product based on it compliant with the formal requirements applicable in Poland and the 
European Union?

U5 Can the demand for a technology or a product based on it be related to transitional fashion?

U6 Do recent changes in the environment make the technology or a product based on it more attractive to users (for 
example, due to new legislation, consumer trends, or technological standards)?

U7 At what point in time may the technology or product based on it become obsolete?
U8 Will the technology solve technical problems that are perceived as important by potential customers?
U9 Are the technical benefits offered by the technology important to potential customers?

U10 Are potential customers sensitive to the possible technical problems related to the use of the technology?
Source: own study.
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22 questions. Three questions concerned innovation 
(I1 — I3), seven questions concerned technological 
competitiveness (C1 — C7), and ten questions con-
cerned technological usability (U1 — U10). The list 
of criteria used for the assessment of road pavement 
technologies is given in Table 6. The selection of road 
pavement technologies has not been carried out so far. 
This is the first (pilot) study of this type in Poland. One 
important goal of the study is to develop an objective 
ranking of road pavement technologies. It was im-
perative that the position of a given technology in the 
ranking should be determined only by the properties 
of a given technology in the context of a given crite-
rion. Therefore, decision-makers were not consulted 
regarding the importance of the assessment criteria 
for these technologies. Also, a conscious decision was 
made not to assign weights to the criteria based on 
the opinion of the experts or decision-makers. Rather, 
the weights of the criteria were developed using the 
entropy method. The entropy method makes it pos-
sible to estimate the importance of analyzed criteria 
describing the considered solution options based on 
each of their value discrepancies [Lotfi, Fallahnejad, 
2010; Kacprzak, 2017].
Next, experts evaluated the assessment of the ana-
lyzed technology using the 5-point Likert scale, 
where 1 was the lowest score and 5 was the highest 
score. Each expert assessed one technology. The ex-
perts were selected purposively, considering their 
knowledge and experience in the field of road sur-
face technology in Poland. Employees of the Warsaw 
University of Technology participating in the Team of 
Materials and Road Surfaces Technology were invited 
to be the experts. Then, during the fourth task, us-
ing the TOPSIS method, a ranking of road pavement 
technologies was developed.

Research Results
The TOPSIS technology ranking [Hwang, Yoon, 1981] 
was achieved in seven consecutive steps, as shown 
below.

Step 1. Initially, there was a set of criteria consisting 
of 24 elements:

{Cj, j = 1, ... n}         (1)

The first criterion was the TRL, followed by life-cycle 
phases of technologies, three further criteria for tech-
nology innovation, seven more for competitiveness, 
and ten more for usability. The TRL could range from 
1 to 9, life-cycle phases of technologies — from 1 to 4, 
and the remaining criteria — from 1 to 5. 
Step 2. Then, based on the assessment of technology 
by experts in terms of the subsequent criteria, a deci-
sion matrix was developed (Table 7):

X = (xij),          (2)

where xij  R

X =                       , i = 1, ... m; j = 1, ... n                                (3)
х11   ...  х1n

хm1  ...  хmn

The analysis of Table 7 shows that T1 technology had 
a TRL of 8 and the second life-cycle phases of the 
technology. The T1 technology was assessed by an ex-
pert as regards the criterion I1 at the level 4, as well 
as the criterion K1 – 1 and the criterion U1 – 5 (on 
a scale from 1 to 5). The T4 technology, on the other 
hand, was assessed in terms of criteria I1 and K1 at 
level 1, while also evaluated in terms of the criterion 
U1 at level 3. 
Step 3. A normalized (vector-based) decision matrix 
(Table 8) was then developed:  

R = (rij),           (4)

R =                       ,          (5)
r11   ...  r1n

rm1  ...  rmn

where 

r =          (6)
xij 

m
i = 1 xij 

2

Step 4. The next step was to determine the criterion 
weight vector (Table 9). For this purpose, the entropy 
method was used [Kacprzak, 2017; Rudnik, Kacprzak, 
2017]:
E = (e1, e2, ... en),        (7)
where E — an entropy vector, 
and

ej = –                     zij ln zij ,          (8)1
lnm

m
i = 1

and

zij lnzij = 0, where zij = 0,         9)
with a vector of criteria weights:
w = (w1, w2, ..., wn),      (10)

Таble 7. Decision Matrix

TRL S I1 I2 I3 K1 K2 K3 K4 K5 K6
T1 8 2 4 4 4 1 3 4 4 2 1
T2 8 2 4 1 4 3 3 4 4 3 1
T3 7 1 5 3 4 5 4 5 5 5 5
T4 9 3 1 1 1 1 3 3 1 2 1
T5 9 2 4 3 3 3 2 4 3 3 4

K7 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
T1 3 5 5 3 4 4 4 5 4 4 3
T2 4 3 3 4 4 4 4 5 4 4 1
T3 3 5 5 4 5 4 4 5 5 5 4
T4 4 3 2 1 5 2 3 5 3 3 2
T5 5 4 1 1 5 5 1 5 4 4 4

Source: соmpiled by the author.

Halicka K., pp. 85–96
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Таble 8. Normalized Decision Matrix

TRL S I1 I2 I3 K1 K2 K3 K4 K5 K6
T1 0.435 0.426 0.465 0.667 0.525 0.149 0.438 0.442 0.489 0.280 0.151
T2 0.435 0.426 0.465 0.167 0.525 0.447 0.438 0.442 0.489 0.420 0.151
T3 0.380 0.213 0.581 0.500 0.525 0.745 0.583 0.552 0.611 0.700 0.754
T4 0.489 0.640 0.116 0.167 0.131 0.149 0.438 0.331 0.122 0.280 0.151
T5 0.489 0.426 0.465 0.500 0.394 0.447 0.292 0.442 0.367 0.420 0.603

K7 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
T1 0.346 0.546 0.625 0.457 0.387 0.456 0.525 0.447 0.442 0.442 0.442
T2 0.462 0.327 0.375 0.610 0.387 0.456 0.525 0.447 0.442 0.442 0.147
T3 0.346 0.546 0.625 0.610 0.483 0.456 0.525 0.447 0.552 0.552 0.590
T4 0.462 0.327 0.250 0.152 0.483 0.228 0.394 0.447 0.331 0.331 0.295
T5 0.577 0.436 0.125 0.152 0.483 0.570 0.131 0.447 0.442 0.442 0.590

Source: соmpiled by the author.

wj  [0, 1],           wj = 1,      (11)n
j = 1

where wj — the criterion weight. If all the criteria 
were equally valid, the weights were calculated ac-
cording to the formula:

wj =       (12)  
dj

dj
n
j = 1

dj = 1 – ej    (13) 
Aiming to determine entropy, the decision matrix 
should be normalized:
Z = (zij),     (14)

Z =                       ,       (15)
z11   ...  z1n

zm1  ...  zmn

where

z =            (16)
xij

xij
m
i = 1

All the weight factors are presented in Table 9. 
Table 9 shows the most important criteria: K6 
(w=0.164), K1 (w=0.109), and U3 (w=0.097). The 
least important criteria were U7 (w=0.000), TRL 
(w=0.003), and U4 (w=0.004).
Weight factors were determined and the weighted 
normalized decision matrix (Table 10) was developed:

V =  (vij),      (17)
where 
vij =  rij wj     (18)
Step 5. The next step involved the recognition of the 
positive-ideal solution A+ and the negative-ideal solu-
tion A  [Kacprzak, 2019].

A+ =  [v1 , v2 , ..., vn] = [max vi1 max vi2 ... max vi3]           (19)

A   =  [v1 , v2 , ..., vn] = [min vi1 min vi2 ... min vi3]            (20)i i i 

After selecting the distance measure, the separation 
measures sj

+ and sj
– of each alternative were calculated 

from the intuitionistic fuzzy positive-ideal and the 
negative-ideal solutions. This paper used the normal-
ized Euclidean distance: 

sj
+ =            (vi

+ – vij)
2,     (21)n

j = 1

sj
– =            (vi

– – vij)
2,     (22)n

j = 1

Step 6. Then, the relative closeness coefficient is calcu-
lated. The relative closeness coefficient of an alterna-
tive Ai with respect to the positive-ideal solution A+ is 
defined as follows:

Ci
  =              ,         (23)sj

+ + sj
– 

sj
– 

where 0  Ci
  1.

Таble 9. Weights of the Evaluation Criteria

TRL S I1 I2 I3 K1 K2 K3 K4 K5 K6
e 0.997 0.967 0.944 0.916 0.949 0.894 0.986 0.992 0.940 0.961 0.840
d 0.003 0.033 0.056 0.084 0.051 0.106 0.014 0.008 0.060 0.039 0.160
w 0.003 0.033 0.058 0.087 0.053 0.109 0.014 0.008 0.061 0.040 0.164

K7 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
e 0.988 0.984 0.916 0.906 0.996 0.977 0.949 1.000 0.992 0.992 0.940
d 0.012 0.016 0.084 0.094 0.004 0.023 0.051 0.000 0.008 0.008 0.060
w 0.012 0.016 0.087 0.097 0.004 0.024 0.053 0.000 0.008 0.008 0.062

Source: соmpiled by the author.
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Ci measures the effectiveness of each alternative. The 
best alternative and the order of the alternatives are 
obtained according to this measure.
Step 7. Once the relative closeness coefficient of each 
alternative is determined, alternatives are ranked in 
the descending order of Ci [BoranGenç et al., 2009; 
Yue, 2014].
As a result (Table 11), the Perpetual Pavement (T3) 
was found to be the most desirable product among 
these alternatives, overtaking its nearest competitor, 
pavement with elastomeric binders (T5).  Rubber-
asphalt binder (T1) ranked third, followed by the 
pavement with porous asphalt mixture (T2), leaving 
the traditional cement concrete (T4) last.

Conclusion
The paper presents a proposal to apply the TOPSIS 
method to the assessment and selection of road 
pavement technologies, such as road pavement with 
rubber-asphalt binder (T1), pavement with a porous 

asphalt mixture (T2), the Perpetual Pavement (T3), 
the traditional cement concrete (T4), and pavement 
with elastomeric binders (T5). Initially, based on the 
literature, the maturity and efficiency of the five road 
technologies were evaluated. Then, technology selec-
tion criteria were identified for the assessment of in-
novation, competitiveness, and usefulness. Experts 
evaluated the technology considering the level of 
maturity and efficiency of the technology and the 
22 criteria identified on the basis of the literature. The 
TOPSIS method was followed by a ranking of the 
best road pavement technologies. T3 — the Perpetual 
Pavement was the best of the assessed technologies. 
T4 — the traditional cement concrete technology was 
ranked last. 
The conducted research found answers to the follow-
ing research questions: (1) How does one apply the 
TOPSIS method to the assessment of road pavement 
technology? (2) What are the criteria for assessing 
road pavement technology? (3) How has the technol-
ogy been assessed against various criteria?
It can also be argued that the present method of deci-
sion making can also be used effectively in a more 
complex analysis.
In future studies, when constructing the ranking, the 
opinions of decision-makers regarding the substance 
of the criteria will be considered. It is also planned 
to extend the study to other European countries and 
compare road pavement technology rankings in dif-
ferent countries. It is also planned to expand the cat-
alogue of criteria and develop rankings using other 
methods.  

This research was conducted within the scope of the Project  
S/WZ/1/2017 and financed by the Ministry of Science and 
Higher Education.

Таble 11. Relative Closeness and the Preferential 
Ranking of Alternative Options

Road 
Pavement 

Technology
sj

+ sj
– Сi Rank

T1 0.121653105 0.082644528 0.40453 3
T2 0.119536825 0.073261956 0.37999 4
T3 0.020692762 0.149284031 0.87826 1
T4 0.147440469 0.024541157 0.14270 5
T5 0.081536767 0.095672852 0.53989 2

Source: соmpiled by the author.

Таble 10. Weighted Normalized Decision Matrix

TRL S I1 I2 I3 K1 K2 K3 K4 K5 K6
T1 0.001 0.014 0.027 0.058 0.028 0.016 0.006 0.004 0.030 0.011 0.001
T2 0.001 0.014 0.027 0.014 0.028 0.049 0.006 0.004 0.030 0.017 0.001
T3 0.001 0.007 0.034 0.043 0.028 0.081 0.008 0.004 0.037 0.028 0.001
T4 0.001 0.021 0.007 0.014 0.007 0.016 0.006 0.003 0.007 0.011 0.001
T5 0.001 0.014 0.027 0.043 0.021 0.049 0.004 0.004 0.022 0.017 0.001

K7 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
T1 0.025 0.004 0.009 0.054 0.044 0.001 0.011 0.028 0.000 0.004 0.004
T2 0.025 0.006 0.005 0.032 0.059 0.001 0.011 0.028 0.000 0.004 0.004
T3 0.124 0.004 0.009 0.054 0.059 0.002 0.011 0.028 0.000 0.004 0.004
T4 0.025 0.006 0.005 0.022 0.015 0.002 0.005 0.021 0.000 0.003 0.003
T5 0.099 0.007 0.007 0.011 0.015 0.002 0.013 0.007 0.000 0.004 0.004

Source: соmpiled by the author.
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