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ABSTRACT

Technology assessment and selection problems have gained importance in recent
decades as the used technology often determines the enterprises’ competitive
advantage. Due to the extensive catalogue of criteria that should be considered and,
on the other hand, the extensive catalogue of available technologies and solutions, the
decision-making process of choosing a technology becomes a significant challenge for
organisations and individuals. This study aims to identify the main research directions
and trends in the scientific literature on applying multi-criteria analysis (MCA) in the
context of technology assessment and/or technology selection. The author conducted
a bibliometric analysis of publications indexed in the Web of Science and Scopus
databases. The methodology of this study also included identifying the most productive
authors, countries, organisations, and journals and analysing the occurrence and
co-occurrence of terms. Final analyses included 380 publications retrieved from the
Scopus database and 311 documents retrieved from the Web of Science repository.
The analysis of the occurrence of terms and keywords allowed distinguishing two main
research directions in using MCA methods in assessing and selecting industrial and
health and medicine-related technologies. Some sub-areas have also been
distinguished within these two areas: energy and renewable energy technologies,
waste management, biomedical and medical technologies, and drug production
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INTRODUCTION

a challenging strategic decision problem faced by

Considering the rapid technology development  entrepreneurs and institutions (Kafuku et al., 2019).
and its growing impact on the company’s competi-  Assessing or selecting new technologies requires
tiveness and performance, selecting an appropriate  solving conflicts between various competing objec-
technology that meets all requirements constitutes  tives to pursue environmental quality, economic
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prosperity, technological efficiency, and social equity.
Such a task becomes difficult for decision makers.
The research field of technology selection (TS) has
been rapidly developing over the last few years (Hal-
icka, 2020). It is strictly connected with technology
assessment (TA) which allows evaluating alternative
technologies in terms of economic potential, innova-
tion level, usability, or environmental impact. Each
technology has several characteristics that may be
considered its advantages or disadvantages and, thus,
many different factors influence the technology selec-
tion process (Hamzeh & Xun, 2019). A decision
maker, either a company, an organisation, or an indi-
vidual, presents certain needs and preferences. Tech-
nology selection does not rely only on internal factors
of the organisation but also considers external factors.
Sometimes, the most effective criteria for technology
selection are not merely financial, and some other
factors, such as political issues or the technology
impacts on employment, are also significant (Elahi et
al., 2011). Therefore, the final criteria catalogue for
technology selection may consist of diverse economic,
technological, environmental, and social criteria,
representing such aspects as trends, functionality,
flexibility, or sustainability. Furthermore, they may be
described in qualitative, quantitative, or mixed cate-
gories making technology selection a complex multi-
criteria problem (Saen, 2006). The technology
selection problem is focused on choice (choosing the
best option) or ordering (ranking) variants in the
descending order of preference. Thus, it may be sup-
ported by the methods of multi-criteria analysis
(MCA) or methods supporting Multi-Criteria Deci-
sion Making (MCDM) (Fang et al., 2020). These
methods enable the identification of the problem,
formulation of goals, analysis of the alternatives, and
generation of information facilitating the final choice.
MCA provides procedures, tools, and mathematical
and IT methods that allow solving complex decision-
making problems, the analysis of which requires
considering many and, often, opposing points of
view.

Recently, many articles were published address-
ing the above-described problems. For example,
a problem of assessing green technologies with Multi-
Criteria Decision Making (Si et al., 2016), TS problem
in the automotive industry (Ansari et al., 2016), TS
for photovoltaic cells (Fang et al., 2020), evaluation of
water supply alternatives with multi-criteria decision-
making methods (Savun et al., 2020), renewable
energy source technology selection (Long et al., 2021)
or the selection of waste-to-energy-based-distributed

generation (Alao et al., 2022). A review of several
sample studies has led the article’s author to conclude
that the topic is evolving and is worth exploring.
Therefore, this study aims to answer the following
research questions:

RQ1: What are the main research directions in
applying multi-criteria analysis methods in the field
of technology selection and technology assessment?

RQ2: Which countries, authors, institutions, and
journals are most productive in this research field?

RQ3: Which multi-criteria analysis (MCA)
methods are mostly used in the technology assess-
ment and selection problems?

The study’s methodology includes a systematic
literature review focused on applying multi-criteria
analysis in decision-making processes concerning
technology selection and technology assessment.
A bibliometric analysis was conducted using tools
available in chosen databases to indicate the most
productive authors, countries, organisations, and
journals (RQ2). Furthermore, text mining analysis
and visualisation techniques were used to answer the
research questions RQ1 and RQ3. The methodology
of the study is presented in detail in Section 2.

1. LITERATURE REVIEW

Technology assessment (TA) is a rapidly evolving
research field visible in a growing number of research
and publications appearing during the last decades
(Halicka, 2020). It was primarily strictly connected
with the policy tools supporting policymakers in
identifying technological changes and planning
future development (Delvenne & Rosskamp, 2021).
So, it mainly played a crucial role in technology policy.
Over time, it has evolved from a strategic government
instrument to an element of business decision-mak-
ing (Halicka, 2020). Nowadays, technology assess-
ment is used at the organisational level in enterprises
and institutions. It aims to reduce the human-inflicted
costs of test-and-error learning in people handling
new technologies and foresee the potential effects of
its application on people, organisations, and the
environment. The significance of the problem and its
interdisciplinarity is reflected in the development of
various approaches, methods, and tools for technol-
ogy assessment (Chodakowska & Nazarko, 2020b).
Many stakeholders and many assessment aspects
must be considered in analysing and assessing tech-
nology. The criteria that are finally considered are
related to the assessment context and are implied by
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the subject and field of analysis (Chodakowska
& Nazarko, 2020a). Technology assessment is an
integral part of the technology selection process,
which, in turn, focuses on choice (choosing the best
option) or ordering (ranking) variants in the descend-
ing order of preference. A technology selection (TS)
problem is described as identifying the best technol-
ogy from a set of possible alternatives or options
(Singh & Sushil, 1990). Knowing how to solve this
problem will help organisations create more competi-
tive offers and solutions and more efficient processes
(Hamzeh & Xu, 2019). However, this problem usually
appears complex as it encompasses the need to con-
sider such aspects as uncertainties of technical and
commercial success, current life-cycle level of the
technology, possibilities of its development, environ-
mental impact, etc. and also interactions with the
current technologies in the organisation (Houseman
et al., 2004; Krishnan & Bhattacharya, 2002; Wang et
al,, 2014). Technology selection aims “to obtain new
know-how, components, and systems which will help
the company to make more competitive products and
services, more effective processes, and/or create com-
pletely new solutions” (Houseman et al., 2004, p. 2).
The criteria affecting the technology assessment and
selection may be tangible and intangible. Moreover,
they might be described as qualitative or quantitative
categories and may represent very different aspects of
technology, including economic, social, technological
or technical, and environmental (Ragavan & Punniy-
amoorthy, 2003; Muerza et al., 2014; Shen et al,
2010). A catalogue of final criteria is highly depend-
ent on many conditions, like the type of technology,
the goal of technology selection, the scale of the
selection problem, the sector of the economy it con-
siders, the level of governance, and the complexity of
related know-how, etc. Thus, the assessment and
selection of technology constitute a complex and
multi-criteria problem.

Methods of Multi-Criteria Analysis (MCA) or
tools supporting the Multi-Criteria Decision-Making
process (MCDM) have been developing in the frame
of operations research or mathematical modelling of
complex decision problems. In multi-criteria analy-
sis, no ideal or optimal solution can be found. It is
a rather compromised solution that matches the deci-
sion maker’s preferences in the best possible way. One
of the most popular multi-criteria decision-making
tools is the analytic hierarchy process (AHP), which
was proposed and developed by Saaty. It enables the
decomposition of a complex decision problem and
the creation of a final ranking for a finite set of vari-

ants (Saaty, 1980). The method is still being developed
and modified (Saaty, 2005). Other most used are
SAW, TOPSIS, VIKOR, ELECTRE, and PRO-
METHEE. Until now, the Simple Additive Weighting
(SAW) method is the best known and most frequently
used discrete multi-criteria method. Its advantages
are simplicity and intuitiveness in modelling the deci-
sion maker’s preferences through an additive linear
function (Tzeng & Huang, 2011). Both VIKOR and
TOPSIS methods are based on an aggregating func-
tion describing closeness to the ideal solution. The
VIKOR method ranks alternatives and determines
the solution closest to the ideal solution. The base in
the TOPSIS method are two “reference” points called
“ideal solution” and “negative-ideal solution”. The
aggregate index allows for choosing the alternative
that is at the “shortest distance” from the ideal solu-
tion and the “farthest distance” from the “negative-
ideal” solution (Opricovic & Tzeng, 2004). The group
of ELECTRE methods is based on the rule of pairwise
comparisons. The method employs the concordance
and discordance of the criteria and the threshold
values to evaluate the scoring schemes between the
available alternatives (Effatpanah et al., 2022). PRO-
METHEE belongs to the family of multi-criteria out-
ranking methods based on the dominance
relationship principles and a generalisation of the
criterion notion (Brans et al., 1984). More knowledge
on multi-criteria methods is available from outputs
by Hwang & Yoon (1981), Zanakis et al. (1998), Tzeng
& Huang (2011), Arslan (2017) and others.

Some studies review and examine the use of
MCA methods or MCDM tools in fields of engineer-
ing and management (Mardani et al., 2018), business
analytics (Yalcin et al., 2022) or financial decisions
(Hallerbach & Spronk, 2003), energy planning
(Pohekar & Ramachandran, 2004), the assessment of
multi-sector interactions in the emerging offshore
Blue Economy (Turschwell et al., 2022), geographical
information systems (Carver, 1991), decommission-
ing of offshore oil and gas facilities (Li & Hu, 2022) or
research planning (Loo et al, 1990). This study
focuses on a review of the use of multi-criteria analy-
sis methods for technology assessment and selection.

2. RESEARCH METHODS

A systematic literature review and bibliometric
analysis are the most popular approaches in scientific
research for uncovering emerging trends and identi-
fying authors and institutions most engaged in certain
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scientific fields or journals that affect the analysed
subject the most (Donthu et al., 2021). Many research-
ers indicate main research directions or areas based
on systematic literature review results (in chosen
scope) (Glinska & Siemieniako, 2018; Hamzeh
& Xun, 2019; Alcéacer et al.,, 2019; Szum, 2021),
research gaps (Hajduk, 2017; Winkowska et al., 2019;
Szpilko et al., 2020; Ciani et al., 2022; Michalski et al.,
2022) or opportunities and directions for further
research (Halicka, 2017; Siemieniako et al., 2021;
Belezas & Daniel, 2022; Sun et al., 2022). Many useful
tools and software were developed (e.g., Gephi or
VOSviewer) to analyse a set of database records
resulting from searching the scientific repositories.
Such software is designed to present the relationships
between terms and individual elements (Gudanow-

ska, 2017; Siderska & Jadaa, 2018). Visualisation and
clustering of these relationships enable the under-
standing of how the research field manifests itself and
develops over time. Combining results of bibliometric
analysis and visualisation techniques is considered
a complementary approach to studies aimed at litera-
ture review analysis and synthesis (Donthu et al,
2021). Therefore, it has been applied in this study.
Considering the convergence of the research ques-
tions raised in some papers (Szum, 2021; Szpilko
& Ejdys, 2022), an analogous research methodology
was adopted in this study.

This study’s methodology (Fig. 1) included five
main stages: database selection (Stage 1), keyword
selection (Stage 2), inclusion criteria selection (Stage
3), data extraction and removal of duplicates (Stage

Stage 1: Selection of
database

Scopus, Web of Science

v

Stage 2: Keywords
selection

combination of terms: technology selection,
technology assessment, multi-criteria analysis, multi-
criteria decision making (including different spelling
and words forms)

Y

Stage 3: Inclusion
criteria selection

Period: 2000-2022
Document types: articles, proceedings papers,
conference papers, books, book chapters

Stage 4: Data extraction,
removal of duplicates

Criteria for deleting duplicates: DO, title

Y

Stage 5: Analysis of the
results

Quantitative analysis: number publications per year,
—p document types, the most productive authors, institutions,
countries, journals

Text analysis: identification of research areas by
visualisation of the most frequent terms and words,
visualisation of thematic clusters

Fig. 1. Methodology of the study
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Tab. 1. Search results

STEP

Scopus

WEB OF SCIENCE

SEARCHING QUERY

TITLE-ABS-KEY ( ,,MULTI-CRITERIA DECISION MAK-
ING” AND ,TECHNOLOG* ASSES*” ) OR TITLE-ABS-
KEY ( mcDM AND , TECHNOLOG* SELECT*” ) OR TI-
TLE-ABS-KEY ( McDM AND ,TECHNOLOG* ASSESS*”
) OR TITLE-ABS-KEY ( ,,MULTI-CRITERIA DECISION
MAKING” AND ,TECHNOLOG* SELECT**” ) OR TI-
TLE-ABS-KEY ( ,TECHNOLOG* ASSES*” AND ,MULTI
CRITERIA” ) OR TITLE-ABS-KEY ( ,TECHNOLOG* SE-
LECT*” AND ,MULTI CRITERIA” ) OR TITLE-ABS-KEY
( MCA AND ,TECHNOLOG* ASSES*” ) OR TITLE-

ALL=(((,TECHNOLOG* ASSES*” AND (,MULTI-
CRITERIA” OR ,, MULTI CRITERIA”)) OR (,TECH-
NOLOG* SELECT*” AND (, MULTI-CRITERIA” OR
,MULTI ARTERIA”)) OR (MCA AND (,TECHNO-
LOG* SELECT*” OR ,TECHNOLOG*ASSES*”))
OR ( ,MULTI-CRITERIA DECISION MAKING”
AND ,TECHNOLOGY ASSES*” ) OR ( ,MULTI-
CRITERIA DECISION MAKING” AND , TECHNOL-
OGY SELECT*” ) OR (MCDM AND ( ,TECHNOL-
OGY SELECT*” OR ,TECHNOLOGY ASSES*” ))))

ABS-KEY ( MCA AND ,TECHNOLOG* SELECT*” )

NUMBER OF ARTICLES BEFORE

MOVAL OF DUPLICATES

392 321
INCLUSION CRITERIA
NUMBER OF ARTICLES AFTER
INCLUSION CRITERIA AND RE- 380 311

4), and analysis of the results (Stage 5). The last stage
of the methodology consisted of two steps: quantita-
tive analysis of obtained results (in terms of the
number of publications per year, document types,
most productive authors, institutions, countries, and
journals) and qualitative analysis based on text min-
ing techniques aimed at identification of most fre-
quently explored areas of research. The first stage was
the database selection. Scopus and Web of Science
were chosen mainly due to the author’s free access to
these repositories. However, both databases are popu-
lar in bibliometric studies, and their content is rela-
tively wide, both in the scope of scientific thematic
and in the number of publications indexed. Therefore,
they appeared representative in terms of bibliometric
analysis results. Database searches were performed
using the following keywords in various forms and
configurations: technology selection, technology
assessment, multi-criteria analysis, and multi-criteria
decision making. Thus, a set of publications obtained
as a query phrase result was exactly and closely related
to the analysed scientific field. In the next stage, the
set was limited in terms of publication date (period:
2000-2022) and document types (articles and confer-
ence papers or proceedings, books, and book chap-
ters). The search result is shown in Table 1. The search
was performed in early 2022. As both databases are
updated daily, a perfect replication of the search
results may not be possible.

A detailed query formulated in each database is
shown in the first row of Table 1. After including the
selection criteria and removing duplicates, a set of

380 papers was used for further analyses from the
Scopus database. A set of 311 papers was extracted
from the Web of Science database. These sets were
used to show the publication trends over the years
and identify the most productive authors, institu-
tions, countries, and journals. Finally, a text analysis
was performed to visualise the most frequently
occurring terms and words. This allowed identifying
thematic clusters, which indicated the main research
directions in applying and adapting multi-criteria
analysis for technology selection and assessment.

3. RESEARCH RESULTS

The last 20 years of applying multi-criteria analy-
sis to technology selection and assessment problems
show a growing trend in the number of published
papers (Fig. 2). The most significant increase may be
noticed after 2010 — from only 5-10 in 2010 to
almost 40-50 in 2021.

The publication increase index illustrates the
dynamic of increase. It can be calculated as the ratio
of the number of publications in a given year to the
number of publications in the previous year or as
a ratio to the one basic year. Considering the last ten
years (from 2012 to 2021), there is a substantial
dynamic visible in the growth of the number of pub-
lications in the analysed research field. Growth may
be seen almost every year (columns A and B, Table 2,
the value of the index greater than 1 indicates growth),
and during the last ten years, the number of publica-
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Fig. 2. Number of publications per year

tions increased six to seven times in relation to 2011
(columns C and D, Table 2). It shows rising interest in
this research field, particularly in recent years, so the
subject of applying multi-criteria analysis for technol-
ogy assessment and/or technology selections appears
to be an emerging research field. This is also con-
firmed by the structure of the analysed set of extracted
documents in terms of type (Fig. 3). Most of them are
articles (65 % among Scopus results, 76 % in WoS
results) and conference proceedings or conference
materials (23 % and 16 %, respectively). Few books
have been published so far, typical of emerging
research fields.

In the Web of Science database, each document is
described with the Web of Science Category, which
represents the main addressed research field. The
largest part of examined documents (almost 15 %)
was assigned to the Health Care Science Services
category. The next three groups, almost equal in size
(about 12-12.5 % of analysed documents), constitute
papers classified as Environmental Sciences, Green
Sustainable Science Technology, and Energy Fuel.

About 11 % of publications were related to Health
Policy Services and over 10 % to Operations Research
Management Science. In the Scopus database, docu-
ments are assigned to the subject area. Within
extracted documents, the subject area of almost 20 %
was classified as Engineering, 12 % as Medicine, 11.5
% as Computer Science, 10.5 % as Business, Manage-
ment and Accounting, 10 % as Environmental Stud-
ies, and over 8 % as Energy.

The summary presenting the most productive
authors, countries, organisations, and journals is
revealed in Table 3. The average citation count was
calculated specifically for the search results using
both databases’ tools. For example, 57 publications in
Scopus came from the USA, and their total citation
number was 946, giving 16.6 citations per paper on
average. The most productive authors (eight publica-
tions) in the field of multi-criteria analysis methods
applied for technology selection or assessment are
Biiyiikozkan Gulcin, a researcher from Galatasaray
University (the most productive institution) in Tur-
key (second most productive country) and Streimik-

Tab. 2. Indexes illustrating the increase of publications in the last ten years

INDEX OF INCREASE IN THE NUMBER INDEX OF INCREASE IN THE NUMBER OF PUBLICATIONS

YEAR OF PUBLICATIONS (PREVIOUS YEAR=100) (2011 vear=100)
Scopus (A) WosS (B) Scopus (C) WosS (D)

2012 1.9 1.6 1.9 1.6
2013 13 2.0 2.5 3.2
2014 14 1.6 3.4 5.2
2015 0.7 1.0 2.4 5.0
2016 1.6 0.8 3.9 4.2
2017 0.6 1.0 2.3 4.2
2018 2.1 1.5 4.8 6.2
2019 11 1.5 5.1 9.0
2020 1.2 0.8 6.4 7.6
2021 1.0 1.0 6.4 7.6
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Fig. 3. The structure of search results in terms of document types

iene Dalia from the Lithuanian Energy Institute in
Kaunas, Lithuania. It should be noted that Streimik-
iene’s average citation rate is much higher than
Biytikozkan’s. The articles co-authored by Biiyiikoz-
kan with the highest citation rate are (1) “Cloud
computing technology selection based on interval-
valued intuitionistic fuzzy MCDM methods” from
2018, with 46 citations in the Scopus database, and
(2) “Selection of sustainable urban transportation
alternatives using an integrated intuitionistic fuzzy
Choquet integral approach” from 2018, with 45 cita-
tions in the Web of Science database. The most cited
paper co-authored by Streimikiene is “Intuitionistic
fuzzy MULTIMOORA approach for multi-criteria
assessment of the energy storage technologies” from
2019, with 92 citations in Scopus and 83 citations in
Web of Science.

The other authors with a similar or slightly
smaller number of publications were Géger Fethul-
lah (Kahramanmaras Sutcu Imam University, Tur-
key), Ceng (Istanbul
UniversityTurkey), Kalo Zoltan (Eotvos Lorand
University, Budapest, Hungary), and Oztaysi Basar
(Istanbul Technical University, Turkey). But the
author with the highest average citation rate is
Oztaysi (50.5 in Scopus and 46.8 in WoS). The coun-
tries with the highest number of publications are the
United States of America, Turkey, and the United
Kingdom. It should be noted that publications from
the United Kingdom are the most highly cited (Sco-
pus: 27.9, WoS: 37.6).

Among the most productive organisations are
Galatasaray University, Islamic Azad University,
Istanbul Technical University, University of Tehran,
University of Twente, and Warsaw University of
Technology. The most cited are studies from the
University of Twente, Netherlands (the average cita-
tion rate of 35 in Scopus and 26.9 in WoS).

Kahraman Technical

Among the top ten most productive journals, the
International Journal of Technology Assessment in
Health Care ranked first (12 publications in Scopus,
15 in WoS). This was followed by the Journal of
Cleaner Production with 14 publications in Scopus
and 12 in WoS and the International Journal of Pro-
duction Research with 9 and 11 publications, respec-
tively. However, the journal Energy, published by
Elsevier, achieved the highest average number of
citations in each database (Scopus: 96.8, WoS: 84.8).
In comparison with other journals in the ranking, it
had by far the highest average number of citations in
Scopus and Web of Science databases.

The total number of citations of publications on
multi-criteria analysis or multi-criteria decision mak-
ing in the context of technology selection or technol-
ogy assessment was 6002 for Web of Science and 6140
for Scopus. The top ten publications included two
articles published in Energy (Elsevier). The most
cited publication (Scopus: 264, WoS: 228) was the
article by Afgan and Carvalho (2002) entitled “Multi-
criteria assessment of new and renewable energy
power plants”. Next in the ranking list was the article
“R&D project evaluation: An integrated DEA and
balanced scorecard approach” by Eilat, Golany and
Shtub (2008), which has 212 citations in Scopus and
160 in WoS, and “Evaluation methodologies for tech-
nology selection” by Chan, Chan and Tang (2000)
which was cited 159 times in Scopus and 132 in WoS
(Table 4).

Search results were analysed in the next step with
different text analysis tools. The author first con-
ducted several analyses to reveal the main research
directions in the field of MCA methods applied for
TA and TS, the files with the results obtained from
both databases were explored separately, and maps of
the frequency of terms were produced. Then, the
results were merged, and a keyword co-occurrence
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No. [TEM NUMBER OF PUBLICATIONS AVERAGE CITATION COUNT
ScopPus Wos SCoPUS Wos
AUTHORS
1. Buyukézkan, G. 8 8 8.9 11.9
2. Streimikiene, D. 7 8 43.1 37.0
3. Goger, F. 5 6 14.8 15.2
4, Kahraman, C. 8 6 23.25 36.7
5. Kalo, Z. 4 6 6.3 2.3
6. Oztaysi, B. 6 6 50.5 46.8
7. ljzerman, M. J. 4 5 46.0 34.6
8. Farshidi, S. 5 3 10.4 10.7
9. Jansen, S. 5 3 10.4 10.7
10. Marsh, K. 3 4 20.7 46.5
COUNTRIES
1. USA 57 43 16.6 21.4
2. Turkey 45 39 12.8 23.1
3. United Kingdom 32 24 27.9 37.6
4, Germany 30 23 19.1 21.2
5. China 28 27 17.9 26.0
6. Iran 28 24 11.5 10.8
7. Italy 27 21 17.4 20.3
8. Netherlands 25 25 23.7 21.4
9. Canada 21 19 27.2 30.9
10. India 18 16 17.5 17.8
ORGANISATIONS
1. Galatasaray University 15 13 15.6 20.9
2. Islamic Azad University 5 10 20.6 18.9
3. Istanbul Technical University 15 10 25.4 30.8
4. University of Tehran 8 7 14.6 14.0
5. University of Twente 7 7 35.0 26.9
6. Warsaw University of Technology 8 7 8.5 6.5
JOURNALS
1. ::t:;r;zllt'cr:og:::ournal of Technology Assessment 12 15 318 73.9
2. Journal of Cleaner Production 14 12 21.1 20.5
3. International Journal of Production Research 9 10 29.6 27
4. Cost Effectiveness and Resource Allocation 9 5 11.0 4.8
5, g;p;tz;tn:{:::e\:\;::rz:armacoeconomics and 5 7 12.0 15.0
6. Sustainability 8 6 8.6 6.5
7. Energies 6 6 15.0 14.2
8. Energy 6 6 96.8 84.8
9. Expert Systems with Applications 5 5 32.2 27.6
10. Renewable and Sustainable Energy Reviews 5 5 41.6 35.0
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CITATION COUNT
NO. | AUTHOR(S), YEAR TITLE SOURCE
Scopus wos
1 (Afgan & Multi-criteria assessment of new and Energy 64 278
: Carvalho, 2002) renewable energy power plants 27(8), pp. 739-755
R&D project evaluation: An integrated Omega-International Journal
2. | (Eilatetal, 2008) | ;’nd’balanced U groach of Management Science 36 212 160
pp (5), pp. 895-912
. . Journal of Materials
. E R
3. (Z%P:)zz)r; etal, t;/carlwlrj\itlfn r::lglii(i‘(;logles for Processing Technology 107 159 132
gy (1-3), pp. 330-337
Assessing the Value of Healthcare
4 (Marsh, K. et al., Interventions Using Multi-Criteria Pharmacoeconomics 32 (4), 155 140
! 2014) Decision Analysis: A Review of the pp. 345-365
Literature
A decision model for information
. technology selection using AHP Knowledge-Based Systems
. 2014 132 11
> (Oztaysi, 2014) integrated TOPSIS-Grey: The case of 70, pp. 44-54 3 3
content management systems
6 (Scott et al., A review of multi-criteria decision- Energy 132 116
! 2012) making methods for bioenergy systems 42(1), pp. 146-156
Consensus-based intelligent group .
(Choudhury et al., . . . Decision Support Systems
7. 2006) decision-making model for the selection 42(3), pp. 1776-1799 131 107
of advanced technology
Assessment of building-integrated
8. (Sietal., 2016) green technoliogn.es: Areview .and‘ ca.se Sustainable Cities and 123 115
study on applications of Multi-Criteria Society 27 106-115
Decision Making (MCDM) method Y2/, pp.
A novel multi-criteria decision making . . o
method for assessing health-care waste Engineering Applications of
9. (Xiao, 2018) g Artificial Intelligence 122 119
treatment technologies based on D
71, pp. 216-225
numbers
(Peterseim et al., Concentra'ted solar pow'er hybrid Renewable Energy
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map was generated. These three analyses led to simi-

lar conclusions and allowed identifying mostly dis-
cussed and explored research areas within the

analysed topic.

The map of the most frequently occurring terms

based on the text of documents extracted from the
WoS database was generated with VoSViewer. Fig. 4

shows the most common words in abstracts and titles

124




ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES
Volume 14 o Issue 2 ¢ 2022

establishment

ghg e-iss'@n

commdhication

: @
- economi¢ impact acoffomy  energfisector
priging N\
~. AN \ energy technology
N environmental impac&
im rw ent .
effectiVeness @ P . <ty vehicle gledBicity
i Y i e biomass
reimbursenggnt deci ST R ; regard :
\\ = e
[ o scagrio 5 ©
n V4 proposal )
X { 3 — > __sustainability
mdlne‘ = e : - U= knowledge - ® m@v& renewable energy
err.;svéi ) NN ; ¥ . » ¢
W) A SV (& consumption
LSS [
=3 - 'I‘Eht integratedapproach vikor
patient pfeference / ~d . Z ~exp,éeriniop :/7>i& _od »
relativéiweight - \ S ecqnor%‘utasnpect‘ constraint -

@ fuzzy analytic hierarchy proce
?)_-»__4/ - ’\.

preferenc@elicitation

& = design methodology approach
| ~— alternative technolo;
\/ relative igiportance ® o * EL robugtness
policynaker > medical technology
algaffithm ®
combination unit -
diu
medical device

& VOSviewer

Fig. 4. Most frequent terms in documents extracted from the WoS search

establishment

ghg eniss'g)n

commdnication

priging

economi¢ impact

@
economy  energ§isector

AN | energy technology
A § environmenta impa%
~——impr ent i
P‘“m city vehicle electricity
biomass

regard

sc“ri

Y ; & > — sustainability-
medlineg - “ost effectiv S ¢ Y P ® |n®% renewable energy
empase : Y = = ! ) i A
. e - ( consumption
£ o t‘w
;- ’ ; — == N 'went integrate@approac? vikor
patient pfeference < ative | s 2 opi S -~

L J
fuzzy analytic hierarchy proce
e

- relativ@iweight

preferenc@elicitation

design methodology approach
robugtness

ty X1 ~—— alternative technolo;
relative igiportance ~—— < iy

medical technology

V)
policyimaker

algafithm

medical device

& VOSviewer

Fig. 5. Thematic clusters on MCA methods applied in technology selection or assessment

125



ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

Volume 14 e Issue 2 ¢ 2022

of extracted documents. To better understand the
visualisations, it should be explained that the size of
a caption (or circles) reflects the number of docu-
ments in which the term was found. The distance
between two terms explains an estimated indication
of the relatedness of the terms. The relatedness of
terms was determined based on co-occurrences, so
the larger the number of documents in which two
terms were both found, the stronger the relationship
between them (van Eck & Waltman, 2017). It may be
observed that health technologies were the most
popular subject of assessment and selection with the
MCA methods. Also, the terms industry, energy,
environment, AHP and TOPSIS are drawn in big
circles, demonstrating that these topics were among
the most frequently raised.

The main trends in adapting MCA methods for
technology selection and assessment may be identi-
fied based on the map. The most related terms (shown
by the densest network of connections) are enveloped
with a yellow line in Fig. 5. These words seem to
concern health and healthcare technologies in gen-
eral. This area contains terms health technology

assessment, disease, reimbursement decision, patient
preference, effectiveness, stakeholder, and establish-
ment or policymakers.

Terms circled by an orange line are also related to
healthcare technology, but they seem to focus more
on technical aspects of health technologies (medical
device, medical technology), and the density of con-
nections is lower. Words inside a green envelopment
represent documents that address the use of different
MCA methods for industry technologies considering
environmental issues and the sustainable impact of
such technologies. The area marked with a red line
contains words that seem to relate to research in
energy technologies, mainly in the context of its eco-
nomic and environmental impacts and in the scope
of improvements. Also, words like renewable energy,
GHG emission, vehicle, and biomass occurred near
each other, which means a frequent appearance in the
same documents.

Next, the results of the search conducted in the
Scopus database were processed using the Statistica
software and the Wordart tool. In Statistica, the text
mining techniques allow calculating the frequency of

Tab. 5. Most frequently occurring terms in documents extracted from the Scopus database

WORD / PHRASE COUNT NUMBER
OF DOCUMENTS
health technology 390 90
energy 140 41
fuzzy 107 45
treatment 94 39
economic 93 63
optimization 85 8
development 84 51
environmental 70 54
systems 70 39
AHP 69 36
hierarchy 58 46
clinical 51 20
sustainability 50 26
waste 46 21
cost 44 32
social 42 32
policy 38 27
renewable 33 16
risk 32 18
sensitivity 30 23

Source: elaborated by the author using Statistica software.
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word occurrence. The list of words with the highest
number of occurrences is presented in Table 5.

Then, after cleaning the list and removing words
that have no meaning, verbs, adverbs, etc., the word
cloud was created using the Word Art tool. Table 5
gives a list of top common words. The whole list of
terms generated by the Statistica text mining tool was
used to create the cloud of words (Fig. 6).

Terms that appear in the word cloud seem to
point to similar topics as the WoS map (Fig. 5). The
word cloud shows graphically the importance (in this
case, the frequency) of the terms, which may be evalu-
ated by the size of the word. It does not, though, carry

any information about the relationship between
terms. Some conclusions may be drawn based on the
relationship of the word size. For example, health
technology is almost the same size as energy. Judging
from the number in Table 5, energy issues may be
much less frequently raised than health technology
concerns. However, considering other terms’ occur-
rence, in the cloud visualisation, both terms were
considered equally important. Noteworthy, as far as
methods are concerned, there is a particular noticea-
ble interest in the AHP method and in using fuzzy
logic. Other relatively frequently appearing words
that may suggest key research directions are sustain-
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ability/sustainable ~ development, environmental
problems, and renewable energy. In this map, new
areas may be discovered, i.e., small-sized words like
water, wind, wastewater, waste, supply, transport, and
automotive. It provides a guideline for new kinds of
topics brought into the scientists’ consideration. They
are relatively rarely discussed in comparison to the
most popular topics, e.g., energy or healthcare tech-
nologies but may constitute an emerging research
field.

The last step of text analysis was a visualisation of
keyword occurrence and co-occurrence. The map
was generated based on the file containing merged
results from both databases. The map (Fig. 7) was
created after removing general keywords (like article,
questionnaire, or names of countries) and phrases
used in the search query and using a thesaurus for
phrases of similar or identical meaning. Clustering
keywords gives more general insight into research
directions in the analysed scientific field.

In this map, colours indicate associations, and
the line size informs about the co-occurrence fre-
quency (the thicker the line between terms, the more
frequently they appear in one document). Research
topic emerging by clustering keywords shows two
main groups of the topic raised in scientific papers:
industrial technology (red cluster) and healthcare/
medical technologies (green cluster) assessment and/
or selection. Within industrial technologies, the
cluster can be divided into three subareas: (A) energy
and renewable energy technologies, (B) sustainable
technologies, and (C) waste management. The green
cluster may be split into two themes: (A) healthcare
and health technologies and (B) medical and bio-
medical technologies. Furthermore, one smaller
cluster (yellow) can be pointed out with fewer con-
nections and minor co-occurrence, gathering terms
related to drug production.

4. DISCUSSION OF THE RESULTS

The research field of technology assessment and
selection with multi-criteria analysis does not seem
extensive now as for this analysis, the set of publica-
tions retrieved from both databases contained around
300 documents in each set. So, it is a rather narrow
field of research with a rapidly growing body of litera-
ture. Between 2012 and 2021, the number of articles
and other documents published each year grew sev-
eral times. In 2021, the number of publications was 6
to 7 times higher than in 2012. It demonstrates the

rapidly increasing interest in the academic environ-
ment in this research field.

One of the main findings of this study is the
identification of thematic clusters representing cur-
rent directions of the research in the field of MCA
methods applied in TA and TS problems. This is tar-
geted toward the first research question, RQ1 “What
are the main research directions in applying multi-
criteria analysis methods in the field of technology
selection and technology assessment?”. First, it should
be noted that, in general, a vast majority of the studies
propose a certain MCA method, a combination of
methods, a modification of methods, a few-step
methodology, or more advanced solutions based on
MCA methods (e.g., computer programs or decision
support systems) for assessment or selection of tech-
nology of a certain type or destination. Using the
MCA method allows building the ranking of alterna-
tives and then choosing the best option. A part of the
studies focuses on criteria choice and weighting, or
preferences and priority setting (e.g., Kaur et al,
2019; Freire et al., 2019, Castro et al., 2018; Mobiniza-
deh etal., 2016; Daniels, 2018; Isoke & van Dijk, 2014;
Husereau et al., 2010), namely, concentrate on adjust-
ing the method to the particular technology, sector or
problem. But primarily, it is the assessment or selec-
tion of the best alternative which is the main aim of
the studies. And the key thematic groups in which the
TA and TS problem-solving are supported with the
MCA method are described by the clusters created
based on keyword occurrence and co-occurrence.

The biggest thematic cluster considers the assess-
ment and selection of healthcare and health technolo-
gies, within which a subarea of medical and
biomedical technology selections was distinguished.
Health Technology Assessment (HTA) is a well-
established research field (Oortwijn & Klein, 2019).
Within the search results, documents related to
healthcare technologies or health constitute almost
30 % in WoS and around 14 % in Scopus. There are
many developed HTA models or methodologies
(Karatas et al., 2018; Improta et al,, 2018; Santos
& Garcia, 2010; Lasorsa et al., 2019). A considerable
part of studies focuses on patient preferences (Marsh,
Caro, Hamed, Zaiser, 2017; van Overbeeke et al.,
2021; Mihlbacher & Juhnke, 2016; Hummel et al.,
2012; Danner et al., 2011; Badia et al., 2019), or other
stakeholders (hospital employees, managers, etc.) of
the healthcare system (Wahlster et al., 2015; Karrer et
al., 2021; Tal et al,, 2019). There are also papers ana-
lysing and evaluating the application of Multi-Criteria
Decision-Making (MCDM) tools in HTA (Kelley et
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al., 2018; Marsh et al., 2018; DiStefano & Krubiner,
2020; Schmitz et al., 2016). As far as medical and
biomedical technologies are concerned, the following
technologies were the subject of assessment or selec-
tion with multi-criteria decision-making tools: medi-
cal device assessment (Nur et al., 2020; Rogalewicz
& Jurickova, 2014;), selection of various medical
devices and equipment (Ivlev et al., 2015; Jurickova
& Kraina, 2014; Hilgerink et al., 2011; Villegas et al.,
2020), including devices for individual patient use in
hospitals (Martelli, 2016) or innovative sterile medi-
cal devices (Boudard et al., 2016), and also, such
niche subject like an assessment of optoelectronic
biosensors for oncology (Improta et al., 2019).

A smaller area, also related to this scientific field,
seems to be related to drug production. This cluster
had words like drug manufacture, orphan drug, drug
safety, and rare disease. Various investigators have
proposed orphan drugs and rare disease-specific
MCA approaches by considering criteria specific to
rare diseases. Often, orphan-drug technologies are
assessed from the perspective of patient, public, or
government preferences (Badia et al., 2019; van Over-
beeke et al., 2019; Kwon et al., 2017; Laba et al., 2020;
Kolasa et al.,, 2018). There are also several studies
focusing on the review in the assessment of rare dis-
ease therapies or orphan drugs from the literature’s
perspective (Baran-Kooiker et al., 2018; Zelei et al,,
2021) or a more practical perspective, such as the
evaluation and review of case studies (Blonda et al.,
2021; Baran-Kooiker et al, 2019; Farghaly et al,
2021).

The second biggest thematic cluster covers indus-
trial technologies assessment and selection. Although
there is a part of studies focused on MCA in manu-
facturing or technologies (Beyaz & Yildirim, 2019;
Biiyiikozkan & Goger, 2020; Schneberger et al., 2019),
most articles may be associated with one of three
distinguished subareas: (a) energy and renewable
energy technologies, (b) sustainable technologies,
and (c) waste management technology. Analysing
search results in terms of categories (in WoS) or the
subject area (Scopus), over 8 % in Scopus and around
12% in Web of Science were evidently or partly related
to the energy and renewable energy technologies. The
most explored subjects are technology selection of
solar and photovoltaic systems (Fang et al., 2020; Dat
et al., 2014; Ghasempour et al,, 2019; Yimen & Dag-
basi, 2019; Sellak et al., 2017; Ma et al., 2013), renew-
able energy storage (Liu & Du, 2020; Zhang et al,,
2019; Qie et al, 2021) wind energy technologies
(Onar et al., 2015; Narayanamoorthy, 2012) or hybrid

renewable technology solutions (Ali et al., 2020;
Peterseim et al., 2013). Within the second subarea,
sustainable technologies, there are studies on choos-
ing the best alternative industrial technology selec-
tion problems considering the sustainability
perspective in general (Ibanez-Forez et al., 2014; Gil-
de-Castro et al., 2009; Jin & Gambatese, 2020; Ren
& Liitzen, 2015) or some particular issues like green-
house gas emission (Streimikiene et al., 2013; Strei-
mikiene & Balezentiene, 2012), transportation
technologies (Streimikiene, 2013; Oztaysi et al., 2017)
or sustainable supply chain technologies (Khatri
& Srivastava, 2016; Buyukozkan & Gocer, 2019).
Waste management technology assessment and/or
selection is another identified subarea. A substantial
part of the studies concerns wastewater treatment
technology selection (Ilangkumaran et al., 2013; Fet-
anat et al., 2021; Aydiner et al., 2016; Sadr et al., 2013;
Meerholz & Brent, 2013; Salamirad et al., 2021 ) with
the use of MCA methods. Some authors address
problems of waste disposal technology selection
(Jiang et al., 2015; Govind Kharat et al., 2019), bio-
waste treatment technology (Mpanangombe et al.,
2018) or food waste technology (Chadderton et al.,
2017). Many studies address interdisciplinary sub-
jects, for example, sustainable waste disposal man-
agement (Torkayesh et al., 2021; Kharat et al., 2020).
Consequently, industrial technology assessment and
selection represent the main direction of research,
covering, in particular, the three above-mentioned
areas.

As far as RQ2 is concerned, namely “Which
countries, authors, institutions, and journals are most
productive in this research field?”, a large part of the
previous section contains the answer to this research
question.

Regarding RQ3, “Which multi-criteria analysis
(MCA) methods are mostly used in the technology
assessment and selection problem?”, an answer can be
given by the analysis of a map that visualises the most
frequently occurring words. An obvious leader in the
MCA method used for TA and/or TS is the Analytical
Hierarchy Process (AHP method), represented by
one of the biggest circles or captions in visualisations
(Fig. 4-7). Also, TOPSIS and VIKOR methods
appeared on the maps. TOPSIS was proposed inter
alia in the assessment of concentrated solar power
technologies (Cavallaro et al., 2019), selection of sus-
tainable urban transportation alternatives (Buyukoz-
kan et al, 2018), healthcare waste treatment
technology selection (Lu et al., 2016) or in the selec-
tion of waste-to-energy technologies for distributed
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electricity generation (Alao et al, 2020). Vinodh,
Nagaraj, and Girubha show that VIKOR is an appro-
priate technique to provide effective solutions for
supplier selection, concept selection, and planning
(Vinodh et al., 2015). The method was also used in
the selection of healthcare waste treatment technol-
ogy (Ada & Delice, 2019). Renewable energy tech-
nologies, for example, a solar photovoltaic microgrid
system, have also been analysed and selected by the
VIKOR method (Ighravwe & Mashao, 2019). These
three methods are relatively the most frequently used
for TS and TA problems.

There are also studies proposing other MCDM
methods to assess or select a technology, but these
studies are less common, and for that reason, they did
not get on the map. For example, using PROMETHEE
IT was evaluated and recommended for advanced
manufacturing technology selection (Kolli & Parsaei,
1992). And for less recognised problems, like select-
ing proper technologies for power smart grid systems,
a simple SAW method was successfully used (Mon-
tazeri et al., 2017). A MULTIMOORA approach was
proposed by Zhang and others for the assessment of
energy storage technologies (Zhang et al., 2019). It
should also be noted that authors often proposed
integrated approaches combining classic MCA tools
with other methods or the use of several methods in
one study or problem for comparing the results.
Although Data Envelopment Analysis (DEA) is not
a classic multi-criteria method, it is proposed as an
integrated approach to improve discrimination power
for technology selection (Karsak & Ahiska, 2005).
Stojanovic et al. (2015) proposed a combination of
AHP, which is used to study the structure of the TS
process and to determine the importance and impact
of specific criteria in the selection process, and the
ELECTRE method, used for creating the final rank-
ing of alternative technologies. Other authors advised
combining two or more methods of analysis that may
be complementary or give comparable results. This
way, Tzeng, Lin, and Opricovic (2005) first applied
AHP to determine the relative weights of evaluation
criteria. Then, they compared TOPSIS and VIKOR
and applied them to determine the best compromise
alternative fuel mode. In another study, analysing the
selection of a power plant running on renewable
energy sources, the authors proposed an integrated
approach of complementing outcomes of SWOT
analysis with PROMETHEE ranking results. The
authors believed that such a combination facilitates
the formulation of the basis of future renewable
energy policies more objectively (Ozkale et al., 2016).

An interesting case of desalination technology selec-
tion was conducted by researchers from India. In this
study, TOPSIS and PROMETHEE-2 were used, and
both methods resulted in the same ranking pattern.
However, TOPSIS gave the results quicker than PRO-
METHEE-2. So, in a case with most calculation data
being quantitative, the authors recommended using
TOPSIS over PROMETHEE-2 (Vivekh et al., 2015).
Discussing the MCA methods used for technology
assessment and selection, it is noteworthy that fuzzy
sets or fuzzy logic are often applied to evaluate differ-
ent criteria affecting the alternative technologies
(Elahi et al., 2011; Onar et al., 2015; Long et al., 2021;
Mall & Anbanandam, 2022). A multi-criteria analysis
often involves expert opinions to assess criteria
weights or to set the priorities and preferences. The
problems are usually complex, making it difficult to
clearly and precisely give opinions or assessments in
numbers. Therefore, fuzzy sets are recommended to
capture fuzzy and uncertain cognitive information
(Long et al., 2021). It helps to deal with the vagueness
of human thought and judgments like “approximately
between $xxx and $yyy”, “about $80” “very low”,
“medium”, etc. (Chan et al., 2000).

CONCLUSIONS

This paper presented a systematic literature
review focused on the identification of main direc-
tions in research relating to the use of multi-criteria
analysis in the field of technology assessment and
selection. Two main directions of adapting MCA
methods in these decision-making processes were
identified: assessing and selecting industrial technol-
ogies and health or medical-related technologies.
Within industrial technologies, energy and renewable
energy technologies have particular attention in aca-
demic studies. Within health and medical technolo-
gies, despite the major advantage of studies on
healthcare-related technologies, biomedical and
medical technologies constitute a substantial part of
studies. Also, the assessment and selection of tech-
nologies for drug production seem to emerge as
a separate and relatively frequently addressed issue.
The identified areas of up-to-date research are the
main contribution of this study from a scientific point
of view. Also, authors, journals, organisations, and
countries that contribute the most in this research
field were indicated.

The study has obvious limitations. The main
limitation is the choice of databases, which was deter-
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mined by the author’s free access. On the other hand,
these repositories are often selected by other research-
ers for bibliometric analysis, so the results are compa-
rable to the work of other authors. The second
limitation is the formulation of the database query.
Modifying the query slightly may produce a different
result. To reduce this limitation, the author made
several simulations with a slightly different configu-
ration of the keywords in the query, and the difference
in the results was 10 %-20 %, so the search results can
be considered somewhat stable. Moreover, using the
same query in a future study would give results that
can be compared.

The results of this study raised many questions
for the future research, e.g., a study could be interest-
ing in identifying a catalogue of critical technology
characteristics and crucial criteria in the technology
selection process in the case of certain sectors or cer-
tain areas (e.g., for engineering technologies, renew-
able energy production, etc.), identifying patterns in
using certain MCA methods in a particular sector,
investigation of preferences of decision makers in
different sectors or areas in the context of technology
assessment, the evaluation of the actual usefulness of
the MCA results in decision-making processes of
technology selection, investigation of the application
of the newest MCA methods in technology assess-
ment and selection problems. The study suggests that
many MCA methods are successfully used in the
waste management field or biomedical technologies.
These also seem an interesting field for future
research.

ACKNOWLEDGEMENTS

The publication of the article for 11th Interna-
tional Conference on Engineering, Project, and Pro-
duction Management - EPPM2021 was financed in
the framework of the contract no. DNK/
SN/465770/2020 by the Ministry of Science and
Higher Education within the "Excellent Science"
programme.

N

LITERATURE

Ministry of Science
and Higher Education

Republic of Poland

Adar, T., & Delice, E. K. (2019). New integrated approaches
based on MC-HFLTS for healthcare waste treatment
technology selection. Journal of Enterprise Infor-

mation Management, 32(4), 688-711. doi: 10.1108/
JEIM-10-2018-0235

Afgan, N. H,, & Carvalho, M. G. (2002). Multi-criteria
assessment of new and renewable energy power
plants. Energy, 27(8), 739-755. doi: 10.1016/S0360-
5442(02)00019-1

Alao, M. A, Ayodele, T. R., Ogunjuyigbe, A. S. O., & Po-
poola, O. M. (2020). Multi-criteria decision based
waste to energy technology selection using entropy-
weighted TOPSIS technique: The case study of La-
gos, Nigeria. Energy, 201, 117675. doi: 10.1016/j.en-
ergy.2020.117675

Alao, M., Popoola, O. & Ayodele, T. (2022). A novel fuzzy
integrated MCDM model for optimal selection of
waste-to-energy-based-distributed generation under
uncertainty: A case of the City of Cape Town, South
Africa. Journal of Cleaner Production, 343, 130824.
doi: 10.1016/j.jclepro.2022.130824

Alcacer, V. & Cruz-Machado, V. (2019). Scanning the In-
dustry 4.0: A Literature Review on Technologies
for Manufacturing Systems. Engineering Science
and Technology, an International Journal, 22. doi:
10.1016/j.jestch.2019.01.006

Ali, T., Nahian, A. J., & Ma, H. (2020). A hybrid multi-
criteria decision-making approach to solve renew-
able energy technology selection problem for Ro-
hingya refugees in Bangladesh. Journal of Cleaner
Production, 273, 122967. doi:  10.1016/j.
jclepro.2020.122967

Ansari, R., Soltanzadeh, J., & Tavassoli, A. (2016). Technol-
ogy selection between technology management and
decision making: A case study from the Iranian auto-
motive industry. International Journal of Automotive
Technology and Management, 16(4), 365-388. doi:
10.1504/1JATM.2016.081618

Arslan, H. (2017). Current classification of multi criteria
decision analysis methods and public sector imple-
mentations. In A. Murat, N. S., Pinarcioglu, & U.
Orgen (Eds.), Current Debates in Public Finance,
Public Administration, & Environmental Studies, (pp.
241-261). London, United Kingdom: IJOPEC Publi-
cation Limited.

Aydiner, C., Sen, U., Koseoglu-Imer, D. Y., & Can Dogan,
E. (2016). Hierarchical prioritization of innovative
treatment systems for sustainable dairy wastewa-
ter management. Journal of Cleaner Production,
112, 4605-4617. doi: 10.1016/j.jclepro.2015.08.107

Badia, X., et al. (2019). Patient involvement in reflective
multicriteria decision analysis to assist decision
making in oncology. International Journal of Tech-
nology Assessment in Health Care, 35(1), 56-63. doi:
10.1017/50266462318003641

Baran-Kooiker, A., Czech, M., & Kooiker, C. (2018). Multi-
Criteria Decision Analysis (MCDA) Models in
Health Technology Assessment of Orphan Drugs-a
Systematic Literature Review. Next Steps in Method-
ology Development? Frontier in Public Health, 6, 287.
doi: 10.3389/fpubh.2018.00287

Baran-Kooiker, A., et al. (2019). Applicability of the evi-
dem multi-criteria decision analysis framework for
orphan drugs - results from a study in 7 Eurasian
countries. Acta Poloniae Pharmaceutica, 76(3), 581-
598. doi: 10.32383/appdr/102681

131



ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

Volume 14 e Issue 2 ¢ 2022

Belezas, F, & Daniel, A. (2022). Innovation in the sharing
economy: A systematic literature review and research
framework. Technovation, 102509. doi: 10.1016/j.
technovation.2022.102509

Beyaz, H. E, & Yildirim, N. (2019). A Multi-criteria De-
cision-Making Model for Digital Transformation in
Manufacturing: A Case Study from Automotive Sup-
plier Industry. Proceedings of the International Sym-
posium for Production Research 2019, 217-232. doi:
10.1007/978-3-030-31343-2_19

Blonda, A., Denier, Y., Huys, L., & Simoens, S. (2021). How
to Value Orphan Drugs? A Review of European Val-
ue Assessment Frameworks. Frontiers in Pharmacol-
o0gy, 12, 631527. doi: 10.3389/fphar.2021.631527

Boudard, A., et al. (2016). Introduction of Health tech-
nology assessment at hospital [Mise en place de
évaluation des technologies de santé en milieu hos-
pitalier]. Annales Pharmaceutiques Francaises, 74(6),
473-481. doi: 10.1016/j.pharma.2016.03.001

Brans, J.P,, Mareschal, B., & Vincke, P. (1984). PROMETH-
EE: A new family of outranking methods in multicri-
teria analysis. Operational Research, 3, 477-490.

Buyukozkan, G., & Gocer, E. (2019). Technology Selection
for Logistics and Supply Chain Management by the
Extended Intuitionistic Fuzzy TOPSIS. Proceedings
- 2019 3rd International Conference on Data Science
and Business Analytics, ICDSBA 2019, 9270219, 129-
134. doi: 10.1109/ICDSBA48748.2019.00036

Buyukozkan, G., Feyzioglu, O., & Gocer, F. (2018). Selec-
tion of sustainable urban transportation alternatives
using an integrated intuitionistic fuzzy Choquet
integral approach. Transportation Research Part
D-Transport and Environment, 58, 186-207. doi:
10.1016/j.trd.2017.12.005

Carver, S. J. (1991). Integrating multi-criteria evalua-
tion with geographical information systems. Geo-
graphical Information Systems, 5(3), 321-339. doi:
10.1080/02693799108927858

Castro, H. E., Moreno-Mattar, O., & Rivillas, J. C. (2018).
HTA and MCDA solely or combined? The case of
priority-setting in Colombia. Cost Effectiveness and
Resource Allocation, 6(1), 42. doi: 10.1186/512962-
020-00237-5

Cavallaro, E, Zavadskas, E. K., Streimikiene, D., & Mardani,
A. (2019). Assessment of concentrated solar power
(CSP) technologies based on a modified intuitionis-
tic fuzzy topsis and trigonometric entropy weights.
Technological Forecasting and Social Change, 140,
258-270. doi: 10.1016/j.techfore.2018.12.009

Chadderton, C., et al. (2017). Decision support for selec-
tion of food waste technologies at military installa-
tions. Journal of Cleaner Production, 141, 267-277.
doi: 10.1016/j.jclepro.2016.08.091

Chan, E. T. S., Chan, M. H., & Tang, N. K. H. (2000). Evalua-
tion methodologies for technology selection. Journal
of Materials Processing Technology, 107(1-3), 330-
337. doi: 10.1016/50924-0136(00)00679-8

Chodakowska, E., & Nazarko, J. (2020a). Rough Sets and
DEA - a hybrid model for technology assessment.
MATEC Web of Conferences, 312(2), 01006. doi:
10.1051/matecconf/202031201006

Chodakowska, E., & Nazarko, J. (2020b). Hybrid rough set
and data envelopment analysis approach to tech-

nology prioritisation. Technological and Economic
Development of Economy, 26(4), 1-22. doi: 10.3846/
tede.2020.12538

Choudhury, A. K., Shankar, R., & Tiwari, M. K. (2006).
Consensus-based intelligent group decision-mak-
ing model for the selection of advanced technol-
ogy. Decision Support Systems, 42(3), 1776-1799. doi:
10.1016/j.dss.2005.05.001

Ciani, L., Guidi, G., & Patrizi, G. (2022). Human reliability
in railway engineering: Literature review and biblio-
metric analysis of the last two decades. Safety Science,
151, 105755. doi: 10.1016/j.ss¢i.2022.105755.

Daniels, N. (2018). Combining A4R and MCDA in prior-
ity setting for health. Cost Effectiveness and Resource
Allocation, 169, 51. doi: 10.1186/s12962-018-0124-9

Danner, M., et al. (2011). Integrating patients’ views into
health technology assessment: Analytic hierarchy
process (AHP) as a method to elicit patient prefer-
ences. International Journal of Technology Assess-
ment in Health Care 27(4), 369-375. doi: 10.1017/
50266462311000523

Dat, L. Q, Chou, S. Y, Le, N. T., Wiguna, E,, Yu, T. H. K,,
& Phug, P. N. K. (2014). Selecting renewable energy
technology via a fuzzy MCDM approach. In Moving
Integrated Product Development to Service Clouds
in the Global Economy. Proceedings of the 21st ISPE
Inc. International Conference on Concurrent Engi-
neering, CE 2014, p. 796-805. IOS Press.

Delvenne, P., & Rosskamp, B. (2021). Cosmopolitan tech-
nology assessment? Lessons learned from attempts
to address the deficit of technology assessment in
Europe. Journal of Responsible Innovation, 1-26. doi:
10.1080/23299460.2021.1988433

DiStefano, M. J., & Krubiner, C. B. (2020). Beyond the num-
bers: a critique of quantitative multi-criteria decision
analysis. International Journal of Technology Assess-
ment in Health Care, 36(4), 292-296. doi: 10.1017/
$50266462320000410

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N. & Lim,
W. (2021). How to conduct a bibliometric analy-
sis: An overview and guidelines. Journal of Busi-
ness Research, 133(C), 285-296. doi: 10.1016/j.
jbusres.2021.04.070

Effatpanah, S. K., et al. (2022). Comparative Analysis of
Five Widely-Used Multi-Criteria Decision-Making
Methods to Evaluate Clean Energy Technologies: A
Case Study. Sustainability, 14(3), 1402. doi: 10.3390/
sul4031403

Eilat, H., Golany, B., & Shtub, A. (2008). R&D project eval-
uation: An integrated DEA and balanced scorecard
approach. Omega-International Journal Of Manage-
ment Science, 36(5), 895-912. doi: 10.1016/j.ome-
£a.2006.05.002

Elahi, M., Alvandi, M., Valehzagharad, H. K., & Memar-
zade, M. (2011). Selecting the best ABS sensor tech-
nology using fuzzy MADM. Scientific Research and
Essays, 6(31), 6487-6498. doi: 10.5897/SRE11.1079

Fang, H., Wang, X., & Song, W. (2020). Technology selec-
tion for photovoltaic cell from sustainability perspec-
tive: An integrated approach, Renewable Energy, 153,
1029-1041. doi: 10.1016/j.renene.2020.02.064

Farghaly, M. N,, et al. (2021). Recommendation for a Pi-
lot MCDA Tool to Support the Value-Based Pur-

132



Volume 14 e Issue 2 ¢ 2022

ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

chasing of Generic Medicines in the UAE. Fron-
tiers in Pharmacology, 12, 680737. doi: 10.3389/
fphar.2021.680737

Fetanat, A., Tayebi, M., & Mofid, H. (2021). Water-ener-
gy-food security nexus based selection of energy
recovery from wastewater treatment technologies:
An extended decision making framework under
intuitionistic fuzzy environment. Sustainable En-
ergy Technologies and Assessments, 43, 100937. doi:
10.1016/j.seta.2020.100937

Freire, S. M., Nascimento, A., & de Almeida, R. T. (2019).
A multiple criteria decision making system for set-
ting priorities. IFMBE Proceedings, 68(1), 357-361.
doi: 10.1007/978-981-10-9035-6_65

Ghasempour, R., Nazari, M. A., Ebrahimi, M., Ahmadi, M.
H., & Hadiyanto, H. (2019). Multi-criteria decision
making (MCDM) approach for selecting solar plants
site and technology: A review. International Journal
of Renewable Energy Development, 8(1), 15-25. doi:
10.14710/ijred.8.1.15-25

Gil-de-Castro, A., Moreno Muioz, A., Lopez Rodriguez,
M. A., & De La Rosa, J. J. G. (2010). Energy supply
for sustainable regional development in Cordoba.
2010 9th Conference on Environment and Electrical
Engineering, EEEIC 2010, 5490026, 6-9. doi: 10.1109/
EEEIC.2010.5490026

Glinska, E., & Siemieniako, D. (2018). Binge drinking in
relation to services — bibliometric analysis of scien-
tific research directions. Engineering Management in
Production and Services, 10(1), 45-54. doi: 10.1515/
em;j-2018-0004

Govind Kharat, M., et al. (2019). Fuzzy multi-criteria de-
cision analysis for environmentally conscious solid
waste treatment and disposal technology selection.
Technology in Society, 57, 20-29. doi: 10.1016/j.tech-
50¢.2018.12.005

Gudanowska, A. E. (2017). A map of current research
trends within technology management in the light
of selected literature. Management and Produc-
tion Engineering Review, 8(1), 78-88. doi: 10.1515/
mper2017-0009

Hajduk, S. (2017). Bibliometric Analysis of Publications on
City Logistics in International Scientific Literature.
Procedia Engineering, 182, 282-290. doi: 10.1016/j.
proeng.2017.03.194

Halicka, K. (2017). Main Concepts of Technology Analysis
in the Light of the Literature on the Subject. Proce-
dia Engineering, 182, 291-298. doi: 10.1016/j.pro-
eng.2017.03.196

Halicka, K. (2020). Technology Selection Using the TOPSIS
Method. Foresight and STI Governance, 14(1), 85-96.
doi: 10.17323/2500-2597.2020.1.85.96

Hallerbach W., & Spronk J. (2003). The relevance of MCDM
for financial decisions. Journal of Multi-Criteria De-
cision Analysis, 11, 187-195. doi: 10.1002/mcda.328

Hamzeh, S. R., & Xun, X. (2019). Technology Selection
Methods and Applications in Manufacturing: A Re-
view from 1990 to 2017. Computers & Industrial Engi-
neering, 138, 106123. doi: 10.1016/j.cie.2019.106123

Hilgerink, M. P., Hummel, M. J. M., Manohar, S., Vaartjes,
S. R. I, & Jzerman, M. J. (2011). Assessment of the
added value of the Twente Photoacoustic Mammo-
scope in breast cancer diagnosis. Medical Devices-Ev-

idence and Research, 4,107-115. doi: 10.2147/MDER.
S20169

Houseman, O., Tiwari, A., & Roy, R. (2004). A method-
ology for the selection of new technologies in the
aviation industry. Decision Engineering Report Series.
Retrieved from https://dspace.lib.cranfield.ac.uk/
handle/1826/772

Hummel et al. (2012). Using the analytic hierarchy
process to elicit patient preferences: Prioritiz-
ing multiple outcome measures of antidepres-
sant drug treatment. Patient, 5(4), 25-237. doi:
10.2165/11635240-000000000-00000

Husereau, D., Boucher, M., & Noorani, H. (2010). Pri-
ority setting for health technology assessment at
CADTH. International Journal of Technology Assess-
ment in Health Care, 26(3), 341-347. doi: 10.1017/
50266462310000383

Hwang, C. L., & Yoon, K. (1981). Multiple Attribute Deci-
sion Making Methods and Applications: A State of the
Art Survey. New York, USA: Springer-Verlag.

Ibanez-Forés, V., Bovea, M. D., & Pérez-Belis, V. (2014).
A holistic review of applied methodologies for as-
sessing and selecting the optimal technological al-
ternative from a sustainability perspective. Journal
of Cleaner Production, 70, 259-281. doi: 10.1016/j.
jclepro.2014.01.082

Ighravwe, D. E., & Mashao, D. (2019). Development of
a Techno-economic Framework for Renewable En-
ergy Project Financing. Proceedings Of 2019 Ieee
2nd International Conference On Renewable Energy
And Power Engineering (REPE 2019),120-124. doi:
10.1109/REPE48501.2019.9025162

Ilangkumaran, M., et al. (2013). Optimization of waste-
water treatment technology selection using hybrid
MCDM. Management of Environmental Quality: An
International Journal, 24(5), 619-641. doi: 10.1108/
MEQ-07-2012-0053

Improta, G., Derrone, A., Russo, M. A., & Triassi, M.
(2019). Health technology assessment (HTA) of op-
toelectronic biosensors for oncology by analytic hi-
erarchy process (AHP) and Likert scale. BMC Medi-
cal Research Methodology, 19(1), 140. doi: 10.1186/
s12874-019-0775-z

Improta, G., et al. (2018). Use of the AHP methodology
in system dynamics: Modelling and simulation for
health technology assessments to determine the
correct prosthesis choice for hernia diseases. Math-
ematical Biosciences, 299, 19-27. doi: 10.1016/j.
mbs.2018.03.004

Isoke, J., & Van Dijk, M. P. (2014). Factors influencing se-
lection of drinking water technologies for urban in-
formal settlements in Kampala. Water and Environ-
ment Journal, 28(3), 423-433. doi: 10.1111/wej.12058

Ivlev, 1., Vacek, J., & Kneppo, P. (2015). Multi-criteria deci-
sion analysis for supporting the selection of medical
devices under uncertainty. European Journal of Op-
erational Research, 247(1), 216-228. doi: 10.1016/j.
€jor.2015.05.075

Jiang, J., Jain, A., Lui, J., Garcia, J., & Limarta, S. (2015).
Technology assessment of waste disposal technolo-
gies for Tillamook county. Portland International
Conference on Management of Engineering and
Technology (PICMET), 408-421. doi: 10.1109/PIC-

133



ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

Volume 14 e Issue 2 ¢ 2022

MET.2015.7273110.

Jin, Z., & Gambatese, J. (2020). A Fuzzy Multi-Criteria De-
cision Approach to Technology Selection for Con-
crete Formwork Monitoring. Construction Research
Congress 2020: Computer Applications - Selected Pa-
pers from the Construction Research Congress 2020,
76-85. doi: 10.1061/9780784482865.009

Jurickova, I., & Kraina, A. (2014). Case study: Mobile X-ray
equipment selection for a traumatology department
using value engineering and multi-criteria decision
methods. Proceedings IWBBIO 2014: International
Work-Conference On Bioinformatics And Biomedical
Engineering, 1-2, 1389-1402.

Kafuku, J. M., Saman, M. Z. M., & Yusof, S. M. (2019). Ap-
plication of Fuzzy Logic in Selection of Remanufac-

turing Technology. Procedia Manufacturing, 33, 192-
199. doi: 10.1016/j.promfg.2019.04.023

Karatas, M., Karacan, I., & Tozan, H. (2018). An integrat-
ed multi-criteria decision making methodology for
health technology assessment. European Journal of
Industrial Engineering, 12(4), 504-534. doi: 10.1504/
EJIE.2018.093637

Karrer, L., Zhang, S. X., Kuhlein, T., & Kolominsky-Rabas,
P. L. (2021). Exploring physicians and patients’ per-
spectives for current interventions on thyroid nod-
ules using a MCDA method. Cost Effectiveness and
Resource Allocation, 19(1), 26. doi: 10.1186/512962-
021-00279-3

Karsak, E. E.,, & Ahiska, S. S. (2005). Practical com-
mon weight multi-criteria decision-making ap-
proach with an improved discriminating power
for technology selection. International Journal
of Production Research, 43(8), 1537-1554. doi:
10.1080/13528160412331326478

Kaur, G., et al. (2019). Criteria Used for Priority-Setting
for Public Health Resource Allocation in Low-
and Middle-Income Countries: A Systematic Re-
view. International Journal of Technology Assess-
ment in Health Care, 35(6), 474-483. doi: 10.1017/
$50266462319000473

Kelley, L. T., Egan, R., Stockley, D., & Johnson, A. P. (2018).
Evaluating multi-criteria decision-making in health
technology assessment. Health Policy and Technol-
ogy, 7(3), 310-317. doi: 10.1016/j.h1pt.2018.05.002

Kharat, M. G., Murthy, S., Kamble, S. J., & Kharat, M. G.
(2020). Selecting sustainable technologies for mu-
nicipal solid waste treatment and disposal: An expert
based MCDM approach. Journal of Solid Waste Tech-
nology and Management, 46(1), 44-57. doi: 10.5276/
JSWTM/2020.44

Khatri, J., & Srivastava, M. (2016). Technology selection
for sustainable supply chains. International Journal
of Technology Management and Sustainable Develop-
ment, 15(3), 275-289. doi: 10.1386/tmsd.15.3.275_1

Kolasa, K., Zwolinski, K. M., Zah, V., Kalo, Z., & Lewan-
dowski, T. (2018). Revealed preferences towards the
appraisal of orphan drugs in Poland - multi criteria
decision analysis. Orphanet Journal of Rare Diseases,
13, 67. doi: 10.1186/s13023-018-0803-9

Kolli, S., & Parsaei, H. R. (1992). Multicriteria analysis in
the evaluation of advanced manufacturing technol-
ogy using PROMETHEE. Computers ¢ Industrial

Engineering, 23(1-4), 455-458. doi: 10.1016/0360-
8352(92)90159-H

Krishnan, V., & Bhattacharya, S. (2002). Technology se-
lection and commitment in new product develop-
ment: The role of uncertainty and design flexibility.
Management Science, 48(3), 313-327. doi: 10.1287/
mnsc.48.3.313.7728

Kwon, S. H., Park, S. K., Byun, J. H., & Lee, E. K. (2017). Elic-
iting societal preferences of reimbursement decision
criteria for anti cancer drugs in South Korea. Expert
Review of Pharmacoeconomics & Outcomes Research,
17(4), 411-419. doi: 10.1080/14737167.2017.1277144

Laba, T. L., Jiwani, B., Crossland, R., & Mitton, C. (2020).
Can multi-criteria decision analysis (MCDA)
be implemented into real-world drug decision-
making processes? A Canadian provincial experi-
ence. International Journal of Technology Assess-
ment in Health Care, 36(4), 434-439. doi: 10.1017/
50266462320000525

Lasorsa, I, Padoano, E., Marceglia, S., & Accardo, A. (2019).
Multi-criteria decision analysis for the assessment
of non-clinical hospital services: Methodology and
case study. Operations Research for Health Care, 23,
100171. doi: 10.1016/j.0rhc.2018.08.002

Li, Y, & Hu, Z. (2022). A review of multi-attributes deci-
sion-making models for offshore oil and gas facilities
decommissioning. Journal of Ocean Engineering and
Science, 7(1), 58-74. doi: 10.1016/j.joes.2021.05.002

Liu, Y., & Du, J. L. (2020). A multi criteria decision support
framework for renewable energy storage technology
selection. Journal of Cleaner Production, 277, 122183.
doi: 10.1016/j.jclepro.2020.122183

Long, Y., Tang, M., & Liao, H. (2021). Renewable energy
source technology selection considering the em-
pathetic preferences of experts in a cognitive fuzzy
social participatory allocation network. Technologi-
cal Forecasting and Social Change, 175, 121317. doi:
10.1016/j.techfore.2021.121317

Lootsma, F. A., Mensch, T. C. A,, & Vos, E A. (1990).
Multi-criteria analysis and budget reallocation in
long-term research planning. European Journal of
Operational Research,47,295-305. doi: 10.1016/0377-
2217(90)90216-X

Lu, C,, You, J. X,, Liu, H. C,, & Li, P. (2016). Health-Care
Waste Treatment Technology Selection Using the
Interval 2-Tuple Induced TOPSIS Method. Interna-
tional Journal of Environmental Research and Public
Health, 13(6), 562. doi: 10.3390/ijerph13060562

Ma, D., Chang, C.C., & Hung, S.W. (2013). The selection of
technology for late-starters: A case study of the ener-
gy-smart photovoltaic industry. Economic Modelling,
35, 10-20. doi: 10.1016/j.econmod.2013.06.030

Mall, S., & Anbanandam, R. (2022). A Fuzzy Analytic Hier-
archy Process and VIKOR Framework for Evaluation
and Selection of Electric Vehicle Charging Technolo-
gy for India. Transportation in Developing Economies,
8(14). doi: 10.1007/s40890-022-00150-x

Mardani, A., Jusoh, A., Halicka, K., Ejdys, J., Magruk,
A. & Ahmad, U. (2018). Determining the util-
ity in management by using multi-criteria deci-
sion support tools: a review. Economic Research-
Ekonomska  IstraZivanja, 31(1),1666-1716. doi:

134



Volume 14 e Issue 2 ¢ 2022

ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

10.1080/1331677X.2018.1488600

Marsh, K. D., Sculpher, M., Caro, J. J., & Tervonen, T.
(2018). The Use of MCDA in HTA: Great Potential,
but More Effort Needed. Value in Health, 21(4), 394-
397. doi: 10.1016/j.jval.2017.10.001

Marsh, K., Caro, J. ], Zaiser, E., Heywood, J., & Hamed, A.
(2018). Patient-centered decision making: lessons
from multi-criteria decision analysis for quantifying
patient preferences. International Journal of Technol-
ogy Assessment in Health Care, 34(1), 105-110 doi:
10.1017/50266462317001118

Marsh, K., et al. (2014). Assessing the Value of Healthcare
Interventions Using Multi-Criteria Decision Analy-
sis: A Review of the Literature. Pharmacoeconomics,
32(4), 345-365. doi: 10.1007/s40273-014-0135-0

Martelli, N., et al. (2016). Combining multi-criteria deci-
sion analysis and mini-health technology assess-
ment: A funding decision-support tool for medical
devices in a university hospital setting. Journal of
Biomedical Informatics, 59, 201-208. doi: 10.1016/j.
jbi.2015.12.002

Meerholz, A., & Brent, A.C. (2012). Assessing the sustain-
ability of wastewater treatment technologies in the
petrochemical industry. 2012 IEEE International
Technology Management Conference, ITMC 2012,
6306395, 387-392. doi: 10.1109/ITMC.2012.6306395

Michalski, A., Glodzinski, E. & Bode, K. (2022). Lean
construction management techniques and BIM
technology - systematic literature review. Procedia
Computer Science, 196, 1036-1043. doi: 10.1016/j.
procs.2021.12.107

Mobinizadeh, M., et al. (2016). A model for priority set-
ting of health technology assessment: the experience
of AHP-TOPSIS combination approach. Daru-Jour-
nal of Pharmaceutical Sciences, 24, 10. doi: 10.1186/
540199-016-0148-7

Montazeri, M. & Najjartabar Bisheh, M. (2017). Optimiz-
ing Technology Selection for Power Smart Grid Sys-
tems: a Case Study of Iran Power Distribution Indus-
try (IPDI). Technology and Economics of Smart Grids
and Sustainable Energy, 2. doi: 10.1007/s40866-017-
0021-x

Mpanangombe, W,, Tilley, E., Zabaleta, I., & Zurbriigg, C.
(2018). A biowaste treatment technology assessment
in Malawi. Recycling, 3(4), 55. doi: 10.3390/recy-
cling3040055

Muerza, V. de Arcocha, D., Larrodé, E., & Moreno-Jiménez,
J. M. (2014). The multicriteria selection of products
in technological diversification strategies: An appli-
cation to the Spanish automotive industry based on
AHP. Production Planning & Control, 25(8), 715-728.
doi: 10.1080/09537287.2013.798089

Miihlbacher, A. C., & Juhnke, C. (2016). Involving patients,
the insured and the general public in healthcare de-
cision making [Patienten- und Biirgerpartizipation
in der Entscheidungsfindung im Gesundheitswesen
insbesondere bei der Bewertung von Arzneimitteln].
Zeitschrift fur Evidenz, Fortbildung und Qualitat im
Gesundheitswesen, 110-111, 36-44. doi: 10.1016/j.
zefq.2015.12.001

Narayanamoorthy, S., et al. (2021). A new extension of
hesitant fuzzy set: An application to an offshore wind

turbine technology selection process. IET Renewable
Power Generation, 15(11), 2340-2355 doi: 10.1049/
rpg2.12168

Nur, E, Burch, V. R. E Marufuzzaman, M., & Smith, B. K.
(2021). Handheld Technology Selection, Evaluation,
and Risk Mitigation Using Stochastic Analytical Hier-
archical Process: A Standardization of the Request for
Proposal Process. Engineering Management Journal
(Early Access). doi: 10.1080/10429247.2020.1847561

Onar, S. C., Oztaysi, B., Otay, I., & Kahraman, C. (2015).
Multi-expert wind energy technology selection using
interval-valued intuitionistic fuzzy sets. Energy, 90,
274-285. doi: 10.1016/j.energy.2015.06.086

Oortwijn, W., & Klein, P. (2019). Addressing Health System
Values in Health Technology Assessment: The Use
of Evidence-Informed Deliberative Processes. Inter-
national Journal of Technology Assessment in Health
Care, 35(2), 82-84. doi: 10.1017/50266462319000187

Opricovic, S., & Tzeng, G. H. (2004). Compromise solu-
tion by MCDM methods: A comparative analysis
of VIKOR and TOPSIS. European Journal of Opera-
tional Research, 156(2), 445-455. doi: 10.1016/S0377-
2217(03)00020-1

Ozkale, C., Celik, C., Turkmen, A. & Cakmaz, E. (2016).
Decision analysis application intended for selec-
tion of a power plant running on renewable energy
sources. Renewable and Sustainable Energy Reviews,
70. doi: 10.1016/j.rser.2016.12.006.

Oztaysi, B. (2014). A decision model for information tech-
nology selection using AHP integrated TOPSIS-
Grey: The case of content management systems.
Knowledge-Based Systems, 70, 44-54. doi: 10.1016/j.
knosys.2014.02.010

Oztaysi, B., Cevik Onar, S., Kahraman, C., & Yavuz, M.
(2017). Multi-criteria alternative-fuel technology se-
lection using interval-valued intuitionistic fuzzy sets.
Transportation Research Part D: Transport and Envi-
ronment, 53, 128-148. doi: 10.1016/j.trd.2017.04.003

Peterseim, J. H., White, S., Tadros, A., & Hellwig, U.
(2013). Concentrated solar power hybrid plants,
which technologies are best suited for hybridisa-
tion? Renewable Energy, 57, 520-532. doi: 10.1016/j.
renene.2013.02.014

Pohekar, S. D., & Ramachandran, M. (2004). Application
of MCDM to sustainable energy planning — a review.
Renewable Sustainable Energy Review, 8, 365-381.
doi: 10.1016/j.rser.2003.12.007

Ragavan, P,, & Punniyamoorthy, M. (2003). A strategic de-
cision model for the justification of technology se-
lection. The International Journal of Advanced Man-
ufacturing Technology, 21(1), 72-78. doi: 10.1007/
s001700300008

Ren, J., & Liitzen, M. (2015). Fuzzy multi-criteria decision-
making method for technology selection for emis-
sions reduction from shipping under uncertainties.
Transportation Research Part D: Transport and En-
vironment, 40, 43-60. doi: 10.1016/j.trd.2015.07.012

Rogalewicz, V., & Jurickova, I. (2014). Specificities of Medi-
cal Devices Affecting Health Technology Assessment
Methodology. Proceedings IWBBIO 2014: Interna-
tional Work-Conference On Bioinformatics And Bio-
medical Engineering, 1-2, 1229-1234.

135



ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

Volume 14 e Issue 2 ¢ 2022

Saaty, T. (1980). The Analytic Hierarchy Process: Planning,
Priority Setting, Resource Allocation. New York, USA:
McGraw Hill.

Saaty, T. (2005). The Analytic Hierarchy and Analytic Net-
work Processes for the Measurement for Intangible
Criteria and for Decision-Making. In J. Figueira, S.
Greco, & M. Ehrgott (Eds.), Multiple Criteria Deci-
sion Analysis. State of the Art Surveys, (pp. 345-408).
New York, USA: Springer.

Sadr, S. M. K., Onder, T., Saroj, D., & Ouki, S. (2013). Ap-
praisal of membrane processes for technology selec-
tion in centralized wastewater reuse scenarios. Sus-
tainable Environment Research, 23(2), 69-78.

Saen, R. F. (2006). A decision model for technology selec-
tion in the existence of both cardinal and ordinal
data. Applied Mathematics and Computation, 181(2),
1600-1608. doi: 10.1016/j.amc.2006.03.012

Salamirad, A., Kheybari, S., Ishizaka, A., & Farazmand, H.
(2021). Wastewater treatment technology selection
using a hybrid multicriteria decision-making meth-
od. International Transactions in Operational Re-
search, article in press. Retrieved from https://www.
researchgate.net/publication/350691691_Wastewa-
ter_treatment_technology_selection_using a_hy-
brid_multicriteria_decision-making method

Santos, E. A., & Garcia, R. (2010). Decision process model
to the Health Technology incorporation. 2010 Annu-
al International Conference of the IEEE Engineering
in Medicine and Biology Society, EMBC’10, 5627344,
414-417. doi: 10.1109/TEMBS.2010.5627344

Savun, B., Erbay, B., Hekimoglu, M., & Burak, S. (2020).
Evaluation of water supply alternatives for Istanbul
using forecasting and multi-criteria decision making
methods. Journal of Cleaner Production, 287, 125080.
10.1016/j.jclepro.2020.125080

Schmitz, S., et al. (2016). Identifying and Revealing the
Importance of Decision-Making Criteria for Health
Technology Assessment: A Retrospective Analysis of
Reimbursement Recommendations in Ireland. Phar-
macoeconomics, 34(9), 925-937. doi: 10.1007/s40273-
016-0406-z

Schneberger, J. H., Kaspar, J., & Vielhaber, M. (2019). Inte-
grated and customer-oriented material and process
selection by sensory multi-criteria decision-making.
Proceedings of the International Conference on Engi-
neering Design, ICED, 1(1), 1175-1184. doi: 10.1017/
dsi.2019.123

Scott, J. A., Ho, W,, & Dey, P. K. (2012). A review of multi-
criteria decision-making methods for bioenergy
systems, Energy, 42(1), 146-156. doi: 10.1016/j.en-
ergy.2012.03.074

Shen, Y. C,, Chang, S. H,, Lin, G. T, & Yu, H. C. (2010).
A hybrid selection model for emerging technology.
Technological Forecasting and Social Change, 77(1),
151-166. doi: 10.1016/j.techfore.2009.05.001

Si, J., Marjanovic-Halburd, L., Nasiri, E, & Bell, S. (2016).
Assessment of building-integrated green technolo-
gies: A review and case study on applications of
Multi-Criteria Decision Making (MCDM) method.
Sustainable Cities and Society, 27, 106-115. doi:
10.1016/j.5¢s.2016.06.013

Siderska, J., & Jadaa, K. S. (2018). Cloud manufacturing: a
service-oriented manufacturing paradigm. A review

paper. Engineering Management in Production and
Services, 10(1), 22-31. doi: 10.1515/em;j-2018-0002

Siemieniako, D., Kubacki, K., & Mitrega, M. (2021). Inter-
organisational relationships for social impact: A sys-
tematic literature review. Journal of Business Research,
132, 453-469. doi: 10.1016/j.jbusres.2021.04.026

Singh, N., & Sushil (1990). Technology selection models for
multi-stage production systems: Joint application of
physical system theory and mathematical program-
ming. European Journal of Operational Research,
47(2), 248-261. doi: 10.1016/0377-2217(90)90283-H

Stojanovic, C., Bogdanovic, D., & Urosevic, S. (2015). Selec-
tion of the optimal technology for surface mining by
multi-criteria analysis. Kuwait Journal of Science, 42,
170-190.

Streimikiene, D. (2013). Assessment of energy technolo-
gies in electricity and transport sectors based on
carbon intensity and costs. Technological and Eco-
nomic Development of Economy, 19(4), 606-620. doi:
10.3846/20294913.2013.837113

Streimikiene, D., & Balezentiene, L. (2012). Assessment
of electricity generation technologies based on ghg
emission reduction potential and costs. Transforma-
tions in Business and Economics, 11(2 A), 333-343.

Streimikiene, D., BaleZentis, T., & BaleZentiene, L. (2013).
Comparative assessment of road transport technolo-
gies. Renewable and Sustainable Energy Reviews, 20,
611-618. doi: 10.1016/j.rser.2012.12.021

Sun, X., Yu, H., Solvang, W. D., Wang, Y., & Wang, K.
(2022). The application of Industry 4.0 technologies
in sustainable logistics: a systematic literature review
(2012-2020) to explore future research opportuni-
ties. Environmental Science and Pollution Research,
29(7), 9560-9591. doi: 10.1007/s11356-021-17693-y

Szpilko, D., & Ejdys, J. (2022). Europen Green Deal - re-
search directions. Systematic literature review. Eko-
nomia i Srodowisko — Economics and Environment,
2(80), article in press.

Szpilko, D., Szydlo, J., & Winkowska, J. (2020). Social Par-
ticipation of City Inhabitants Versus Their Future
Orientation. Evidence from Poland. WSEAS Trans-
actions on Business and Economics, 17, 692-702. doi:
10.37394/23207.2020.17.67

Szum, K. (2021). IoT-based smart cities: a bibliometric
analysis and literature review. Engineering Manage-
ment in Production and Services, 13(2), 115-136. doi:
10.2478/em;j-2021-0017

Tal, O., Booch, M., & Bar-Yehuda, S. (2019). Hospital staff
perspectives towards health technology assessment:
data from a multidisciplinary survey. Health Research
Policy and Systems, 17, 72. doi: 10.1186/s12961-019-
0469-3

Torkayesh, A. E., Malmir, B., & Rajabi Asadabadi, M.
(2021). Sustainable waste disposal technology selec-
tion: The stratified best-worst multi-criteria deci-
sion-making method. Waste Management, 122, 100-
112. doi: 10.1016/j.wasman.2020.12.040

Turschwell, M. P, et al. (2022). A review of support tools
to assess multi-sector interactions in the emerg-
ing offshore Blue Economy. Environmental Sci-
ence and Policy, 133, 203-214. doi: 10.1016/j.envs-
€i.2022.03.016

136



Volume 14 e Issue 2 ¢ 2022

ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

Tzeng, G. H., & Huang, J. J. (2011). Multiple Attribute Deci-
sion Making. Methods and Applications. London, UK:
CRC Press.

Tzeng, G. H,, Lin, C. W,, & Opricovic, S. (2005). Multi-
criteria analysis of alternative-fuel buses for public
transportation. Energy Policy, 33(11), 1373-1383.
doi: 10.1016/j.enpol.2003.12.014

van Eck, N. J., & Waltman, L. (2017). Citation-based clus-
tering of publications using CitNetExplorer and
VOSviewer. Scientometrics, 111, 1053-1070. doi:
10.1007/s11192-017-2300-7

van Overbeeke, E., Forrester, V., Simoens, S., & Huys, L
(2021). Use of Patient Preferences in Health Technol-
ogy Assessment: Perspectives of Canadian, Belgian
and German HTA Representatives. Patient-Patient
Centered Outcomes Research, 14(1), 119-128. doi:
10.1007/540271-020-00449-0

Villegas, L. V., Salgado, J., Perilla, S. P, & Melo, J. (2020).
Characterization of Medical Equipment Acquisition
Processes by Considering the Evaluation of Technol-
ogy, Pilot Case: POCT Blood Gas Analyzers. IFMBE
Proceedings, 75, 1398-1402. doi: 10.1007/978-3-030-
30648-9_180

Vinodh, S., Nagaraj, S., & Girubha, J. (2014). Application
of Fuzzy VIKOR for selection of rapid prototyping
technologies in an agile environment. Rapid Proto-
typing Journal, 20(6), 523-532. doi: 10.1108/RPJ-07-
2012-0060

Vivekh, P, Sudhakar, M., Srinivas, M., & Vishwanthkumar,
V. (2016). Desalination technology selection using
multi-criteria evaluation: TOPSIS and PROMETH-
EE-2. International Journal of Low-Carbon Technolo-
gies, 12, ctw001. doi: 10.1093/ijlct/ctw001

Wabhlster, P. (2015). Exploring the perspectives and prefer-
ences for HTA across German healthcare stakehold-
ers using a multi-criteria assessment of a pulmonary
heart sensor as a case study. Health Research Policy
and Systems, 13, 24. doi: 10.1186/s12961-015-0011-1

Wang, G., Tian, X., & Geng, J. (2014). Optimal selec-
tion method of process patents for technology
transfer using fuzzy linguistic computing. Math-
ematical Problems in Engineering, 13, 1-10. doi:
10.1155/2014/107108

Winkowska, J., Szpilko, D., & Peji¢, S. (2019). Smart city
concept in the light of the literature review. Engineer-
ing Management in Production and Services, 11(2),
70-86. doi: 10.2478/em;j-2019-0012

Xiao, E (2018) A novel multi-criteria decision making
method for assessing health-care waste treatment
technologies based on D numbers. Engineering Ap-
plications of Artificial Intelligence, 71, 216-225. doi:
10.1016/j.engappai.2018.03.002

Yalcin, A. S., Kilic, H. S., & Delen, D. (2022). The use of
multi-criteria decision-making methods in business
analytics: A comprehensive literature review. Techno-
logical Forecasting and Social Change, 174, 121193.
doi: 10.1016/j.techfore.2021.121193

Yimen, N., & Dagbasi, M. (2019). Multi-attribute decision-
making: Applying a modified Brown-Gibson model
and RETScreen software to the optimal location
process of utility-scale photovoltaic plants. Processes,
7(8), 505. doi: 10.3390/pr7080505

Zanakis, S. H., Solomon, A., Wishart N., & Dublish, S.
(1998). Multi-attribute decision making: A simula-
tion comparison of select methods. European Jour-
nal of Operational Research, 107(3), 507-529. doi:
10.1016/S0377-2217(97)00147-1

Zelei, T., Mendola, N. D., Elezbawy, B., Nemeth, B,
& Campbell, J. D. (2021). Criteria and Scoring
Functions Used in Multi-criteria Decision Analysis
and Value Frameworks for the Assessment of Rare
Disease Therapies: A Systematic Literature Re-
view. Pharmacoeconomics-Open, 5(4), 605-612. doi:
10.1007/s41669-021-00271-w

Zhang, C. H., Chen, C., Streimikiene, D., & Balezentis, T.
(2019). Intuitionistic fuzzy MULTIMOORA ap-
proach for multi-criteria assessment of the energy
storage technologies. Applied Soft Computing, 79,
410-423. doi: 10.1016/j.as0c.2019.04.008

137



