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1. Introduction
Organizations in the construction sector are operating in 
a constantly changing environment over their entire life 
cycle. Various construction stakeholders (industry repre-
sentatives, institutions, society, and local authorities) in-
fluence construction system performance, mainly through 
regulation, information exchange, research and education. 
Constantly advancing and emerging technologies have a 
major impact on the efficiency of the construction sector. 
Obviously, the application of new techniques and methods 
that could increase the efficiency of processes will play an 
important role in the future development of the construc-
tion industry.

The decision-making process in engineering is multi-
faceted, influenced by multiple criteria and has a subjec-
tive nature of evaluation. In this context, decision-makers 
need a sound methodology to make impartial decisions, 
address ethical issues and ensure a thorough and trans-
parent decision-making process. The nature of engineering 
problems implies the necessity of implementing a meth-
odology that can integrate the various disciplines, complex 
variables, the subjective nature of the criteria weights, and 
decision analysis in a coherent manner. The aforemen-

tioned categories constitute an integral part of the multi-
criteria decision-making (MCDM) methodology. MCDM 
offers a structured approach to evaluating alternatives 
based on multiple criteria, which is particularly relevant in 
the context of today’s complex decision-making processes. 

Multi-criteria decision-making (MCDM) methods have 
improved considerably since the 1970s and have been ap-
plied in a wide range of fields. New MCDM methods have 
been developed and existing methods have been modi-
fied, demonstrating that the field of decision-making re-
search is still very important and valuable. One of the first 
and most distinguished authors, who has been working 
continuously on the development and improvement of the 
MCDM methods since 1976, is Professor Edmundas Kazim-
ieras Zavadskas. The research school, headed by Professor 
E. K. Zavadskas, aims to develop and apply multi-criteria 
methods in the fields of sustainable development and civil 
engineering to help solve a variety of problems in these 
areas, balancing economic, environmental and techno-
logical efficiency objectives. Research is concentrated in 
three broad areas: Operational Research, Civil Engineering 
and Sustainable Development. Professor E. K. Zavadskas 
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as founder of the JCEM journal since the early stages of 
the journal existence, has made great efforts to promote 
the use of the MCDM methods in civil engineering and 
construction management. The JCEM journal reached an 
important milestone in 2025, its 30th anniversary, count-
ing from 1995, when the decision was taken to combine 
several journals into a single periodical research journal. 
Seven volumes of the new journal were published in 1995 
under the title Statyba (Civil Engineering). In 2002, the 
journal was renamed to Journal of Civil Engineering and 
Management. The aim of this paper is to summarize the 
performance indicators of the JCEM journal and the con-
tribution to the development and application of MCDM 
methods in construction management on the occasion of 
Professor E. K. Zavadskas’ 80th birthday and the 30th an-
niversary of the JCEM journal.

2. Background: the origins  
of the JCEM journal
The Journal of Civil Engineering and Management is a peer-
reviewed journal that publishes the latest original research, 
developments and advances at an international level. The 
aim of the JCEM journal is to provide relevant information 
and new ideas to help improve the competence, efficiency 
and productivity of civil engineering within the global mar-
kets. Topics like building materials and structures, Building 
Information Modelling, digital twin, smart built environ-
ment, IoT, operational research, construction technology, 
intelligent decision support systems, structural mechan-
ics and physics, geotechnical engineering, fire protection, 
urban engineering, economy and management, robotics, 
information technologies in construction, are essential but 
not complete list of topics published by the journal. 

The JCEM journal has its origins from the merger of 
several journals published by Vilnius Gediminas Techni-
cal University. Initially, a journal titled Statyba (Civil En-
gineering) was established in 1995 by Prof. E. K. Zavads-
kas. Between 1995 and 2001, 7 volumes of articles were 
published in different languages (ISSN 1392-1525 for the 
printed version and ISSN 1822-3605 for the online ver-
sion). Each volume contained 4–6 issues.

In line with the global trend, the journal was renamed 
to Journal of Civil Engineering and Management in 2002. In 
the period from 2002 to 2004, 8 to 10 volumes of 4 issues 
each were published in English (ISSN 1392-3730 for the 
printed version and, and ISSN 1822-3605 for the online 
version).

Since 2002, JCEM has been indexed in the Scopus da-
tabase. Since 2008, JCEM has been included in the Web 
of Science Thomson Reuters Science Citation Index Ex-
panded. In 2010 an impact factor (IF) was assigned to the 
journal by the Thomson Reuters Institute for Scientific In-
formation (ISI). JCEM is also endorsed by CIB (the Interna-
tional Council for Research and Innovation in Construction) 
since 2010. This reflects the high scientific standard of the 
journal. The journal is currently indexed in the following 

databases: Clarivate Analytics databases (Web of Science 
Core Collection, Journal Citation Reports (SSCI edition)); 
Dimensions Directory of Open Access Journals (DOAJ); EB-
SCOhost (Academic Search Complete, Central & Eastern 
European Academic Source, GreenFILE, Current Abstracts, 
TOC Premier); Elsevier Bibliographic Databases (SCOPUS, 
El Compendex (Engineering Village), INSPEC); Gale® (Aca-
demic OneFile, InfoTrac Custom); Google Scholar; The In-
ternational CONstruction DAtabase (ICONDA); Microsoft 
Academic; MyScienceWork; OpenAIRE2020; ProQuest (Pro-
Quest Central, Summon™, Ulrichsweb™). The most recent 
rankings of the JCEM journal by Clarivate Analytics and 
Scopus are as follows: Clarivate Analytics Impact factor 
(2023), IF = 4.3; JCR Category – Engineering, Civil; Category 
Rank – 26/181; Category Quartile – Q1. Scopus SCImago 
Journal Ranking (2022), SJR = 0.653; Scopus Source Nor-
malized Impact per Paper (2022), SNIP = 1.399.

3. Methodology
3.1. Study outline
Various metrics have been developed to measure the im-
pact of scientific journals, studies, and researchers. Biblio-
metric analysis combines a variety of systems, tools, and 
methods to study and analyze the citation of scientific 
publications (Farooq, 2024). Bibliometric analysis is use-
ful for mapping accumulated scientific knowledge and 
evolutionary nuances, rigorously assessing large amounts 
of unstructured data (Donthu et al., 2021a). Bibliometric 
analysis can help researchers discover new article trends, 
journal performance, most productive authors, and col-
laboration patterns. Bibliometric methods and techniques 
allow for a detailed analysis of the entire production of a 
given journal, revealing its internal structure and trends of 
development, identifying topics within the analyzed field 
and visualizing the results. 

A bibliometric analysis method was used in prior stud-
ies to perform a comprehensive analysis of the journal’s 
indicators. For example, Laengle et al. (2017) performed a 
bibliometric analysis of forty years of the European Journal 
of Operational Research. Yu et al. (2019) analyzed the evo-
lution of the journal Applied Intelligence using bibliometric 
analysis. Zurita et al. (2020) conducted a bibliometric re-
view of the Journal of Network and Computer Applications 
to perform an intrinsic analysis and to reveal the structural 
and hidden implications of this journal. To commemorate 
the 60th anniversary of the Management International 
Review (MIR), Mukherjee et al. (2021) published a biblio-
metric analysis to present a retrospective of the journal 
by analyzing its content from 2006 to 2020. Donthu et al. 
(2021b) used a variety of bibliometric techniques to ana-
lyze the scholarly contributions, influence, performance, 
and impact of the journal International Marketing Review. 
A 25-year review of the Journal of International Manage-
ment was carried out by means of a bibliometric analysis 
by Kumar et al. (2023). 
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Adapting the PRISMA framework (Yepes-Nuñez et al., 
2021) to the needs and scope of bibliometric analysis of 
the Journal of Civil Engineering and Management, the main 
steps of the analysis performed are shown in Figure 1.

3.2. Database selection
Gusenbauer and Haddaway (2020) compared 28 scientific 
databases based on research quality and the ability to 
download and analyze full results. The study showed that 
only 14 databases could be considered for the review be-
cause they met al. the necessary requirements. When eval-
uating the ability to download the full search results for 
review, Web of Science (WoS) and Scopus were found to 
contain the most organized bibliographic data and support 
the most complex search strings of the databases com-
pared. High-quality, peer-reviewed articles are indexed in 
these two databases. These databases allowed the down-
load of both the bibliographic data and the full record of 
the selected articles (i.e. WoS, up to 1000 articles at a time; 
Scopus, all search results at a time). The decision to use 
the databases was also based on the fact that the Scopus 
database has an integrated analytical tool, SciVal, which is 
based on Scopus data. It allows flexible evaluation of any 
research area, as well as research results for researchers, 
research groups and countries, and uses advanced tech-
niques such as machine learning to extract meaningful in-

sights from research information. After considering all the 
pros and cons discussed in the research papers, and tak-
ing into account time and performance constraints, WoS 
Core Collection and Scopus were selected for this review.

3.3. Research questions
Considering the aim of this paper to summarize the perfor-
mance indicators of the JCEM journal and the achievements 
in the development of MCDM methods, the main research 
question was formulated as follows: “What are the dynam-
ics of the JCEM performance and what is the contribution of 
JCEM publications to the development of MCDM methods?”. 
To address this issue, the study attempts to examine more 
fully the JCEM journal’s indicators and contribution to the 
development of MCDM methods. The following sub-ques-
tions are defined according to the main research question:

RQ1: Which periods produced the most articles and how 
did citation rates change? 

RQ2: What are the most productive influential countries 
publishing the research in the JCEM journal? 

RQ3: Who are the main authors contributing to the re-
search published in the JCEM journal?

RQ4: What topics are predominant in JCEM publica-
tions?

RQ5:  How do JCEM articles address the MCDM topic?

Figure 1. The research steps of bibliometric analysis

Most recent figures about journal performance, developments and applications of MCDM methods 
in journal papers

Step 1 Defining the scope of the study

Step 2 Defining the search sources

JOURNAL OF CIVIL ENGINEERING “AND” MANAGEMENT ( Web of Science; search within 
“Publication Titles”)

“JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT” ( Scopus; search within “Source title”)

Step 3 Search query

Documents identified: 1140 (Web of Science; 2008–2024); 1382 (Scopus; 2002–2024)

Step 4 Perform search

Step 5 Bibliometric analysis of the search results

Categories applied:
Document type; Number of publications; Year of publication; Countries; Institutions; Authors; 
Author’s keywords; Co authorship network; Co-occurrence of authors’ keywords, etc.

Conclusions based on search results

Step 6 Results and discussion
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Based on the results of the bibliometric analysis of the 
WoS and Scopus datasets, the answers to the research 
questions are presented in Section 4 of this paper.

3.4. Records extraction and data refinement
The information analyzed in this study includes 1,140 JCEM 
publications (only articles and reviews), from the Clarivate 
Analytics Web of Science (WoS) database covering the 
years 2008 and 2024, and 1,382 from the Scopus data-
base dating between 2002–2024 retrieved on August 21st, 
2024. Editorial Material and Correction papers were re-
moved from the data sets to allow a more accurate assess-
ment of the results. For the analysis of articles on MCDM, 
the datasets were further manually reviewed to ensure 
that all relevant articles were included in the analysis.

The data set extracted and used for the authors’ key-
word co-occurrence analysis was prepared by keyword 
refinement using a Thesaurus. Since authors usually use 
similar terms to describe the same phenomena, there is 
a risk of double counting the same terms/keywords. The 
usefulness of a map is usually increased by excluding simi-
larities and cleaning up irrelevant keywords. The Thesaurus 
was made to refine the keywords, obtain a more relevant 
set of keywords and to minimize the risk of double count-
ing according to the following rules:

 ■ exclude general keywords, such as “literature re-
view”, “review”, “bibliometric analysis”, etc.;

 ■ exclude keywords that do not contain important in-
formation, such as city names, regions or indication 
of affiliation with a city or region, like “Hong Kong”, 
“China”, “Australia”, etc.;

 ■ merge the abbreviated keywords with the full key-
words, like “analytic hierarchy process” and “ahp”; 
“building information modeling”, “building informa-
tion modeling (bim)” and “bim”, etc.;

 ■ merge different word spellings, like “multi-criteria 
analysis”, “multi-criteria decision making”, “multi-
criteria decision-making”, “multiple criteria deci-
sion making” and “mcdm”; “artificial neural network 
(ann)” and “artificial neural network” and “artificial 
neural networks”, etc.;

 ■ merge synonyms, like “fuzzy”, “fuzzy set” and “fuzzy 
set theory” and “fuzzy logic”; “construction sector” 
and “construction industry”; “performance measure-
ment” and “performance evaluation”, etc.

The Thesaurus consists of 259 keywords, some of them 
merged and excluded. It can be found at https://github.
com/Vilutta/JCEM (accessed on October 11, 2024). 

To determine the contribution of the JCEM journal to 
the development and promotion of MCDM methods in 
construction management, the search in the WOS database 
was performed using the search string: (“MCDM*”) AND 
(“construction management”. The publication type was lim-
ited to Article and Review. Source type limited to “journal”, 
excluding “book chapter”, “proceeding papers”, and “early 
access”. The final data set included only articles written in 
English. Web of Science categories included in the search 

limitations are: Engineering civil; Construction building 
technology; Engineering industrial; Management; Materi-
als science multidisciplinary; Engineering mechanical; Ar-
chitecture; Computer science interdisciplinary applications; 
Engineering environmental; Regional urban planning; Ur-
ban studies. With these limitations the final set of 129 doc-
uments was identified and used to identify the journals 
that have contributed most to the development of research 
in MCDM, and to find the position of the JCEM journal.

To determine the contribution of the authors to the de-
velopment of MCDM methodologies, the additional search 
in the WOS database was performed using the search 
string: (“MCDM*”) AND (“Multi-criteria*”) AND (“Multiple 
criteria*”). Not related subject areas were excluded, and 
other limitations applied (like language, type of publica-
tion, source type). The publication type was limited to Ar-
ticle and Review. Source type limited to “journal”, exclud-
ing “book series” and “trade journal”. The analysis includes 
only articles written in English. Engineering; Engineering 
Civil; Construction Building Technology; Engineering Mul-
tidisciplinary; Computer Science; Mathematics; Business, 
Management and Accounting; Environmental Science; 
Decision Sciences; Energy; Multidisciplinary are among 
the subject areas included in the search limitations. With 
these limitations the final set of 9,854 documents found 
and used for the analysis. This data set was used to ana-
lyze the authors that have contributed most to the devel-
opment of research in MCDM, to analyze the clusters of 
most active authors with publications on MCDM, and to 
determine the top 10 authors by number of publications 
on MCDM.

3.5. Methods and tools used  
for the analysis of data sets
Bibliometric analysis allows you to summarize large 
amounts of bibliometric data and present the state-of-
the-art and emerging trends in a particular research topic 
or field. As recommended by Donthu et al. (2021a, 2021b), 
bibliometric analysis is used when the scope of the review 
is broad and the dataset is too large for manual review. 
Bibliometric analysis techniques allow quantitative analy-
sis of datasets and involve evaluating and interpreting the 
data obtained.

The main techniques of bibliometric analysis used in 
this study include: 

1. The journal performance analysis, which presents 
publication-related metrics, such as total publica-
tions, the number of citations of the articles published 
in the JCEM, the most productive influential authors, 
the most productive influential countries, number 
and share of JCEM publications on the MCDM topic.

2. Mapping techniques including: co-occurrence of 
authors’ keywords; the top 50 keyphrases; co-au-
thorship network, keyword timeline analysis based 
on studying the year of keyword occurrence. The 
bibliometric data structure is summarized through 
the use of bibliometric analysis improvement tech-

https://github.com/Vilutta/JCEM
https://github.com/Vilutta/JCEM
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niques, i.e. clustering and visualization. The cognitive 
relationships between the papers are revealed and 
grouped into related clusters using keyword cluster-
ing analysis. The clusters of co-authoring are ana-
lyzed and the largest collaboration clusters for the 
MCDM topic are identified.

The tool VOSviewer (https://www.vosviewer.com/ (ac-
cessed on August 21, 2024)) was used for the analysis of 
the dataset and the mapping. VOSviewer (van Eck et al., 
2010) is a tool for visualizing networks of bibliographic 
data. One of the advantages of VOSviewer is the ability 
to graphically display bibliometric data. VOSviewer allows 
the display of large bibliometric maps in an easily inter-
pretable way. The use of this tool ensures an unbiased 
evaluation of the information.

The Elsevier SciVal tool was used to create a map of 
keyphrases appearing in the JCEM articles based on the 
Scopus dataset. Based on the information provided by the 
SciVal tool, key phrases are obtained by annotating the 
content with a unified thesaurus (OmniScience) covering 
all major disciplines and creating a list of standardized 
terms. The SciVal tool was also used to analyze the largest 
topic clusters of articles published in the JCEM using the 
Scopus dataset.

4. Results of bibliometric analysis
4.1. The latest facts and figures  
about the JCEM journal
In order to answer the research question RQ1 (Which 
periods produced the most articles and how citation rates 
changed?), in this part of the study we analyze the dy-
namics of the number of publications in the JCEM during 

different periods. The graph in Figure 2a shows the publi-
cation dynamics from 2008 to 2024, as the WoS database 
provides information on JCEM publications only from 2008 
onwards. As can be seen from Figures 2a and 2b, the high-
est number of publications in the JCEM were published 
in 2016 (106 – WoS; 106 – Scopus) and 2017 (108 – WoS; 
108 – Scopus). During the reporting period, an average 
of 60–66 articles were published annually in the journal. 
The polynomial trend line (dashed curve) shows that the 
number of articles in the JCEM increased until 2017, but 
has been fluctuating recently. Clarivate Analytics data pro-
vided in Figure 3 show that despite a limited number of 
publications, the journal’s citation rate has grown strongly 
over the last decade.

4.2. The most productive countries 
The insights provided in this part of the study help to an-
swer research question RQ2 (What are the most produc-
tive influential countries publishing the research in the JCEM 
journal?). As shown in Figure 4, based on WoS data set in, 
the period between 2008 and 2024, the Chinese authors 
have the largest number of publications (238) in the jour-
nal, followed by Lithuanian authors (231), Poland (99), USA 
(96), Taiwan (86), Iran (69) and South Korea (63). Table 1 
presents the ten most productive influential countries by 
publications in the JCEM over the last decade and compares 
data from both databases. In order to ensure comparabil-
ity of data from the two databases, the period from 2014 
to 2024 (the last decade) has been selected. This is due 
to the fact that Scopus data is available from 2002, while 
WoS data is available from 2008. China ranks first, having 
the highest number of publications, H-index, and cited pa-
pers, followed by Lithuania, the USA, Taiwan and Poland.

Figure 2. Number of articles published in the JCEM: a – in the period from 2008 to 2024 Q3 (using data set from WoS);  
b – in the period from 2002 to 2024 Q3 (using data set from Scopus)
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To analyze the geographical collaboration of authors 
over the last decade, the Scopus SciVal analytical tool is 
used. According to the results of this analysis, the majority 
of research published in the JCEM is based on international 
collaboration (35.5%), with only national and institutional 
collaboration accounting for similar percentages (26.5% 

and 31.5%, respectively). In addition, a small percentage is 
reported for single-author publications (5.5%).

The largest clusters of collaborating countries were 
identified using WoS data and the VOSviewer tool (Fig-
ure 5). The map was created by setting a threshold of at 
least 5 documents. Out of 77 countries, only 47 met this 

Figure 3. The number of citations of the articles published in the JCEM (2008–2024) (WoS)
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Figure 4. Number of articles by country published in the JCEM by country (WoS, Core Collection, 2008–2024)

Table 1. Ten most productive influential countries by publications in the JCEM in the period of 2014–2024 (21 August 2024)

WoS Core Collection Scopus

Rank Country/
Territory 

Total 
publications H-index Total 

citations* Rank Country/
Territory 

Total 
publications H-index Total 

citations*

1 China 211 27 2925 1 China 192 27 2890
2 Lithuania 115 23 1963 2 Lithuania 113 26 2221
3 USA 65 21 1319 3 USA 65 23 1502
4 Taiwan 58 20 879 4 Taiwan 57 22 1039
5 Poland 54 18 819 5 Poland 53 17 920
6 South Korea 52 10 456 6 South Korea 52 12 534
7 Australia 49 14 804 7 Australia 49 15 939
8 Iran 48 19 992 8 Iran 48 20 1128
9 Malaysia 35 13 604 9 Turkey 35 19 882
10 Turkey 33 17 763 10 Malaysia 34 14 676

Note: * Times cited (total).
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criterion, and finally only 46 countries were mapped since 
one country, although meeting the criterion, did not have 
any joint publications with institutions in other clusters. In 
the first largest cluster of collaborating countries that pub-
lish research in the JCEM are Malaysia, Saudi Arabia, Egypt, 
Sweden, India, Japan and Iraq with 140 joint publications. 
Czech Republic, Croatia, Denmark, Latvia, Austria, Germany 
and Slovenia are the second cluster of cooperating coun-
tries with 75 joint publications. The third cluster group in-
cludes England, Spain, Portugal, Italy, Scotland and Chile 
with 132 joint publications. Poland, Taiwan, South Korea, 
Vietnam, Pakistan and Indonesia are in the fourth cluster 
with 267 joint publications. The fifth cluster consists of re-
searchers from Canada, Brazil, Algeria, Jordan and France 
with 46 joint publications. Researchers from the USA, Tur-
key, Serbia, Qatar and the Netherlands form a sixth clus-

ter with 172 joint publications. The seventh cluster include 
researchers from Lithuania, Estonia, Slovakia and Ukraine 
with 254 joint publications. Finally, China, along with Aus-
tralia, Singapore and Israel, represents the eighth most 
isolated cluster. Although this cluster does not cover a 
larger number of countries, it has a higher share of publi-
cations than the other clusters, with a total of 312 papers.

4.3. The most productive authors
Table 2 presents the 10 most productive authors in the 
JCEM journal, thus answering research question RQ3 (Who 
are the main authors contributing to the research published 
in the JCEM journal?). According to the data obtained from 
the WoS data base M. J. K.  Skibniewski from the University 
of Maryland, USA, leads the rank in publications number. 

Table 2. Ten most productive and influential authors according to publications in the JCEM

WoS Core Collection (2008–2024) Scopus (2002–2024)

Rank Authors 
Publica-
tions in 
JCEM

Total 
publica-

tions 
H-index Times 

cited* Rank Authors
Publica-
tions in 
JCEM

Total 
publica-

tions 
H-index Times 

cited*

1 Skibniewski M. J. 20 370 57 9 459 1 Zavadskas E. K. 23 659 106 40 578
2 Zavadskas E. K. 16 623 97 34 660 2 Skibniewski M. J. 22 322 52 9 353
3 Turskis Z. 15 178 65 13 406 3 Turskis Z. 18 191 68 16 325
4 Sivilevičius H. 13 77 20 1 171 4 Sivilevičius H. 16 83 22 1 345
5 Ustinovichius L. 13 80 19 1 274 5 Mačiulaitis R. 14 54 11 403
6 Cheng M. Y. 12 182 36 5 281 6 Ustinovichius L. 13 94 24 1 934
7 Mačiulaitis R. 12 56 9 249 7 Cheng M. Y. 13 221 40 6 773
8 Skitmore M. 10 415 59 11 966 8 Kala Z. 12 145 30 2 477
9 Kala Z. 10 182 32 3 409 9 Marzouk M. 11 253 35 4 598
10 Adeli H. 9 429 113 31 886 10 Kliukas R. 11 61 13 461

Note: * Total citations.

Figure 5. Co-authorship network of the countries (based on the WoS Core Collection dataset)
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However, according to the data obtained from the Scopus 
data base the rank in publications number is led by E. K. 
Zavadskas from Vilnius Gediminas Technical University (VIL-
NIUS TECH), Lithuania. Z. Turskis from VILNIUS TECH, Lith-
uania follows these two authors and appears in the same 
position in both datasets. It should be noted that different 
databases provide different information on the number of 
publications published by the authors, as JCEM’s publica-
tions in the WoS database have only been available since 
2008, while in Scopus since 2002. Different databases may 
contain different sets of publications; therefore, this can be 
the reason for possible differences in the number of pub-
lications and respectively the ranks of authors. Differences 
can also be caused by different search dates, so searches 
performed later than this timeframe may generate different 
results and the ranking of authors will change accordingly.

4.4. The main focus of studies  
published in the JCEM journal
The analysis of the main focus of studies published in 
the JCEM journal helps to answer research question RQ4 
(What topics are predominant in the JCEM publications?). 
The journal’s publications fall into three main Web of Sci-
ence Categories, i.e., civil engineering (42.22%), construc-
tion building technology (26.89%), material science multi-
disciplinary (12.50%) (Figure 6). Articles focusing on topics 
of environmental sciences, green sustainable science tech-

nology, management and industrial engineering are also 
among the most frequently published.

Predominant sustainable development goals of stud-
ies published in the JCEM journal are (Figure 7): Industry 
Innovation and Infrastructure (406); Sustainable Cities and 
Communities (283); Responsible Consumption and Pro-
duction (131); Climate Action (78). Other goals are not so 
well developed, with less than 10 publications, i.e. Afford-
able and Clean Energy (8); Good Health and Well Being 
(6); Life on Land (5); No Poverty (4); Zero Hunger (4); Qual-
ity Education (4); Decent Work and Economic Growth (2); 
Clean Water and Sanitation (1); Reduced Inequality (1).

To determine the contribution of the JCEM journal 
to the development of MCDM methodologies in con-
struction management research (and thereby to answer 
research question RQ5), a bibliometric analysis was per-
formed using the WoS Core Collection database records. 
This data set was used to analyze the journals that have 
contributed most to the development of research applying 
MCDM methods in construction management. There are 
129 documents and 29 journals in total in this dataset. Fig-
ure 8 depicts only those journals that have published three 
or more articles on the application of MCDM in construc-
tion management. In total, there are ten such journals. The 
remaining 19 journals published a single article or two on 
this topic. As can be seen from Figure 8, the journals that 
have contributed most to the development of research 
focused on MCDM in the construction management  

Figure 6. Web of Science Categories of the JCEM by Clarivate Analytics (2024, %)

Figure 7. Sustainable development goals of studies published in the JCEM (WoS, Core Collection, 21 August 2024)
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research domain are: Journal of Civil Engineering and Man-
agement with 33 publications; Journal of Construction Engi-
neering and Management (14); Buildings (13); International 
Journal of Construction Management (12); Engineering Con-
struction and Architectural Management (11); Automation 
in Construction (8); Archives of Civil and Mechanical En-
gineering (7); Journal of Management in Engineering (4); 
Built Environment Project and Asset Management (3); and 
Journal of Building Engineering (3).

The distribution of MCDM articles published in the 
JCEM was calculated using the WoS Core Collection da-
taset and is shown in Figure 9. In the period from 2008 
to 2024, the proportion of JCEM publications on MCDM 
compared to all other topics in this journal was 9.74%. 
As can be seen from the figure, the number of publica-
tions on MCDM has varied considerably over the period 
under review, and the highest number of publications on 
MCDM was in 2013 and 2017. The share of publications 
from these two years compared to all MCDM publications 
in this journal was 25.69%. 

4.5. Co-occurrence of keywords  
and topic clusters
In order to analyze in more detail, the topics on which the 
research published in the JCEM is focused, a co-occurrence 
of keywords and a clustering of topics were carried out. This 

type of analysis is observed in bibliometric studies, and is 
based on the results of the current situation and allows the 
identification of the area of interest. Analyzing the most fre-
quently used keywords helps to answer the research question 
RQ4 (What topics are predominant in JCEM publications?). 

This analysis allows the creation of a network of the 
most frequent keywords, based on the number of occur-
rences of the keyword in the articles. Co-occurrence analy-
sis is useful for identifying the main content of articles and 
the range of areas covered, as well as providing a general 
picture of the field and trends in the research area. This 
analysis has been carried out on the basis of the data pre-
sented in in related clusters that were generated by the 
VOSviewer.

A map of the most common keywords (those that oc-
cur most frequently in research papers) was created to 
identify the predominant topics in the JCEM. In the cre-
ation of this map, we have limited the minimum number 
of occurrences of the keywords to 5. Using the VOSviewer, 
we were able to identify 41 keywords out of 4070 that 
were within this threshold. The ten most relevant keywords 
(RQ-4) were the following (Figure 10): “construction indus-
try” (81), “bim” (57), “mcdm” (38), “risk analysis” (32), “re-
inforced concrete” (29), “construction projects” (28), “finite 
element method” (26), “compressive strength” (25), “ahp” 
(21), “fuzzy logic” (20), and “artificial neural networks” (20). 

Figure 8. The journals that have contributed most to the development of research on MCDM in construction management  
(WoS, Core Collection, 19 August 2024)

Figure 9. The number of MCDM-related articles in JCEM in the period from 2008 to 2024 (based on WoS Core Collection dataset)
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In Figure 11, all of the most frequently used keywords 
are colored according to the average publication year 
(APY) of the articles in which they appear. As can be seen in 
the figure, the APY of the most frequently used keywords 
varied in the interval 2012–2018. The newest keywords in 
this interval were the following: “bim”, “ifc”, “ppp”, system 
dynamic”, “safety management”, “life cycle assessment”, 
“mcdm”, “fuzzy logic”, “risk analysis”, “construction indus-
try”, “construction projects”, decision-making”. It should be 
noted that the most recent keywords (ranging from 2020 
to 2024) are not included in this set because their frequen-
cy of use is low, i.e. they are mentioned less than 3 times 
in the analyzed data set. However, a subset of these recent 
keywords can be constructed using VosViewer. The most 

recent keywords from this subset are: “technological in-
novation”, “internet of things (iot)”, “blockchain”, “random 
forest”, “sustainability assessment”, “openbim”, “integrated 
project delivery”, “technology adoption”, “dfma”. Prelimi-
narily, we can conclude that technological innovations like 
a design for manufacture and assembly (DFMA), internet 
of things (IoT), blockchain based technologies and inte-
grated project delivery with BIM are relatively new topics 
discussed in JCEM papers. 

Using this dataset, an additional cluster analysis was 
carried out to identify the most frequent applications of 
methods and technologies. On the basis of the results pro-
vided by VosViewer, it has been found that the key words 
are distributed in a total of 7 clusters (Table 3).

Figure 10. Co-occurrence of authors’ keywords in JCEM articles (WOS, Core Collection, 21 August 2024)

Figure 11. The most common keywords in JCEM articles presented in the timeline (WOS, Core Collection, 21 August 2024)
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The keywords of the first cluster include: “construction 
industry”, “constructor selection”, “international construc-
tion projects”, “neural networks”, “performance evalu-
ation”, “ppp”, “risk analysis”, “selection criteria”, “system 
dynamics”. Based on this, it can be concluded that the 
studies in this cluster address the problems of perfor-
mance evaluation of contractors in construction projects, 
risk assessment and appraisal of the public-private part-
nership (PPPs) infrastructure projects; risk assessment 
methodology for construction projects. For the evaluation 
of contractors, researchers used data envelopment analy-
sis (DEA). For the risk assessment and appraisal of PPPs 
infrastructure projects applied fault tree, artificial neural 
networks, and analytical network process. To predict the 
frequency of claims in construction projects the neural 
network model was applied.

The keywords in the second cluster suggest that re-
search in this cluster focuses on applications of Arti-
ficial neural networks (ANN) in various domains of civil 
engineering. For instance, multi-layer perceptron (MLP) 
and radial basis neural networks (RBNN) are utilized for 
damage diagnosis in beam-like structures. ANN applied 
for compressive strength prediction of lightweight short 
columns at elevated temperature. Research in this cluster 
also analyses and compares the accuracy of risk predic-
tions made using the Random Forest (RF) method, support 
vector machines and artificial neural networks. 

The research in the third cluster focuses on the safety 
management and fire resistance of construction materials, 
i.e. concrete elements, timber, fire protective paint coat-
ings, materials based on polyester resin. Research in this 
cluster also analyses the rheological properties of self-
compacting and other types of concrete mixes, bending 
strength and other physical and mechanical properties of 
fiber-reinforced composite materials, of timber, of con-
crete with crumb rubber waste additives. 

The research in the fourth cluster focuses on the appli-
cation of MCDM methods for decision-making in various 
domains of civil engineering. For instance, the combina-
tion of analytical hierarchy process (AHP) and Technique 
for Order Performance by Similarity to Ideal Solution (TOP-

SIS) methods under a fuzzy environment is used in order 
to select a proper shaft sinking method. A multi-criteria 
decision-making system based on the MIVES method is 
utilized for assessing the global sustainability index scores 
of existing wind-turbine support systems. A method based 
on fuzzy analytic network process (F-ANP) and interpre-
tive structural modeling (ISM) was proposed for the risk 
assessment of PPP projects. Analytic Hierarchy Process 
(AHP) and Fuzzy Technique for Order of Preference by 
Similarity to Ideal Solution (Fuzzy TOPSIS) were applied to 
select the most suitable surveying technique for produc-
ing a Digital Terrain Model (DTM). An integrated MCDM 
approach under uncertainty is proposed for construction 
project selection. This approach integrates Fuzzy Prefer-
ence Programming (FPP) as a modification of the Fuzzy 
Analytical Hierarchy Process (FAHP), with Fuzzy Inference 
System (FIS) as a fuzzy rule based expert system. 

The research in the fifth cluster examining the load-
bearing capacity of structural elements. For example, 
studies analyzed the working behavior characteristics of 
a large-curvature continuous prestressed concrete box-
girder (CPCBG) bridge model based on structural stress-
ing state theory. Other studies investigated the structural 
performance of reinforced concrete (RC) box-girders. 

The research in the sixth cluster focused mainly on the 
construction cost estimation and prediction in the early 
stage of project development. For example, studies pre-
sented models to calculate construction costs during the 
conceptual phase of a project; utilized gene expression 
programming (GEP) technique to develop prediction mod-
els to automate construction cost estimation. 

The research in the seventh cluster focused on the inte-
grated use of BIM with other tools for decision-making in 
construction and the mitigation of asymmetric information 
problems in construction projects. As an example, stud-
ies proposed approaches for BIM management in supply 
chains using mixed-modes of information delivery, includ-
ing object-based information transferred in IFC (Industry 
Foundation Classes) format. Others integrated the use of 
energy simulation software, a cost database, and BIM soft-
ware to create and assess different scenarios.

Table 3. Largest clusters of keywords in JCEM publications (keywords listed by number of occurrences)

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7

construction 
industry, 
contractor 
selection, 
international 
construction 
projects, 
neural networks, 
performance 
evaluation, 
ppp, 
risk analysis, 
selection criteria, 
system dynamics

artificial neural 
networks,
beams,
cracks,
finite element 
method, 
genetic 
algorithms,
non-linear 
analysis,
reinforced 
concrete,
schedule 
optimization

bending strength,
compressive 
strength,
fire resistance,
flexural strength,
rheological 
properties,
safety 
management

ahp,
decision-making,
energy efficiency,
fuzzy logic,
life cycle 
assessment,
mcdm

columns,
failure load,
sensitivity 
analysis,
steel structures,
strengthening,
stressing state

construction 
projects,
cost estimation,
structural 
equation 
modeling

bim,
ifc,
supply chain 
management
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To validate the findings of this analysis, we performed 
an additional analysis of the JCEM journal publications us-
ing the Scopus dataset and the SciVal tool. The SciVal tool 
allows the user to select different year intervals for this 
kind of analysis, including 2021–2023, 2021–2024, 2021–
2025, 2019–2023, 2019–2024, 2019–2025, and 2014–2023. 
It should be noted that only the specified year intervals 
are available for consideration. In light of the above, the 
authors have chosen to focus on the most recent decade. 
This analysis revealed that the top ten most frequently 
mentioned and most relevant keywords in the publications 
for the period 2014–2023 are as follows (Figure 12): Build-
ing Information Modeling (43); Architectural Design (43); 
Construction Industry (40); Construction Management (29); 
Information Modeling (28); Multi-Criteria Decision-Making 
(18); Genetic Algorithm (24); Office Buildings (15); Precast 
Concrete (12); Prefabricated Construction (10). 

Most articles published in JCEM fall into the topic 
cluster “Public-Private Partnership; Construction Industry; 
Project Scheduling (TC.547)” (Figure 13) which explores 
public-private partnerships (PPPs) in the construction and 
infrastructure sector. It delves into risk analysis, project 
governance, information technology, project scheduling, 
and resource management. Key aspects of the research 
include: defining project governance for large capital proj-
ects; addressing challenges in implementing management 
best practices in construction firms; predicting financial 

losses, and identifying cost estimation models; evaluat-
ing the viability and impact of PPPs in the construction 
and infrastructure sector; applying heuristic algorithms for 
optimizing construction project time-cost-quality; propos-
ing novel hyper-heuristic based filtering genetic program-
ming for multi-project scheduling; developing models and 
methods for using information technologies to enhance 
sentiment analysis, and recommendation systems. 

The second largest cluster by number of publications 
is “Information Theory; Construction Industry; Interoper-
ability (TC.1331)”. It is about the integration of Building 
Information Modeling (BIM) in the construction industry, 
focusing on information management, structural design, 
risk analysis, project planning, and technological advance-
ments. Key aspects of the research include: exploring the 
impact of BIM adoption, integrated project delivery, and 
BIM use cases; improving information management and 
data integration in construction using BIM-AM system and 
RFID technology; optimizing project planning, scheduling, 
and transportation in prefabricated construction using 
dynamic methods and mathematical models; advancing 
structural design and seismic behavior analysis through 
innovative modular construction and joint connections.

Topic cluster “Multiple-Criteria Decision Analysis; Ana-
lytical Hierarchy Process; Artificial Intelligence (TC.375)” is 
the third largest cluster by number of publications and 
includes topics on modeling uncertainty, decision-making, 
and system development using various methods and evi-
dence theories. It encompasses the studies of probabil-
ity, risk analysis, and multi-criteria decision-making tech-
niques. Key aspects of the research include: utilizing fuzzy 
logic, and MCDM methods for decision-making; propos-
ing novel methods; forecasting energy consumption and 
system development using grey models and multi-criteria 
decision-making methods; modeling uncertainty and risks. 
The top 5 key phrases in this cluster (for all publications 
on the MCDM topic) are: “Analytical Hierarchy Process”, 
“Multiple-Criteria Decision-Making”, “AHP Approach”, 
“Multiple-Criteria Decision Analysis”, “Technique for Order 
of Preference by Similarity to Ideal Solution”.Figure 12. Top 50 key phrases in JCEM articles by relevance 

(Scopus, SciVal, 2014–2023)

Figure 13. Largest topic clusters of articles published in the JCEM (Scopus, SciVal, 2014–2023)
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4.6. Co-authorship clusters on the 
development of the MCDM methods

In order to determine the contribution of the most ac-
tive JCEM authors to the development of MCDM meth-
ods (RQ3; RQ5), performance analysis of authors, co-
authorship analysis and clustering were performed using 
the WoS dataset. As can be seen from Figure 14, the top 
ten most active authors are: E. K. Zavadskas (217 publica-
tions), D. Pamucar (121), Z. Turskis (81), J. Antuchevičienė 
(79), J. Q. Wang (73), G. H. Tzeng (72), S. Hashemkhani 
Zolfani (63), Z. Hu (63), H. Liao (62), Ž. Stevič (60). A co-
authorship analysis performed using VosViewer revealed 
that 54 authors work in six non-isolated clusters, forming 
a highly collaborative network of researchers (Figure 15). 
It is noteworthy that the number of authors publishing ar-
ticles on MCDM is considerably higher. However, in order 
to identify the most active authors, the analysis was set to 

limit the minimum number of papers per author to 30. The 
biggest co-authorship cluster by number of researchers 
(1st cluster) contains twenty researchers mainly from China 
(in Figure 15 marked in red color). The 2nd cluster is the 
biggest co-authorship cluster by a number of publications 
led by E. K. Zavadskas (in Figure 15 marked in green color) 
with more than 600 publications on the MCDM topic. The 
cluster includes twelve scientists from Lithuania, Iran, Ser-
bia, India, Turkey, and Spain. The 3rd cluster is the next 
biggest co-authorship cluster by number of publications 
with more than 450 publications on the MCDM topic. It 
includes ten scientists from India, England, India, South 
Korea, Serbia, Pakistan, and Bosnia & Herzegovina (in Fig-
ure 15 marked in blue color). The 4th cluster includes five 
scientists from Jordan. Malaysia, Iraq, Australia, United 
Arab Emirates, and Taiwan (in Figure 15 marked in dark 
gold color). The 5th cluster includes four scientists from 
the USA, India, India, and Lithuania (in Figure 15 marked in 

Figure 14. Top 10 authors by number of publications on MCDM in various sources (WOS, Core Collection, 19 August 2024)

Figure 15. Clusters of authors with publications on MCDM (WOS, Core Collection, 19 August 2024)
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purple color). Each of these clusters published 159 papers. 
The sixth cluster consists of three researchers from Taiwan 
with 146 publications (in Figure 15 marked in light blue 
color). A more intense degree of collaboration is observed 
among clusters one, two and three. The most collabora-
tive countries include China, Lithuania, Iran, Serbia, India, 
Turkey, Spain, and Bosnia & Herzegovina. 

An impressive contribution to the development of 
MCDM methods has been made by Prof. E. K. Zavadskas, 
the founder of the JCEM journal, and researchers from 
his cluster. This scientific cluster has developed various 
methods of multi-criteria analysis, including a method 
of Multi-Objective Optimisation on the Basis of Ratio 
Analysis (MOORA); MULTIMOORA (MOORA plus full mul-
tiplicative form); COmplex PRoportional ASsessment (CO-
PRAS), COPRAS with Grey Relations (COPRAS-G), COPRAS 
method for Group Decision Making in an Interval-Values 
Intuitionistic Fuzzy Environment, COPRAS applying Fuzzy 
Sets (COPRAS-F); extension of LINAMP model with Grey 
Numbers; Step-Wise Weight Assessment Ratio Analysis 
(SWARA); TOPSIS modification applying Mahalanobis Dis-
tance Measure (TOPSIS-M); Weighted Aggregated Sum 
Product Assessment (WASPAS). In the Thomson Reuters 
database, around 20 papers presenting these methods 
have been nominated as Hot Papers. To improve the ef-
ficiency of decision-making, researchers are constantly 
developing new MCDM methods and modifying existing 
ones. Table 4 shows the multi-criteria methods developed 
and modified by this research cluster. A complete list of 
articles on the developed MCDM methods that have been 
published by researchers in this cluster is available on the 
EWG ORSDCE website: https://www.euro-online.org/web-
sites/orsdce/articles-published/. 

All the above methods have had wide practical appli-
cations in various domains, i.e., sustainable development 
in civil engineering, building life cycle analysis, decision-
making in construction projects, risk management in con-
struction, quality control in construction projects, etc. For 
example, Stefano et al. (2015) analyzed applications of 
the COPRAS method and concluded that the COPRAS ap-
proach has been successfully applied in a wide range of 
fields and industrial sectors, with different time frames and 
topics, requiring a stronger focus on interdisciplinary and 
societal decision-making issues. Passos Neto et al. (2023), 
in a systematic review, showed that COPRAS along with 
AHP, SAW, ANP, PROMETHEE, BWM and DEMATEL are 
the most commonly applied methods for assessing social 
sustainability in the built environment. Gul et al. (2016) 
presented a literature review on the applications of VIKOR 
and its fuzzy extensions. The study suggests that the in-
tegration of interval type 2 fuzzy sets, hesitant fuzzy sets, 
and intuitionistic fuzzy sets with VIKOR can be addressed 
as future research in the problems of material selection, 
robot selection, and new product development. Mardani 
et al. (2017) reviewed 55 studies on various applications of 
SWARA and WASPAS methods, and noted the significant 
role of integrating fuzzy set theory and grey numbers with 
the WASPAS method. For example, the WASPAS method 
integrated with interval type-2 fuzzy sets, combined the 

WASPAS method based on interval-valued intuitionistic 
fuzzy numbers, the WASPAS method combined with a 
single-valued neutrosophic set and the WASPAS method 
with grey numbers. The study suggested that future pa-
pers can focus on integrating the WASPAS and SWARA 
methods with other types of fuzzy theory sets, fuzzy inte-
grals and aggregation operators, and combining these two 
techniques with qualitative information and quantitative 
data based on hesitant fuzzy linguistic term sets. Hafe-
zalkotob et al. (2019) analyzed developments, applications, 
and challenges related to the MULTIMOORA method. The 
study revealed that this method is most commonly used in 
the construction industry, but it is also widely used in other 
sectors, including economics, civil services & environmen-
tal policy-making, and medical/healthcare management. 
Pandey et al. (2023) noted the perspective towards the de-
velopment of hybrid MCDM methods, in which the TOPSIS 
method can be hybridized with some MCDM methods de-
veloped by Zavadskas cluster, like MOORA, MULTIMOORA, 
and WASPAS, and their extended versions under different 
types of uncertainty theories such as fuzzy set theory and 
rough set theory. Fan et al. (2024) derived the EDAS tech-
nique for the methods based on bipolar complex fuzzy 
linguistic (BCFL) information and applied it to the develop-
ment of rural energy infrastructure. Batwara et al. (2025) 
applied fuzzy EDAS to assess and rank smart, sustainable 
manufacturing (SSM) solutions and suggested that the 
current analysis will help business leaders strategically plan 
to overcome barriers to making decisions.

The aforementioned studies represent merely a sam-
pling of the most recent applications of the MCDM meth-
ods developed by the scientific cluster of Prof. E. K. Za-
vadskas. It seems reasonable to posit that a significant 
number of studies of this nature have been conducted, 
but it is unlikely that an accurate estimation can be made 
without additional search on methods. Nevertheless, such 
comprehensive analysis is beyond the scope of the present 
study and may be recommended for future research. It is 
suggested that researchers could further explore the ap-
plication of the methods proposed by this cluster in a va-
riety of fields. In light of the objective of this paper, which 
is to provide a summary of the performance indicators 
of the JCEM journal and its contribution to the develop-
ment and application of MCDM methods in construction 
management on the occasion of Professor E. K. Zavads-
kas’ 80th birthday and the 30th anniversary of the JCEM 
journal, it seems pertinent to present a brief overview of 
the key facts pertaining to the founder of this journal. Pro-
fessor Edmundas Kazimieras Zavadskas is celebrating his 
80th birthday this year. He was born on May 12, 1944 in 
Vilnius, Lithuania. In 1962–1967, E. K. Zavadskas studied 
at the Faculty of Civil Engineering, at the Vilnius branch 
of Kaunas Polytechnic Institute (VISI) (now – Vilnius Gedi-
minas Technical University). His impressive academic ca-
reer began in 1973, when he defended his PhD thesis on 
building structures. Then, in 1987, he obtained a Doctor of 
Science degree in building technology and management. 
A selection of decision-making solutions dominated this 
research. In 1993 he obtained a Doctor Habil. degree. 
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In 1990, E. K. Zavadskas was elected to the position 
of Rector of the Vilnius Engineering Construction Institute 
(VISI). E. K. Zavadskas successfully reorganized the insti-
tute into Vilnius Technical University during his rectorship. 
The name of the university was subsequently changed to 
Vilnius Gediminas Technical University (VGTU), and E. K. 
Zavadskas was elected to the position of rector for a new 
period (1996–2002). From 2002 to 2011 he held the posi-
tion of Vice Rector of VGTU. During this period, he focused 
on making the university one of the largest universities 

in Lithuania and a leader in engineering education and 
research.

E. K. Zavadskas is the author or co-author of more than 
50 books, including five textbooks and 16 monographs, 10 
popular science books, over 700 research articles and sev-
eral hundred articles on different social and cultural issues. 
In 1996 he received the Lithuanian Research Award for the 
series of works “Multiple criteria assessment of construc-
tion projects and technological solutions” (1980–1996) and 
in 2004 for the series of work “Modelling in construction 

Table 4. Original and modified MCDM methods developed by the cluster of E. K. Zavadskas

Original MCDM methods Extensions (modifications) of the MCDM methods 

COPRAS (1995) COPRAS-F (2007); COPRAS-G (2008); COPRAS-IVIF (2013); COPRAS-SVNS (2015); COPRAS-WIRN 
(2019)

MOORA (2006) MULTIMOORA (2010)
LOGARITHMIC NORMALIZATION 
(2008)

VIKOR-F (2008); VIKOR-IVNS (2015)
TOPSIS-M (Mahalanobis) (2010); TOPSIS-G (2010); TOPSIS-FADR (2018)

MULTIMOORA (2010) MULTIMOORA-IVIF (2015); HFL-MULTIMOORA (2019); BIPOLAR FUZZY MULTIMOORA (2019); 
TARGET-BASED MULTIMOORA (2020); M-GENERALIZED Q-NEUTROSOPHIC MULTIMOORA 
(2020); IVNS-MULTIMOORA (2021)

SWARA (2011) SWARA-E (2019); R-SWARA (2018); FMEA-SWARA (2020)
SAW-G (2012)
LINMAP-G (2012)

WASPAS (2012) WASPAS-IVIF (2014); WASPAS-SVNS (2015); WASPAS-F (2015); WASPAS-2FS (2016); WASPAS-G 
(2016); IRN-WASPAS (2018); WASPAS-Fermatean (2020); LPFS-WASPAS (2020)

KEMIRA (2014) ENTROPY-KEMIRA (2017)
EDAS (2015) EDAS-F (2016); EDAS-IGN (2017); EDAS-IFS (2017); EDAS-2FS (2017); EDAS-I2FS (2017); Stochastic 

EDAS (2017); Dynamic EDAS (2018); EDAS-M (Minkowski space) (2019)
MWSM (2015)
AFRAF (2016)
CODAS (2016) CODAS-F (2017)
EAMRIT (2016)
CILOS (2016) F-CILOS (2020)
IDOCRIW (2016) FIDOCRIW (2020)
PMADM (2016)

OCRA-IGN (2017)
ARCAS (2017)
WEBIRA (2017)
MAMVA (2017) SVN-MAMVA (2017)
R-ROV (2018)
SECA (2018) SECA-2FT (2019)
PIPRECIA (2019) PIPRECIA-IVTFM (2020)

BWM-PAARWISE COMPARISON (2019)
PROMETHEE-NS (2019)

CoCoSo (2019) HFL-CoCoSo (2019); PFS-CoCoSo (2020); TARGET-BASED CoCoSo (2020); CoCoSo WITH 
MAXIMUM VARIANCE OPTIMIZATION (2020); INTERVAL ROUGH BOUNDARIES (2020); 
PYTHAGOREAN FUZZY CoCoSo (2020); CoCoSo-F (2021); HFS-CoCoSo (2021)

FME+HFS (2020)
INTERVAL VALUED INTUITIONISTIC TODIM (2020); TODIM-IVIF (2020)

MACONT (2020)
SVNS HAMMING DISTANCE TOPSIS (2020)
INVAR SVN (2021)
IFS WISP (2022)
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(methods, simulation, decision support and information 
systems, web-based technologies, practical application)” 
(1996–2003). In 1996 he also was awarded the 4th class 
medal of the Lithuanian Grand Duke Gediminas.

E. K. Zavadskas was an Expert Member (1991–1993), 
a Corresponding Member (1993–2011) and from 2011 a 
Full Member of the Lithuanian Academy of Sciences. E. 
K. Zavadskas, in the years 2001–2012, was the President 
of the Operational Researchers Society in Lithuania and 
Baltic States. Furthermore, he has been granted the title of 
Honorary Doctor of Poznań University of Technology and 
the Honorary International Professor of the National Taipei 
University of Technology. 

E. K. Zavadskas was one of the main initiators of the 
international German–Lithuanian–Polish colloquia devoted 
to Operational Research (OR) in the field of Civil Engineer-
ing. Since 1986, the colloquia have been organized every 
two years. Nineteen Colloquia have been organized since 
the first one. On the basis of this successful collaboration, 
during the 23rd European Conference on Operational Re-
search “OR creating competitive advantage” held in Bonn 
in 2009, the new EURO Working Group “OR in Sustain-
able Development and Civil Engineering” (EWG-ORSDCE) 
was established. E. K. Zavadskas chairs this working group, 
which brings together researchers from his leading cluster.

E. K. Zavadskas chairs and participates in the edito-
rial boards of a number of scientific journals. He is the 
founder of three international scientific journals: Journal 
of Civil Engineering and Management (Editor-in-chief from 
1995 to 2019), Technological and Economic Development 
of Economy (Editor-in-chief since 1994 till 2019), and Inter-
national Journal of Strategic Property Management (Editor-
in-chief from 1997 to 2011). All three journals have been 
included in the Thomson Reuters Web of Science database 
from 2008 and have impact factors (IF) since 2010. Since 
2010, these journals have been published by the VGTU 
publishing house Technika in cooperation with the pub-
lishing house Taylor & Francis.

E. K. Zavadskas has published the most articles in the 
following Clarivate Analytics Web of Science categories: 
Economics (155), Engineering Civil (86), Computer Science 
Artificial Intelligence (72), Environmental Sciences (70), 
Computer Science Information Systems (66), Construction 
Building Technology (63), Business (62), Green Sustainable 
Science Technology (54), Automation Control Systems (52), 
Operations Research Management Science (51). The most 
significant contributions are in Operations Research (30%), 
Computer Science Artificial Intelligence (29%). 

One of the highest acknowledgements of his many 
years of work was received in 2014, when E. K. Zavadskas 
was included in the list of the most cited scientists in the 
world in the “Clarivate Analytics Highly Cited Research-
ers: Engineering category”. In 2018 and 2019, E. K. Zavad-
skas was among the world’s most cited researchers in the 
Cross-Field Category, as much of his research and publica-
tions are interdisciplinary, primarily combining work in civil 
engineering, management, economics, and computer en-
gineering. E. K. Zavadskas in 2020 was in the top 1% of the 
world’s most cited scientists in two fields, “Engineering” 

and “Economics and Business”, and in 2021 in “Economics 
and Business”. Stanford University recognized E. K. Zavad-
skas as one of the top 2% of the most cited researchers in 
“Civil Engineering” for the period 2020–2024. At the same 
time, he was ranked in the Stanford/Elsevier 2024 list of 
the top 100 researchers in “Engineering”.

On the occasion of his jubilee, we congratulate Pro-
fessor Edmundas Kazimieras Zavadskas as an outstanding 
scientist. We wish him good health and creativity in his fur-
ther contribution to the development of MCDM methods.

5. Conclusions 
The JCEM journal is of significant importance in the con-
text of the aggregation and transmission of knowledge 
in the domain of construction management. The analysis 
revealed that the JCEM has contributed the most to the 
development of MCDM methodologies in construction 
management research compared to other journals. Since 
its inception, the editors of the Journal of Civil Engineering 
and Management can be proud of promoting interesting 
research issues from an international perspective. In this 
review, a bibliometric analysis was employed to evaluate 
the performance of the JCEM journal and to present indi-
cators related to publications. The analysis revealed that 
China was the most productive country, with a publication 
rate in JCEM that was more than twice that of second-
placed Lithuania. The authors from China and Lithuania 
were followed by those from Poland, the USA, Taiwan, Iran, 
South Korea, Australia, Malaysia, and Turkey. The journal’s 
rank has increased since entering international databases 
and obtaining the impact factor. The results are visible in 
the number of authors from all continents and a signifi-
cant number of article citations. Over the past decade, the 
journal’s citations have increased fourfold. Moreover, the 
prestige of the journal lies in the Q1 quartiles, both in 
the Scopus database and in the Web of Science database. 
Thus, the evolution and milestones in the development 
of the Journal of Civil Engineering and Management are 
undeniable, and it turns out that the contribution of the 
JCEM in the promotion of MCDM methods in construction 
management is significant.

According to the results of bibliometric analysis, the 
topics on which the journal’s research was focused over 
the last decade include: Building Information Modeling 
(BIM), architectural design, construction industry, construc-
tion management, information modeling, MCDM, and op-
timization algorithms. The analysis indicated a significant 
interest in the application of digitization technologies in 
the construction sector. Technological advancements like 
the Internet of Things (IoT), and blockchain-based tech-
nologies are relatively new topics discussed in JCEM pa-
pers. Most recent JCEM papers propose that utilizing such 
technologies facilitates the development of sophisticated 
cyber-physical systems (CPSs), thereby enabling a more 
dynamic project control process, assessing on-site and 
overall project performance, tracking the progressive cre-
ation of as-built digital data, and streamlining the flow 
of data between the construction phase and the opera-
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tional phase. It is evident that further research is required 
to enhance our comprehension of the role of disruptive 
technologies in driving progress within the construction 
industry.

The review shows the obvious dynamic development 
of the MCDM methods, as well as their usefulness. With 
their help, many engineering, economic and organizational 
problems have been solved, especially with incomplete 
data. The impact of standardization on the development of 
subsequent methods, including hybrid ones, is also visible. 
The review takes into account extensions and adaptations 
of existing methods, as well as the exposure of own meth-
ods (models) created by the academic community coop-
erating with the Journal of Civil Engineering and Manage-
ment. The analysis revealed that authors are increasingly 
applying MCDM methods to a wide range of problems in 
construction management. Therefore, it is likely that new 
MCDM methods and modifications of existing methods 
may be developed in the future as this field develops. The 
integrated application of MCDM with advanced technolo-
gies, like Blockchain Technology (BT) and the Internet of 
Things (IoT) is expected to have benefits including, but 
not limited to: increasing transparency and reliability of 
data for the decision-making and decision-making process 
itself. It is therefore recommended that the authors further 
develop these topics in future research.

The prestige and rank of the journal have increased 
thanks to the contributions of Professor Edmundas Kazimi-
eras Zavadskas, his collaborators across the globe, and the 
promotion of MCDM methods from the theoretical and 
practical side. First of all, Edmundas Kazimieras Zavadskas 
made a huge contribution to the development of journal 
and created a scientific school in which MCDM methods 
are predominant. Therefore, part of the article is devoted 
to his achievements. His numerous articles and, above all, 
authorship or co-authorship of books contribute to the 
theory and practice of MCDM and encourage continuous 
innovation in this field.
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