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A B S T R A C T
The article presents a description of scientific achievements concerning Multiple-
Criteria Decision-Making (MCDM) methods attained as part of the cooperation 
between scientific centres of Lithuania, Germany and Poland with a special emphasis 
on the input by Professor Edmundas K. Zavadskas and his scientific school. The 
cooperation, which commenced in 1986, focused on “Colloquia” — the systematic, 
international scientific seminars. The article aimed to summarise and popularise the 
achievement of these “Colloquia” in the area of MCDM as well as spotlight the 
outstanding theoretical and application significance of accomplishments by Prof. 
Zavadskas. Also, the work presents the most recent MCDM methods developed by 
Prof. Zavadskas that improve the accuracy of calculations and extend the area of their 
application. 
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Introduction 

The cooperation between three academic centres 
— Vilnius Gediminas Technical University (Lithua-
nia), Leipzig University of Applied Sciences (Ger-
many) and the Poznań University of Technology 
(Poland) — in the area of theory and application of 
Multiple-Criteria Decision-Making (MCDM), in 
what is broadly understood as the field of construc-

tion, was both inspired and initiated by Dr Edmundas 
K. Zavadskas from the Vilnius Institute of Construc-
tion. It began with the Professor’s scientific scholar-
ship for a traineeship at the Leipzig University of 
Applied Sciences (Technische Hochschule Leipzig) in 
1980–1981. The German side of the partnership was 
represented by Prof. Kurt Fiedler and Dr Friedel 
Peldschus, and the Polish side — by Prof. Oleg 
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Kapliński. In 1986, this collaboration took the form 
of systematic scientific seminars, which were dubbed 
“Colloquia” by the organisers. Subsequent years saw 
the involvement of other academics such as, among 
others, Prof. Reinhard Seeling from Aachen (RWTH) 
who organised the 7th Colloquium in 1999. The Col-
loquia occur every two years in Germany, Lithuania 
and Poland. The 17th Colloquium will be held in May 
2019 in Vilnius. 

This form of cooperation not only resulted from 
the need to exchange experience and confront scien-
tific achievement but also allowed access to a wider 
scope of information, periodicals and books, which 
the collaborating centres had at their disposal. It also 
created a possibility to have the results of scientific 
work published in journals from Germany, Lithuania 
and Poland. Additionally, it established a platform 
where doctoral and habilitation dissertations could 
be offered for consultations and professors from 
individual centres were and are still invited to review 
promotional theses. The knowledge accumulated by 
the cooperating centres, namely, multiple criteria 
methods (Vilnius), the development and application 
of gaming theories (Leipzig), and the queueing and 
reliability theories (Poznań), was combined and cre-
ated a synergy which gave rise to many original 
MCDM methods. 

The subject matter addressed by subsequent Col-
loquia kept evolving. First Colloquia were dominated 
by mathematical methods in the organisation of 
construction processes, planning instruments and, 
generally, elements of theory for decision-making. 
Later, presentations were offered concerning decision 
support systems, expert systems, controlling, life 
cycle, cash flow, IT, production economics, new edu-
cational methods, e-business, sustainable develop-
ment in production engineering & management and 
intelligent green construction. The most recent Col-
loquia (of 2011 and later) dealt with new multipur-
pose evaluation methods, application peculiarities 
related to various methods used for practical prob-
lems as well as elements of biometrics and neuroso-
phia. Next, issues connected to neural design are 
expected to be addressed. 

MDCM methods that were developed by the 
team lead by Prof. Zavadskas evolved the most. New 
methods consider fuzzy and grey numbers. Verbal 
decision methods also gained some attention. There 
was much significance attached to criteria normalisa-
tion and the problem of weights. New, hybrid models 
of MDMC methods were presented. 

Fig. 1 shows the Colloquia calendar and 
addressed topics. It is not only a characteristic and 
evolutionary way to consider the mentioned meth-
ods, research interests and applications but, above all, 
the transition from micro to macro issues. Initially, 
research work focused on production and techno-
logical (construction) processes, hence dealing only 
with a building site. Gradually, on account of having 
to consider economic criteria, the subject matter 
expanded to real estate, construction projects and 
companies. This evolution corresponded to needs 
resulting from political and economic changes as well 
as new education requirements posed to universities 
of technology.  

1. Development of the trans-
border cooperation

On the international scene, regular scientific 
meetings involving three academic centres from 
Lithuania, Germany and Poland was a rather unusual 
phenomenon, but this type of trans-border coopera-
tion earned much praise. 

The experience gained through subsequent Col-
loquia showed the necessity for underlining the sig-
nificance of shared achievements by popularising 
them and, most of all, making them more interna-
tional. Participants of the Colloquia and especially 
employees of the Vilnius Gediminas Technical Uni-
versity (previously VISI) established several subject-
related scientific periodicals. Most of them are already 
cited by ISI Web of Science of the Thomson Reuters 
Services. 

The output of the Colloquia consists of several 
dozen monographs and several hundred articles. In 
2009, three works were distinguished by Essential 
Science Indicators [SM] of Thomson Reuters for the 
greatest percentage increase of citations: 
•	 as New Hot Papers in the field of Engineering, 

the paper by Zavadskas et al. (2008), 
•	 in the field of Economics & Business, the paper 

by Ginevicius et al. (2008),
•	 as Fast Breaking Paper in the field of Economics 

& Business, the paper prepared by Turskis (2008).
The subject matter addressed during the Collo-

quia always touched upon new trends, both in theory 
and practice, and there was always a need to expand 
the range of research topics. The addressed problems 
evolved from the modelling of construction (indus-
trial) processes to project management. The combi-
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nation of Operational Research methods and 
sustainable development gave a stimulus to look for 
new applications. During the 12th Colloquium 
(2009), it was decided that the cooperation had to 
focus mainly on becoming a platform for young 
research practitioners who could share their experi-
ence and ask advice while developing their disserta-
tions. The meetings consulted and initially assessed 
several research promotion texts. The Colloquia also 
opened opportunities for participants to extend their 
research volume, which was a significant factor in the 
advancement of their academic careers.

The establishment of the Colloquia created  
a basis for the development (through the initiative of 
Prof. Zavadskas) of the new EURO Working Group 
EWG-ORSDCE — "Operational Research in Sustain-
able Development and Civil Engineering (EWG-
ORSDCE)." The Executive Committee of the 
Association of European Operational Research Soci-
eties (EURO) approved this Group during the 23rd 
annual European Conference on Operational 
Research “OR Creating Competitive Advantage”, 
which took place in Bonn, Germany, 5–8 July 2009. 
Currently, the group joins 80 members from 19 coun-
tries (Lithuania, Germany, Poland, the United King-
dom, Belgium, Denmark, Netherlands, Portugal, 
Latvia, Estonia, the Czech Republic, Slovenia, Roma-
nia, Peru, Mexico, Russia, Ukraine, Australia and the 
USA). (Tamosaitiene et al., 2010). More detailed 
information concerning EWG-ORSDCE, its objec-
tives, members, publications in the field of Opera-
tional Research and activities of the EURO Working 
Group OR in Sustainable Development and Civil 
Engineering (EWG-ORSDCE) can be found on its 
official website http://www.orsdce.vgtu.lt. 

2. About Professor Edmundas 
K. Zavadskas

In 1990, Professor Edmundas K. Zavadskas 
became the first democratically elected rector of the 
Vilnius Institute of Construction. The transformation 
of the institute into Vilnius Technical University, to  
a large extent, was owed to his efforts. Later, the Uni-
versity also added the name of the Grand Duke 
Gediminas to the title. The University staff elected 
Prof. Zavadskas to the rector’s position twice more, 
which he held for a total of 12 years, later acting as 
vice-rector for nine more years. During his terms of 
office, Professor Zavadskas maintained close coopera-

tion with Polish universities, including the Białystok 
University of Technology.  

His influence on the development of good rela-
tions with Poland is attested by the fact that Prof. 
Zavadskas was one of the founders of the Adam 
Mickiewicz Foundation — an organisation working 
towards the improvement of Lithuanian and Polish 
relations (1998). He was decorated with the medal for 
“Integral Humanism”, awarded by a Polish journal 
“LITHUANIA” and a Lithuanian journal “KUL-
TUROS BARAI”. In 2001, he was univocally elected 
as a member of the Civil Engineering Committee of 
the Polish Academy of Sciences. Additionally, for his 
outstanding achievement in the development of 
cooperation between Poland and Lithuania, Profes-
sor Zavadskas was honoured by the Presidium of the 
Assembly of Parliamentarians to the Sejm of the 
Republic of Poland and the Seimas of the Republic of 
Lithuania with the “Nagroda Obojga Narodów” 
(Award of Both Nations) (2004), which he received in 
July 2004, at the Oratorium Marianum assembly hall 
of the University of Wrocław.

In 2002, the Poznań University of Technology 
(based on recommendations from supporting senates 
of the Warsaw University of Technology, Wrocław 
University of Technology and Gdańsk University of 
Technology) conferred the title of Doctor honoris 
causa on Prof. Zavadskas for the “Cooperation of 
academic communities in the spirit of integral 
humanism.” Prof. Zavadskas is also a laureate of 
numerous other international awards and distinc-
tions. 

For many years, Prof. Zavadskas focused his 
research efforts on the issue of MCDM, which finds 
its application in various areas of technical, economic 
and social sciences. The monograph Multiple Criteria 
Evaluation of Projects in Construction (Vilnius, 
Technika 1994) by Zavadskas, Peldschus and Kak-
lauskas, received a review by professors Erhan Kozan 
and Martin Skitmore from the Australian Queensland 
University of Technology, which appeared in 1997 in 
the journal “Construction Management and Eco-
nomics” (Taylor & Francis). According to the review, 
the book initiated a new era of scientific research in 
construction concerning MCDM methods.

Articles by Prof. Zavadskas were published in 84 
journals referenced in the Clarivate Analytics data-
base. Many of them were published in Q1 (High 
Quality Publications) of the Elsevier publishing 
company, such as “Applied Soft Computing”, “Expert 
Systems with Application”, “European Journal of 
Operational Research”, “Buildings and Environment”, 
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Fig. 2. Scientific school of Prof. Zavadskas 

Source: author’s elaboration on the basis of (Tamosaitiene, 2019, pp.64-75) 
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“Energy and Buildings”, “Engineering Application of 
Artificial Intelligence”, “Omega. The International 
Journal of Management Science” and “Land Use Pol-
icy”. Thomson Routers deemed his 18 articles to be 
“Hot Papers”. For many years, Prof. Zavadskas con-
tinued to cooperate internationally. He co-authored 
many publications together with scientists from 35 
different countries (such as Belgium, Denmark, India, 
Iran, Canada, Germany, Poland, Sweden, the United 
States or Taiwan).   

The Clarivate Analytics database has 462 his 
publications indexed, cited 10891 times in 4010 arti-
cles, with H = 55. In 2018, he was cited 2088 times. 
469 articles are referenced in the SCOPUS database 
and cited 12302 times in 4663 articles, with H = 58. In 
2018 alone, Prof. Zavadskas was cited 2286 times 
(20% self-citation). Google Scholar has 812 publica-
tions cited 21242 times, with H = 77. In 2018, the 
number of citations was 3681.

Prof. Zavadskas established a scientific school, 
which now includes scientists from three generations: 
his former doctoral students (35), doctoral students 
of doctors whose dissertations he promoted (approx. 
30), and the third-generation doctoral students (2). 
About 20 former colleagues of Prof. Zavadskas have 
become professors themselves. Not only these aca-
demics currently work in Lithuania but have also 
dispersed throughout the entire world, including 
such countries as Poland, Great Britain, Ireland, 
Germany, Denmark or Russia. Fig. 2 presents a sche-
matic illustrating the organisational structure of the 
scientific school of Prof. Zavadskas.    

Fig.3. Increase in the number of papers dealing with sustainability problems

Source: author’s elaboration on the basis of (Bausys, 2019, pp. 76-86).
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Fig. 4. Increase in the number of papers describing MCDM methods 

Source: author’s elaboration on the basis of (Bausys, 2019, pp. 76-86) 
 

 
 

3. Scientific achievements

The authors believe that Edmundas Kazimieras 
Zavadskas has a personality which leaves an unfor-
gettable impression. The next chapter is dedicated to 
two of the most outstanding traits of this prominent 
scientist, namely, creativity and the ability to accept 
and discuss new ideas. The earlier works by Prof. 
Zavadskas have been widely described in various 
papers (Kaplinski et al., 2014a; Kaplinski et al., 2014b; 
Kaplinski, 2009). This work presents a detailed 
description of scientific achievements by Professor 
and academician Zavadskas over the period of the 
last five years, when he focused on the investigation 
and solution of various sustainability problems  
(Fig. 3).  

The number of research works in this field has 
been rapidly growing. It should be mentioned that 
solutions to sustainability problems are closely asso-
ciated with MCDM strategies. This solidifies the 
importance of MCDM methods and their intense 
development. The increase in the number of papers 
on MCDM methods is shown in Fig. 4.

First, the new MCDM methods created with the 
participation of Prof. Zavadskas are described. The 
presented paper (Keshavarz Ghorabaee et al., 2018) 
offers a new original MCDM method that allows  
a simultaneous evaluation of criteria and alternatives 
(SECA) using a problem of multicriteria non-linear 
programming. The method aims for a more accurate 
evaluation of the significance of alternatives by con-
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sidering the variation in solution matrix information, 
depending on particular criteria. As a result, the esti-
mates of the alternatives and the weights of the crite-
ria are calculated simultaneously.

In recent years, Prof. Zavadskas developed sev-
eral methods for determining the weights of criteria. 
The accuracy in determining the criterion weights is 
very important for final results of MCDM problems. 
One of these approaches is WEBIRA based on the 
strategy of the weights balancing (Krylovas et al., 
2017). This method is more effective in solving the 
considered problems described by a large number of 
criteria. Another method referred to as PIPRECIA 
(Stanujkic et al., 2017a) can be used for determining 
the weights of criteria when the consensus among 
experts cannot be achieved. This method allows 
determining the expert opinion about the significance 
of the particular criteria as well as the reliability of the 
obtained data. The modified KEMIRA method (Kry-
lovas et al., 2016) aims to calculate the weights of cri-
teria in the cases with several groups of criteria. In 
this case, experts assess the significance of the criteria 
in each group. Besides, this method requires much 
smaller amounts of the initial data compared to the 
original KEMIRA method and, therefore, the smaller 
amount of calculations. The original KEMIRA 
method was offered in (Krylovas et al., 2014). Its 
main idea was the use of the Kemeny’s median for 
considering expert opinions. Three various metrics 
were used for calculating the median. Then, two other 
methods of the criterion weight determination were 
developed by Prof. Zavadskas et al. (Zavadskas & 
Podvezko, 2016). The first method is CILOS, which is 
based on the analysis of variation in the criterion 
significance, considering changes in the significance 

values of other criteria. Another method, referred to 
as IDOCRIW, was developed based on using the best 
characteristics of the entropy method.

In recent years, Prof. Zavadskas focused on the 
development of new MCDM methods. The first two 
new methods were based on the properties of T-type 
fuzzy sets, and EAMRIT-2F was (Keshavarz Ghora-
baee et al., 2016a) was the first among the two. It is 
used when MCDM problems are modelled in terms 
of the interval T-2 fuzzy sets. The optimality charac-
teristic of this method is based on the area under the 
lower and upper membership function graphs as well 
as the probability analysis of the fuzzy sets. AFRAW 
is another original method (Keshavarz Ghorabaee et 
al., 2016c), which is also used when MCDM problems 
are modelled in terms of interval T-2 fuzzy sets. The 
method firstly calculates the weights of criteria by 
integrating the subjective data on the criterion 
weights provided by experts and the objective data on 
these weights, which are determined by using the 
deviation method. CODAS is yet another original 
MCDM method (Keshavarz Ghorabaee et al., 2016b), 
which helps to find the best alternative by using two 
metrics (Euclidian and Taxicab) simultaneously. The 
distances from the smallest (negative) ideal point are 
measured, which solves the problem of searching for 
the maximum. EDAS  (Keshavarz Ghorabaee et al., 
2015) is an MCDM method that allows selecting the 
best alternative based on the positive and negative 
deviations from the average solution. WS-PLP is an 
original decision-making method, based on sum-
ming up the weights and a new normalisation proce-
dure, providing a decision-maker with a wider choice 
of the best and preferred alternatives (Stanujkic  
& Zavadskas, 2015). The ARCAS method (Stanujkic 
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et al., 2017b) is used for solving problems particular 
to group decision-making. According to this method, 
the best alternative is the one which is either awarded 
first places in the rating of alternatives or was indi-
cated in the expert consensus. One of the most 
recently developed MCDM methods is the CoCoSo 
algorithm (Yazdani et al., 2018). This algorithm is 
based on the use of the combined compromise deci-
sion-making strategy, together with some data aggre-
gation approaches.

In recent years, several authors published papers 
about the application of the methods developed by 
Prof. Zavadskas for the solution of various problems. 
The authors analysed the methods and the areas of 
their application: SWARA and WASPAS (Mardani et 
al., 2017a), various aspects of using the utility func-
tion (Mardani et al., 2018a), COPRAS (Stefano et al., 
2015) and MULTIMOORA (Balezentis & Balezentis 
2014; Hafezalkotob et al., 2019).

In several papers, Prof. Zavadskas et al. focused 
on methodological principles of the MCDM method 
analysis (Zavadskas et al., 2014), the application of 
fuzzy sets (Mardani et al., 2015a), using the consid-
ered methods for solving the problems in various 
areas, such as determining the quality of services 
(Mardani et al., 2015c) and choosing suppliers (Kes-
havarz Ghorabaee et al., 2017a), as well as in power 
engineering (Mardani et al., 2015b; Mardani et al., 
2017b; Siksnelyte et al., 2018), engineering (Zavads-
kas et al., 2016a), transport (Mardani et al., 2016b), 
sustainability (Zavadskas et al., 2016b), construction 
(Zavadskas et al., 2018a), supply chains (Soheilirad et 
al., 2018), etc. The principles were also used in the 

VIKOR method (Mardani et al., 2016a), hybrid 
methods (Zavadskas et al., 2016b; Shen et al., 2018) 
and fuzzy aggregation operators (Mardani et al., 
2018b).

Recently, Prof. Zavadskas offered several differ-
ent method extensions adapted to deal with various 
sets e.g., the application of ARAS (Radovic et al., 
2018) and SWARA (Zavadskas et al., 2018b) methods 
to the analysis of rough sets, the use of EDAS to deal 
with interval T2 fuzzy sets (Keshavarz Ghorabaee et 
al., 2017b), grey numbers (Stanujkic et al., 2017c), 
intuitionistic fuzzy sets (Kahraman et al., 2017; Kes-
havarz Ghorabaee et al., 2016b) and the stochastic 
problem solution (Keshavarz Ghorabaee et al., 
2017c), as well as the use of the entropy method in the 
KEMIRA method (Krylovas et al., 2017). Now, 
MCDM problems are solved using new neutrosophic 
sets. The application can range from the market value 
determination (Zavadskas et al., 2017c), the use of the 
extensions of MULTIMOORA (Stanujkic et al., 
2017e; Zavadskas et al., 2017b), the WASPAS method 
(Zavadskas et al., 2015), the application of VIKOR to 
deal with the interval neutrosophic sets (Bausys  
& Zavadskas, 2015) and COPRAS with ordinary 
neutrosophic sets (Bausys et al., 2015). Other notable 
achievements of Prof. Zavadskas include the exten-
sion of the WASPAS method for dealing with fuzzy 
sets (Keshavarz Ghorabaee et al., 2016a; Turskis et al., 
2015), the MULTIMOORA method for interval tri-
angular fuzzy numbers (Stanujkic et al., 2015), the 
extension of the COPRAS method (Roy et al., 2019), 
COPRAS-WIRN (Zolfani et al., 2018), the extension 
of SWARA (Hashemi et al., 2016), the CODAS 
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method (Seker & Zavadskas, 2017), the extensions of 
the OCRA method applied to grey numbers (Stanuj-
kic et al., 2017d) and the extensions of the ELECTRE 
method (Jahan & Zavadskas, 2019; Hashemi et al., 
2016).

Recently, the research achievements of Prof. 
Zavadskas received international recognition. Twenty 
of his works were included in the list of the most fre-
quently cited papers (Fig. 5), which illustrates an 
exceptionally high quality of research works produced 
by Prof. Zavadskas et al. 

Conclusions

The trans-border Lithuanian–German–Polish 
co-operation in the area of MCDM, operational and 
sustainable development is currently counting its 
33rd year. It is a good example of international col-
laboration, which has resulted in numerous high-
quality publications and was recognised by scientific 
communities. This cooperation created a platform for 
the exchange of experience and inspired to establish 
new directions for scientific research. It especially 
aided in the creation of new instruments for planning 
and decision-making. Professor Zavadskas is both an 
originator and a co-creator of this concept; therefore, 
he is rightfully praised for his numerous documented 
scientific achievements and the promotion of the sci-
entific development of the Colloquia participants. 

Notwithstanding the three-sided cooperation 
between Lithuania, Germany and Poland, the scien-
tific school of Professor Zavadskas at Vilnius Gedimi-
nas Technical University is an exemplary educational 
facility. Its domain is the promotion of young scien-
tists, i.e. doctoral students. It is already the third 
generation of the Professor's academic students who 
have become doctors. The MDCM topic has always 
stood out in the area of team work, and the achieved 
results have been applied in various fields of techni-
cal, economic and social sciences. The reach of the 
school is international. Now, scientific works address 
new research areas dealing with biometrics and neu-
rosophia.

On the occasion of the 75th birthday, we would 
like to wish Professor Edmundas K. Zavadskas good 
health, many more personal successes and joy observ-
ing the growth achieved by his students, as well as 
offer him sincere gratitude for many years of labori-
ous yet fruitful efforts. 
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