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1. Introduction

In recent decades, human mobility and average distances travelled have increased due to
technological and social change (Groenendijk et al., 2018). In many countries, the car has become the
preferred means for people to travel independently due to its convenience, speed and independence
(Anable, 2005), resulting in traffic congestion and increased pollution (Beirdo & Sarsfield Cabral, 2007).
Although, as Groenendijk et al. (2018) point out, it is preferable to change travellers' habits and increase
their interest in public transport, but its users have a negative perception of transfers and waiting times
(Peek & Van Hagen, 2002). Daily journeys for many public transport users require transfers to complete,
so a significant challenge in urban mobility is to improve transfers and guarantee a positive experience
for travellers (Hernandez et al.,, 2016; Rossolov et al., 2021). A transport hub fulfils the function of
connecting different modes of public transport and is characterised by many functional connections
(Groenendijk et al., 2018).

It should be noted that there has recently been a shift towards a sustainable urban development
paradigm, with public transport becoming the main mode of transport for residents (Rossolov et al.,
2021). City authorities wishing to implement a passenger transport hub face several challenges, such as
estimating costs, taking the time to implement the investment, and, importantly, selecting the right
contractor (especially when decisions are complex and require the analysis of many criteria).

Multiple-criteria decision analysis (MCDA) or multiple-criteria decision making (MCDM) is a sub-
discipline of operations research that provides a tool to support the subjective evaluation of a set of
alternative decisions within a limited number of criteria (Lootsma, 1999; Nguyen et al., 2020). Due to
the complexity of MCDA/MCDM, the following few factors can be identified as influencing this fact
(Cinelli et al., 2022; Keeney, 1996; Keeney & Gregory, 2005; Ley-Borras, 2015; Watrébski et al,, 2019):

- identification of the decision situation to be investigated,

- characterisation and generation of alternatives for implementation,

- development and identification of evaluation criteria,

- selection of MCDA/MCDM methods.

It should be emphasised that the number of methods used within MCDA has increased
significantly over the last few decades (Alinezhad & Khalili, 2019; Cinelli et al., 2022; Greco et al., 2001;
Hwang & Yoon, 1981).

In presenting the use of multi-criteria analysis methods, a hypothetical project was used: an
interchange centre located in a city of more than 100,000 inhabitants in Poland. The aim of this study is,
therefore, to attempt to apply the TOPSIS method to the selection of a contractor for a passenger transfer
centre.

The article aims to test the applicability of multi-criteria methods in deciding on the selection of a
project contractor. Among the many MDCM methods, the authors have taken the TOPSIS method as a
stratagem, which allows for finding a solution closest to the ideal one.

2. Literature review

The main premise of multi-criteria methods is to enable the comparison of multiple projects
described by multiple characteristics. The features used to describe the projects constitute the
evaluation criteria, and a ranking of the projects can be created based on each feature individually. By
analysing each attribute individually, a project can achieve a different ranking each time. The solution
to this problem is multi-criteria methods, which are widely described in the literature and relate to
various issues. A distinction is made between methods based on pair-wise comparison of decision
options, based on a superiority relationship, using utility functions or benchmarks.

In literature, the most frequently raised problems are those regarding location
selection(Bouayad-Agha et al,, 2013; Chu, 2012; Ertugrul & Karakasoglu, 2008; Farahani & Asgari, 2007;
Martin et al., 2003; Tabari et al., 2012) choice of supplier (Chan & Kumar, 2007; Oniit et al., 2009) choice
of strategy (Wey & Wu, 2007) or performance assessment (utility) (Bojkovic et al., 2010; Chamodrakas
et al,, 2009; Govindan et al., 2013). The most commonly used methods to solve these problems are
primarily: Analytic Hierarchy Process (AHP)(Ertugrul & Karakasoglu, 2008; Poh & Ang, 1999), fuzzy
AHP (fAHP) (Chan & Kumar, 2007; Tabari et al., 2012), Analytic Network Process (ANP) (Tuzkaya et al.,
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2008; Wey & Wu, 2007), fuzzy ANP (fANP) (Oniit et al., 2009), Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) (Farahani & Asgari, 2007), fuzzy TOPSIS (fTOPSIS) (Ertugrul &
Karakasoglu, 2008; Govindan et al., 2013; Oniit et al., 2009), ELimination and Choice Expressing Reality
(ELECTRE) (Bojkovic et al., 2010) and fuzzy Preference Ranking Organization Method for Enrichment
Evaluations (fPROMETHEE) (Martin et al., 2003). A detailed breakdown of multi-criteria methods is
provided in Table 1.

Table 1: Taxonomy of MCDA methods

. Linear
Available compensation Type of aggregation Type of preferential information
Method binary relations P P geres P P

effect
name

I P Q R S No Totale Partial S-mgye Outranking Mixed Deterministic Cardinal Nor}-h . Ordinal Fuzzy
criterion deterministic

AHP 110 0 0 O 0 1 1 0 0 1 1 1 0 0
Electre 110 0 0 0 1 0 1 0 0 1 1 1 1 1
Electre I 000 1 1 0 0 1 0 1 0 1 1 0 1 1
Electre I1I 000 1 1 0 0 1 0 1 0 1 1 0 1 0
Electre IV 000 1 1 0 0 1 0 1 0 1 1 0 1 0
Electre TRI 000 1 1 0 0 1 0 1 0 1 1 0 1 0
Fuzzy
PROMETHEE 1 1 0 1 0 O 0 1 0 1 0 1 1 1 1 1
I
Fuzzy
PROMETHEE 1 1 0 0 0 O 0 1 0 1 0 1 1 1 1 1
11
Fuzzy TOPSIS 1 1 0 0 1 0 1 0 0 1 1 1 0 1
FROMETHEE 110 1 0 0 0 1 0 1 0 1 1 0 1 0
PROMETHEE 4 4 9 0 0 0 o 1 0 1 0 1 1 0 1 0
TOPSIS 1 1.0 0 0 0 1 0 1 0 0 1 1 0 0

Source: (Watrébski i in., 2019).

The study's considerations included the TOPSIS method, which is characterised below. This
method was used to select the best contractor for the passenger transfer hub.

3. Research method

The TOPSIS method (Technique for Order of Preference by Similarity to the Ideal Solution) aims
to find the distance of the objects under consideration from the ideal and anti-ideal solution. This
algorithm was presented in 1981 by Hwang and Yoon (Hwang & Yoon, 1981), although, according to
Roszkowska & Wachowicz (2013), a similar approach was advocated much earlier by statistician Z.
Hellwig.

In the classical version of the TOPSIS method, the decision problem is discrete. This means that at
least some of the decision variables take discrete values, i.e. from a set equidistant from natural numbers
(e.g. natural, integer or rational numbers). The calculation is done in several steps.

Stage one involves normalising the features according to one of the following formulae (Araujo et
al,, 2018; Brol, 2006; Celen, 2014; Chakraborty & Yeh, 2009; Luczak & Just, 2020; Strahl, 1990):

zij = —— fori=1,2,...m and j=1,2,...n (D
i=1%ij

xij . .
zj = max’xij, fori=1,2,...mandj=1,2,...n (2)
zij = w, fori=1,2,...m and j=1,2,...n (3)

maxxij—minxjj

1/xij . .

fori=1,2,...m and j=1,2,...n (4)

Zij =
’Zimzl(l/xij)z
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zij=1-— ol fori=1,2,..,m andj=1,2,...n (5)

maxx;;’

maxxij — Xij

zj; = fori=1,2,..,mand j=1,2,...,n (6)

maxx;j—minx;;’
Where: xij is the value of the i - this decision variant with respect to the j - th criterion,

Most commonly, formula (1) proposed by Hwang and Yoon (1981) is used for normalisation. Our
article will use formula (1) to compare the final results. It should be added that the first three formulas
(1) - (3) are used to normalise traits that are stimulants, while formulas (4)-(6) are used for features
that are destimulants.

The next step is to take into account the weights attributed to the individual characteristics,
according to a formula:

tij = w; - zj, fori=1,2,...m and j=1,2,...n (7)

Where wij is the weight of the j-th criterion and Z};l wj = 1.
The weights at this stage can be set the same for all criteria, but a formula can also be used:

vl
] Z?:llvjl’

fori=1,2,...mand j=1,2,...n (8)

Where Vj is the coefficient of variation for the j-th feature.
Stage three is to determine the vector of values of the ideal solution a+ and the anti-ideal solution

a-:
at =(af,ad,...,a} ):= {(,rrllax tijlj E]Q), (i rrllinm tilj E]C)}for i=1,2,...mand j=1,2,..,n 9
i=1,.m =1,..,
a” =(ay,a3,...,ay ):= {(1=n11mm tl-j|j E]Q)’(izrr}?.xm tijlj E]C)}for i=1,2,...m and j=1,2,...,n (10)

Where ]JQ is the set of stimulants, and JC is the set of destimulants.

Once the ideal and anti-ideal solutions have been determined, the next step is to calculate the
distances of the projects under investigation from these solutions. The most commonly used distance is
the Euclidean distance:

df = \[Z;Ll(tij — a]-+)2 fori=1,2,...m and j=1,2,...,n (11

d; = \[Z;Ll(tij — aj_)z fori=1,2,...m and j=1,2,...,n (12)

The final step in the TOPSIS procedure is the determination of a ranking coefficient that
determines the similarity of the objects to the ideal solution:

__ 49
i G-+
d; +d;

fori=1,2,...m (13)

The highest value of the Ri coefficient indicates the best solution (object) in the context of the
considered linear ordering problem

(222)
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4. Results and discussion

In order to achieve the aims of this paper and to test the TOPSIS method, it was necessary to
identify the type of investment and the potential dilapidations involved in selecting an appropriate
contractor for the project. The IntegraHub project is about the hypothetical selection of the optimum
contractor for a modern passenger transfer centre (rail-bus) located in a city of more than 100,000
inhabitants in Poland. The Municipality of Poznan implements the project, which announces a tender
for selecting the optimal contractor. Four criteria will be taken into account in choosing the best
contractor for the IntegraHub investment project:

- Price;

- Realization time;

- Reputation = recommendations = previous projects realised;

- Complaints = number of complaints to previous realisations.

Table 2 shows the criterion values for the decision options; project implementers were rated on
a scale of 1 to 15 due to each criterion. A value of 1 was considered the worst and 15 the best; due to
each criterion being separate, a different project implementer can be selected. For example, about price,
implementers numbered 5 and 6 are the most attractive, while with regard to the second criterion -
delivery time - implementer number 1 should be selected. At the same time, it should be noted that the
same implementer number 1 about price (criterion 1) and the number of complaints (criterion 4) rank
last in the ranking regarding these criteria.

Table 2: Criteria values for decision-making options

CRITERIA

Project contractor (R) C1 C2 C3 C4
R1 1 13 12 2
R2 12 5 6 1
R3 10 5 14 11
R4 1 9 10 4
R5 14 12 12 8
R6 14 12 6 10
R7 13 8 15 9
R8 7 9 9 15
R9 3 2 1 11

Source: own calculations.

In the order after normalisation according to formula (1) for the considered criteria, two sets of
weights were adopted:

Set 1: wi=0,25, for i=1,...4;
Set 21: w1=0,30; w2=0,21; w3=0,22; w4=0,27.

When determining the weights, equation (8) was taken into account, in addition to the equal
weights, to check whether changing the weights affects the ranking of the project implementers.
Performing further calculations according to formulas (11) - (13), two different sets of distances from
ideal d]*-' and anti-ideal solutions were obtained d; (Table 3) and two different rankings for the project

implementers (Table 4).

1 The weights were established utilizing Formula 8.
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Table 3: Euclidean distances from ideal and anti-ideal solutions

Weights
Set1 Set 2

Project contractors (R) df d; df d;

R1 0,151 0,142 0,197 0,116
R2 0,151 0,108 0,200 0,121
R3 0,083 0,164 0,127 0,165
R4 0,147 0,107 0,200 0,089
R5 0,051 0,186 0,102 0,187
R6 0,076 0,177 0,123 0,183
R7 0,058 0,181 0,107 0,183
R8 0,086 0,171 0,132 0,172
R9 0,177 0,095 0,222 0,102

Source: own calculations.

Table 4: Rank coefficient and ranking position

Weights
Set1 Set 2

. Ranking Ranking Ranking Ranking
Project contractor (R) coefficient Rj position coefficient Rj position
R1 0,485 6 0,370 3
R2 0,419 8 0,377 4
R3 0,665 5 0,564 5
R4 0,421 7 0,308 1
R5 0,785 1 0,646 9
R6 0,699 3 0,599 4
R7 0,756 2 0,631 8
R8 0,665 4 0,566 6
R9 0,349 9 0,315 2

Source: own calculation.

The calculations produced two completely different rankings of project contractors. Assuming
equal weights for all criteria, the best implementer of the project should be considered the one with the
number 5, then sequentially 7 and 6, while the worst implementers are the ones with the numbers 2
and 9. On the other hand, using the weights determined from formula (8), which can be considered more
objective, based on the variability of the criteria, the best implementer is the number 4 and in order 9
and 1. At the same time, the least desirable contactors are numbers 7 and 9.

The criteria and implementers presented for consideration were identified at the beginning of the
selection decision stage. The first point, not so much a point of contention but allowing for different
results, is the possibility of using different formulas to normalise the critters. In order to determine how
the weights are established, the authors believe that the use of formula (8) is the most objective in the
absence of expertise. As well as the use of a formula other than the Euclidean distance for determining
the distance from the ideal and antiderivative solution will affect the final results.

5. Discussion of results

The criteria presented for consideration and the project's implementers were clearly defined at
the beginning of the decision-making phase. The first point, which is not so much a point of contention
as it is a point that allows for different results, is the possibility of using other formulae to normalise the
critters. In order to determine how the weights are established, the authors believe that the use of
formula (8) is the most objective in the absence of expertise. As well as the use of a formula other than
the Euclidean distance for determining the distance from the ideal and antiderivative solution will affect
the final results.

Our findings have several important implications for practice, especially for business decision-
makers concerning project (or contractor) selection, resource allocation or development strategies.
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Firstly, the TOPSIS method can support decision-making in selecting the optimum contractor for
investment projects carried out by both local and regional authorities and projects carried out by private
companies. Secondly, the method is believed to reduce the risk of making a wrong decision when
selecting a contractor, especially when decisions are made based on several criteria. This method allows
each criterion to be weighted, which in turn allows potential project contractors to be assessed based
on their ability to meet the expectations of the contracting authority (e.g. local government, private
companies). Thirdly, in the broadest sense, this method allows for a better level of objectivity in the
decision-making process for selecting the optimal project contractor.

6. Conclusion and policy implications

Selecting the best contractor for a logistics project is a knowledge-intensive endeavour and
requires the right approach. The ability to determine the necessary project tasks, estimate the time and
cost of project implementation, select project contractors, etc., are the basic problems to be solved
during the planning phase. The implementation of logistics projects brings different types of
opportunities and risks. It is natural to want to minimise risks by selecting the right contractor. Based
on subjective criteria, good practice and expert experience, it is possible to make the best decision from
an optimisation point of view.

To this end, the use of multi-criteria methods seems justified. Different methods are used for each
of the logistics problems under consideration: others for optimisation problems, others for the
classification problem and others for the ranking problem. Within each of these groups, a range of
methods can be applied. Of course, an individual selection of solution methods must be made for each
case.

The idea behind the method presented in this paper is that it is possible to find an ideal solution
based on several criteria and appropriate transformations. The TOPSIS method allowed the making of
an optimal contractor selection in the case under consideration. The authors are aware that the criteria
used to evaluate the contractors are rather subjective, but as far as knowledge allows, they considered
them to be the best from the point of view of project implementation.

Funding

This research received no external funding.
Conflicts of interest

The authors declare no conflict of interest.
Data availability

Some or all data and models that support the findings of this study are available from the
corresponding author upon reasonable request.

Citation information
Lopatka, P., Thuczak, A., & Jadach, R. (2023). Multi-criteria decision support methods for the selection of

the optimum contractor: A case study of a passenger transfer centre. Journal of Sustainable Development
of Transport and Logistics, 8(2), 219-228. doi:10.14254 /jsdtl.2023.8-2.16.

(225>


https://doi.org/10.14254/jsdtl.2023.8-2.16

ISSN 2520-2979 Journal of Sustainable Development of Transport and Logistics, 8(2), 2023

References

Alinezhad, A., & Khalilj, J. (2019). New methods and applications in multiple attribute decision making
(MADM) (Vol. 277, pp. 103-08). Cham: Springer. https://doi.org/10.1007/978-3-030-15009-9

Anable, ]. (2005). “Complacent Car Addicts”; or “Aspiring Environmentalists”? Identifying travel
behaviour segments using attitude theory. Transport Policy, 12(1).
https://doi.org/10.1016/j.tranpol.2004.11.004

Araujo, C. A. S., Wanke, P., & Siqueira, M. M. (2018). A performance analysis of Brazilian public health:
TOPSIS and neural networks application. International Journal of Productivity and Performance
Management, 67(9), 1526-1549. https://doi.org/10.1108/1JPPM-11-2017-0319

Beirdo, G., & Sarsfield Cabral, J. A. (2007). Understanding attitudes towards public transport and private
car: A qualitative study. Transport Policy, 14(6). https://doi.org/10.1016/j.tranpol.2007.04.009

Bojkovic, N., Anic, 1., & Pejcic-Tarle, S. (2010). One solution for cross-country transport-sustainability
evaluation using a modified ELECTRE method. Ecological Economics, 69(5), 1176-1186.

Bouayad-Agha, S., Turpin, N., & Védrine, L. (2013). Fostering the Development of European Regions: A
Spatial Dynamic Panel Data Analysis of the Impact of Cohesion Policy. Regional Studies, 47(9), 1573-
1593. https://doi.org/10.1080/00343404.2011.628930

Brol, R. (2006). Rozwdj regionalny - zakres pojeciowy. In D. Strahl (Ed.), Metody oceny rozwoju
regionalnego (pp. 13-17). Wydawnictwo Akademii Ekonomicznej im. Oskara Langego we Wroctawiu.

Celen, A. (2014). Comparative Analysis of Normalisation Procedures in TOPSIS Method: With an
Application to  Turkish Deposit Banking Market. Informatica, 25(2), 185-208.
https://doi.org/10.15388/Informatica.2014.10

Chakraborty, S., & Yeh, C.-H. (2009). A simulation comparison of normalisation procedures for TOPSIS (pp.
1815-1820). IEEE, Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/ICCIE.2009.5223811

Chamodrakas, I., Alexopoulou, N., & Martakos, D. (2009). Customer evaluation for order acceptance
using a novel class of fuzzy methods based on TOPSIS. Expert Systems with Applications, 36(4), 7409-
7415. https://doi.org/10.1016/].ESWA.2008.09.050

Chan, F. T. S., & Kumar, N. (2007). Global supplier development considering risk factors using fuzzy
extended AHP-based approach. Omega, 35(4), 417-431.
https://doi.org/10.1016/j.0mega.2005.08.004

Chu, T. C. (2002). Facility location selection using fuzzy TOPSIS under group decisions. International
journal of Uncertainty, Fuzziness and Knowledge-Based Systems, 10(06), 687-701.
https://doi.org/10.1142/S0218488502001739

Cinelli, M., Kadziniski, M., Miebs, G., Gonzalez, M., & Stowinski, R. (2022). Recommending multiple criteria
decision analysis methods with a new taxonomy-based decision support system. European Journal of
Operational Research, 302(2), 633-651. https://doi.org/10.1016/].EJOR.2022.01.011

Ertugrul, I., & Karakasoglu, N. (2008). Comparison of fuzzy AHP and fuzzy TOPSIS methods for facility
location selection. International Journal of Advanced Manufacturing Technology, 39(7-8), 783-795.
https://doi.org/10.1007/S00170-007-1249-8

Farahani, R. Z,, & Asgari, N. (2007). Combination of MCDM and covering techniques in a hierarchical
model for facility location: A case study. European Journal of Operational Research, 176(3), 1839-
1858. https://doi.org/10.1016/].EJOR.2005.10.039

Govindan, K., Khodaverdi, R, & Jafarian, A. (2013). A fuzzy multi criteria approach for measuring
sustainability performance of a supplier based on triple bottom line approach. Journal of Cleaner
Production, 47, 345-354. https://doi.org/10.1016/].JCLEPR0.2012.04.014

Greco, S., Matarazzo, B., & Slowinski, R. (2001). Rough sets theory for multicriteria decision analysis.
European Journal of Operational Research, 129(1), 1-47. https://doi.org/10.1016/S0377-
2217(00)00167-3

(226>


https://doi.org/10.1007/978-3-030-15009-9
https://doi.org/10.1016/j.tranpol.2004.11.004
https://doi.org/10.1108/IJPPM-11-2017-0319
https://doi.org/10.1016/j.tranpol.2007.04.009
https://doi.org/10.1080/00343404.2011.628930
https://doi.org/10.15388/Informatica.2014.10
https://doi.org/10.1109/ICCIE.2009.5223811
https://doi.org/10.1016/J.ESWA.2008.09.050
https://doi.org/10.1016/j.omega.2005.08.004
https://doi.org/10.1142/S0218488502001739
https://doi.org/10.1016/J.EJOR.2022.01.011
https://doi.org/10.1007/S00170-007-1249-8
https://doi.org/10.1016/J.EJOR.2005.10.039
https://doi.org/10.1016/J.JCLEPRO.2012.04.014
https://doi.org/10.1016/S0377-2217(00)00167-3
https://doi.org/10.1016/S0377-2217(00)00167-3

ISSN 2520-2979 Journal of Sustainable Development of Transport and Logistics, 8(2), 2023

Groenendijk, L., Rezaei, J., & Correia, G. (2018). Incorporating the travellers’ experience value in
assessing the quality of transit nodes: A Rotterdam case study. Case Studies on Transport Policy, 6(4).
https://doi.org/10.1016/j.cstp.2018.07.007

Hernandez, S., Monzon, A., & de Ofia, R. (2016). Urban transport interchanges: A methodology for
evaluating perceived quality. Transportation Research Part A: Policy and Practice, 84.
https://doi.org/10.1016/j.tra.2015.08.008

Hwang, C.-L, & Yoon, K. (1981). Methods for Multiple Attribute Decision Making. 58-191.
https://doi.org/10.1007/978-3-642-48318-9_3

Keeney, R. L. (1996). Value-focused thinking: Identifying decision opportunities and creating
alternatives. European Journal of Operational Research, 92(3), 537-549.
https://doi.org/10.1016/0377-2217(96)00004-5

Keeney, R. L, & Gregory, R. S. (2005). Selecting attributes to measure the achievement of
objectives. Operations Research, 53(1), 1-11. https://doi.org/10.1287 /0PRE.1040.0158

Ley-Borras, R. (2015). Deciding on the decision situation to analyze: the critical first step of a decision
analysis. Decision Analysis, 12(1), 46-58. https://doi.org/10.1287 /DECA.2014.0308

Lootsma, F. A. (1999). Multi-criteria decision analysis via ratio and difference judgement (Applied
optimisation 29) (Vol. 29). Kluwer.

Luczak, A., & Just, M. (2020). The Positional MEF-TOPSIS Method for the Assessment of Complex
Economic Phenomena in Territorial Units. Statistics in Transition, 21(nr 2), 157-172.
https://doi.org/10.21307 /STATTRANS-2020-018

Martin, J. M., Fajardo, W., Blanco, A., & Requena, 1. (2003). Constructing linguistic versions for the
multicriteria decision support systems preference ranking organisation method for enrichment
evaluation [ and II. International Journal of Intelligent Systems, 18(7), 711-731.
https://doi.org/10.1002/INT.10112

Nguyen, N., Nguyen, H. V,, Nguyen, P. T,, Tran, V. T,, Nguyen, H. N,, Nguyen, T. M. N,, ... & Nguyen, T. H.
(2019). Some key factors affecting consumers’ intentions to purchase functional foods: A case study
of functional yogurts in Vietnam. Foods, 9(1), 24. https://doi.org/10.3390/foods9010024

Oniit, S., Kara, S. S., & Isik, E. (2009). Long term supplier selection using a combined fuzzy MCDM
approach: A case study for a telecommunication company. Expert Systems with Applications, 36(2),
3887-3895. https://doi.org/10.1016/].ESWA.2008.02.045

Peek, G.]., & Van Hagen, M. (2002). Creating synergy in and around stations: Three strategies for adding
value. Transportation Research Record, 1793. https://doi.org/10.3141/1793-01

Poh, K. L., & Ang, B. W. (1999). Transportation fuels and policy for Singapore: an AHP planning approach.
Computers & Industrial Engineering, 37(3), 507-525. https://doi.org/10.1016/S0360-
8352(00)00020-6

Rossolov, A., Naumov, V., Popova, N,, Vakulenko, E., & Levchenko, 0. (2021). Estimation of transport
accessibility in case of rational transport hub location.  Transport, 36(1).
https://doi.org/10.3846/transport.2021.14299

Roszkowska, E., & Wachowicz, T. (2013). Metoda TOPSIS i jej rozszerzenia - studium metodologiczne.
Prace Naukowe / Uniwersytet Ekonomiczny w Katowicach, 11-40. https://doi.org/10.1007/S10726-
012-9299-1

Strahl, D. (1990). Metody programowania rozwoju spoteczno-gospodarczego. Panstwowe Wydawn.
Ekonomiczne.

Tabari, M., Kabolj, A., Aryanezhad, M. B., Shahanaghi, K., & Siadat, A. (2008). A new method for location
selection: a hybrid analysis.Applied Mathematics and Computation,206(2), 598-606.
https://doi.org/10.1016/j.amc.2008.05.111

Tuzkaya, G., Oniit, S., Tuzkaya, U. R., & Giilsiin, B. (2008). An analytic network process approach for

locating undesirable facilities: an example from Istanbul, Turkey. journal of Environmental
Management, 88(4), 970-983. https://doi.org/10.1016/].JENVMAN.2007.05.004

227>


https://doi.org/10.1016/j.cstp.2018.07.007
https://doi.org/10.1016/j.tra.2015.08.008
https://doi.org/10.1007/978-3-642-48318-9_3
https://doi.org/10.1016/0377-2217(96)00004-5
https://doi.org/10.1287/OPRE.1040.0158
https://doi.org/10.1287/DECA.2014.0308
https://doi.org/10.21307/STATTRANS-2020-018
https://doi.org/10.1002/INT.10112
https://doi.org/10.3390/foods9010024
https://doi.org/10.1016/J.ESWA.2008.02.045
https://doi.org/10.3141/1793-01
https://doi.org/10.1016/S0360-8352(00)00020-6
https://doi.org/10.1016/S0360-8352(00)00020-6
https://doi.org/10.3846/transport.2021.14299
https://doi.org/10.1007/SI0726-012-9299-1
https://doi.org/10.1007/SI0726-012-9299-1
https://doi.org/10.1016/j.amc.2008.05.111
https://doi.org/10.1016/J.JENVMAN.2007.05.004

ISSN 2520-2979 Journal of Sustainable Development of Transport and Logistics, 8(2), 2023

WatrdbskKi, ]., Jankowski, J., Ziemba, P., Karczmarczyk, A., & Zioto, M. (2019). Generalised framework for
multi-criteria method selection R. Omega, 86, 107-124.
https://doi.org/10.1016/j.0mega.2018.07.004

Wey, W. M., & Wu, K. Y. (2007). Using ANP priorities with goal programming in resource allocation in

transportation. Mathematical and Computer Modelling, 46(7-8), 985-1000.
https://doi.org/10.1016/].MCM.2007.03.017

© 2016-2023, Journal of Sustainable Development of Transport and Logistics. All rights reserved.
jnu rnal of This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
Sustainable Youarefreeto: - . . ) . _
N Share - copy and redistribute the material in any medium or format Adapt - remix, transform, and build upon the material for any purpose, even commercially.
JJBQ\?E]OPH]Q]][ of The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

Attribution - You must give appropriate credit, provide a link to the license, and indicate if changes were made.

You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions

@fr;msporr and
j!,ogistics

% sclentifie Platiorm - Seiliewet ¥ You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Journal of Sustainable Development of Transport and Logistics (ISSN: 2520-2979) is published by Scientific Publishing House “CSR”, Poland, EU
and Scientific Publishing House “SciView”, Poland, EU

Publishing with JSDTL ensures:

« Immediate, universal access to your article on publication

« High visibility and discoverability via the JSDTL website

* Rapid publication

« Guaranteed legacy preservation of your article

« Discounts and waivers for authors in developing regions

Submit your manuscript to a JSDTL at https://jsdtl.sciview.net/ or submit.jsdti@sciview.net

(228>


https://doi.org/10.1016/j.omega.2018.07.004
https://doi.org/10.1016/J.MCM.2007.03.017
https://jsdtl.sciview.net/
mailto:submit.jsdtl@sciview.net

	Multi-criteria decision support methods for the selection of the optimum contractor: A case study of a passenger transfer centre
	1. Introduction
	2. Literature review
	3. Research method
	4. Results and discussion
	5. Discussion of results
	6. Conclusion and policy implications
	Funding
	Conflicts of interest
	Data availability
	Citation information
	References


