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Original scientific paper

Abstract. Model is based  on the fungal birth and death processes. Model is suited fo r  
Petri dish. Growth o f  fungal colony diam eter in Petri dish is described with exponential 
function. The value o f  diam eter is declared  as integer variable. Integer variable with 1 
mm increment is a discrete state o f  the system. Time in the system is continuously. 
Discrete states, continuous time and exponential grow th are basis fo r  the application o f  
queuing systems in the Petri dish. Queuing system clearly separated  the intensity o f  
birth and death. Difference between the birth intensity and death intensity is declared  
as the fungal life cycle. Fungal life cycle variable is extra sensitive to the inhibitors 
effects. The procedures fo r  param eters calculation are m athem atically explained, as 
well as the significance o f  the obtained param eters. Application o f  the m odel is 
perform ed fo r  F. verticilloides in control conditions and at 16% concentration o f  basil 
and clove essential oils. Life cycle minimum is the synergetic inhibition maximum. For F. 
verticilloides, synergetic inhibition maximum is at 42% o f  basil and 58% o f  clove in 
16% essential oil concentration.

Key words: fungi, synergy, inhibition, essential oil, natural extract

1. Introduction

Exponential probability distribution has exceptional constitutive characteristics 
such as maximum entropy, constant hazard function and it is memoryless. If the 
random evolution of a system is exponentially distributed, then this system is 
memoryless. In memoryless system, future state depends only on its present state, 
and not on any past states. The exponential distribution is the only distribution that
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has memoryless properly. Also, exponential function with the base e = 2 .718281 , 
f(x]=ex has one unique feature. Function f(x)= ex and her arbitrary derivation are 
identical, f(x ) - f ( x ) ' '=...=f(x)M = ex. This feature is the basis of memoryless.

Mycelium growth (Kang et al., 2003 , Vargas-Arispuro et al., 2005 ; Boyraz and 
Ozcan, 2006 , Judith et al., 2008 , Villa et al., 2009 ), hifae growth (Larralde-Corona et 
al., 1997  ; Kampichler et al., 2004 ; Dieguez-Uribeondo et al., 2004 ), spore count 
(Wagner et al., 2 0 0 1 ) and fungal germination under extrem e conditions (Onofri et al., 
20 0 7 ) have exponential properties.

Alteration of the fungal colony diameter (Roller and Covill, 1999 ; Tzortzakis and 
Economakis, 2007 ; Taniwaki et al., 2009 , Tang et al., 2009 ), fungal colonies in the 
presence of bacteria (Brule et al., 200 1 ), the development of fungal biom ass (Damar 
et al., 2006 ), the influence of various inhibitors (Collopy-Junior et al., 2006 ), essential 
nutritienats (Ramirez et al., 20 0 4 ) and the im pact of radiation on the fungal growth 
(Maity et al., 20 0 8 ) can be described with exponential distribution.

Indirect evidence about exponential fungal dynamics we can find in the fungal 
degradation process (Kim et al., 2000 ; Schober and Trosch, 2000 ; Mal-Nam et al., 
2000 ; Ruiz-Aguilar et al., 2002 ; Ishii et al., 2007 , 2008 ; W akaizumi et al., 2009 ; 
Tanaka et al., 2009 , Elsherbiny et al., 2017).

Fungal growth occurs in the system of self-replicator species (Scheuring and 
Szathmary, 2001 ; Chertov et al., 2004 ; Milne, 2008 ; Boswell, 2008). Self-replicator 
growth system is the basis of analogy between fungal growth and exponential 
function. Indirectly, through an exponential distribution, fungal systems are 
memoryless. Analogously, the fungal growth is the Markovian process.

Management of m icrobiological systems has significant economic, environmental 
and health aspects. The m icrobiological control of foods is particularly significant. In 
the case of fungi, control of growth by using inhibitors is based on compromise. 
Inhibition need to m eet the requirem ents of m icrobiological quality and in the same 
time, to preserve the nutritional, health and organoleptic properties of food.

The intensity of fungal inhibition is commonly investigated with the agar plate 
method, based on the m easurem ent of the colony diameter, in the presence of 
essential oil or herbal extract during the time. (Nielsen and Rios, 2000 ; Guynot et al., 
2003 ; Suhr and Nielsen, 2003 ; Benkeblia, 2004 ; Pereira, et al., 2006 ; Sheng-Hsien et 
al., 2007 ; Lopez-Malo et al., 2007 ; Fung and Zheng, 2007 ; Tullio et al., 2007 ; Soylu et 
al., 2007 ; Viuda-Martos et al., 2007 , 200 8 ; Tzortzakis, 2009 ; Reddy et al., 2009 ; 
Tatsadjieu et al., 2009 , Tanackov S. et al., 2014 ; Badea et al., 2016 ; 
Llana-Ruiz-Cabello et al., 20 1 6  Tancinova et al., 2018 , 2019).

Inhibitors can be synthetic and natural. Use of synthetic inhibitors is not always 
desirable, especially in food. Essential oils and plant extract are the main natural 
inhibitors. A special analytical challenge is the potential synergic effects in the 
application of inhibitors. Synergy inhibitors may improve the com position of the 
com binatorial selection of inhibitors with greater antifungal effect and more 
acceptable organoleptic characteristics.

The inhibition intensity is determined by the comparative method a posteriori. 
This method is based on determining the initial birth rate without inhibition. In the 
presence of inhibitors, a reduced birth rate is obtained. The comparison (difference)
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of these two intensities represents the difference in the birth intensity, again. The 
intensity of dying due to inhibitory effects rem ains unknown. Individual inhibitor 
intensities can be estim ated by standard procedure, but the synergistic effect of two 
or m ore inhibitors is difficult to describe by existing models.

Considering the growth of colonies as a stochastic system opens up the possibility 
of applying a queuing system (QS). The birth and death intensities in microbiology 
analysis are analogous to the intensities of clients arrivals and clients servicing from 
queueing systems. The capacity of QS models has been proven in many fields of 
research (Fazlollahtabar anf Gholizadeh, 2019a ; Fazlollahtabar and Gholizadeh, 
2019b ; Tanackov I. et al, 2019a , Tanackov I. et al, 2019b )

2. Materials and methods

2.1. Experimental setup

For the antifungal activity testing, commercially available, food grade clove and 
basil extract was provided from ETOL "Tovarna arom in etericnih olj” d.d., Celje, 
Slovenia.

As test m icroorganisms, the following fungal strain from the genus Fusarium  was 
used: F. verticillioides (Sacc.) Nirenberg (syn. F. moniliforme Sheld.). The fungal 
culture w ere isolated from cakes and maintained on Potato Dextrose Agar (PDA) at 
4°C as a part of the collection of the Laboratory for Food Microbiology at the Faculty 
of Technology, University of Novi Sad, Serbia.

The agar plate method was applied in the testing of the antifungal activity of 
extracts. The basic medium for the antifungal tests w as PDA. The medium was 
divided into equal volumes (150  ml), poured into Erlenmeyer (250  ml) flasks and 
autoclaved at 1 2 1 2C for 15 min. Concentrations 0 i 0 .16%  (v/v) w ere tested 
self-contained extracts, and basil-clove combinations: 50% :50% ; 75% :25%  i 
25% :75% . The extracts w ere added to medium after cooling to 45°C. The culture 
medium was then poured into sterile Petri dishes (c|)9 cm), 12 ml into each plate.

To prepare the conidial suspension dispute we used the seven-day culture F. 
verticillioides grown on PDA. Suspension of fungi prepared in a medium which 
contained 0.5%  Tween 80 and 0.2%  agar dissolved in distilled w ater and were 
adjusted to provide initial spore count of 1 0 6 spores/mL by using a haemocytometer. 
For each extract dose and fungi species, including the controls w ere centrally 
inoculated by spreading 1 |il of spore suspension (1 0 3 spores/ml) using an 
inoculation needle. After inoculation, the Petri plates w ere closed with parafilm. The 
efficacy of the treatm ent was evaluated by daily m easurem ent of the diameter of 
radial colony growth during 14  days of incubation at 25 +22C (table 1.).

2.2. Markovian process in Petri dish

Exponential param eter (Whitt, 2018 ; Tanackov et al., 20 1 9 ) of fungal growth z is 
a function of the intensity of birth 2  and death fi, g=f(/.,/.i), provided X>fi. In Petri dish 
queuing system, number of microorganisam s determines the state of the system. 
Description with Markovian birth-death process is based on the exponential 
intensity of birth 2  and death fi. If the initial state of the system is defined with zero
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microorganisms, then the initial intensity of death |a is also equal to zero. The system 
goes into a state one microorganism with intensity A. Simultaneously with the 
transition to a state one microorganism, death process with intensity fi is started. In 
the same time with the transition to a state with one microorganism, process of 
death with intensity fi start. From the state with one microorganism, system exceeds 
to the state with two microorganisms by the same intensity of the birth, X. If the 
system implemented another birth with intensity X, and the first micro-organism has 
not finished the process of dying, the system exceeds in to the state two 
microorganisms. The dying process of the first microorganism is not complited and 
the second microorganism begins the process of dying. Therefore, the intensity of 
death in a state two microorganisms is equal 2j.i. System with the same birth 
intensity exceeds in the next state, and with multiplicity intensity of death exceeds to 
a previous state. If the number of microorganisms is equal to k in the system, then all 
k microorganisms are in the process of dying. Therefore, the intensity of dying in 
system with k microorganisms is equal to k/u. System with k microorganisms cannot 
realize (k  +1 ) ll intensity of the death. This relationship between the intensity of birth 
,1 and intensity of death /i, can be described with exponential development of fungal 
colonies in Petri dish (Fig. 1).

Petri dishes

Time (days)

+1 birth +1 birth +1 birth +1 birth +1 biith +1 birth

1 death 2 death 3 death 
process process process

f(t)=D mm( l - e - 11)

4 death 
process

(k) death (k+1) death 
process process

f(t)= D max(l-e -V )  

X=const

“k Dmax

—  ■■

\i=const

Figure 1. Fugal colony, exponential development

At asymptote diameter, the intensity of birth and k multiplicated death are 
identical, X=k/.L The value of the colony diameter is equal to asymptote value which is 
maximal colony diameter Dm;lv. This point have a crucial importance for solving the 
explicit form of the function The solution to the intensity of dying is now
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available, initially in steady-state mode. If necessary, the intensity of dying can be 
considered as non-stationary in time, and additional possibilities are consideration 
of non-stationary intensity of dying in conditions of different temperatures, 
humidity, initial inoculation or other im portant microbiological parameters.

2.3. Petri dish Queuing system

Marcovian processes in the system are determined with the time and state of the 
system. Time in the system can be discretely and continuously. State of the system 
can be discrete and continuous, also.

Consecutive time intervals for fungal colony diameter m easurem ents were 
determined by SI unit, time.

These intervals are discrete, usually 1 day. Measurement of fungal colony 
diameters in Petri dish, are recorded in the SI unit of length, in millimetres or 
centim etres. Development of fungal colonies declared this dimension as a variable. 
Diameters values are represent in the time series.

The time is independent variable, and the diameter is dependent variable. Due to 
the nature of the fungal colony development, the total number o f fungi cannot be 
precisely determined. All elements of the fungal colony development are synthesized 
in the diameter.

Diameter is a generalized variable of the system. The state of the fungal colony is 
continuous variable.

Fungal colony diameter (do, di, di, c/3, ..., du), f(ti)=d\ time series in Petri dish, for 
discrete time intervals At, (to, ti, ti, h , tk], tp+y = ti+At , k e [ 0 ,1 ,2 ,. . . ,  n] have a form 
of exponential function:

f ( tk ) = dk = D max(1 ~ e %h )  k e [ 0 , l ,2 , . . . ,n ]  (1)

A high approval of em pirical and theoretical data is necessary condition for 
regular description of the fungal colony diameter with the exponential function. This 
agreem ent can be expressed with the correlation coefficient. The linear regression of 
em pirical and theoretical data m ust be described with fulfil values of param eters a~ l  
and b~0, in addition to the high value of correlation coefficient r~l.

A fulfilment of these conditions gives a representative description of the 
em pirical time series with exponential theoretical function. Discrete values of colony 
diameter can be obtained with integer function values from representative function.

s ( t )  = [ f ( t ) ]  = m j \ D mJ l - e ^ ) \

Approximation of f(t)  with the function s(t) depends from the increm ent size. 
Smaller increm ent has a better approximation. For fungal colony diameter 
measuring in millimetres, integer increm ent 1 mm gives a satisfactory 
approximation. W ith discrete values of the colony diameter, are fulfilment conditions 
for the application of Markovian process with continuous time. Continuous time with 
discrete states of the system allows the Petri dish to formation Markovian queuing 
system (Fig. 2).
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V sCr ̂  >►v-.' 
r  A-t 1 Cn-1)M

Time (days)

Figure 2. Petri dish Markovian queuing system

Explicit form of the function have two unknown variables, A and ju. For
the calculation of their values, it is necessary to define a system of two equations. 
The first equation is obtained from initial conditions. At the beginning of growth, at 
t= 0, the intensity of death is equal to zero, jli=0. Intensity of birth A is equal to:

D m a x [ l~ e  0 =  ( D m axCe t=0 =  A <=> A =  DmaxZ (3)
The second equation can be obtained from the development of state and 

calculation of the average number of clients in the Markovian system (Fig. 3],

X X X X
x n X , K K - i

Figure 3. Development of Markovian's system mold colonies in Petri dishes

Differential equations of queuing states in the stationary mode, with constant 
values of birth and death intensity A(t)=A =const and fi(t) /.i- const, are:
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1 X
P k(t)’ = 0 = Xpk_j -  \ipk -  Xpk -  \xpk+1 »  p k = —  I ■- | p 0

k

P „ ( O ' =  0  =  + X p n_j - nyipn <=> p n =  —  -  | p 0
n!l\± 1

(4)

In the n previous equations we have (n +1] unknown variables, k e[0, 1, 2 , . . . ,  ri\. 
Equation needed to solve this system of equations, we can obtaine from the basic 
requirem ents of probability states:

X l ( x ] k i f x  Y  ,
P0 + P l+  P2 +-- + Pn-1 + Pn = 1 0  P 0 + - P 0 + - + - T ,  _  /,0 + - + _ 7 “  Po = 1 

From these ( n +1) equations, probability of state po is:

.. X i ( x } k 1 ( x Y  _  ” i f x Y _ ,  _  1
Po( + -" + "zw “  —- — - P o H — \ — \ - l O P o - ---------— -( i0 kiyv-J n .iy v j k=0k !y v J  „

k=ok!\K\i.j

Recurrent equation for calculating the probabilities of the queuing system states 
is obtained from (4) and (5):

1 ( x ' k

i  f  x Y
P k = ~n\~\ P o ^ P k  = --------- -- *

k ! \ v )  z — f -
k=o k!  ̂(x

The average number of clients in the system is obtained from the (6):

- f - Y  - f - Y  t  1 { 7̂ s l
2 .* Ps 2- s k L  k / \k

s= 0  s= 0  M  S=°  2  1  ( I  T . 1 \

k=ok!\yi) k=ok!y\jLj k=ok!y\ji

U
The exponential function e may be w ritten as a Taylor series:

(6)

(73
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=o n.

1

0! 1! 2! 3!

S= i ( s - l ) ! y  |x 
lim --------
n—»co co

k=ok!y\i

k ■ =  —  =  1

l
S=1( s - l ) ! { \ x

For a large enough n, we can adopt k 0 '  ̂^

Average number of clients in the system is equal:

« X
Z S 'P s  = ~
s=o M-

s - l

(8)
In stationary mode of ergodic Marcovian queuing system, this value (8) is equal 

to the average diameter of the fungal colony c/ave. From birth intensity initial 
conditions and from average number of clients, the value of death intensity |_i is:

< = > n  =  -
D„

d„
(9)

Values Dmax, t; and c/ave we can calculated from experimental m easurem ents of 
Petri dish. Dmax is the param eter of the fungal colony asymptote, J; is the param eter of 
the exponential function. E, is calculated by the heuristic search of the colony 
diameter time series do, di, c/2, d3, ..., c/k,

Param eter c/ave is equal to:

j  _  1 £  j  _  ^0 + ^ 1  + d 2 + — + dk
av e ~  , L u i ~  ,

K  7=0 K Cio)

In a long time of measurement, average diameter c/ave converge to asymptote of 
fungal colony D max.

,lim dave = limk—> co k—> co
dQ+ d l + d 2 +... + dk _ ^

(li)

Also, the intensity of death converges to the growth rate.

II,lim |x = lim —
k—>00 k—>00 CIq + + Cl2 +... + a k k—>m jy

D  £ 
= lim max •

(12)

0 1 2 3n
Aco

+ +

s - 1

X

1

k

k
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Therefore, entry in to the deep asymptotic region should be limited. The 
introduction of another diameter elk 1 from time series in to the dave calculation (11), 
should be stopped because of small differences between successive diameter, 
dk»dk+i. Significance of this difference, p= (1 -q )  can be directly set and calculated 
from the integral equation (13):

1 A n a x ( l - ^ V  = A n a x ^ , max':
rk

(1 3 )

Adding and subtracting the value of 1, we relate the diameter and significance 
(14):

-  Anax^l - 1  + -  e- * * ) = -D m̂ (  1 -  e - * '  -  (1 -  )) < q [14]

d = D (1 -  p̂ tk ) d = D {1 -  p^k+I )Successive diameters are k max' ’ i k+1 max{ ' ,  and lim it of
the diameter difference dend is equal to (1 5 ) :

-  AnaMAk ~ dk+1) ^ 9 <=> (dk+1 ~ d k)<. —̂ —7 = dend
x= (153

Equation (14) provides reliable intensity of birth 2  and death fi, with the 
required significance p.

2.4. Results

The calculation of all relevant param eters is given in table 2. Calculated lim it 
difference dend for significance p=0.95 satisfies all the requirem ents of measuring up 
to 14 days. Empirical results of measuring diameter and theoretical exponential 
functions linear regression param eters a and b w ere a«  1 and b&0, in control 
conditions and 16%  concentration for all compositions o f basil and clove essential 
oils. The correlation coefficient is high r2> 0.99, for all conditions, also. Calculation of 
the param eters c  i Dmax is valid. Param eter dave is obtained from (11) as the average 
diameter of fungal colonies. Birth intensity X is obtained form (3), and death 
intensity |x is obtained from (9)

3. Discusion

In this example, approximated diameter converges to value 1 20 .154  mm for 50%  
basil and 50%  clove in 16%  essential oil concentration. This value is larger than the 
approximated diameter for control conditions, 117 .176  mm. From diameter 
comparation, synergetic stimulation off fungal growth is deduced by classic 
approach. However, the diameter does not express explicit morphological changes. 
Morphological changes are contained in the param eter o f the life cycle.

The life cycle of fungi represent the subtraction between birth intensity and death 
intensity. Subtraction between birth intensity in control conditions Acontroi=9,608 
mm/day and the death intensity in control conditions /fcOntroi=2,058 mm/day is the 
life cycle of fungi F. verticilloides in control conditions Aontroi=7,594 mm/day. Life 
cycle control value is constant for all range of concentration and arbitrary inhibitors

9
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relation. Intensity of birth and death values, i respectively, at 16% 
concentration for different relations basil and clove, do not have a constant value. 
These values are functions of relations between basil and clove. The calculations of 
the F. verticilloides life cycles in control condition and basil-clove synergetic 
conditions are given in table 3.

Graphic presentation of the results in table 3 is given in Fig. 4.

* hcontrol=  9,608

..

basil

o 
0,80 Control level A control—̂  control-  Hcontrol— 7,549 "0“

r, basil 
fi*clove

^basil __ ..Dasit
^■clove J^cjove

SI Synergic 
inhibition

SS Synergic 
stimulation

. basil 
n  clove

basil

Basil
-  100 90 80 70 60 50 40 30 20 10 0

0 10 20 30 40 50 60 70 80 90 100
Clove |

Figure 4. F. verticilloides life cycle dynamic

From Fig. 4 is the apparent dynamics of birth and death process for the F,
ybasil

verticilloides. Birth process intensity ^ 'p n  the 16% concentration has pronounced 
variations of value. Birth intensity at 100%  basil in 16% essential oil concentration 
(8.850 mm/day] have higher birth intensity from 100%  clove in 16%  essential oil 
concentration (6,197 mm/day]. With the increasing participation of clove in 16% 
essential oil concentration, come to a sudden fall of the birth intensity. Minimum 
intensity birth is about 60% basil and 40%  clove participation. With further increase 
participation of clove, comes an increase in the intensity of birth. Stabilization of 
about 75% of clove participation, remains constant until the end of the domain.

basil
The intensity of the death at 16% concentration has not pronounced

basil
variations. Death intensity have are less than the death intensity in control 
conditions. Lacking the expected death intensity increase. However, reducing the 
intensity of growth directly reduces the quantity of the system, and thus the intensity 
of dying.

Birth intensity minimum is at 50% basil and 50%  clove. Death intensity minimum 
is at 25%  basil and 70% clove. Approximate function of the life cycle

a basil '•.basil basil
dove = dorc_  dove t |las a minimum at 42%  basil and 58% clove. F. verticilloides life 

cycle minimum is the maximum basil-clove synergetic inhibition (Fig. 4.].
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Equilibrium line AEq gets points through 100%  of the selected concentrations of 
two inhibitors. Equilibrium line is a set of values that is linearly proportional to the 
inhibitor participation in a 16%  essential oil concentration. The synergetic 
stimulation zone (SS) is above from Equilibrium line

The synergetic inhibitona zone (SI) is below from Equilibrium line. Area from 
Equilibrium line to the life cycle control level line is the synergic stimulation area. 
The values of the life cycle can vary about Equilibrium line. In such variations, values 
above the Equilibrium line are synergistic stimulation, even though they are less 
from the control level value. Synergetic inhibition values are below the Equilibrium 
line. In the shown case, for 16%  concentration of essential oil relationships Basil and 
Clove, all values of the life cycle are under Equilibrium line. Selection of essential oils 
have a distinct inhibiting effect of synergy in the whole area, with a pronounced 
minimum of 42%  basil and 58%  clove.

Standard models based on the difference in growth intensity between 
non-inhibited and inhibited sample, cannot directly express the maximum 
synergistic effect of the two inhibitors. The formation of the two-dimensional 
function of the action of two inhibitors using standard models requires an 
incomparably larger number of experiments with different concentrations, and one 
post-process application of some heuristic model. The results show that the QS 
model is more accurate, reliable and less expensive for research.

4. Conclisuions

Queuing model has a high sensitivity. The basis of sensitivity is in intensity 
differentiation. These intensities are obtained from growth rate. At the same time, it 
is necessary to percieve a clear distinction between growth rate and life cycle. 
Growth rate is a feature of the of birth and death process. The life cycle is a feature of 
the birth and death intensitys.

The queuing model has limitations. In the case of higher concetrations, 
application of inhibitors may delay the start of fungal growth. During the asymptotic 
inhibition, birth intensity is equal to zero.

Changes in diameter does not correspond to exponential function. This period 
lasts until the beginning of delayed growth. Start of growth changes the value of the 
birth intensity. Existence of two values for the same intensity is a feature of 
nonstationary queing system. Solving the nonstationary queuing system can not be 
done by the proposed m athem atical procedure. Therefore, the model gives solutions 
only in the case of small concentrations of inhibitors. These concentrations m ust be 
less then MIC (minimal inhibitory concentration). The model can be applied to the 
analysis of bacterial inhibition, as well as the simultaneous application of three or 
more inhibitors.
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Research Paper

Abstract. There has been a paradigm  shift in the autom obile industry due to e-mobility 
which reduces green-house gas emission and air pollution. In this context, selection o f  
the most feas ib le  automotive passenger vehicle is a complex decision-making problem  
due to the use o f  different pow er source, technology, specification and price. In this 
paper, five alternative vehicles based  on fu el cell, hybrid electric, battery electric, plug 
in hybrid electric and com pressed natural gas bi-fuel are evaluated using an integrated  
criteria im portance through inter-criteria correlation (CRITIC] - Combined 
Compromise Solution (CoCoSo] method. CRITIC m ethod is used to obtain the weights o f  
the vehicle selection criteria, whereas, CoCoSo m ethod is em ployed to rank the vehicles 
considering different technical and operational criteria such as greenhouse gas  
emission, fu el economy, vehicle range, accelerating time, annual fu el cost and vehicle 
base m odel cost. It is found that battery electric vehicle out perform s all other  
considered alternatives. The validity o f  the results is verified by com paring with other  
well popular MCDM methods. Further, a sensitivity analysis is conducted by changing 
the criteria weights to establish the stability o f  the model.

Key words: Alternate passenger vehicle selection, CoCoSo, CRITIC, sensitivity analysis

1. Introduction

Alternate fuel vehicles are those which can be fueled in part or full by electricity, 
hydrogen, biodiesel, compressed natural gas (CNG), liquefied petroleum gas (LPG)
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and ethanol as compared to the conventional petrol and diesel-based vehicles. The 
most commonly used alternate vehicles are battery-electric, hybrids, plug-in hybrids 
and fuel cell vehicles in addition to vehicles based on ethanol, biodiesel, biogas and 
hydrogen. The total environmental impact of the vehicle fleet is likely to decrease if 
conventional vehicles are replaced by alternate fuel vehicles. The alternate electric 
vehicle (EV) technology reduces emission, increases energy efficiency, does not have 
any energy consumption at static condition and also boosts with low ambient noise. 
Fuel cells, similar to EVs, also have no tailpipe emission, no corrosion to the engine 
and it is also quiet in operation. Hybrid EVs (HEVs) and plug-in HEVs (PH EVs) use a 
combination of internal combustion engines (ICE] along with an electric motor and 
reduce fuel consumption and green-house gases (GHGs). Bi-fuel vehicle is another 
type of alternate vehicle which recues the tailpipe emission than petrol and diesel 
engines. According to a report (1EA 2019) that in 2018, more than 5.1 million the 
electric car was sold globally, out of these more than 66% of electric cars were 
battery EVs (BEVs). Market share of electric car has been steadily increasing from 
50% (2012) to 68% (2018). China, Europe and United States are the world’s largest 
electric car market. The report also indicated that by the end of 2018, global stock of 
electric busses was 4,60,000 while the same for two wheelers was 260 million. In 
2018, sales of light-commercial vehicles were around 2,50,000 units and medium 
electric truck reached in the range of 1000-2000 units. In the same year, global EV 
stock aided publicly accessible 5.2 million light-duty vehicle chargers and 1,57,000 
fast chargers for buses. It is also observed that, in 2018, EVs used about 58 
terawatt-hours of electricity and produced 41 million tonnes of carbon-dioxide 
equivalent (CChe) on the road, that mean EVs saved 36 million tonnes of CChe as 
compared to an equivalent internal combustion engine vehicle.

In EV 2030 scenario, global EV sales are expected to be around 23 million 
(excluding two/three-wheelers) and would cut demand for fuel-based vehicles. BEVs 
and PHEVs are presently using electricity for battery charging. The current global 
average carbon intensity of electricity generation (518 gms of CChe /kWh) emits 
huge amount of GHG if the power generation mix is controlled by a high carbon 
source. CO2 emissions at EVs are significantly reduced as the power generation is 
controlled by a low carbon power source. But in some countries, like India where the 
electric power is mainly produced by coal, therefore, hybrid vehicles emit lower GHG 
than the EVs. Further, the emission reduction potential of EVs over their entire life 
cycle can further be raised if electricity generation can be made decarbonized. 
Future concept in automobile sector now has been drastically changed. Therefore, 
the future demand for automobile sectors are renewable or alternate energy-based 
vehicles which can reduce emission from tailpipe and equivalent CO2 emission from 
different sources. Therefore, appropriate selection of the alternate fuel car is now 
one of the most challenging areas and considered as a multi-attribute 
decision-making (MADM) process for stake holders like customers and 
governmental agencies due to the presence of several mutually conflicting 
attributes/criteria.

It has been observed that very less research works have yet been carried out in 
MADM domain focusing on the selection of the most feasible alternate fuel cars. 
Biswas & Das (2018a) applied entropy and multi-attributive border approximation 
area comparison (MABAC) methods for hybrid vehicle selection problems. Car model
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cost, fuel economy, tank size, tail pipe em ission and passenger volume were 
considered as the predominant selection criteria. Further, Biswas & Das (2018b) 
adopted fuzzy-analytic hierarchy process (AHP) and MABAC method for 
commercially available electric vehicle selection for a case study of United States. 
Various technical and operational attributes like fuel economy, base model pricing, 
quick accelerating time, battery range and top speed w ere considered. Biswas & 
Saha (2019) proposed a novel MADM approach for evaluating commercially 
available scooters and considered kerb weight, mileage, top speed, fuel tank capacity 
and price as the influential criteria.

In this paper, an endeavor is attempted to integrate two vastly used MADM 
methods, namely criteria im portance through inter-criteria correlation (CRITIC) and 
Combined Compromise Solution (CoCoSo) for the evaluation and ranking of five 
alternative environment friendly vehicles. The CRITIC method is used to determine 
the weight coefficients associated with each vehicle selection criterion. Ranking of 
the vehicles is achieved using the CoCoSo method. Five different types of passenger 
vehicles such as Toyota Mirai (fuel cell vehicle), Tesla Model 3 (BEV), Toyota Prius 
eco (HEV), Honda clarity plug in (PHEV) and Chevrolet Impala Bi-Fuel (CNG vehicle) 
are considered as the alternatives. Fuel economy, range in mile, annual fuel cost (in 
$), accelerating time from 0 to 60 mile per hour, vehicle cost (in $) and tail pipe 
em ission in gram/mile are considered as the attributes based on the data available in 
m anufacturers’ websites and catalogues. Finally, a sensitivity analysis is also 
performed to check the effect of changing criteria weights on the ranking 
perform ance of the integrated model.

The paper is organized as follows: after the introduction and literature review, 
section 2 presents the m athem atical formulation of CRITIC and CoCoSo methods. 
Section 3 presents an application of the hybrid method for ranking of cars. A 
sensitivity analysis for the novel method is presented in Section 4. Section 5 presents 
the discussion and concluding rem arks and directions for future research is 
presented in section 6.

2. Methodology

This section presents the m athem atical formulations of CRITIC and CoCoSo 
methods which are subsequently applied for the evaluation of the alternate 
passenger cars.

2.1. CRITIC Method

CRITIC method was originally developed by Diakoulaki et al. (1995) for 
estim ating criteria weights in MADM environment. Here correlation analysis is used 
to distinguish between different criteria (Yilmaz & Harmancioglu, 2010). This 
method is basically based on analytical testing of the decision m atrix in order to 
determine the information contained by the criteria. There are many successful 
applications of CRITIC method for a wider range of applications such as 
pharm aceutical industries (Diakoulaki et al., 1995 ), water resource management model 
(Yilmaz & Harmancioglu, 2010), index system of city’s soft power (Guo et al., 2013), 
financial statement of stock exchange (Kazan & Ozdemir, 2014) and non-traditional 
machining process (Madic & Radovanovic, 2015). CRITIC method has the following 
simple steps, as detailed below:
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Step-1. Formation of the decision matrix:

Cl)= 1,2, j  = 1,2,

ml ‘*m2

Step-2. Normalization of the decision m atrix using the following equations:

for benefit criteria (2)x., -  max x„ r = __ I_______L
‘J

max xt. -  xt.
rn = --------------- :-----max x„ -  mm x„

for cost criteria (3)

Step- 3: Calculation of symmetric linear correlation m atrix (m,;):
A linear correlation coefficient between the each pair of criteria is estim ated 

using the following equation to quantify the conflict resulted among different 
criteria. It can be seen that the m ore discordant the scores of the alternatives in two 
criteria / and j, the lower the value rmj.

m
Y j j , j  ~ rj)(r ik - r k))

Z ( ^ - o ) 2I > * - r* )2
w C4)

Step- 4: Determination of the objective weight of a criterion also requires the 
estim ation of both standard deviation of the criterion and its correlation with other 
criteria. In this regard, the weight of the j th criterion (u/;) is obtained using the 
following expression.

w . = Cj 5)

/=i

where, Q is the amount of information contained in the criterion j  and is determined 
as follows:

C, = CT "ZJ /=1 V
C6)

where o  is the standard deviation o f/ h criterion and is the correlation coefficient 
between the two criteria. A higher value o f Cj signifies greater amount of information 
contained in a particular criterion, hence it is provided with higher weight value.

2.2. Combined Compromise Solution (CoCoSo) Method

Yazdani, Zarate, Zavadskas, & Turskis, (2018 ) established the CoCoSo method. It 
is based on the integration of two m ost popular MCDM methods namely Simple

Ik

?'=1

n
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Additive W eighting (SAW) and Exponentially Weighted Product (MEP). Previous 
researchers applied CoCoSo methods in different area such as evaluation of electric 
vehicles under sustainable automotive environment (Biswas et al. 2019), 
manufacturing process (Acharya & Murmu, 201 9 ), sustainable supplier selection 
(Zolfani et al. 2019). CoCoSo method consists of the following easy steps:

S tep l. Formation of the original decision m atrix X=[xij]mxn..
Step2. Then normalize the decision m atrix as N =[nij]m xn using Eqs (2) and (3). 
Step3. Estimation of sum of weighted comparability (57) sequence and power 

weighted comparability sequences (Pz) for each alternative respectively.

n
S i = ' ] T ( w J r ^  m

j = i

P i  =  ^ L ( r , T J
-,=1 (8) 

Step 4. Computation of relative weights of the alternatives:
In this step, three aggregated appraisal scores are used to generate relative 

perform ance scores of the alternatives, using the following equations:

P  +  S .

m in S . m in P.

k  =  M S , )  +  ( l  -  )  (1 1 )
IC (A, m a x  S t +  (1  — X )  m a x  P t )

Step 5: The final ranking of the alternatives is determined based on ki, values: 
Higher ki values indicate better position of the alternatives in the ranking pre-order.

fc=(fca fcb fcc) V 3+ 1/ 3 (kia+kib+fcc) (12)

3. Case study

Now to explore the application potentiality of the integrated CRITIC-COCoSo 
model, a case study comprising five alternative vehicles is now considered under 
passenger car category with six criteria. The details are given in Table 1. The data set 
is retrieved from different m anufacturers’ w ebsites and catalogue. Description of the 
considered evaluation criteria is provided in Table 2. Out of the six criteria, fuel 
economy (C l) and range (C2) are considered as beneficiary criterion or higher the 
better and rest four criteria are considered as non-beneficiary criterion or lower the 
better. Fuel cell EVs (FCEVs) are fueled with pure hydrogen gas and this is converted 
to electricity by the fuel cell. It is produce no harmful tailpipe emissions. FCEVs are 
attached with other advanced technologies like regenerative braking systems, which 
capture the energy lost during braking and store it in a battery. Driving range of this

2 0



vehicle is very high. FCEVs are beginning to enter the consumer m arket in around the 
world. Toyota Mirai is the popular car under category of FCEV.

All BEVs get electricity from rechargeable battery packs. Benefits of the s as 
compare to conventional fuel are energy efficiency (EV convert above 60%  of the 
electrical energy to power at the wheels), environmental friendliness, reduced 
energy dependency, smooth operation, less noise and less maintenance. Only the 
drawbacks are shorter driving range and high recharging time. An example of BEV is 
Tesla Model 3.

HEVs run by an ICE in combination with electric motors. In case of full hybrid 
vehicles, battery charging is done through a regenerative braking m echanism and 
ICE. This type of vehicle does not require plug in to charge. The benefits of HEVs are 
high fuel economy and low tailpipe em issions over ICE-based vehicles. Example of 
HEV is Toyota Prius eco.

PHEVs have an ICE and an electric motor where batteries provide the power to 
the motor and liquid fuel (mainly petrol or diesel) is used for the ICE. This type of 
vehicle has lower operating costs and low amount of fuel consumption in 
comparison to the conventional vehicles. PHEVs produce lower levels of GHGs, 
depending on the electricity source. The example of PHEV is Honda clarity.

In ICE vehicles, CNG is stored in a tank as compressed gaseous state. This fuel is 
used in light, medium, and heavy duty applications. Driving range is generally less in 
these vehicles than that of a diesel or petrol powered vehicle due to the the lower 
energy density. The advantages of CNG are high mileage and reduced GHG emissions 
over conventional petrol and diesel fuels. Light com m ercial vehicles are typically 
equipped with dedicated or bi-fuel systems. Chevrolet Impala bi-fuel car is a popular 
example of CNG vehicle.

Selection of commercially available alternative passenger vehicle in automotive environment

Table 1. Decision m atrix for selection of alternate car

A lternate 
fuel car

Fuel 
econom y 

(Mi/ galon] 
(C l)

Range
(m iles]

(C2)

Annual fuel 
cost($] 

(C3)

A cceleration
(0-60m ph ]

(C4)

Cost ($] 
(C5)

Tail pipe 
em ission 

(gm s/m ile] 
(C6)

Toyota 
M irai (A l] 

Tesla

67 312 12 5 0 9 .4 5 8 3 6 5 0

model 3 
(A2) 

Toyota

133 2 4 0 500 3.7 3 9 5 0 0 0

Prius eco 
(A3) 

Honda-cla

56 633 700 10.2 2 8 0 0 0 158

rity plug in 
(A4) 

Chevrolet 
Impala

110 340 700 9.5 3 4 3 2 0 57

Bi-Fuel
[CNG]
(A5)

20 360 18 5 0 7.9 3 7 ,5 7 0 4 0 5

Sources: Manufacturing w ebsite and www.fueleconomy.gov
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Table 2. Descriptions of different criteria for selecting best alternate car

Criteria_________________________________ Description

C l

It indicates that how much mile the vehicle can go by using a 
quantity of fuel. It is expressed in mile per gallon. Improve fuel 
economy saves money, reduces climate change, and reduces 
oil dependence cost.
Range means that the maximum distance the car can travel 
between two subsequent charging for electric vehicle but in 

£2  case of petroleum fuel it indicates that how much distance
covered a car by from full tank to empty tank. Its unit is mile. 
Range on a tank assumes 100%  of fuel in tank will be used 
before refueling.
Its calculates, based on 45%  highway, 55%  city driving, 
15 ,000  annual miles and current fuel prices. (Diesel per gallon 
price $2.97, petrol regular fuel price $2.55 and electricity 
$0.13/kWh)
It signifies that how much time is required to accelerate the 

C4 car from 0 to 60 Mile per hour. It is identifies by time(in
seconds)

C5 It is the selling price of vehicle in dollar.
Tail pipe emission is the exhaust gas of the vehicle which 
produced after the combustion of fossil fuels. It is expressed as 

C6 gram per mile. These are the responsible for greenhouse effect, 
causing climate change, photochemical smog, acid rain, 

____________ reducing visibility, aggravating heart and lung diseases.________

C3

At first, the criteria weights for the alternate fuel car selection case study are 
computed using CRITIC method. As the initial step, the decision m atrix of Table 1 is 
first normalized using Eqs. (2) and (3) respectively for beneficial and cost criteria, as 
shown in Table 3. This table also presents the o  values. Subsequently, inter criteria 
correlation values are presented in Table 4. Finally, the criteria weights are 
estim ated using Eqn. (5), as shown in Table 5. According to the weight values of 
Table 5, C2 is the m ost im portant criterion, whereas C3 is the least im portant 
criterion.

Table 3. Normalized decision m atrix

Alternate fuel car C l C2 C3 C4 C5 C6

A l 0.42 0.18 0.44 0.12 0.00 1.00
A2 1.00 0.00 1.00 1.00 0.62 1.00
A3 0.32 1.00 0.85 0.00 1.00 0.61

A4 0.80 0.25 0.85 0.11 0.79 0.86

A5 0.00 0.31 0.00 0.35 0.68 0.00
Standard deviation (cj) 0.396 0.382 0.408 0.403 0.375 0.419
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Table 4. Correlation coefficient values of paired criteria

Criteria C l C2 C3 C4 C5 C6

C l 1 -0 .4753 0.8368 0 .5254 0.0038 0.8128

C2 -0 .4753 1 0.0784 -0 .636 0.5809 -0 .3156

C3 0.8368 0.0784 1 0.2341 0.3286 0.7452

C4 0.5254 -0 .636 0.2341 1 -0.0522 0.1747

C5 0.0038 0.5809 0.3286 -0.0522 1 -0 .3741

C6 0.8128 -0 .3156 0.7452 0 .1747 -0 .3741 1

Table 5. W eights of the BEV selection criteria

Criteria C l C2 C3 C4 C5 C6

Cj 1.306 2 .204 1.134 1.916 1.692 1.659

Wj 0.132 0.222 0.114 0.193 0.171 0.167

After finding out of criteria weights using the CRITIC method, the considered 
alternate fuel car selection problem is now solved by CoCoSo method. After the 
formation of the decision m atrix of Table 1, normalized decision matrix, sum of 
weighted comparability sequence, power weight of comparability sequences and the 
overall score of the alternatives are determined using the respective equations 
provided in Section 2. The final ranking of the considered vehicle alternatives is 
obtained according to the descending order of the k values (Table 6). This table 
indicates that Tesla model 3 (A l) is the m ost favorite vehicle while Chevrolet Impala 
Bi-Fuel (A5) emerges out as the least preferred alternative.

In Table 6, ranking of the alternative cars is also verified by comparing the 
perform ance of the integrated CRITIC-CoCoSo method with some of the well popular 
MADM methods like technique for order preference by similarity to an ideal solution 
(TOPSIS) (Chiang & Cheng, 2 0 0 9 ) and MABAC (Pamucar & Cirovic, 20 1 5 ) methods. 
As can be seen from Table 6 that A2 (Tesla model 3) remains the best alternative for 
all the considered MADM methods.

Table 6. Calculated score values in CoCoSo method and rank comparison

Alternate 
fuel car

Si Pi Kia Kib Kic Ki CoCoSo MABAC TOPSIS

A l 0.34 4.15 0.19 2.98 0.75 2.05 4 4 4
A2 0.71 4.92 0.23 4.77 0.94 3.00 1 1 1
A3 0.63 4.76 0.22 4.39 0.90 2.80 3 2 3
A4 0.56 5.28 0.24 4.30 0.97 2.84 2 3 2
A5 0.25 2.52 0.12 2.00 0.46 1.33 5 5 5
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4. Sensitivity Analysis

The aim of the sensitivity analysis (SA] is to assess the impact of different 
parameters on the ranking performance of the integrated model.

4.1 Influence of criteria  weights

Results of any MADM method depend on criteria weights to a great extent. 
Sometimes, the final selection may change when there is a change in the weight 
coefficients of the criteria. In this section, a sensitivity analysis is performed to 
assess how changes in the criteria weights affect the ranking of the alternative fuel 
cars by interchanging the criteria weight values in order of 6C2 i.e. for the six 
considered criteria (C1-C6), the total number of possible interchanges becomes 
fifteen (6C2). Here, 6 represents the number of criteria and 2 represents the number 
of criteria chosen at a time. Thus, in the sensitivity plot (Fig. 1], all sets of priority 
rankings of alternate fuel vehicle are presented. It may be observed from the 
sensitivity plot that the rank of the alternatives have no changes with the 
interchanging of criteria weights. From Fig. 1, it is clear that Tesla model 3 remains 
the best alternative and Chevrolet impala bi-fuel (CNG) remains the least preferred 
choice for the considered case study.

s

— A l - « - A 2  A3

4

■ - A 4 — A5

X
3 3 
PS

c>  <? 0*  & 0  & d?
&  &' O' O' &  O' &  &  &  cK  cK  $

Figure 1. Sensitivity analysis by varying criteria weights

4.2 Influence of I  value in CoCoSo ranking

While applying the CoCoSo method, the associated A value is generally assumed to 
be 0.5. However, in actual practice, it ranges from 0 to 1. Fig. 2 shows the effects of 
varying X values in the range of 0 to 1. It is observed that there is no change in the 
ranking orders of the considered alternatives, thus establishing the stability of the 
ranking order, given by the integrated model.
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5
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Figure 2. Sensitivity analysis for alternate fuel car by changing the X value

5. Results and Discussion

In the context of global sustainability scenario, alternate fuel cars with higher 
mileage, longer range, lower annual fuel cost, quick acceleration, low price possible 
vehicle and reduced tail pipe emission can further reduced the tendency of global 
warming. In this paper, six important vehicle selection criteria has been considered 
and explained. The first two criteria (Cl and C2) are considered as beneficiary 
criterion (higher the better) and rest four criteria are considered as non-beneficiary 
criterion (lower the better). In order to avoid subjective judgments, CRITIC method 
is used for computing the criteria weights. Finally, a sensitivity analysis is shown to 
confirm the robustness of the ranking and further support the decision when 
selecting the final result. Tesla model 3 emerges out as the best alternative, which 
has been supported by other MADM methods like MABAC and MOORA that has been 
shown in Fig. 1. It is well understood from Fig, 2 that there are no changes of ranking 
of the alternative even their change in criteria weights. Fig. 3 establishes the 
robustness of the method as altering the values of X in the range of 0.1 to 1, could not 
affect the ranking order at all. It is also observed that in comparison to other MADM 
methods in the literature, the adopted integrated model is very simple to understand 
and easy to execute and involves very less amount of mathematical calculations.

6. Conclusions

The proposed CRITIC-CoCoSo model is proven to be an effective 
decision-making tool to evaluate alternate fuel cars under requirement perspective 
of societal demand. It is also evident from the SA that the ranking of the alternate fuel 
cars does not change while interchanging the criteria weights. This indicates the 
strength of the integrated CRITIC-CoCoSo model. BEVs have no tail pipe emission 
and present EVs have longest range as similar to the conventional fuel cars along 
with lower operating costs. It is expected that the future BEVs will be backed with
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faster acceleration technology and high range capabilities. CNG cars have high 
amount of tail pipe emission, high annual fuel cost and very low fuel economy. The 
suggested methodology can be used for any type of vehicle selection problems 
having any number of criteria and alternatives.
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Abstract. Construction building projects have the highest accident rates com pared  
to other industrial projects. For this reason, special attention needs to be  paid  to all 
stakeholders, starting from  management, contractors and the governm ent to 
reduce the number o f  w ork accidents, occupational diseases, especially in the fie ld  
o f  construction. Based on the background o f  the problem  and the results o f  the 
literature review sourced from  journals collected and reviewed discussing 
occupational safety and health in construction projects in this p aper concludes that 
there are two sources o f  risk that are very influential namely risks originating from  
internal and external, both viewed technically and non-technically. Technical 
results can be  seen from  the use of4D-BlM technology, the use o f  personal protective 
equipment, the use o f  construction tools according to their perm its and the non
technical results, namely aw areness to w ork safely, know ledge and culture about 
occupational safety and health, construction building projects have the highest 
accident rates com pared to other industrial projects. For this reason, special 
attention needs to be paid  to all stakeholders, starting from  management, 
contractors and the governm ent to reduce the num ber o f  w ork accidents, 
occupational diseases, especially in the fie ld  o f  construction. Based on the 
background o f  the problem  and the results o f  the literature review sourced from  
journals collected and review ed discussing occupational safety and health in 
construction projects in this p ap er  concludes that there are two sources o f  risk that 
are very influential namely risks originating from  internal and external, both 
viewed technically and non-technically. technical results can be seen from  the use 
o f  4d-BIM technology, the use o f  personal protective equipment, the use o f  
construction tools according to their perm its and the non-technical results o f  
aw areness to w ork safely, know ledge and culture about occupational safety and 
health, incentives or gifts given by m anagem ent and support from  the governm ent 
regarding commitments and supervision fo r  occupational safety and health in 
construction building projects.
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1. Introduction

W ith the rapidly increasing construction projects in the last few decades, the 
challenges of occupational safety and health in the construction industry have become 
even greater. The safety record of the construction industry is always bad, it remains 
one of the m ost dangerous industries to work, the magnitude of the risk of accidents 
that occur depends also on the number of risks or hazards identified. Factors that 
influence include task complexity, organizational factors such as giving incentives or 
bonuses, personal factors such as fatigue, work environment such as work pressure, 
and external factors such as weather (Hallowell and Gambatese, 2009). However, the 
m ost recognised occupation safety and health hazards on construction sites have been 
working at height, working underground, working in confined spaces and proximity 
to falling materials, handling load manually, handling hazardous substances, noises, 
dusts, using plant and equipment, fire, exposure to live cables, poor housekeeping and 
ergonomics (Okoye, 2018). Occupational safety and health not only target 
construction workers from the local area but also need to provide protection to 
m igrant workers (Bust et al. 2008). The reasons construction is risky and prone to 
occupational safety and health risks are because of the physical environment of the 
work, nature of the construction work operations, construction methods, construction 
materials, heavy equipment used, and physical properties of the construction project 
itself (Laryea and Mensah 2010). To overcome work accidents, efforts are also being 
made using technology, namely the ongoing BIM Safety research project, which aims 
to develop and test solutions for planning and safety management of construction sites 
using a more dynamic 4D site model w here the aim of the BIM Safety research project 
is to develop procedures and use of BIM technology for safety planning, management 
and communication part of 4D construction planning (Sulankivi et al. 2010 ). Hazards 
in the workplace also when combined with task  requests, organizational factors, work 
environment, personal factors, and external factors can produce unacceptable safety 
risks in the field of personnel and can cause severe injuries at work for that is an 
im portant form of approach this behavior is the application of an incentive safety 
program. Safety incentive programs, if  carefully chosen and implemented correctly, 
can create high safety awareness that leads to reduced risk taking and enhanced 
behavior safety culture. Safety incentive programs are usually associated with 
rewards, either extrinsic or intrinsic, given to workers to encourage safe actions and 
behavior (Karakhan and Gambatese, 2018).

2. Methodology

W riting this article is ba sed on a literature review obtained online from a trusted 
source that discusses risk identification (Figure l)a n d  management of occupational 
safety and health risks which is then reviewed and synthesized to provide the latest 
information.
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Figure 1. The method to identify risk

3. Result and Discussion

The review of the publication of scientific articles was carried out from several 
sources, namely: Google Scholar, ASCE, Science Direct, Researchgate, Springer, 
Proquest, etc. The list of selected articles is analyzed from aspects of identifying 
occupational safety and health risks in building construction projects as shown in 
Table 1.
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Table 1: Review o f  identifying occupational safety and health risks in building construction projects__________________________________________________

R isk  Id en tifica tio n
No P a p er Id en tity In te rn a l E x te rn a l R esu lts

T NT T NT

i H allow ell and R e su lts  in d ica te  th a t  th e r e  a re  1 3  m a jo r  a c tiv itie s  re q u ire d  to c o n s tru c t  c o n c re te  fo rm w o rk  an d  th e  h ig h e st r is k  a c tiv itie s  a re  ap p ly in g  fo rm  oil,
-L

2

G am b atese , ( 2 0 0 9 )  

O koye, ( 2 0 1 8 ] ✓

X

X

X

X

X

X

liftin g  and  lo w erin g  fo rm  co m p o n e n ts , and  a cc e p tin g  m a te r ia ls  fro m  a cran e .
T h e  stu d y  fou n d  th a t  m aso n ry , ca rp e n try  (in c lu d in g  fo rm w o rk  an d  ro o fin g ), an d  iro n  b en d in g  and  s te e l f ix in g  a re  co m m o n  b u ild in g  tra d e s  
a s s o c ia te d  w ith  h igh  r isk s ; w h e r e a s  e le c tr ic a l  f ittin g  an d  in s ta lla tio n , pa in tin g , tiling, an d  p lu m b in g  a re  m ed iu m  r is k  bu ild  ing trad es .

3 B u st e t al. ( 2 0 0 8 ] X ✓ X X

T h e  ch a llen g e  o f  co n v e rtin g  th e  h e a lth  an d  sa fety  s y ste m s  to  a c c o m m o d a te  a m u lti n a tio n a l/  cu ltu ra l w o rk fo rce  is  b e in g  a d d re sse d  u sin g  in itia tiv e s  
su ch  as, tra n s la tio n  o f  h ea lth  an d  sa fe ty  m a te ria ls , u se  o f  in te r p r e te r s  an d  an  in c re a s e d  u se  o f  v isu a l m e th o d s  fo r  co m m u n ica tin g  h e a lth  an d  sa fe ty

d L a ry e a  an d  M en sah ✓

m essa g es .
T h e  p r im a ry  re a s o n s  a re  a la c k  o f  s tro n g  in s titu tio n a l f ra m e w o rk  fo r  g o v e rn in g  c o n stru c tio n  a c tiv it ie s  an d  p o o r  e n fo rc e m e n t o f  h e a lth  and  sa fe ty

T-
( 2 0 1 0 ]

X X X
p o lic ies  and  p ro ce d u res .

5
K ah k on en  e t al. 
( 2 0 1 4 ]

K arakh an  and

✓ X

✓

X X

p ro v id in g  m o re  illu s tra tiv e  s ite  la y o u t an d  sa fe ty  p lan s, p ro v id in g  m eth o d s  fo r  m an ag in g  and  v isu a liz in g  u p -to  d a te  p lan s  an d  s ite  s ta tu s  
in fo rm a tio n , a s  w e ll a s  by  su p p o rtin g  sa fe ty  co m m u n ica tio n  in  v a rio u s  s itu a tio n s , su ch  a s  in fo rm in g  s ite  s ta f f  a b o u t co m in g  sa fe ty  a rra n g e m e n ts  
o r  w a rn in g  a b o u t r isk s
In c e n tiv e s  a r e  m o tiv a tio n s  a s s o c ia te d  w ith  fu tu re  re w a rd s , e ith e r  e x tr in s ic  o r  in tr in s ic , th a t  a re  co n tin g e n t up o n  th e  fulfil lm e n t o f  fu tu re  co n d itio n sO

G am b atese , ( 2 0 1 8 ]
X X X

d e term in ed  ah ea d  o f  tim e  b e fo r e  th e  s ta r t  o f  w o rk  o p era tio n s .
7 Lin M ills, ( 2 0 0 0 ] X ✓ X X E x istin g  g o v e rn m e n t sa fe ty  re g u la tio n s  p la ce  c o n sid e ra b le  p r e s s u re  on all f irm s, to  p r o te c t  th e  co n stru c tio n  w o rk fo rce .

T h e  ToolSH eD ™  DS to o l a d d re s s e s  an  is s u e  o f  e m e rg in g  im p o rta n ce , i.e. th e  n ee d  to  a d d re ss  OHS in  co n stru c tio n  design . T h e  p o te n t ia l  to  re d u ce
8 C o ok e e ta l .  ( 2 0 0 8 ] X X X OHS r isk s  d u rin g  th e  d esig n  s ta g e  o f  b u ild in g s an d  o th e r  s tru c tu re s  h as g a in ed  c o n s id e ra b le  re c o g n itio n  a m o n g  in d u stry  p o lic y -m a k e rs  and  

leg is la to rs .
9 P in to  e t a l .  ( 2 0 1 1 ) X X X T h is  k n o w le d g e  sh ou ld  b e  fu r th e r  e x ten d e d  to s u p p o rt a m o re  in -d e p th  r is k  an a ly sis  and  m o d elin g  in th e  co n stru c tio n  in d u stry

1 0
Jo h n sto n e  e t  al. 
( 2 0 1 4 )

X ✓ X X

S itu a tio n s  w h e re  th e  leg a l re s p o n s ib ilit ie s  o f  em p lo y ers  a re  m o re  am b ig u o u s an d  a tte n u a te d .W h ile  s u b co n tra c tin g  an d  th e  le a s in g  o fw o r k e r s  had 
b e en  a lo n g -te rm  fe a tu re  o f  th e  so m e in d u s tr ie s  (lik e  co n stru c tio n ), th e  ex p an sio n  o f  th e s e  p r a c tic e s  to  o th e r  in d u s tr ie s  c r e a te s  ad d itio  n al lo g is tica l 
d em an d s on  o ften  a lre a d y  s tre tc h e d  in s p e c to ra te s .

1 1
B a x e n d a le  an d  Jo n e s

✓
T h e  CDM R e g u la tio n s  a re  a im ed  a t  im p ro v in g  th e  o v e ra ll m a n a g e m e n t an d  co o rd in a tio n  o f  h e a lth  an d  sa fe ty  th ro u g h o u t a ll s ta g e s  o f  a  CP w ith  th e

(2 0 0 0 ) x x x aim  o f  re d u cin g  th e  n u m b e r o f  se r io u s  an d  fa ta l a c c id e n ts  an d  ca u se s  o f  ill h ea lth  th a t  o ccu r in  th e  in d u stry .

12 Manu, e t a l .  ( 2 0 1 7 ) X ✓ X X
W h ile  th e  stud y h as  sh o w n  th a t in  each  co u n try  th e r e  a re  p ra c tic e s  th a t  a re  n o t co m m o n ly  im p le m e n te d  by c o n tra c to rs  (an d  h e n c e  n ee d  a tte n tio n  
fro m  c o n tra c to rs  an d  re le v a n t bo d ies/  in s titu tio n s  in  th e  co u n tr ie s ).

13 H olm es e ta l .  ( 1 9 9 9 ) X X X
T h e  r is k  o f  o ccu p a tio n a l sk in  d is e a se  is  p e rce iv e d  to  b e  u n k n o w n  an d  a s s o c ia te d  w ith  d e lay ed  e ffe c ts . T h e  r is k  o f  fa llin g  fro m  h eig h t is p e rce iv e d  
to  b e  h ig hly  re le v a n t to  th e  w o rk  o f  sm all b u s in e s s  c o n stru c tio n  firm s.
T h e  r e s u lts  in d ica te  th a t  (1 )  w o rk e rs  on  LEED  c o n stru c tio n  p r o je c ts  a re  ex p o sed  to  w o rk  a t  h eig h t, w ith  e le c tr ic a l cu rre n t, n e a r  u n s ta b le  so ils , and

1 4
F o rtu n a to  III e ta l . n e a r  h eav y  eq u ip m e n t fo r  a g re a te r  p e rio d  o f  tim e th an  w o rk e rs  on  tra d itio n a l p r o je c ts ; (2 )  w o rk e r s  a r e  ex p o sed  to  n ew  h ig h -r is k  ta s k s  su ch  as
(2 0 1 2 )

X X X
co n stru c tin g  a tr ia , in s ta llin g  g re e n  ro o fs , and  in s ta llin g  p h o to v o lta ic  (PV ) p an els ; an d  (3 )  so m e  cre d its  r e s u lt  in  a p o sit iv e  im p act on  c o n stru c tio n  
w o rk e r  sa fe ty  an d  h e a lth  w h e n  lo w  v o la tile  o rg a n ic  co m p ou n d  (VOC) a d h e siv e s  an d  se a la n ts  a re  sp ec ified .

15 W in d ap o , ( 2 0 1 3 ) X ✓ X X
R e g u la to ry  r e q u ir e m e n ts  by c o n tra c to rs  b e c a u s e  o f  c o s t  im p lica tio n s  w ill lead  to u n sa fe  w o rk  co n d itio n , in ju r ie s  an d  fa ta lit ie s  o n  c o n stru c tio n  
s ites
T h e  re s u lts  o f  p e rfo rm in g  SEM in d ica te d  th a t  th e  d ir e c t  im p a cts  o f  c o n stru c tio n  w o rk e r s ' P&M h ea lth  on  w o rk  e ffic ie n cy  and p rod u ctiv ity  w e re

1 6 Yuan, e t al. ( 2 0 1 8 ) X X X id e n tifie d  to  b e  m uch m o re  im p o r ta n t th a n  th a t  o f  th e  SNC. In ad d ition , c o n stru c tio n  w o rk e r s ' s o c ia l ca p ita l can  in d ire c tly  in flu e n c e  th e  w o rk  
e ffic ien cy  an d  p ro d u ctiv ity  by a ffe c tin g  th e  c o n stru c tio n  w o r k e r s ' P&M h ealth .

1 7 W u e t al. ( 2 0 1 8 ) X ✓ X X
T h is  stu d y  c o n tr ib u te s  to  th e  c u rre n t s tre s s -m a n a g e m e n t re s e a rc h  by d ev elo p in g  a  re lia b le  fa c to r  s tru c tu re  o f c o n stru c tio n  w o rk e r s ' jo b  s tre ss , 
in clu d in g  th e  jo b  itse lf, fa m ily -w o rk  co n flic t, c a r e e r  d ev elo p m en t, o rg a n iz a tio n a l s ty le , in te r p e r s o n a l re la tio n sh ip , an d  ro le  m an ag em en t.

1 8
W a ch te r  an d  Y o rio , 
( 2 0 1 4 )

X ✓ X X

R e su lts  in d ica te  th e  fo llo w in g : th e r e  is a  s ig n ifican t n eg a tiv e  re la tio n s h ip  b e tw e e n  th e  p r e s e n c e o f  te n  in d iv id u al sa fe ty  m a n a g e m e n t p ra c tice s , a s  
w ell a s  th e  co m p o site  o f  th e s e  p ra c tice s , w ith  a c c id e n tr a te s ; th e r e  is a  s ig n ifica n t n eg a tiv e  re la tio n s h ip  b e tw e e n  th e  lev e l o f  sa fe ty -fo cu se d  w o rk e r  
e m o tio n a lan d  co g n itiv e  e n g a g e m e n t w ith  a cc id e n t ra te s ; sa fe ty  m a n a g em en t s y ste m s  and  w o rk e r  en g a g e m e n tle v e ls  ca n  b e  u sed  in d iv id u ally  to  
p re d ic t a c c id e n t ra te s ; s a fe ty  m a n a g e m e n t sy ste m s can  b e  u sed  to p re d ic t  w o rk e r  en g a g em e n t lev e ls ; an d  w o rk e r  en g a g e m e n t le v e ls  a c t  as 
m e d ia to rs  b e tw e e n  th e  s a fe ty m a n a g e m e n t sy stem  and sa fe ty  p e r fo r m a n c e  o u tco m es  (su ch  a s  a c c id e n t ra te s ) .
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1 9 Cheung, e t a l .  ( 2 0 0 4 ) X X X

20 Zhou e t  al. ( 2 0 1 2 ) X X X

21
H ow ard  e t a l .  ( 2 0 1 7 ) ✓ X X

22 Bad ri, e t a l .  ( 2 0 1 2 ) X X X

23 R in g en  e t a l .  ( 1 9 9 5 ) X X X

2 4 Id oro , ( 2 0 1 1 ) X X X

25
M artin ez-A ires, e t  al. 
( 2 0 1 8 )

✓ X X

26 Bad ri, e t a l .  ( 2 0 1 8 ) X X

27 C arter an d  Sm ith, 
( 2 0 0 6 )

X X

28
R ah m aw ati e t  al. 
( 2 0 1 9 )

✓ X X

29
A stin in g sih  e t  al. 
( 2 0 1 8 )

X X X

3 0 H idayat, ( 2 0 1 8 ) X X X

3 1
B ria  an d  Loden,
(2 0 1 7 )

X X X

32 A tm a ja  e t  al. ( 2 0 1 8 ) 'Z X

33
S u p arm an  and

• /
F itrian i, ( 2 0 1 6 )

3 4 E n d roy o , ( 2 0 1 0 ) X X X

35
W ijay a  an d  Paing, 
( 2 0 1 8 )

X X v'

3 6 Su trisn o , e t a l .  ( 2 0 0 0 ) X X

3 7
P rad ip ta , e t  al. 
( 2 0 1 5 )

X X

3 8 M ilen, e t  al. ( 2 0 1 2 ) X X X

T h e  co m b in ed  e ffe c t  o f  th e s e  co m p o n e n ts  re s u lts  in  a sy stem  th a t  e n a b le s  sp eed y  p e rfo rm a n c e  a s s e s s m e n t o f  sa fe ty  and  h e a lth  a c tiv it ie s  on 
c o n stru c tio n  s ites . W ith  th e  CSH M 's b u ilt-in  fu n ctio n s , im p o r ta n t m a n a g e m e n t d e c is io n s  can  th e o re tica lly  b e  m ad e an d  c o rr e c tiv e  a c tio n s  can  be 
ta k e n  b e fo r e  p o te n tia l h a z a rd s  tu rn  in to  fa ta l o r  in ju r io u s  o ccu p a tio n a l a cc id en ts .
B rin g in g  th e s e  s tra n d s  o f  l ite r a tu r e  to g e th e r  su g g ests  n e w  k in d s o f  in te rv e n tio n s , such  as  th e  d e v e lo p m en t o f  to o ls  an d  p r o c e s s e s  fo r  u sin g  d ig ita l 
m o d els  to  p ro m o te  m in d fu ln e ss  th ro u g h  m u lti-p a rty  c o lla b o ra tio n  o n  safety .
T h is  p a p e r d e s c r ib e s  th e  fo u r m a jo r  u se s  o f  UAVs, in clu d in g  th e ir  u se  in  c o n stru c tio n , th e  p o ten tia l r isk s  o f  th e ir  u se to  w o rk e rs , a p p r o a c h e s  fo r  
r is k  m itig a tio n , an d  th e  im p o r ta n t ro le  th a t sa fe ty  an d  h e a lth  p ro fe s s io n a ls  can  p lay  in  e n su rin g  sa fe  a p p ro a c h e s  to  th e  th e ir  u se  in  th e  w o rk p la ce . 
A n ew  c o n ce p t ca lled  r is k  fa c to r  co n c e n tra tio n  a lo n g  w ith  w e ig h tin g  o f  r is k  fa c to r  ca te g o r ie s  as  c o n tr ib u to r s  to  u n d es ira b le  ev e n ts  a re  u sed  in  th e  
a n a ly tica l h ie ra rc h y  p ro c e s s  m u lti-c r ite r ia  co m p a riso n  m o d el w ith  E x p e rt C h oice so ftw a re .
P o te n tia l s o lu tio n s  a re  in la b o r-m a n a g e m e n t s ite  sa fe ty  and  h ea lth  p lan n in g  and  m an ag em en t, ed u catio n  and  tra in in g  o f  w o rk e r s  an d  su p e rv iso rs , 
n ew  te ch n o lo g ie s , fed era l re g u la tio n , w o rk e r s ' co m p en sa tio n  law , m ed ica l m o n ito rin g , an d  o ccu p a tio n a l h e a lth  d elivery .
T hu s, th e  r e s u lts  re v e a l th e  ch a lle n g e s  fac in g  N igerian  c o n tra c to rs  an d  o th e r  s ta k e h o ld e rs  w o rk in g  to  im p ro v e  th e  OHS p e rfo rm a n ce  o f  th e  
in d u stry . T h e  fin d in g s in d ica te  th e  n ee d  fo r  e ffe c tiv e  r is k  m a n a g e m e n t an d  re g u la tio n  an d  c o n tro l o f  OHS in th e  N igerian  c o n s tru c tio n  in d u stry . 
T h e  m ain  r e s u lt  sh o w s th a t  th e  g ro w in g  im p le m e n ta tio n  o f  BIM  in th e  A rch ite c tu re , E n g in ee rin g  an d  C o n stru ctio n  (AEC) in d u stry  is  ch an g in g  th e  
w ay  sa fety  can  b e  a p p ro a ch e d . P o te n tia l sa fe ty  h a z a rd s  can  b e  a u to m a tica lly  id e n tifie d  an d  co rre sp o n d in g  p re v e n tio n  m eth o d s  c a n  b e  ap p lied  
u sin g  an  au to m a te d  ap p ro ach .
As m a jo r  ch a n g es  a re  im p lem e n ted , p rev io u s g a in s  in  p re v e n tiv e  m a n a g e m e n t o f  w o rk p la c e  h ea lth  and  sa fe ty  w ill b e  a t  risk . If  w e  a re  to  avoid  
p u ttin g  te ch n o lo g ica l p ro g re s s  and  OHS o n  a co llis io n  co u rse , re s e a r c h e r s , fie ld  e x p e rts  and  in d u s tr ia lis ts  w ill h av e to  c o lla b o ra te  on  a sm o o th  
tra n s itio n  to w a rd s  In d u stry  4 .0 .
A m ax. o f  only  6 .7 %  o f  th e  m eth o d  s ta te m e n ts  an a ly zed  on  th e s e  p r o je c ts  m an ag ed  to  id en tify  all o f  th e  h a z a rd s  th a t  sh ou ld  h a v e  b e e n  id en tified , 
b a se d  upon c u rre n t k n o w led g e. M axim u m  h a z a rd  id e n tific a tio n  le v e ls  w e re  fo u n d  to  b e  0 .8 9 9  _ 8 9 ,9 % _  fo r  a CP.
P r o je c t  S afety  R eview , Sa fety  In sp e ctio n , In s ta lla tio n  p r o je c t  sig ns, Sa fety  m o rn in g , P e rs o n a l P ro te c tiv e  E q u ip m en t, Sa fety  N et In sta lla tio n , 
In s ta lla tio n  o f  Sa fety  Line, In s ta lla tio n  o f  lig h tin g  to c le a n  up th e  P r o je c t  a re a  is  th e  a p p lica tio n  o f  th e  K3 p ro g ram  th a t is  c a r r ie d  out.
T h e re  w a s  an  a s s o c ia t io n  b e tw e e n  sa fe ty  in sp e c tio n  an d  th e  u s e  o f  P P E s (p = 0 ,0 2 4 ; a = 0 ,0 5 ) ;  sa fe ty  su p e rv is io n  an d  th e  u s e  o f  P P E s (p  = 0 ,0 2 4 ; 
a = 0 ,0 5 ) ;  sa fe ty  m o rn in g  an d  th e  u se  o f  PP Es (p = 0 ,0 4 3 ; a = 0 ,0 5 ) .
K3 r i s k i s  k n o w n  to  b e  le v e ln e a ch  r is k  is  1  r is k  c la ss ified  a s  high risk , 4 1  r is k  c la ss ifie d  as  m ed iu m , and  9 r is k s  c la s s if ie d  a s  Low  Risk.
A lte rn a tiv e  r is k  c o n tro ls  th a t  ca n  c a rrie d  o u t a t  th e  r is k  o f w o rk e r s  fa llin g, c o n tro llin g  th e  r is k  is  a  d aily  K3 in s p e c tio n  fo r  th e  u se  o f  PP E (P e rs o n a l 
P ro te c tiv e  E q u ip m en t) co m p le te , t ig h ten in g  m a n a g e m e n t su p e rv is io n  o f  w o rk e rs  w h o  do n o t w e a r p e rso n a l p ro te c tiv e  eq u ip m en t, p ro v id e  and 
co m p le te  th e  sig n s  sa fe ty  in  c o n stru c tio n  p r o je c ts  i f  n o n e  o in co m p le te .
C o n stru ctio n  s ite  o f  c r o n b a c h ’s v a lu e s  a lp h a  co u n t o b ta in e d  by 0 .9 0 8  m ean s th a t  it  can  it is  sa id  th a t fo r  c h a r a c te r is t ic  v a r ia b le s  R e lia b le  s ite  
c o n stru c tio n  b e ca u s e  o f  th e  a lp h a  v a lu e  b e tw e e n  0 .6 1  - 0 .8 0 . Could co n clu d ed  th e  co n s is te n c y  o f  th e  q u e s tio n s  fo r  th e  s u b -v a r ia b le s  is  n e c e s s a ry  
tra in in g  on th e  im p o r ta n c e  o f  OSH in  a th e  p r o je c t  is  v e ry  c o n s is te n t and  v ery  a p p ro p ria te .
T h e re  a re  6 4  o ccu p a tio n a l in ju ry  r isk s , i.e., 1 3  lo w  risk , 4 7  m ed iu m  risk , an d  4  high risk . I t  can  b e  co n clu d e d  th a t  th e  h ig h e s t  r is k  fa c to r  fo r  th e  
w o rk e rs  is in h a led  th e  w e ld in g  sm o k e  w ith  th e  r is k  in d e x  o f  16 .
E d u ca tio n a l fa c to rs  c o rre la te d  0 .3 0  (s ig n ifica n ce : 0 .0 4 8 )  co n tr ib u te  to  a ttitu d e  o f  K3, an d  w a s  a n o th e r  fa c to r  c o rr e la tio n s  w e r e  n o t s ig n ifican t. All 
th e s e  fa c to rs  h a v e  o n ly  to  g ive e fe c t if  co n tr ib u tio n  a b o u t to  0 .2 1 3  ( 2 1 .3 % )  o f  th e  a ttitu d e  fa c to r  K3. It  m ea n s  th a t  a b o u t o f  7 8 .7 %  w h ich  can  n o t be 
ex p la in ed  an d  is a p ro b le m  to  b e  stu d ied  again .
D o m in an t fa c to r  a ffe c tin g  k3 th e r e  a re  5 n am ely  ch a n g e  w o rk e r s  m u st b e  r e s p o n s ib le  fo r  K 3, K3 re g u la tio n s  and p ro c e d u re s  a re  v e ry  in  n eed , K3 
re g u la tio n s  a r e  ea s ily  ap p lied  co n sis te n tly , th e  re s u lts  o f  th e  w o rk  a r e  fu lfillin g  s ta n d a rd  q u ality  and  th e a b s e n c e  o f  w o rk  a c c id e n ts  in  th e  w o rk  
en v iro n m e n t fo r c e r ta in  re a so n s .
M e a su re m e n t o f  th e  in flu e n c e  o f  th e  safety  c lim a te  on th e  m o s t in flu en tia l sa fe ty  b e h a v io r  on v a r ia b le  X (c lim a te  sa fe ty ) o f  th e  Y v a ria b le  (sa fe ty  
b e h a v io r), n am ely  C o m m u n ication , P e rc e p tio n  o f  s o m e o n e 's  in v o lv e m e n t in  K3 an d  A ccid e n ts  / in cid en ts/  n ea rm i ss.
T h e  m o s t d e te rm in in g  fa c to r  fo r  th e  la c k  o f  c o m p le te n e s s  o f  K 3-L  is  th e  F a c to r  H an d lin g  o f  W o rk  A ccid e n ts  w h e re  w o rk e rs  do n o t ap p ly  
im p le m e n ta tio n  o f  S tan d ard  O p e ra tin g  P ro c e d u re  (SO P ) a t  w o rk  an d  le s s  im p le m e n ta tio n  o f  h e a lth  in s u ra n c e  im p lem e n ta tio n .
All th e  th re e  p r o je c t  c a s e s  h as  a m ed iu m  r is k  du e to  a c c id e n t cau se d  by ig n o rin g  th e  sa fe ty  s ta n d a rd s  and  p ro c e d u re  a re  o b v io u s.____________________
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3 9
N ovianto  an d  Sri, 
( 2 0 1 6 )

X ✓ X X

4 0 H akim , (2 0 1 7 ) X V X X

4 1 S a n jay a  e t al. ( 2 0 1 2 ) X ✓ X X

4 2
H artan to  and 
S iah aan , ( 2 0 1 8 )

X ✓ X X

4 3 Kani, e ta l .  ( 2 0 1 3 ) X ✓ X X

4 4

4 5

M unang, e t  al. ( 2 0 1 8 )

T ria sw a ti e t  al. 
( 2 0 1 4 )

X

X

X

✓

X

X

✓

✓

4 6
Sop u tan , e t al. 
( 2 0 1 4 )

X V X X

4 7 Indah, ( 2 0 1 7 ) ✓ ✓ X X

4 8
H andayani and 
P rih atin in g sih , 
( 2 0 1 8 )

X X X

4 9 T a n n y a  e t  al. ( 2 0 1 7 ) X ✓ X X

Note: V (discussed), X (not discussed), T -  technical, NT - nontechnical

F re e  v a r ia b le s  o ccu p a tio n a l sa fe ty  ( X I )  an d  h e a lth  (X 2 ) a g a in st K3 p ro b le m  s im u lta n eo u sly  an d  p a rtia l p o sit iv e  an d  s ig n ifica n t in flu e n tia l v a r ia b le  
ag a in st th e  p e rfo rm a n c e  o f  co n stru c tio n  w o rk e rs  on  th e  p r o je c t  c o n stru c tio n  o f  th e  Fly  O ver P alu r, w h e re  th e  inf] u e n ce  o f  v a r ia b le  X I  a m o u n ted  
to  1 ,9 0 3  (5 4 ,3 8 % )  a n d X 2  o f  1 ,0 9 8  ( 4 5 ,6 2 % )
In th e  r is k  m a trix  a n a ly sis  th e r e  a re  3 jo b s  th a t  a re  ca te g o r iz e d  a s  h ig h  r is k  in c lu d e  w o rk e r  fa lls  fro m  h e ig h t a t  re in fo r c e m e n t, fo rm w o rk  and  
p arap et, fu ll e le c tr ic  s h o ck  on  e le c tr ic a l  in s ta lla tio n  w o rk , an d  m a te r ia ls  fa lls  fro m  a h e ig h t an d  h it th e  w o rk e r  in  e r e c t io n  w o rk .
T h a t th e  co n n e c tio n  o f  fa c to rs  th a t  in flu en ce  K3 to  im p le m e n ta tio n  o f  K3 in  bu ild in g  c o n stru c tio n  w a s  h igh  ( 0 .6 1 4 ) ,  d e te rm in a tio n  co e ff ic ie n t a b o u t 
0 .3 7 7  th a t  sh o w ed  th e  m ea n  o f  K3 in  b u ild in g  c o n stru c tio n  a b o u t 3 7 .7  %  w h ich  w e r e  d e term in ed  by  th re e  fa c to r s  th a t  in flu en ced  K 3, w h ile  6 2 ,3  
%  w e r e  d e term in ed  by  th e  o th e r  fa c to rs . T h e  r e s u lt  o f  re la tiv e  d is tr ib u tio n  co u n tin g  sh o w e d  th a t su p e rv is in g  fa c to r  g av e b ig g e s t  in flu e n c e  to  K3 
in  b u ild in g  c o n stru c tio n .
T h e  fiv e in d e p e n d e n t v a r ia b le s  o f  th is  o rd e r  o f m ag n itu d e o f  in flu e n c e  a r e  ca u se d  by OSH M an ag em en t S y stem  (X 2 ) 7 3 ,4 % , S e lf  P r o te c t iv e  
E q u ip m en t M e ch an ism  (X 3 ) 6 0 ,9 % , D efin itio n  and  In itia tio n  OSH (X I )  4 2 ,6 % , OSH R isk  (X 5 ) 7 ,9 %  an d  OSH F acility  and  In fr a s tru c tu r e  (X 4 ) 3 ,5 %  
so th a t w h ich  n e e d s  to  b e  h an d led  by  th e  p r o je c t  le a d e r  is b a se d  o n  th e  o rd e r  o f  th e  p e rce n ta g e .
T h a t th e r e  a re  still m an y  w o rk e r s  w h o  do n o t k n o w  a b o u t K3, W h a t is  m e a n t by K3, h o w  to  ap p ly  K3, an d  so fo rth . T h is  sh o w s th a t th e r e  is  still a 
la c k  o f  a tte n tio n  o r  co m m itm e n t fro m  th e  c o n tra c t in g  co m p an y  to  im p le m e n t th e  K3 p ro g ram  w ell.
A sse ss in g  ra ilw a y  d o u b le  ra il p r o je c t  h as id e n tifie d  1 9  u n e x p ected  r is k s  as  a h igh  r is k  and  1 2  u n a cc e p ta b le  r is k s  th a t  a re  re q u ire d  r is k  m itig a tio n  
to  re d u ce  th e  im p act.
F ro m  th e  K3 m a n a g e m e n t sy stem  It is  p lan n ed  th a t  a r is k  c o n tro l fe e  o f  Rp 3 1 0 ,2 6 6 ,5 0 0 .0 0  is  o b ta in ed  b e  a  re fe r e n c e  in  su p p re ss in g  th e  a cc id e n t 
ra te .
A high r is k  v a lu e  is  o b ta in ed , i.e. th e  m a te ria l is  d ro p p ed  fro m  h e ig h t an d  o v e rr id e  w o rk e r s  w ith  a r is k  in d e x  o f  2 0  and  r is k  c la s s ifica tio n  to  V ery  
High risk . F o r r is k  c la s s ifica tio n  a t  th e  High R isk  lev e l a s  m an y  as  2 1  v a r ia b le s  can  b e  en d a n g e rin g  w o rk e rs  an d  jo b s , w h ile  fo r  c la ss ifica tio n  a t  th e  
M edium  R isk  lev e l o b ta in e d  a s  m any as  1 8  v a ria b le s .
T h e  lev e l o f  K3 im p le m e n ta tio n  o n  a s p e c ts  o f  th e  p e rs o n a l p ro te c tiv e  eq u ip m e n t ( 6 0 % ) , th e  ro le  o f em e rg e n c y  co n d itio n  ( 7 5 % ) , S tru c tu ra l w o rk , 
Scaffo ld in g  an d  L ad d er ( 6 6 ,7 % ) , U se o f  T o x ic  and D an g eo ru s M a ter ia ls  ( 6 2 ,9 % ) , H ealth  and  H y gien e o f  W o rk  E n v iro n m en ta l ( 8 9 .2 % ) .
It is  fou n d th a t  th e  ca u se  o f  r is k  in OHS fo r  c o n stru c tio n  s e c to r  is  d o m in ated  by s tru c tu re  c r ite r io n  (4 4 % ) ,  fo llo w ed  by  p r e p a r a tio n  c r ite r io n  ( 1 7 % ) , 
su b -s tru c tu re  c r ite r io n  ( 2 1 % )  and  fin ish in g  c r ite r io n  (1 9 % ) , T h e  b ig g e st ca u s e  o f  o ccu p a tio n a l a c c id e n ts  is  h u m an  fa c to r  by 7 7 % ,

th e  m o s t in flu en tia l in h ib itin g  fa c to r  is  th e  la c k  o f  kn o w led g e a b o u t SM K 3 fro m  th e  co m p an y  and its  em p lo y ee s . O f th e  in h ib it in g  fa c to rs  th a t h av e 
b e e n  o b ta in ed , it  is  su g g este d  se v e ra l a lte rn a tiv e  so lu tio n s___________________________________________________________________________________________________
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3.1. Internal Technical Risk

Results indicate that there are 13 m ajor activities required toconstruct concrete 
formwork and the highest risk activities are applying form oil, lifting and lowering 
form components, and accepting m aterials from a crane (Hallowell and Gambatese,
2009). The study found that masonry, carpentry (including formwork and roofing), 
and iron bending and steel fixing are common building trades associated with high 
risks; whereas electrical fitting and installation, painting, tiling, and plumbing are 
medium risk building trades. It also found that the rate o f occurrence and magnitude 
of im pact of different safety risk factors differ across the building trades, which could 
be attributed to the differences in activities and modes of operation in different 
building trades (Okoye, 2018). The main objective of the BIM Safety research project 
is to develop procedures and use of BIM technology for safety planning, management, 
and communications, as part of the 4D-construction planning (Sulankivi et al. 2010). 
Developed to help construction designers to integrate the m anagem ent of OHS risk 
into the design process (Cooke et al. 2008). For the construction industry, discussing 
their limitations and pointing advantages of using fuzzy sets approaches to deal with 
ill-defined situations (Pinto et al. 2011). The results indicate that (1) workers on LEED 
construction projects are exposed to work at height, with electrical current, near 
unstable soils, and near heavy equipment for a greater period of time than workers on 
traditional projects; (2 ) workers are exposed to new high-risk tasks such as 
constructing atria, installing green roofs, and installing photovoltaic (PV) panels; and 
(3) some credits result in a positive im pact on construction worker safety and health 
when low volatile organic compound (VOC) adhesives and sealants are specified. It is 
expected that these results can be used by practitioners to focus attention and 
resources on new highrisk work environments (Fortunato III etal. 2013 ). This review 
explores relationships between construction safety and digital design practices with 
the aim of fostering and directing further research. It surveys state-of-the-art research 
on databases, virtual reality, geographic information systems, 4D CAD, building 
information modeling and sensing technologies, finding various digital tools for 
addressing safety issues in the construction phase, but few tools to support design for 
construction safety (Yhou et al. 2012). Using UAVs in carrying out planned or reactive 
m aintenance inspections of tall structures, such as skyscrapers, bridges, and towers 
where access can be costly and pose a risk to workers of falling from a great height, 
appears to be a clear benefit for construction managers and workers (Howard et al. 
2012). The main result shows that the growing im plementation of BIM in the 
Architecture, Engineering and Construction (AEC) industry is changing the way safety 
can be approached. Potential safety hazards can be automatically identified and 
corresponding prevention methods can be applied using an automated approach 
(Martinez-Aires et al. 2018). The use of appropriate methods of implementation, weak 
supervision of construction im plementation in the field, not yet fully implementing the 
regulations regarding existing K3, weak supervision of the im plementation of K3, 
inadequate both in the quality and quantity of the availability of Personal Protective 
Equipment (PPE) availability (Rahmawati et al. 2019 ). Technical equipment factors, 
factory ugliness problems, equipment used, machines that are no longer suitable for 
use (Atmaja et al. 2 018). The factors assessed by respondents are still not fulfilling K3L 
completeness, namely lack of fire fighting equipment, no medical equipment / first aid 
kit at the project location, signs not properly installed, and lack of data collection for 
workers who experience illness or work accidents (Milen, 2012). The constraints to 
applying OHS in general are budget constraints, the culture of workers who are not
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familiar with the application of OHS and the im pact of the application on the cost and 
selling price of property construction (Handayani and Prihatiningsih, 2018).

3.2. Internal Non Technical Risk

This context we argue that it is crucial to identify the sorts of (audio)visual 
narratives and forms that can effectively communicate about Health and Safety in 
ways that are meaningful and relevant to construction workers employed in 
multicultural contexts (Bust et al. 2008). The primary reasons are a lack of strong 
institutional framework for governing construction activities and poor enforcem ent 
of health and safety policies and procedures (Laryea and Mensah, 2 0 1 0 ). The results 
show that the m ajor factors influencing safety performance were; company size, and 
m anagement and employee com m itm ent to OHS (Lin andMills, 2001). The efforts by 
OSHA to make prime contractors take responsibility for their subcontractors would 
place pressure on them to take control of subcontractors in a way that threatens this 
distancing and the manipulation of legal forms it entails (Johnstone et al. 2000). The 
CDM Regulations are aimed at improving the overall m anagement and coordination of 
health and safety throughout all stages of a construction project with the aim of 
reducing the number of serious and fatal accidents and causes of ill health that occur 
in the industry (Baxendale and Jones, 2000). Overall, the findings offer an opportunity 
for contractors and key industry stakeholders (e.g. state authorities) to reflect on their 
approach/initiatives to improving H&S management in construction (Manu et al. 
2018). Social, economic and cultural factors of workers and lack of discipline among 
workers in complying with K3 provisions, including the use of PPE for work accidents 
(Rahmawati et al. 2019). The workforce still lacks understanding of PPE knowledge 
(Astiningsih et al. 2018 ; Munang et al. 2018). 1 variable with a high level of risk (High 
Risk) in casting jobs, namely workers falling from a height, fall of equipment / material, 
injured workers will be in direct contact with tools, workers exposed to dust, workers 
slip, until workers are exposed to electrical contact (Hidaya, 2018 ; Soputan etal. 2014 ; 
Indah, 2017 ). From the multiplication of risk frequency and risk impact, it is also 
obtained the criteria for the highest causes of work accidents are human beings with 
Risk Level L (Low) by 56%  and subc criteria for the highest causes of accidents is not 
using PPE with Risk Level L (Low) by 56%  (Bria and Loden, 2017 ; Handayani and 
Prihatiningsih, 2018). Human Factor It means that workers do not know safe 
procedures or dangerous actions: unable to m eet work requirem ents so that actions 
occur below standard, knowing all the rules and work requirem ents but not complying 
with them (Altmaja et al. 2018). The highest risk obtained in the Palembang Musi VI 
Bridge construction project is risk factor 17.E is absorbed by welding fumes with a risk 
index of 16 (Suparman and Fitriani, 2016). Factors that influence occupational safety 
and health on the perform ance of construction work construction projects in Surabaya 
are communication between the contractor and the owner (Wijaya and Paing, 2018). 
Based on the partial regression test (backward method - Enter m ethod), the X variable 
which influences Y variable is communication, perception of someone's involvement 
in K3, accident/incident/nearmiss (Sutrisno et al. 2000 ). The m ost decisive factor for 
the lack of completeness of K3-L on the Hotmix road project of the Sumbawa Regency 
Public W orks Office is the Factor in Handling of W ork Accidents where w orkers do not 
im plement the Standard Operating Procedure (SOP) at work and lack the 
im plementation of health insurance (Milen, 2012). The highest and m ost frequent risk 
is the X.15 variable, where workers do not use PPE in the field as an accident factor 
that occurs in construction projects (Novianto et al. 2016 ). The independent variable
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Occupational Health Safety (X I) and Occupational Health (X2) on K3 problems 
simultaneously and partially have a significant and positive effect on the performance 
variable of construction workers on the Fly Over Palur development project, w here 
the influence of variable X I is 1 ,309 (54 .38% ) and X2 of 1 ,098 (45 .62% ) (Hakim, 
2017). The highest risk index is known, that is, the variable of W orkers falls from 
height in construction, formwork and parapet work with a total risk  index of 13.8. The 
low est risk index is found in the variable W orkers exposed to respiratory disorders 
due to com pressors on road markings with a total risk index of 5.5 (Sanjaya et al. 
2014). The factor which gives the biggest influence/contribution to K3 on building 
construction projects is the supervision factor (Hartanto and Siahaan, 2018). The 
results of these five independent variables in order of magnitude of influence are 
caused by the K3 Management System (X2) 73.4% , the Mechanism of Personal 
Protective Equipment (X3) 60.9% , the Definition and Initiation of the K3 (X I) 42.6% , 
the K3 Risk (X5) 7.9%  and K3 Facilities and Infrastructure (X4) 3.5%  (Kani etal. 2013). 
W ork accidents on construction projects are caused by human factors that neglect 
w ork safety by behaving unsafe at work (Soputan et al. 2014 ). K3 m anagement plays 
a very im portant role in accident prevention in construction projects. The role starts 
from planning, organizing, implementing, monitoring. Furthermore, it can also be 
viewed from human components, materials, money, machines / tools, work methods, 
information. The final results of this study are: the order of the top 3 (three) of the 
factors that influence the implementation of the K3 work system namely (costs for PPE 
providers, joking while doing work, lack of knowledge of workers on the dangers and 
risks of the work done) (Sihombing et al. 2014).

3.3. External Technical Risk

Using UAVs in carrying out planned or reactive m aintenance inspections of tall 
structures, such as skyscrapers, bridges, and tow ers where access can be costly and 
pose a risk to workers of falling from a great height, appears to be a clear benefit for 
construction managers and workers (Howard et al. 2018 ). The main result shows that 
the growing im plementation of BIM in the Architecture, Engineering and Construction 
(AEC) industry is changing the way safety can be approached. Potential safety hazards 
can be automatically identified and corresponding prevention methods can be applied 
using an automated approach (Martinez-Aires et al. 2018). W ork environment factors, 
the physical environment of the workplace and the wider psychological social 
environment (Atmaja et al. 2018).

3.4. External Non Technical Risk

Researchers, field experts and industrialists will have to collaborate on the 
im plementation of measures based on a comprehensive vision of managing change in 
order to ensure a smooth and safe transition to the new paradigm. Acknowledgments 
The authors thank the Natural Sciences and Engineering Research (Badri et al. 2018). 
This is achieved using a central safety database that contains knowledge relating to 
safety that exists within the organization as a whole, that is construction tasks, 
hazards, and the relationships between them (Carter and Smith, 2 0 0 6 ).There is no 
significant relationship between internal factors (level of education, experience, 
certification) and external (level of com m itm ent of the company) with the attitude of 
K3 (Keselamatan et al. 2010). While from the education factor also said there were 
differences between employees with the level of junior high, high school and bachelor

3 6



education (Sutrisno et al. 2000). The results showed that the construction of a double 
track railway project had a high risk because it directly intersected with an active train 
line so that there w ere identified 19 unexpected risks (Triaswati et al. 2014).

4. Conclusion and Recommendation

This paper concludes that there are two sources of risk that are very influential 
namely risks originating from internal and external, both viewed technically and non
technically. technical results can be seen from the use of 4d-BIM technology, the use 
of personal protective equipment, the use of construction tools according to their 
permits and the non-technical results of awareness to work safely, knowledge and 
culture about occupational safety and health, incentives or gifts given by management 
and support from the government regarding commitments and supervision for 
occupational safety and health in construction building projects. The use of 
appropriate methods of implementation, w eak supervision of construction 
im plementation in the field, not yet approved the im plementation of existing K3 laws 
and regulations, weak oversight of OHS operations, inadequate both in quality and 
relevance supported by Personal Protective Equipment (PPE), Social environmental 
factors workers' economy and culture and lack of worker discipline in regulations on 
K3, including the use of PPE due to work (Construction and Human Resources 
Development Agency, 2007)(R ahm aw ati et al. 2019).
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Abstract: The increase in the num ber o f traffic accidents, as well as the development o f  
modern traffic signaling, have influenced realistic traffic solutions at intersections to be 
aimed at constructing roundabouts, which has increased the capacity and safety o f  
traffic participants. This paper has several goals that refer to the development o f  
methodology fo r  evaluating potential locations fo r  roundabout construction. The 
subject o f this research is based on the development o f a model fo r  the construction o f a 
roundabout in Doboj using the integrated BWM (Best Worst Method) and MABAC 
(Multi-Attributive Border Approximation area Comparison) approach. Taking into 
account the fact that Doboj is a transport hub w here many roads intersect and that it is 
a very important transit point, the necessity o f constructing roundabouts is justified. 
Therefore, as part o f the paper, an adequate methodology has been developed fo r  an 
optimal selection o f a potential location fo r  the construction o f a roundabout.

Key w ords: roundabout, location, sustainable traffic, BWM, MABAC,

1. Introduction

In European countries, experts believe that roundabouts reduce the number of 
accidents and cause capacity increase, making their usage attractive since the 1980s. 
In the Netherlands, France, Norway, Denmark and other European countries, the 
number of roundabouts has been increasing progressively. In the Netherlands 
(Vasilyeva and Sazonova, 2017 ), turbo-roundabouts are being introduced with 20  to 
30%  higher speeds of movement in them and with greater safety. At intersections 
regulated by light signals, the problem occurs since pedestrian and vehicle flows 
intersect, which adversely affects pedestrians as a "vulnerable" category. This case is 
especially dominant at Russian signalized intersections, where drivers often drive 
under the influence of alcohol or pass the crossroad on red light. (Vasilyeva and 
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Sazonova, 2 0 1 7 ) According to the research (M0ller and Hels, 2007 ), the performance 
of roundabouts was considered by the criteria of road properties, capacity and 
location. Their research consists of observing two types of roundabouts, with and 
without pedestrian crossings and cycle paths.

The trend of constructing roundabouts has also shifted to smaller urban areas, so 
when looking at the territory of the Republic of Srpska it is possible to see a constant 
increase of roundabouts in urban areas. Urban areas Bijeljina, Derventa, Trebinje, 
Prnjavor and others are an example of that. To solve traffic congestion and increase 
safety on main roads, roundabouts are being constructed extensively. When it comes 
to the territory of the city of Doboj and the main roads passing through the city, the 
number of roundabouts is zero. Taking into account the fact that Doboj is a transport 
hub where many roads intersect and that it is a very im portant transit point, the 
necessity of constructing roundabouts is justified.

The subject of this paper is to define potential locations for the construction of 
roundabouts in the area of the City of Doboj. The main objective of the paper is to 
identify priority intersections on the entire street netw ork of the City of Doboj. A 
roundabout falls into the category of at-grade intersections, where all entering 
stream s flow in and exiting stream s flow out of usually one-way traffic flow around 
the central island of the intersection. Based on this, it has been formed a hypothetical 
assumption which implies that the introduction of a roundabout on the current street 
netw ork is functionally dependent on traffic conditions and their effects on the current 
traffic infrastructure in the urban area of the City of Doboj. In addition, the location of 
a roundabout in Doboj depends on the potential urban-planning and technical 
conditions for the im plementation of the intersection, and any potential solution can 
influence the change in modernity of the traffic infrastructure.

After the introduction, the second section presents an overview of the situation in 
the field of interest with a brief review of m ulti-criteria decision-making methods. The 
third section provides the algorithms of the methods used in this paper: MABAC, BEST 
WORST. The fourth section is a case study of selecting a location for the construction 
of a roundabout in the City of Doboj using the BWM-MABAC model. The paper ends 
with conclusions presenting contributions of the paper and directions for future 
research.

Subotic etal./Oper. Res. Eng. Sci. Theor. Appl. 3(1] (2020] 41-56

2. Brief literature review

Increasing capacity in road engineering according to (Li et al., 2 0 1 4 ) has becom e 
an im portant way of solving traffic problems, and roundabouts, in addition to a large 
number of benefits, also cause the increase in traffic capacity (Prateli, 2006 ), and 
higher traffic flow rate (Retting et al. 2006). A properly constructed roundabout, 
according to (Prateli et al., 2018 ), can have a significant im pact on increasing traffic 
safety, which is also confirmed by (Antov et al., 2009 ), who find that the construction 
of roundabouts is an efficient m easure to increase safety.

Depending on the type of location problem, different methods are used as shown 
above. In the last decade, m ulti-criteria decision-making (MCDM) methods have been 
applied widely in addressing location problems (Chauhan and Singh, 2016 ; Nie et al., 
2017 ; Samanlioglu and Ayag, 2017 ; Zhao et al., 2018 ; Nazari et al., 2018). Zhao et al. 
(2018 ) use a combination of AHP and TOPSIS methods to develop a m etro-integrated 
logistics system. Using the TOPSIS method, they performed a significance evaluation
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for each metro station. Nazari et al. (2018) conducted a study to select a suitable site 
for photovoltaic installation in Iran.

3. Methods

Psychology provides an explanation why individuals frequently make irrational 
decisions, while economics proposes normative theories (Morselli, 2015). According 
to (Triantaphyllou and Mann, 1995), m ulti-criteria decision-making plays an 
im portant role in real-life problems since there are many everyday decisions to be 
made thatinvolve a large number of criteria, whereas, according to (Chen et al., 2015), 
multi-criteria decision-making is an efficient, system atic and quantitative method of 
solving vital real-life problems in the presence of a large number of alternatives and 
several (opposing) criteria.

The BEST WORST (Rezai, 20 1 5 ) method was used to determine the weightvalues 
of criteria, while the MABAC method was used to evaluate the intersection locations 
for the construction of a roundabout.

In addition, to determine model validity through a sensitivity analysis, four other 
multi-criteria decision-making methods w ere used: ARAS (Zavadskas and Turksis,
20 1 0 ) WASPAS (Zavadskas and Turksis, 2012 ), SAW (Macrimon, 1968), and EDAS 
(Ghoarabaee et al., 2016).

3 .1 . B est -  W o rst M ethod

The following section presents the algorithm of the BW method based on interval 
rough numbers. Determining the weight coefficients of evaluation criteria using the 
IRN-BW method includes the following steps:

Step 1. Determining a set of evaluation criteria. In this step, we consider a set of 
evaluation criteria C = {Ci, C2, .... Cn}, where n represents the total number of criteria.

Step 2. Determining the m ost significant (m ost influential) and w orst (least 
influential) criterion. If there are two or m ore criteria that are best, i.e. worst, it is 
arbitrary to choose the best, i.e. the w orst criterion.

Step 3. Determining the preferences o f the m ost significant (m ost influential) 
criterion in a set C  over all other criteria in a defined set. The scale of num bers in the 
interval of 1-9 is used to determine the preferences. As a result, the best-to-others 
(BO) vector is obtained:

= i.aBl'aB2,.. ,aBn) [1)
where aBj represents the influence (preference) of the best criterion B over the 

criterion j, while aBB =  1 .
Step 4. Determining the preferences o f all criteria in a set C  over the w orst (least 

influential) criterion in a defined set. To determine the preferences, as in Step 3, a scale 
of numbers in the interval of 1-9 is used. The result is obtaining the others-to-w orst 
(OW) vector:

A w  = ( f i i w  a 2w> ■■ ■ ’ a n w )  [2)
Cl

where BJ represents the influence (preference) of the criterion j  over the worst criterion W, 
while aBB =  1 .
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Step 5. Calculation of optimal values of the weight coefficients of the criteria in a set 
C, (w l,w 2 , ....,w *). The aim is to determine the optimal values of the evaluation 
criteria, which should satisfy the condition that the maximum absolute gaps (3)

w R
— n

w . B j 

and 

Wj
ww J W

(3 )

for all values of j  be minimized. In order to satisfy these conditions, a solution that

w.

w.
and

- - a JW

should besatisfies the maximum gaps by absolute value 
minimized for all values of j. This condition can be shown through the following min- 
max model:

w
B WJ

J W
min max <! ——̂ -  a  R. , -  a 

j  Wj W ww

si .
n

] • > ,=  i
j=i
w > o v y

The presented model (4) is equivalent to the following model:

m in^

s i .

(4)

w R
_—__q
w . Bj

w _
- a

ww jW < t ,V j

H wj =l  
j=i
w > 0 V/'

(5 )

By solving the system of equations and inequations of model (5), we obtain the 
optimal values of the weight coefficients of the evaluation criteria (w^, w^, ■■■, w *) and
r -

w
- a
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Definition 1. The criterion comparison is consistent when the condition that 
a Bj x aj w  =  a B w  is fulfilled for all criteria j, where aBj , ajW and aBW respectively 
represent the influence (preference) of the best criterion over the criterion j, the 
influence (preference) of the criterion j  over the w orst criterion, and preference of the 
best criterion over the w orst criterion.

However, when comparing criteria, it may be that for some pairs of criteria j, the 
comparisons are not fully consistent. Therefore, the following section defines a 
consistency ratio (CR) that provides information on the consistency of the BO and OW 
comparisons. To show the determ ination of CR, we start from the calculation of the 
minimum consistency in the comparison of criteria, which is explained in the following 
section.

As noted above, pair-wise comparisons of criteria are made on the basis of the 
scale atj £  { 1 ,2 , . . . ,  aBW}, where the highest value from scale aBW is a value of 9 or any 
other maximum value of a scale defined by the decision-maker. The consistency of the 
comparison decreases when aBj x  ajW is lower or higher than aBW, i.e. when aBj x

CLjw ^ 0-BW-
It is clear that the greatest inequality occurs when aBj and ajW have maximum 

values that are equal to aBW, which further affects the values of Based on the 
relations defined above, we can conclude that there is a relation as follows:

(wB /Wj) x  (wj/ww) =  wB /w w (6)

Since the greatest inequality occurs when aBj and ajW have maximum values 
CaBw)' then the value of £ needs to be subtracted from aBj and ajW and added to aBW. 

Thus, we obtain Expression (7):

(,a Bj ~  0  x ( aj w  ~  0  = ( a B w  + 0  (7)

Since the minimum consistency implies the equality that aBj =  ajW =  aBWi 
Expression (7) is presented as follows:

(aB W ~ ^ ) X(aBW~^)  = (aB W + ^) ^  %2 ~( l ~ 2aB w ) ^  + (aBW2 ~ aB w )  = 0 ^

For different values of aBW £  {1 ,2 , .. .  ,9} based on Expression (8), we obtain maximum 
values of £  (max c). Table 1 presents the maximum values of ̂  (consistency index) for

different values of aBW £  {1 ,2 , .. .  ,9}.

Table 1. Consistency Index (Cl) values

aBW 1 2 3 4 5 6 7 8 9
Cl

( max £  ) 0.00 0.44 1.0 0 1.63 2.30 3.00 3.73 4.47 5.23

Based on Cl (Table 2), we obtain a consistency ratio (CR)

CR =  -  (9)Cl  ̂ J

CR takes values from the interval [0, l ] , where values closer to zero show high 

consistency, while CR values closer to one show low consistency.
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The solution space of model (5) includes all positive values of Wj {j =  1 ,2 , . . .  ri) that 
satisfy two conditions: (1 ) the sum of all weight coefficients should be equal to one and 
(2 ] the ratio of the weighted coefficients of the criteria which are compared should be 
at m ost equal to f .

3 .2 . MABAC m ethod

The MABAC (Multi-Attributive Border Approximation area Comparison) method is 
a recent method. The MABAC method was developed by Dragan Pamucar at the Center 
for Defense Logistics Research at the University of Defense in Belgrade and was first 
introduced to the scientific community in 20 1 5  (Pamucar and Cirovic, 2015). So far, it 
has found wide application and modification in solving various problems in the field 
of m ulti-criteria decision-making.
The basis of the MABAC method is seen in the definition of the distance of the criterion 
function of each alternative from the border approximation area. The following 
section shows the process of implementing the MABAC method, consisting of six steps: 
Step 1. Formation of the initial decision m atrix (X).

C ,  C ,
1 2

A i  X =  2

L1 1 12

21 22

Am [■xm \ m l

A1 n 

In

(10)
Step 2. Normalization of the elements from the initial matrix (X).

Cl c 2 .

A h i f12 ' • fln

N = A2 h i h i hn

_fml fn?2 '■■ tfnn (11)
The elements of the normalized m atrix (AT) are determined by applying the 

following expressions:
For benefit-type criteria (higher criterion value is preferable)

*U
xij xi

xi ~ xi (12)
For cost-type criteria (lower criterion value is preferable)

*U
xij xi

xi ~ xi (13)

1
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where
Xjj, X* i x~ are the elements of the initial decision matrix (X), where xt+ and x~  are 

defined as follows:
Xi =  max (x1, x 2, . .. , x m) and represents the maximum values o f the observed 

criterion by alternatives.
Step 3. Calculation of the elements from the weighted matrix (V).

Vij =  W* • tu +  W* [14)

where ty represents the elements of the normalized m atrix (iV), wL represents the 
weight coefficients of criteria. By applying Expression (14), we obtain the weighted 
m atrix V.

~vn V12 •■ vm~ " wr ' n + w i w2 ' t1 2 + w 2 ■■ wn

i
K£+

v  =
V21 V 22 V2 n = w\ ' t2 \ + w \ w2  ' f22  + w2  ' ■ wn f2 n + w n

_v»i Vm2 . Vmn _ i 3

+ W~-t  o .
2  m2  2 ■ wn *mn + wn

where n represents the total number of criteria, m represents the total number of 
alternatives.
Step 4. Determining the border approximation area matrix (G).

m
U vij

7 = 1  J

1  !m

( 1 5 )

where represents the elements of the weighted m atrix (V), m represents the total 
number of alternatives.

After calculating the values of g L by criteria, a border approximation area matrix G 
(16) of the form n x  1  is created (n represents the total number of criteria by which 
the offered alternatives are selected).

Cj C2 ... C„

G = ’ 1 ?2 ••• Sn (16)

Step 5. Calculation of m atrix elements of alternative distance from the border 
approximation area (Q).

Q =

ql l  ql2  

q2 l  q22

qm\ qm 2

qln

q2n

Qmn
(17)

The distance of alternatives from the border approximation area (ql;) is 
determined as the difference of the weighted m atrix elements (V) and the values of the 
border approximation areas (G)

4 7



Subotic etal./Oper. Res. Eng. Sci. Theor. Appl. 3(1] (2020] 41-56

Q =

_vl l  v12 • a
1

V -G  = V21 v22 v2n

vm\ vm2 ” vmn

"Vl l - S l  V12~S2 ■- v\n

v2 1 “ Sl v2 2 “ ^2 ■■■ v2n

§\ §2 ■■■ Sn

q\ 1 q\2 

q21 q22

(1 8 )

vml ^ 1  vm 2 £ 2 vmn Sn qm\ qm2

qln

q2n

Vmn (19)

where g L represents the border approximation area for the criterion CL, 
vtj represents the elements of the weighted m atrix [V], n represents the number of 
criteria, m represents the number of alternatives.

The alternative AL can belong to the border approximation area (G), the upper 
approximation area (G+) or the lower approximation area (G_), i.e. At £  {G V  G+ V  
G -}

The upper approximation area (G+) represents the area where the ideal alternative 
(i4+) is located, while the lower approximation area (G_) represents the area where 
the anti-ideal alternative (<4_) is located. The affiliation of the alternative AL to the 
approximation area (G, G+ or G_) is determined on the basis of Expression (20)

4
G+ qij> st 
G jf  qij=Si 
G~ i f  qt j < St

(20)
In order for the alternative AL to be selected as the best alternative of the set, it 

should belong to the upper approximation area (G+) by as many criteria as possible. 
For instance, if  the alternative belongs to the upper approximation area by five criteria 
(out of a total of six criteria), and to the lower approximation area (G_) by one 
criterion, it means that the alternative is close or equal to the ideal alternative by five 
criteria, while it is close or equal to the anti-ideal alternative by one criterion. If the 
value of qtj >  0, i.e. qLj 6 G+, then the alternative AL is close or equal to the ideal 
alternative. The value of qLj <  0, i.e. qLj e  G~, indicates that the alternative AL is close or 
equal to the anti-ideal alternative.

Step 6. Ranking alternatives. The calculation of the values of criterion functions by 
alternatives (2 1 ) is obtained as the sum of the distances of alternatives from the 
border approximation area (<7,). By summing the elements of the m atrix Q by rows, we 
obtain the final values of the criterion functions of alternatives

Sj = 2  qjj, 7 = 1 , 2 , i = \,2,...,m 
1 7=1 '' (21)
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where n represents the number of criteria, m represents the number of 
alternatives.
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4. A case study in the city of Doboj -  Description of the situation in the 
City of Doboj

The selection of the location for the construction of a roundabout consists of 
several stages that are described in detail below. The first stage implies the formation 
of a m ulti-criteria model based on the realistic needs for traffic infrastructure in the 
city of Doboj. The second stage implies the collection of data on the basis of 
m easurem ents of traffic indicators and other sources, such as the Ministry of Interior, 
where data on the number of traffic accidents at the locations for roundabout 
construction w ere obtained. The third stage refers to the expert evaluation of the 
significance of criteria as the first step and the determ ination of the weights of the 
criteria using the BWM method as the second step. The fourth stage is the evaluation 
of the locations based on the MABAC method. This paper will analyze six potential 
locations for the introduction of a roundabout intersection in the city of Doboj, where 
no roundabout has been constructed so far. As already mentioned, the city of Doboj, 
by its geographical position, is located at the crossroads of the m ost im portant main 
and regional roads in the Republic of Srpska and Bosnia and Herzegovina.

This research involved traffic experts. They are on average 50 years old and there 
w ere 62 respondents.

The 105 main road (M l) passes in the north-south direction and, in the east, it is 
connected to the 110  main road from (M l) the direction of Tuzla (Federation of BiH). 
The m ost frequent part of the 105 main road (M l) is on the Seslije - Doboj - Karuse - 
Federation of BiH route.

The intersections of city streets with access to the main roads are not well resolved 
in the city, which significantly hinders a normal flow of traffic, especially at peak hours. 
Taking into account the transport significance o f the city of Doboj, as well as the fact 
that nearby towns, such as Modrica, Derventa, Teslic and many other smaller towns 
and municipalities already have roundabouts, six potential intersections have been 
selected for the construction of a roundabout in the city, as well as on the 105 main 
road (M l). The following table gives an overview of the potential coordinates for the 
roundabout.

Table 2. Coordinates for the roundabout
L o ca tio n A l A2 A3 A 4 A5 A6

C o o rd in a tes
4 4 .7 4 3 4 4 3
1 8 .0 9 5 1 4 0

4 4 .7 3 5 7 7 6
1 8 .0 9 6 6 1 1

4 4 .7 3 3 4 0 5
1 8 .0 9 6 1 1 1

4 4 .7 2 6 5 7 9
1 8 .0 9 1 8 6 9

4 4 .7 1 3 1 5 5
1 8 .0 8 0 5 3 5

4 4 .7 3 0 2 4 4
1 8 .0 8 1 4 5 1

4 .1 . Form ing a m ulti-criteria m odel

Six locations, out of which one is located in the very center of the city, four locations 
representing the connection between the streets for the entrance into/exit from the 
city and the first-order main road, and one location where the first-order main roads 
intersect, are evaluated on the basis of a total o f eight criteria presented in Table 3.
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Table 3. Criteria in a m ulti-criteria model and their description

No. Criterion Criterion description

1 Flow of vehicles
The number of vehicles passing through the 
observed road intersection in a unit of time in 
both directions

2 Flow of pedestrians

The number of pedestrians crossing the 
observed intersection at the point for 
pedestrian movement (pedestrian crossing, 
zebra, etc.) at a given time interval

3 Traffic Safety Indicator
The number of traffic accidents on the observed 
section of road

4
Cost of construction and 
exploitation

Cost estimation (construction, exploitation and 
m aintenance)

5 Type of intersection Three-way or four-way intersections

6
Average vehicle 
intensity per access arm

The lim it intensity is the intensity at the entry 
arm into the intersection of 360  PA/h

7
Functional criterion of 
spatial fitting

W hat is the primary role of the intersection 
observed? This section analyzes what 
type of intersection is the m ost acceptable due 
to its role in traffic

8 Public opinion
It implies a survey of local people who have 
chosen one of the offered locations as a priority 
for the construction of a roundabout.

The criteria w ere selected according to the current needs of the City of Doboj and 
relevant literature that considered similar studies (Day et al., 2013 ; Benekohal and 
Atluri, 2009 ; Deluka-Tibljas et al., 2010 ; Steiner et al., 2014). In all the aforementioned
studies, the criteria are organized into several categories: traffic criteria, safety 
criteria, functional criteria, performance, cost, etc. The criteria used in this study are 
the m ost commonly used criteria in Croatia: functional criterion, spatially-urbanistic 
criterion, traffic flow criterion, design and technical criterion, traffic safety criterion, 
capacity criterion, environmental criterion, economic criterion; in Serbia and Slovenia: 
functional criterion, capacity criterion, spatial criterion, design and technical criterion, 
traffic safety criterion and econom ic criterion (Kozic et al., 2016). The results provided 
by the study (Retting et al., 20 0 7 ) indicate that public support increases with time 
since traffic participants becom e m ore familiar and comfortable with this form of 
traffic control. Considering this, the use o f the last criterion in this research has its 
justification.

4 .2 . Evaluating and ranking the locations for roundabout co nstruction  using  
the MABAC m ethod

Flow m easurem ent was performed at the sampling level in the period September- 
November 2017. The data collected for each location based on established criteria are 
presented in Table 4.
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Table 4. Values of alternatives according to criteria

C i C 2 C 3 C 4 Cs C 6 C 7 C 8

A i 1256 8 2 3 3 419 7 85
A 2 21 9 4 4 2 9 3 731 5 89
A 3 1037 5 4 7 3 346 3 45
A 4 2878 32 3 7 4 720 5 8
A s 1052 2 4 5 4 263 5 27
A e 4197 124 1 3 4 1050 7 74

Table 4 shows the values for all the locations by established criteria. It can be noticed 
that the highest intensity of traffic flows of vehicles and pedestrians belongs to the 
sixth location with 41 9 7  vehicles and 124  pedestrians in one hour. Locations 4 and 2 
have slightly less intensity regarding vehicle flows, while the intensity of pedestrians 
is 32 for the fourth, and only four for the second location. The remaining locations have 
double less intensity than the two previously m entioned locations, and alm ost four 
times less than the sixth location. If the sixth and fourth locations are excluded, the 
flows of pedestrians are very low. The reason is that the sixth location is in the city 
center, and the fourth location represents the connection between entering the city 
and the railway station. Regarding the number of traffic accidents, the largest number 
of accidents occurred at locations 3 and 5, four accidents per each, while the lowest 
number of accidents occurred at the sixth location. The average vehicle intensity per 
an arm (Table 4) is the largest at the sixth location, 1050, while for the second and 
fourth location itis  alm ost identical, 731 and 720, respectively. The minimum intensity 
per an arm is at the fifth location since this location has four arms and an additional 
arm that is not presented in the paper as an arm, as it is a side road with no frequent 
traffic. Based on the public opinion survey for potential locations, the largest number 
of citizens have characterized the first two locations as a priority for the construction 
of a roundabout, and as the third one, they designated the sixth location.

After obtaining the m atrix Q, it is necessary to sum the elements by rows and rank 
them. Table 5 shows the final values of roundabout locations using the MABAC 
method.

Table 5. Final values and ranking the alternatives

Values Rank
Ai -0.042 5
A2 0.010 4
A 3 -0 .043 6
A4 0 .074 3
As 0.132 2
Ae 0.167 1

5. Sensitivity analysis

In order to validate the model and test the results obtained by applying the MABAC 
method, a sensitivity analysis consisting of the application of the ARAS (Table 6), EDAS 
(Table 7), SAW (Table 8), and WASPAS (Table 9) methods is performed in the paper.
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5 .1 . Ranking the locations using the ARAS m ethod

Compared to MABAC and other methods used in this paper, the initial m atrix for 
the ARAS method is slightly different. It is reflected through the formation of an 
additional row that represents the optimal alternative. This alternative consists of the 
best values depending on the type of criteria. If it is a criterion belonging to the benefit 
group, the maximum value is taken, while for the criteria belonging to the cost group, 
the minimum value is taken. After forming the optimal alternative, the initial m atrix is 
as shown in Table 6.

Table 6. Ranking the locations using the ARAS method

Si Ki Rank
A l 0 . 1 1 1 0.519 6
A2 0.134 0 .626 3
A3 0.122 0.573 5
A4 0.131 0 .614 4
A5 0.144 0.673 2
A6 0.144 0.675 1
Ao 0.214 1.0 0 0

5.2. Ranking the locations using the EDAS m ethod

Table 7. Results obtained using the EDAS method

SPI NSI NSPI NSNI AS I Rank
Ai 0.080 0.177 0.233 0.462 0.348 6
A 2 0.167 0.118 0 .488 0,.642 0.565 1
A 3 0.189 0.210 0 .554 0.363 0.459 5
A 4 0.149 0 .144 0.435 0.563 0.499 4
As 0.253 0.201 0 .740 0 .390 0.565 2
Ae 0.342 0.329 1.0 0 0 0.000 0.500 3

5.3. Ranking the locations using the SAW m ethod

Table 8. Ranking the locations using the SAW method

Values Rank
Ai 0 .547 6
A2 0 .634 3
A 3 0.595 5
A4 0.633 4
As 0 .694 2

Ae 0.694 1

5.4. Ranking the locations using the WASPAS m ethod

This method, as already mentioned in the paper, contains the previously applied 
SAW method in its steps, so that the normalization, weighting of the normalized 
matrix, and summarizing the values by alternatives are identical as by the SAW 
method, thus there is no need to display those m atrices.

52



The selection of a location for potential roundabout construction -  a case study of Doboj 

Table 9. Ranking the locations using the WASPAS method

WPM Qi Rank
Ai 0.508 0.528 6
A2 0.615 0 .624 2
A 3 0.522 0.558 5
A4 0 .564 0.599 4
As 0.576 0.635 1
Ae 0 .514 0 .604 3

Based on the presented calculation, it can be noticed that the location under the 
number 6 is best and a priority for the construction of a roundabout. Since it is the 
location that has the largest traffic flow of pedestrians, an alternative solution for this 
location is the installation of traffic lights at this intersection, which has been done in 
the meantime, as it is well-known that if  there is a high rate of pedestrians at a 
roundabout, alternative solutions are used. The intensity of pedestrians at this 
location for the period of one hour is 124  and, according to the authors’ opinion, it is 
not a limitation for the roundabout construction. Location 6 represents the location in 
the city center. The second priority location for the construction of a roundabout is 
location 5 representing the last exit from the city towards Sarajevo and which is a four
way intersection with an additional side road. There is often traffic congestion at this 
intersection where city streets are its arms, so there is often a situation where drivers 
carelessly merge onto the main road, as evidenced by a number of accidents. 
Considering the above, the priority for the construction of a roundabout at this 
location is justified.

Since there is a change in the ranks of the alternatives, it is necessary to make a 
statistical comparison of the ranks, i.e. to determine their correlation. Table 10 shows 
Spearman's correlation coefficient of the ranks of the alternatives for all the methods 
used.

Table 10. Spearman's correlation coefficient of the ranks of the alternatives
for all the methods used

Methods MABAC ARAS WASPAS SAW EDAS Average
MABAC 1.000 0.886 0.657 0886 0.543 0 .794
ARAS - 1.000 0.829 1.000 0.771 0.900

WASPAS - - 1 .000 0.829 0.943 0.924
SAW - - - 1.000 0.771 0.886
EDAS - - - - 1.000 1.000

Overall average 0.901

Based on the total calculated statistical correlation coefficient (0 .910), it can be 
concluded that the ranks are in a high correlation in all the created scenarios. 
Regarding the rank correlation of MABAC with other methods, there is a high 
correlation with ARAS and SAW methods, while there is a lower correlation with the 
other two methods, with WASPAS 0.657 and with EDAS 0.543. ARAS has the total 
correlation with the SAW method (1 .000), with WASPAS (0 .829), while it has the 
low est correlation of 0 .771 with EDAS. WASPAS and EDAS have the highest correlation 
between each other, when considering these two methods, and it is 0.943. By 
observing the overall ranks and correlation coefficients, it can be concluded that the 
model obtained is very stable and the ranks are in a high correlation since all values
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6. Conclusion

The developed model that includes the integration of BWM and MABAC methods 
has been applied in a case study of selecting the location for the construction of a 
roundabout in the City of Doboj, which is one of the im portant factors for increasing 
the mobility and functional sustainability of the city. Taking into account the 
geographical position of Doboj, it is im perative to construct roundabouts on the 
territory covered by this urban area. Its location affects a significant share of transit 
flows, increasing negative externalities to traffic sustainability. The solution is 
certainly the construction of roundabouts that significantly eliminate or reduce 
current negative effects. The hypotheses set out in the paper have been proven 
through the development of the integrated model and analysis of all necessary 
param eters, which can be seen from the results obtained. The paper considers six 
potential locations, which have been evaluated using the integrated m ulti-criteria 
model.

Based on the obtained results, it can be concluded that the sixth location is best in 
term s of the defined optimization criterion and represents a priority location for the 
construction of a roundabout. Location 6 represents the location that is in the city 
center. The second priority location for the construction of a roundabout is location 5 
representing the last exit from the city towards Sarajevo and a four-way intersection 
with an additional side road. There is frequently traffic congestion at this intersection 
where city streets are its arms. Taking into account the above, the priority for the 
construction of a roundabout at the mentioned locations has been evaluated as 
justified. The model stability was verified throughout a sensitivity analysis in which 
the scenarios w ere created by applying different approaches.

When observing the current state in the field of in terest and infrastructure 
construction that involves smaller local projects, it is often one or two criteria 
considered when building infrastructure. The development of such a model as in this 
research creates the possibility of comprehensive consideration of all the im portant 
factors for infrastructure construction, which is one of the contributions of this 
research. In addition to the traffic flows of vehicles that are the main criterion, it is 
necessary to take into account the number of traffic accidents that occurred at the 
considered locations, pedestrian traffic flows, the econom ic aspect of construction and 
other factors covered in detail throughout the paper.

Future research with respect to this paper refers to the development of a model 
that will enable the m easurem ent of param eters that enhance traffic sustainability and 
the possibility of developing new approaches in the area of m ulti-criteria decision
making.
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A bstract: Banks in the Republic o f  Srpska are  one o f  the m ost important drivers o f  the 
economy and household savings. The activity o f  the financial m arket o f  the Republic o f  
Srpska is low and banks are still the main source o f  funding. The question o f  the 
objective ranking o f  banks based  on business results is an important elem ent in the 
business decisions m ade by com panies and the population. A bank's position and 
quality would depend on the criteria to be included in the analysis. The professional 
literature recom m ends that banks' liquidity, profitability, efficiency and solvency should 
be monitored. In most cases, w hether to rank banks based  on liquidity or  adequacy or  
on another indicator is doubtful The best picture o f  the state o f  the banks is obtained  
when all indicators are involved in such ranking. The aim o f  this study is to define and 
rank the banks headquartered in the Republic o f  Srpska by follow ing a total o f  fou r  
indicators. In this paper, the calculation o f  banks' liquidity, efficiency, profitability and 
solvency based  upon the publicly presented audit reports fo r  the y ears  2013 and 2014 is 
given. Then, the statistical m odel that absorbs information and generates the final 
ranking o f  banks in the RS is defined. The subject o f  the study is the banks that operate  
and are headquartered  in the RS. The hypothesis is to determ ine their rankings based  
on their business perform ance.

Keyw ords: bank, ranking list, I-distance, criteria.

1. Introduction

The quality evaluation of banks’ success includes monitoring a bank from 
different perspectives and measuring its quality from different aspects. Successful
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banks are those banks that do not have a problem with liquidity and solvency, 
thereby achieving the optimal amount of the profit. These aspects are the main 
principles of banking operations, well-known as the "golden rules” of banking. 
Performance analysis is closely related to liquidity, efficiency, profitability, and 
solvency (capital adequacy).

1.1. Liquidity

The liquidity of a bank is a complex concept, usually interpreted as a bank's 
ability to m eet its obligations upon maturity. A bank's m anagem ent are required to 
continuously monitor its liquidity from the static and dynamic aspects. By disrupting 
the liquidity of only one bank, the survival of the entire financial system may be 
brought into question. If a bank is unable to service its obligations, general 
confidence in the financial system is lost, which leads to the erosion of the monetary 
assets of all banks. The following indicators are used both in theory and in practice to 
assess liquidity:

• L I = Cash and pledged m arketable securities / Business assets,

• L2 = Total deposits / Borrowings,

• L3 = Variable funds / Liquid assets,

• L4 = Total loans / Total deposits,

• L5 = Liquid assets / Operating assets (Curcic, 1995).

During the m anagem ent of a bank's liquidity, the indicators L I, L2 and L5 need to 
be maximized, i.e. a higher value of these ratios shows the presence of better 
liquidity. The indicators L3 and L4 have a completely opposite meaning, i.e. a low 
value of these indicators im plicates high liquidity, and vice versa. When analyzing a 
bank, it should not be forgotten that too high liquidity causes low profitability.

1.2. Efficiency

Efficiency is defined by the phrase "do things right” and, in a specific case, it is 
indicative of the fact that banks m ust manage their assets by implementing the best 
possible strategy. A bank’s efficiency is achieved when the bank produces bigger 
effects with as-low-as-possible costs, increasing its productive assets by placing 
liabilities in the best way under current circum stances (Curcic, 1995). Productive 
assets bring interest income, after which banks increase capital, provided that they 
have achieved a positive financial result. The indicators providing information about 
effectiveness are as follows:

• E l = Interest expense / Interest income

• E2 = Provisions / Net interest income,

• E3 = Interest income / Total number of employees (Sinkey, 1989).

The data for this calculation are taken from the income statem ent, and banks 
tend to minimize the indicators E l and E2 -  a lower value rejects greater efficiency, 
and vice versa. The indicator E3 has an alternative explanation, i.e. the maximum 
value increases efficiency.
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1.3. Profitability

Profitability indicators are crucial for business analysis and are defined as a 
bank’s earning ability, i.e. its ability to receive income from invested assets and 
increase them during business cycles. They are used to evaluate a bank’s profitability 
in a given time, usually at the end of the accounting period (Roman et al., 2015):

• P I = Profit before tax / Equity,

• P2 = Profit before tax / Business assets

• P3 = Profit before tax / Interest income.

Higher values of the profitability indicators signal a greater earning power, and 
thus there is a possibility of increasing share capital. Caution should be exercised 
when interpreting the profitability indicators, because numbers may distort the true 
picture. The profitability indicators are maximized as a result of an increase in a net 
profit before tax, not under the influence of a reduction in capital, assets or income 
from interest and the like.

1.4. Solvency

The solvency, or capital adequacy, of a bank is an indicator which should be 
paid more attention to in the banking practice. To support this indicator, there is the 
statutory rate of the minimum capital adequacy ratio of 12% , which represents a 
bank's ability to eventually fulfill all o f its obligations, even from its bankruptcy 
estate. "A bank is considered insolvent when its liabilities exceed the value of its 
assets, or when realized losses exceed its equity capital.” In that case, the bank does 
not have enough capital to cover the incurred losses, and a part of the assets are non
performing loans, receivables and loans, and there is no possibility for the bank to 
fulfill all of its obligations (Curcic, 1995 ; Garcia et al., 2010). The criteria used to test 
the solvency (capital adequacy) of the bank are:

• S I  = Total Liabilities / Equity;

• S2 = Total deposits / Equity;

• S3 = Venture capital / Total risk-weighted assets;

• S4 = Shareholders' equity / Business assets;

• S5 = Shareholders' equity / Risk-weighted assets;

• S6 = Shareholders' equity / Total deposits;

• S7 = Shareholders' equity / Loans (Dragasevic, 2010).

When managing solvency, a bank should tend to minimize the indicators S I  and 
S2 and have the values of the other indicators as high as possible. Instead of total 
assets and total resources, operating assets and business assets are included in the 
calculation of these indicators. Banks are for-profit organizations and business 
assets, which represent the funds arising from operations, participate directly in 
making a profit and are fully justifiably included in the calculation. The confirm ation 
for this is the fact that total assets represent a sum of operating assets and off- 
balance assets, where the off-balance sheet positions are sureties, guarantees, 
acceptances, bills of exchange and other forms of guarantees, uncovered letters of
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credit, irrevocable, approved but undrawn loans and so forth. It is characteristic of 
the off-balance sheet positions that they are potential liabilities or claims, and that 
there is an amount of uncertainty regarding whether and when those contingent 
liabilities and receivables would be implemented. Banks often use off-balance sheet 
transactions in order to earn additional income, accomplished through commission 
fees. To conclude, off-balance sheet [assets] are excluded from the calculation, 
because the research is aimed at showing the real rank and position of the banks 
operating in the Republic of Srpska's banking sector based on their core business.

2. Methods

There are numerous methods and ways for ranking certain units within a set or a 
sample. In particular, it is possible to use various multicriteria ranking methods for 
banks, such as ELECTRE, PROMETHEE, CAMELS, and so on. In this paper, however, 
we decided to apply the 1-distance method. The I-distance method was originally 
introduced and defined in professor Branislav Ivanovic’s publications in the 1960s 
and the 1970s. Professor Ivanovic designed this method so as to rank countries by 
the development level, which he described by means of various socio-economic 
indicators (Jeremic et al., 2013}. The relative position of a unit in relation to another 
within the units of a dataset can be determined by using this method. The linear 
(clustered and non-clustered) and quadratic distances were worked out in the 
method, and further research in this field has led to the development of a multistage 
I-distance, which will be used in this paper (Ivanovic, 1977; Jeremic et al., 2013; 
Jovanovic-Milenkovic et al., 2015],

The process of the construction of the I-distance is iterative (Jeremic et al., 2013), 
the number of iterations depending on the number of the indicators to be included in

the analysis. If observing a set of indicators C7 = (CL.C2, . :  C*), which in this case 
describe the quality of a certain field of operations, the I-distance between the two

observed units (i.e. banks in this case) er=(Cl jr3,„irc . and nif is calculated
by applying the following equation:

di(r,s) is the distance between the units er and es for the indicator G;

cm is the standard deviation for the value of all the units as per indicator G;

rji.i2 ...j-i represents a partial correlation coefficient between the indicators G 
and G (Markovic et al., 2020; Radojicic et al., 2012).

It was pointed out that the calculation of the I-distance is a procedure consisting 
of several iterations. The process, first, involves the entire discriminatory effect of 
the indicator XI, i.e. the indicator with the most information about the level of the 
"quality" of the unit. After that, the part of the discriminatory effect of the second 
indicator not involved in the discriminatory effect of the first indicator is added. In a 
fashion similar to the previous one, the part of the information provided by the third

k i—1

(i)
where:
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indicator not involved in the discriminatory effect of the first two is added. The 
whole process continues, so that the level of the "quality" of the unit ej, defined by a 
set of the indicator X, might finally be as follows:

If the variables have a different (either positive or negative] sign resulting in the 
occurrence of a negative correlation coefficient between the variables, it is necessary 
to use the square 1-distance (Jeremic et al,, 2013] in the analysis. The inclusion of the 
indicators with less information is greater in the square distance than in the plain 
distance, which is another reason why the square 1-distance should be used when 
there is a large number of indicators. The square I-distance is calculated as follows:

In this paper, the ranking of the banks will be performed by means of the square 
I-distance, because of the occurrence of the negative partial correlation coefficients 
between the observed indicators for the ranking. It is, however, necessary to say 
that, due to the specific problem being solved, the two-stage method of the I-distance 
will be applied. This method involves the calculation of the I-distance for units in the 
set in several stages, i.e. in two stages in this particular case. The results of the I- 
distance will be obtained within each segment and the measurement of the banks’ 
performances (liquidity, profitability, efficiency, solvency], after which the same 
method will be applied again to the obtained results in order to obtain the final 
ranking of the banks in the RS. This method will allow us to determine the best- 
performing banks for each of these segments, and the most successful one among 
them (Markovic et al., 2020; Jovanovic -  Milenkovic et al., 2015],

Apart from the final ranking, this method also allows the determination of weight 
coefficients for each indicator individually, also establishing the relative importance 
of bank performance indicators (liquidity, profitability, efficiency, solvency] and 
giving a picture of the quality assessment of each bank individually (Dobrota et al., 
2015],

3. Research Results

The research study includes all the banks headquartered in the RS. It is aimed at 
forming the final ranking, which realistically reflects the quality of the operations of 
the banks by the observed indicators. The years the survey was conducted for are 
2013 and 2014, the data having been taken from the official financial and audit 
reports of the included banks. Table 1 shows the quantitative indicator values 
expressed for the observed banks in 2013.

n

(2]

(3]

61



Markovic etal./Oper. Res. Eng. Sci. Theor. Appl. 3 (1] (2020] 57-71

Table 1. The indicators o f the banks' performance in 2013

I n d .
N o v a

b a n k
N L B

U n i 

c r e d i t
H y p o

S b e r b a

n k

K o m e r

c i j a l n a

B a n k a

S r p s k e

P a v l o v .

b a n k a
M F B o b a r

I  L i q .

L I 0 . 0 5 9 0 . 1 0 3 0 . 0 3 0 0 . 0 5 2 0 . 0 6 2 0 . 0 4 6 0 . 0 8 2 0 . 1 0 4 0 . 0 5 2 0 . 0 6 6

L 2 0 . 8 3 4 0 . 8 6 3 0 . 8 4 4 0 . 9 0 2 0 . 8 8 1 0 . 8 7 8 0 . 7 1 2 0 . 9 4 8 0 . 6 5 7 1 . 0 0 1

L 3 5 . 6 9 5 2 . 4 5 1 6 . 5 3 4 4 . 2 4 2 4 . 2 8 7 6 . 2 3 6 4 . 3 3 9 3 . 5 9 4 1 2 . 6 4 4 . 6 3 4

L 4 0 . 9 5 0 0 . 8 6 1 1 . 1 6 1 1 . 0 5 5 1 . 1 5 8 1 . 0 9 6 1 . 1 0 8 0 . 8 2 2 1 . 3 3 0 0 . 9 0 1

L 5 0 . 1 7 0 0 . 3 9 6 0 . 1 5 0 0 . 2 2 5 0 . 2 2 9 0 . 1 5 8 0 . 2 0 8 0 . 2 6 1 0 . 0 7 8 0 . 2 0 9

I I  E f f i c .

E l 0 . 4 9 2 0 . 3 8 5 0 . 2 0 3 0 . 4 4 5 0 . 3 4 8 0 . 3 0 7 0 . 4 8 7 0 . 3 5 3 0 . 3 9 8 0 . 4 5 6

E 2 0 . 0 3 1 0 . 0 3 8 0 . 0 1 3 2 . 2 4 1 0 . 0 2 0 0 . 1 1 8 1 . 5 6 4 0 . 1 7 7 0 . 0 5 5 0 . 7 5 1

E 3 1 2 4 7 1 4 1 0 2 8 9 3 1 2 8 5 2 7 1 0 4 7 8 9 1 1 6 4 2 5 1 0 0 0 2 1 5 8 2 0 8 5 5 9 8 0 7 7 2 5 7 9 7 6 9 7

I I I  P r o f .

P I 0 . 1 0 3 0 . 1 1 3 0 . 1 2 8 0 . 0 0 0 0 . 0 3 9 0 . 0 0 6 0 . 0 0 0 0 . 0 2 4 0 . 0 1 6 0 . 0 4 3

P 2 0 . 0 0 8 0 . 0 1 1 0 . 0 2 0 0 . 0 0 0 0 . 0 0 6 0 . 0 0 1 0 . 0 0 0 0 . 0 0 3 0 . 0 0 2 0 . 0 0 6

P 3 0 . 0 0 9 0 . 0 1 3 0 . 0 2 3 0 . 0 0 0 0 . 0 0 7 0 . 0 0 2 0 . 0 0 0 0 . 0 0 4 0 . 0 0 2 0 . 0 0 7

I V  S o l .

S I 1 1 . 8 0 8 . 8 9 5 . 5 4 4 . 8 2 5 . 7 6 3 . 0 7 7 . 8 0 6 . 1 7 6 . 3 6 6 . 1 8

S 2 9 . 4 2 7 . 3 2 4 . 6 0 3 . 7 1 4 . 9 5 2 . 6 4 5 . 1 9 5 . 7 9 3 . 9 7 5 . 2 6

S 3 0 . 1 3 0 0 . 1 8 6 0 . 2 2 6 0 . 2 0 2 0 . 1 2 8 0 . 2 5 5 0 . 1 4 2 0 . 1 3 3 0 . 1 8 6 0 . 1 4 3

S 4 0 . 0 6 4 0 . 0 5 2 0 . 1 0 3 0 . 1 3 4 0 . 0 9 3 0 . 2 2 8 0 . 1 5 6 0 . 0 9 2 0 . 1 7 1 0 . 1 2 4

S 5 0 . 0 8 2 0 . 0 3 9 0 . 1 7 1 0 . 1 9 0 0 . 0 9 9 0 . 3 1 7 0 . 2 0 2 0 . 1 1 7 0 . 2 2 5 0 . 1 5 1

S 6 0 . 0 8 7 0 . 0 7 1 0 . 1 4 7 0 . 2 1 0 0 . 1 2 8 0 . 3 5 1 0 . 2 6 5 0 . 1 1 4 0 . 3 1 6 0 . 1 6 9

S 7 0 . 0 9 2 0 . 0 5 4 0 . 1 2 6 0 . 1 9 9 0 . 1 1 0 0 . 3 2 0 0 . 2 3 9 0 . 1 5 9 0 . 2 3 8 0 . 1 8 7

All indicators w ere calculated as stated in the introductory part, the example of 
the calculation being the method for the calculation of the criteria L I and L2 for Nova 
banka.

L I = Cash and pledged m arketable securities / Business assets 

LI = 103,560,819/ 1,737,567,592 = 0.059 

L2 = Total deposits / Borrowings 

L2 = 1 ,074 ,122 ,000/ 1 ,288 ,604 ,269= 0 .834

The results show the perform ance of the ten banks, only one of which (Banka 
Srpske) is a bank in the m ajority ownership of the state. The following is the final 
ranking combining all the aspects of the banking operations of the analyzed banks in 
2013.

Table 2. The ranking o f the banks according to perform ance indicators in the RS in
2013

Number Bank I-distance (TOTAL)
1 UniCredit 14 .23 2 7 8 3 8
2 Komer cijalna Bank 11 .6 1 0 5 8 4
3 NLB 3 .560 1 1 6 6 6
4 Sberbanka 2 .1 3 4 4 6 8 5 8
5 Pavlovic 1 .78470972
6 MF 1 .705 3 1 1 8 8
7 Hypo 1 .3461246
8 Nova banka 1 .30309752
9 Banka Srpske 0 .96692585

10 Bobar 0 .83768652
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According to the perform ance results in 2013 , the m ost successful bank was 
UniCredit Bank Inc. Banja Luka, only to be followed by Komercijalna Bank, while 
Bobar Bank Inc. Bijeljina ranked the last. The m arket verification and justification of 
the use of the method was confirmed by the data analysis. In 201 4 , Bobar Bank lost 
its banking license, which confirmed the results obtained by the ranking method, 
because it is exactly that bank that was identified as the worst.

Also, an additional analysis was performed, which included the ranking of the 
banks by each individual criterion, and the results are presented below. The first to 
have been analyzed is the liquidity criterion, the ranking results being presented in 
Table 3. The above-described indicators (L I to L5) w ere used for the ranking.

Table 3. The ranking o f the banks by the liquidity criterion (2013)
Number Bank I-distance (TOTAL-)

1 NLB 16 .87 3 8 2 3 7
2 Pavlovic 15 .0160139
3 Bobar 8 .51 7 4 9 5 8
4 Nova Banka 5 .6421245
5 Hypo 4 .0 5 6 6 2 4 9 4
6 Banka Srpske 3 .75091339
7 Sberbank 3 .054496
8 Komercijalna 1 .868 0 7 6 9 7
9 UniCredit 1 .332 3 1 7 5 8

10 MF banka 0

The results indicate that NLB Bank had the best liquidity in 2013, only to be 
followed by Pavlovic Bank and Bobar Bank. On the other hand, M FBank and UniCredit 
Bank had the low est liquidity. Given the fact that UniCredit Bank was previously seen 
to be the best-ranked in general, this indicates that they had no problem with the 
placem ent of their funds, and the following criteria will show that they are doing it 
the right way.

After liquidity, the banks w ere also analyzed according to the profitability 
criterion, which included the three aforementioned and explained indicators. The 
ranking results for this criterion are given in the following table.

Table 4. The ranking o f the banks by the profitability criterion (2013)
Number Bank I-distance (TOTAL)

1 UniCredit 17 .23932
2 NLB 6 .275044
3 Nova Banka 4 .048731
4 Bobar 1 .651467
5 Sberbank 1.455483
6 Pavlovic 0 .523299
7 MF banka 0 .188562
8 Komercijalna 0 .089404
9 Hypo 0

10 Banka Srpske 0
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By far, the m ost profitable bank is UniCredit, only to be followed by NLB Bank, 
and Nova banka being in the 3rd place. Hypo and Banka Srpske are the banks ranked 
the worst, with the low est values in all the observed indicators.

The next ranking criterion was efficiency, which included a total of three 
indicators. The results are given in the following table.

Table 5. The ranking o f the banks by the efficiency criterion (2013)
Number_______Bank______ I-distance (TOTAL]

1 UniCredit 25 .381683
2 Sberbank 6 .9713765
3 Nova Banka 6 .6322243
4 Komercijalna 4 .4184533
5 NLB 3 .2 6 2 8 9 1 4
6 Hypo 3.2233851
7 Bobar 2 .85 8 6 9 8 7
8 MF banka 1 .2178958
9 Pavlovic 0 .6498732

10 Banka Srpske 0 .0025168

UniCredit Bank, which has shown a dramatically better score than the second- 
ranked Sberbank, ranked the highest. The three w orst banks w ere Bobar, MF Bank 
and Pavlovic Bank.

The last criterion observed was solvency, including a total of seven individual 
indicators.

Table 6. The ranking o f the banks by the solvency criterion (2013)
Number Bank I-distance (TOTAL)

1 Komercijalna 32 .93711
2 Banka Srpske 15 .234933
3 MF banka 14 .380753
4 Hypo 1 2 .070788
5 Bobar 8 .78 7 7 1 7 7
6 UniCredit 6 .5899765
7 Pavlovic 4 .1 8 1 3 8 8 4
8 Sberbank 2 .4290309
9 Nova Banka 0 .8491772

10 NLB 0 .2067228

It can be noticed here that the m ost solvent w ere Komercijalna and Banka Srpske, 
whereas the low est solvency was that of Nova and NLB banks.

The same complete analysis for the year 2 0 1 4  was also performed. In addition to 
the final rankings, the individual rankings of the banks in all the selected 
perform ance criteria w ere also given. The quantitative indicators of the banks’ 
business success for the year 2 0 1 4  are given in the following table.
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Table 7. The banks' performance indicators in 2014

I n d .
N o v a

b a n k a
N L B

U n i C r e d

i t
H y p o

S b e r b a

n k

K o m e r c

i j a l n a

B a n k a

S r p s k e

P a v l o v i

c
M F

I  L i q .

L I 0 . 0 5 3 0 . 1 7 6 0 . 0 8 7 0 . 0 7 8 0 . 1 0 8 0 . 0 3 9 0 . 0 8 3 0 . 1 0 2 0 . 0 3 2

L 2 0 . 8 6 1 0 . 8 8 4 0 . 8 7 2 0 . 9 1 6 0 . 9 0 7 0 . 8 5 7 0 . 7 4 3 0 . 9 2 9 0 . 7 5 4

L 3 6 . 2 0 1 2 . 0 7 7 4 . 3 0 7 4 . 1 4 9 3 . 8 5 9 6 . 3 3 2 2 . 8 8 9 3 . 2 3 0 1 5 . 3 8 3

L 4 0 . 9 3 5 0 . 9 3 2 1 . 0 3 2 0 . 9 6 4 0 . 9 3 0 1 . 1 4 1 1 . 0 5 4 0 . 8 8 6 1 . 1 6 7

L 5 0 . 1 5 5 0 . 4 6 8 0 . 2 2 8 0 . 2 2 8 0 . 2 5 6 0 . 1 5 6 0 . 3 2 6 0 . 2 8 7 0 . 0 6 4

I I  E f f i c .

E l 0 . 4 6 5 0 . 3 6 9 0 . 2 4 0 0 . 4 5 5 0 . 3 5 2 0 . 2 8 2 0 . 5 7 7 0 . 3 5 9 0 . 4 3 5

E 2 0 . 0 6 0 0 . 0 4 3 0 . 0 1 4 0 . 9 4 8 0 . 0 1 5 0 . 2 4 6 0 . 1 4 1 0 . 1 5 5 0 . 1 6 5

E 3 1 3 9 1 1 0 1 0 3 6 1 8 1 3 1 9 1 2 7 9 8 9 9 1 2 2 7 7 4 9 6 4 9 7 4 4 4 4 0 6 5 2 0 4 8 8 0 2 9

I I I  P r o f .

P I 0 . 1 0 7 0 . 1 3 3 0 . 1 2 1 0 . 0 0 0 0 . 0 3 8 0 . 0 0 2 0 . 0 1 2 0 . 0 2 7 0 . 0 3 2

P 2 0 . 0 0 8 0 . 0 1 4 0 . 0 1 8 0 . 0 0 0 0 . 0 0 5 0 . 0 0 1 0 . 0 0 1 0 . 0 0 4 0 . 0 0 4

P 3 0 . 0 0 9 0 . 0 1 6 0 . 0 2 1 0 . 0 0 0 0 . 0 0 6 0 . 0 0 1 0 . 0 0 1 0 . 0 0 5 0 . 0 0 4

I V  S o l .

S I 1 1 . 8 2 3 8 . 3 3 8 5 . 7 6 1 4 . 2 5 6 6 . 5 8 5 3 . 1 4 2 8 . 6 1 4 5 . 1 2 1 7 . 6 0 9

S 2 9 . 7 0 3 7 . 0 3 4 4 . 9 2 8 3 . 2 6 2 5 . 8 3 4 2 . 6 4 4 6 . 1 3 8 4 . 7 0 7 5 . 4 6 1

S 3 0 . 1 2 5 0 0 . 1 7 1 0 0 . 1 9 9 0 0 . 2 5 5 0 . 1 4 2 1 0 . 2 5 9 0 0 . 1 2 2 0 0 . 1 3 0 . 1 3 8 8

S 4 0 . 0 6 4 0 . 0 5 2 0 . 0 8 9 0 . 1 3 1 0 . 0 9 1 0 . 2 2 4 0 . 1 4 2 0 . 1 0 8 0 . 1 3 9

S 5 0 . 0 8 4 0 . 0 3 6 0 . 1 5 2 0 . 2 5 2 0 . 1 1 8 0 . 3 2 0 0 . 1 4 9 0 . 1 3 0 0 . 1 7 8

S 6 0 . 0 8 5 0 . 0 7 0 0 . 1 2 2 0 . 2 1 0 0 . 1 1 8 0 . 3 5 1 0 . 2 2 2 0 . 1 4 0 0 . 2 1 9

S 7 0 . 0 9 1 0 . 0 7 5 0 . 1 1 8 0 . 2 1 8 0 . 1 2 7 0 . 3 0 8 0 . 2 1 0 0 . 1 5 8 0 . 1 8 8

In 2014 , there w ere nine banks headquartered in the RS, of which only Banka 
Srpske was in the m ajority ownership of the state. When speaking about the banks' 
liquidity, the following table provides an overview of the perform ance of the banks' 
liquidity criterion.

Table 8. The ranking o f the banks by the liquidity criterion f2014)
Number_______Bank_______I-distance (liquidity)

1 NLB 2 3 .0 6 7 9 5 1 8
2 Pavlovic 1 2 .2 169568
3 Sberbank 1 0 .1 900486
4 Hypo 7.50696812
5 UniCredit 5 .5 0 971948
6 Banka Srpske 4 .5 3 1 3 7 1 3 6
7 Nova banka 4 .098 5 2 2 7 1
8 Komer cijalna 2 .1 1 8 2 0 0 5 8
9 MF Bank 0 .01845142

The bank with the best liquidity was NLB Bank, only to be followed by Pavlovic 
Bank and Sberbank, while the last place was occupied by MF Bank, which had 
significantly poorer liquidity than the other banks included in the survey.

The next criterion according to which the banks w ere ranked was profitability, 
which included three individual indicators. According to this criterion, the success 
achieved by the banks is given in the following table.
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Table 9. The ranking o f  the banks by the profitability criterion [2014)
Number_________ Bank_____________I-distance (profitability-)

1 UniCredit 9 .6 4 6 9 7 4
2 NLB 5.556958
3 Nova banka 1 .802034
4 Sberbank 0 .742712
5 Pavlovic 0 .598086
6 MF Bank 0 .384051
7 Banka Srpske 0 .039267
8 Komercijalna Bank 0 .013401
9 Hypo 0

Based on the data, the best-ranked is UniCredit Bank, only to be followed by NLB 
Bank and Nova Bank. The three banks with very poor profitability are Banka Srpske, 
Komercijalna Bank and Hypo Bank.

The third criterion is efficiency, which includes three individual indicators.

Table 10. The ranking o f the banks by the efficiency criterion [2014)
Number_________ Bank_________ I-distance (efficiency-)

1 UniCredit 23 .528331
2 Sberbank 13 .591869
3 Nova Bank 7 .9688431
4 Komercijalna Bank 7 .6410548
5 NLB 5 .1772631
6 Pavlovic Bank 2.242352
7 MF Bank 2 .1212785
8 Hypo 1 .3832248
9 Banka Srpske 0 .0561461

According to the previous criterion, the best-ranked bank is UniCredit Bank, only 
to be followed by Sberbank and Nova Bank, whereas Banka Srpske is ranked the last 
again, being far behind the other banks in term s of efficiency.

The final perform ance criterion to be analyzed was capital adequacy (solvency), 
which included a total of seven single indicators, and the classification of the banks 
according to this criterion is as follows:

Table 11. The ranking o f the banks by solvency criterion (2014)
Number Bank I-distance (solvency)

1 Komercijalna Bank 2 7 .191051
2 Hypo 13 .274755
3 MF Bank 6 .067496
4 Banka Srpske 5.90802
5 Pavlovic Bank 3 .3239149
6 UniCredit 2 .9352242
7 Sberbank 1 .8211099
8 Nova Bank 0 .4040932
9 NLB 0 .0739856
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The best bank is Komercijalna Bank, only to be followed by Hypo Bank and MF 
Bank. The w orst banks in term s of solvency are Nova Bank and NLB Bank.

Finally, the survey included all the criteria in the jo int ranking list and all the 
aspects of the business perform ance o f the banks in the final ranking of the banks 
headquartered in the RS for the year 2014.

Number Bank I-distance (TOTAL)
1 UniCredit 13 .82901
2 NLB 11 .99673
3 Komercijalna Bank 10 .09697
4 Hypo 3 .149554
5 Sberbank 3.100193
6 Pavlovic Bank 2 .499681
7 Nova Bank 1 .170214
8 Banka Srpske 0 .757758
9 MF Bank 0.517659

According to the results given in the tables (above), it can be concluded that 
UniCredit Bank was the best-ranked, only to be followed by NLB Bank, whereas 
Komercijalna Bank was the third. Banka Srpske and MF Bank ranked the last, 
significantly lagging behind the leading banks. Before the discussion of the obtained 
results, it is im portant to note that the application of this method allows for the 
calculation of the im portance of individual criteria and indicators. Based on the 
correlation coefficients, the weight coefficients w ere determined not only for each 
individual indicator, but also for the criteria, and these data are clearly specified in 
the figure below (Maricic et al., 2014). The calculation was performed in such a 
m anner that the correlation coefficients between each of the indicators and the 
values of the I-distance for the corresponding criterion w ere first determined. 
Subsequently, the correlation coefficients of the individual indicators w ere put into 
relation to the total sum of the correlation coefficients, thus the relative importance 
of each indicator being obtained individually. The identical calculation method was 
applied to all the main criteria, as well as the corresponding sub-criteria. The 
following is an example of the calculation of the weighting coefficients for the 
individual indicators within the profitability criteria (2014):

r3i=0.977; r32 = 0.9 5 3; r33=0.869; sum (r)=2.797

W 3i * = 0 ,977/ 2,797= 0.348 ; w 32*=0.953/2,797= 0.341 ; w33*=0,869/ 2,797= 0.311

After this round of the calculation, the values obtained w ere multiplied by the 
weighting factor of the profitability criterion, which was calculated in the identical 
manner, but with the correlation coefficients obtained from the values of all the main 
criteria and the final value of the I-distance. In this case, the value of the weight 
coefficient W3 was 0.4; therefore, W 31 = 0.14; W32 = 0.14; W33 = 0.12 (rounded to two 
decimal places), exactly as is shown in Figure 1.
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Figure 1. The relative im portance o f  the criteria and the individual indicators

In the literature and in practice, throughout the territory of the Republic of Srpska 
and a wider environment, capital adequacy (solvency) was taken as the primary 
indicator of the ranking of the banks. Applying the described model, completely 
different data were obtained. As can be seen in Figure 1, the most important criterion 
in the analysis was profitability, whose significance is 0.40, which is only followed by 
efficiency, with the importance of 0.32, then liquidity, with 0.19, and ultimately 
solvency (capital adequacy), with 0.09. Such an order is justified in terms of 
successful business, so that the banks may increase assets effectively and also 
service their obligations on a regular basis. The main goal for the banks is to be 
solvent and fulfill their obligations, even from their bankruptcy estate.

4. Discussion

It should be taken into consideration that banks are supposed to operate 
indefinitely, for which reason a conclusion can be drawn that the importance of 
individual the indicators was fairly evenly distributed within the criteria and the 
distances of the individual indicators had a very short range, namely: liquidity 
(0.03:0.05), profitability (0.12:0.14), efficiency (0.10:0.12) and solvency 
(0.011:0.014). The model also included the arithmetic mean of all the parameters 
individually. The arithmetic mean presents the average, the minimum value of the 
banking sector in the RS. All the banks headquartered in the RS that had not reached 
the minimum value were classified into the group of the banks with risky business.

The ranking of the banks according to the liquidity criterion in 2014 is shown in 
Table 4 of the previous section, according to which the most liquid was NLB
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Development Bank, whereas the w orst-ranked was MF Bank. It is im portant to note 
that the average value of the liquidity criterion in the banking sector in the RS was 
5.403 for the year 2014. Banka Srpske, Nova Bank, Komercijalna Bank and MF Bank 
were in the so-called gray, alarming business zone.

The average value of profitability was 1 .084, and only three banks achieved 
profitability above the minimum required value, the first being UniCredit Bank, only 
to be followed by NLB Development Bank and Nova Bank, whereas the other four 
banks (Pavlovic Bank, MF Bank, Banka Srpske, Komercijalna Bank and Hypo Bank) 
had the profitability value below the average. The final ranking list of the banks' 
profitability indicator is shown in Table 5.

Table 6 accounts for the order of the banks starting from the m ost efficient to the 
least efficient bank in the RS. The average value for the efficiency indicator of the 
banks in the RS was 4.533. In 2014, Pavlovic Bank, MF Bank, Hypo Bank and Banka 
Srpske failed to reach the minimum threshold of the average value. The ranking of 
the banks according to the last indicator, i.e. solvency, with the least significance for 
the ranking of the banks is presented in Table 7. The average value of the solvency 
for the banks in the RS was 4.49. Pavlovic International Bank, UniCredit Bank, 
Sberbank, Nova Bank and NLB Development Bank w ere in the gray business zone 
when solvency is concerned.

The list of the final ranking of the banks in the RS according to all the tested 
indicators is given in Table 8 of the previous section. The average value of all the 
indicators, here used as the landmark when companies enter into the gray business 
area, was 2.34. According to that criterion, Nova Bank, Banka Srpske and MF Bank 
were the banks with "problem atic” business in 2014. According to the criterion with 
the greatest significance for the ranking, i.e. the profitability criterion, and also based 
on the efficiency and solvency criteria, Banka Srpske ranked the worst. If the fact that 
these three indicators account for 79%  of the overall significance of the model is 
taken into account, then it is can be concluded that Banka Srpske had a worse 
ranking than MF Bank, regardless of the final ranking. Banka Srpske was better- 
ranked than MF Bank only according to the liquidity criterion, which means that it 
had not used resources at its disposal as it should have.

Attention should be paid to the w orst-ranked banks in 2013. Banka Srpske was 
slightly better than Bobar Bank in 2014. Banka Srpske still holds the same position 
(the penultimate place). If MFBank, which is quite a young and small bank in relation 
to the other banks, w ere omitted, then Banka Srpske could be said to have ranked the 
w orst in 2014. This is supported by the abstained audit opinions for Banka Srpske in 
the year 2013 , and a negative audit opinion for the year 2014. MF Bank received an 
unqualified audit opinion for both periods.

5. Conclusion

The model for ranking the banks is based on the official data obtained from the 
financial statem ents and the annually valorized indicators. The results show that 
Bobar Bank was the w orst and had the low est business indicators o f all the banks in 
the overall ranking in the RS in 2013. The audit report in which the auditors 
refrained from expressing an opinion was a confirm ation of this. In the model for
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ranking the banks in 2013, the w orst-ranked bank confirmed its low indicators and 
risky business by the loss of the banking license in 2014 . The indicators in the 
statistical model pointed out the weakening m arket position and w ere a signal for 
change in the bank’s business policy. According to the criteria of the established 
model, MF Bank was the w orst-ranked in 2014 , although it m ust be noted that MF 
Bank has been operating for eight years now, that it is a small bank, and that it has 
not been firmly established on the financial market. Also, the results obtained by 
using the I-distance method in relation to the data obtained by analyzing the 
financial and audit reports indicate that MF Bank was the worst-ranked, but there 
was a high business risk for Banka Srpske. It can be expected that MF Bank and 
Banka Srpske will change positions in the forthcoming period and that the indicators 
of the I-distance will point to the fact that Banka Srpske is the least reliable.

In a time period shorter than a fiscal year, high-risk businesses change indicators 
much faster. For that reason, it is recommended that they should be observed in 
shorter intervals, for example on a monthly basis. Calculations in shorter intervals 
provide more objective indicator values than average values do annually. Monthly 
perform ance results indicate reliable positioning through the ranking indicator of 
business performance, thereby enabling high-quality information for the immediate 
effect on business indicators, both internally and externally.
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A bstract: Handling facilities play the essential role in the w ork o f  the com plete 
transport chain, especially when perform ing operations at ports or container terminals. 
In this paper, a list o f  15 criteria fo r  the evaluation and selection o f  a reach stacker fo r  
the container terminal in Belgrade w ere form ed  in a double hierarchical structure, 
with an equal number o f  the elements. There are three main groups o f  the criteria: 
economic, technological and technical, each containing a total o f  the five sub-criteria. 
The survey involved 15 decision-makers, who evaluated all the criteria. To determ ine 
the individual significance o f  each criterion, the Fuzzy Pivot Pairwise RElative Criteria 
Im portance Assessment (i.e. fuzzy PIPRECIA] m ethod was applied. The results show ed  
that the most essential criteria belong to the technology group.

Key words: reach stacker, container terminal, Fuzzy PIPRECIA

1. Introduction

"Railway Integral Transport" (RIT) Limited Liability Company [ZIT d.o.o.) 
Belgrade was founded in 1983 as a subsidiary of ZELEZNICE SRBIJE (JSC Serbian 
Railways), when a container terminal was built in the area of the former Belgrade 
Central Railway Station. During 2016, the RIT terminal has been relocated to the new 
location at the Belgrade Marshalling Yard. One of the Company's primary activities is 
the provision of terminal services in the international container transportation of 
cargo, such as the handling, loading and containerization of goods, and the 
transportation of loaded and empty containers. Due to limited space, the maximum 
dispatch and distribution capacity of the terminal is about 15,000 intermodal units 
(containers) annually
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The main technological process of the transhipm ent of containers from the rail 
mode to the road transportation mode and vice versa, as well as the storage of loaded 
and empty containers in the area of the term inal itself, is carried out by the reach- 
stacker-type container handlers Belloti (the load capacity being 45 t] and Kalmar 
(the load capacity being 42 t). It should be noted that both reach stackers are over 20 
years old.

In order to perform the primary operations a t the terminal, two tracks of a length 
of 250  m and a shunting track for shunting units of 250  m in length are available. At 
the terminal, there are also three tracks in the shunting and dispatching groups of 
the Belgrade Marshalling Yard used by cranes and for the movements of trains from 
the terminal, as well as the storage of spare wagons.

The construction of the Phase 2 of the container terminal, i.e. the expansion to the 
fifth marshalling group of the Belgrade Marshalling Yard, would enable the 
conditions for the RIT Terminal to process over 8 0 ,000  containers per year, or about 
120 ,000  TEU units. According to the analysis conducted in the period from 20 1 6  to 
2019 , the RIT term inal processes about 40%  of all the containers arriving by rail, 
which is about 15%  of all the containers arriving in Serbia. Of this, about 90%  of the 
containers processed by the RIT Terminal come from the Rijeka -  Belgrade-Rijeka 
line (three trains running on that route weekly). The completion of the Phase 1 of the 
new term inal is expected to introduce the fourth pair of trains, and the fifth pair of 
trains in the year 2021.

This paper aims to evaluate and determine the significance of the criteria by 
which the reach stacker selection will be made. All of the above data indicate the 
need to expand the range of the handling equipment, for which reason buying at least 
one reach stacker is a necessity.

The rest of the paper is structured into several chapters. In Chapter Two, a brief 
description of the volume of business at the container term inal and some forecasts 
for this year and for next year are given. In Chapter Three, the Fuzzy PIPRECIA 
method applied in the paper in order to determine the significance of the criteria is 
presented in detail. Chapter Fur of the paper deals with a case study, detailing the 
input param eters and the calculation procedure. In Chapter Five, the conclusion 
concerning the continuation of this research is presented.

Determining criteria significance in selecting reach stackers by applying the fuzzy PIPRECIA
method

2. A Short Description of the Extent of Work for the Terminal

Taking into account the expected increase in the scope of work (Figure 1), it is 
necessary that new reach stackers should be purchased, since the installation of a 
bridge crane for the transhipm ent of intermodal units is not foreseen in the first 
phase of the construction and operation of the terminal. Given the state of the 
existing two reach stackers, it is necessary to procure two new ones so as to ensure 
the reliability and continuity of the perform ance of the basic technological 
operations at the terminal.
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Figure 1. The achieved and the planned scopes o f  w ork at the RIT Terminal

By constructing a large logistics centre (Figure 2), which is planned to be 
operated in the Makis Field, the workload might also double.

JKEJ1E3HWHKM P0EHM TEPMHHAJ1 MAKMU 
MAKIS RAILWAY FREIGHT TERMINAL

Figure 2. The plan fo r  the construction o f  the new RIT Terminal
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3. Methods

3.1. Operations on fuzzy numbers

A fuzzy number A on R to be a TFN if  its membership function /-l-{x) : R->[0,1] is 

equal to the following Equation (1):

X - l

V~AX) =  \

m - l
u - x

I < x < m  

m < x < u  
u - m  

0  otherwise
Cl)

From equation (1), / and u denote the lower and the upper bounds of the fuzzy 

number A , and m is the modal value for A . The TFN can be denoted by

A  =  ( / ,  m, u ) .

The operational laws of TFN ^  and ^  ’ W2 > W2)  are displayed
as the following equations.

Addition: /! =  (/,, , Ut)

A1 +A2 = + (l2,m2,u2) = (lx + l2,n\ +m2,ul +u 2)

Multiplication:

A1xA2 = (ll,ml,ul)x ( l2,m2,u2) = (lx xl2,n\ xm2,ul xu2)

Subtraction:

A1- A 2 = (ll,ml,ul) - ( l 2,m2,u2) = (lx - u 2,n\ - m 2,ul - l 2)

Division:

(2)

(3)

(4)

4  (l^ m ^ u^ )

A2 (l2,m2,u2)

Reciprocal:

4 1 =  =

/j ml u] ^

\U2 m2 l2 J
(5)

' ± ± 1 '
yiil ' m x ' l] j

C6)
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3.2. The Fuzzy Pivot Pairwise RElative Criteria Importance Assessment (i.e.
fuzzy PIPRECIA ) method

The PIPRECIA method in a crisp form has been developed in (Stanujkic et al., 
2017). The fundamental advantage of the PIPRECIA method lies in the fact that it 
allows criteria to be evaluated without their prior sorting by importance, which is 
not the case with the fuzzy SWARA method. Today, the largest number of the 
problems of m ulticriteria decision-making are solved by applying group decision
making. In such cases, especially with an increase in the number of the decision
makers involved in the fuzzy model, PIPRECIA achieves its advantages. The fuzzy 
PIPRECIA method consists of the 11 steps that are shown below (Stevie et al., 2018 ; 
Balic et al. 2020).

Step 1. Forming the required benchmarking set of criteria and forming a decision
making team. Sorting the criteria according to the marks from the first to the last, 
which means that they need to be sorted unclassified. Therefore, their significance 
does not play any role at all in this step.

Step 2. In order to determine the relative importance of the criteria, each decision
maker individually evaluates the pre-sorted criteria by starting from the second criterion, 
as in Equation (7).

> i if Cj >Cj-
*;h =i if Cj = C,-

<i if c  j <Cj-

where Sj denotes the criteria assessm ent made by the decision-m aker r.

In order to obtain a m atrix s ■, it is necessary to perform the averaging of the

m atrix by using the geom etric mean. The decision-m akers evaluate the criteria by

applying the scales defined in Tables 1 and 2.

The second and third steps of the developed method are closely dependent on one 
another, and new fuzzy scales are defined in order to m eet the second and third steps 
of the fuzzy PIPRECIA method. If the facts that the nature of fuzzy number operations

and that, in the third step, the values .v , are subtracted from number two are taken

into consideration, then it is required that these scales be defined. It is im portant to 
note that, by defining these scales, the appearance of number two is avoided, which 
m ight cause difficulties and lead to wrong results in the case of calculation. 
Therefore, no other previously developed fuzzy scales, but only the scales defined in 
this paper, may be used.

7 6



Determining criteria significance in selecting reach stackers by applying the fuzzy PIPRECIA
method

Table 1. The Criteria Assessment Scale 1-2_____________________
1 m u DFV

An alm ost equal value 1 1.000 1.000 1.050 1.008
Slightly m ore significant 2 1.100 1.150 1.200 1.150
Moderately m ore significant Scale 3 1.200 1.300 1.350 1.292
More significant 1-2 4 1.300 1.450 1.500 1.433
Much more significant 5 1.400 1.600 1.650 1.575
Dominantly more significant 6 1.500 1.750 1.800 1.717
Absolutely more significant 7 1.600 1.900 1.950 1.858

When a criterion has greater im portance concerning the previous one, an 
assessm ent is made by using the above scale (Table 1). In order to make it easier for 
the decision-m akers to evaluate the criteria, the table shows the defuzzified value 
(DFV] for each comparison.

Table 2. The Criteria Assessment Scale 0-1
1 m u DFV

0.667 1.000 1.000 0.944 Slightly less significant
0.500 0.667 1.000 0.694 Moderately less significant

Scale 0- 0.400 0.500 0.667 0.511 Less significant
1 0.333 0.400 0.500 0.406 Really less significant

0.286 0.333 0.400 0.337 Much less significant
0.250 0.286 0.333 0.288 Dominantly less significant
0.222 0.250 0.286 0.251 Absolutely less significant

When a criterion is of less im portance compared to the previous one, an 
assessm ent is made by using the above scale (Table 2).

Step 3. Determining the coefficient k

~k = =1-  if  j  = l
1 12 - s ,  i f  j >  1

(8)

Step 4. Determining the fuzzy weight q

qj = <
= 1 i f  7 = 1
*7/-i ,
-= ~  J > 1 

k
(9)

Step 5. Determining the relative weight of the criterion W
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—  lh

j=1 (10)

In the following steps, the inverse methodology of the fuzzy PIPRECIA method 
needs to be applied.

Step 6. Performing the assessm ent of the above-defined applied scale, this time 
starting from the penultimate criterion.

>1 i f Cj > C ]+X

Sj = 1 i f Cj
<1 i f Cj < C 7+1

(11)

where Sr. ' denotes the criteria assessm ent made by the decision-m aker r.

It is, again, necessary to perform the averaging of the matrix by applying a 

geom etric mean.

Step 7. Determining the coefficient k . ':

if J  = «
1 I 2  -  5 . '  i f  i > nI j j  j  j-1 2 -|

where n denotes the total number of the criteria. Specifically, in this case, it 
means that the value of the last criterion is equal to the fuzzy number one.

Step 8. Determining the fuzzy weight (/ , ':

q}. =<
= 1 i f  j  =  n  

—  i f  J > n
v  7  7

(13)

Step 9. Determining the relative weight of the criterion II’ /

'E ‘ / , 1

J=1 (14)

Step 10. In order to determine the final weights of the criteria, it is first necessary 

to perform the defuzzification of the fuzzy values W ■ and II’ / ' as follows:
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W . " = — ( w . + W  .')
J  o  J J

2 (15)
Step 11. Checking the results obtained by applying the Spearman and Pearson 

correlation coefficients.

4. Determining Criteria Significance When Selecting a Reach Stacker by 
Applying the Fuzzy PIPRECIA Method

For the evaluation and selection of a reach stacker, a total of the 15 criteria 
formed into the two levels of the hierarchical structure w ere applied. As it is 
essential to obtain objective results, the hierarchical structure should be balanced. 
This means that each m ajor criterion has an equal num ber of criteria. This problem 
was to some extent addressed in (Markovic et al., 2020 ), where it was found that it 
was necessary to form a hierarchical structure with an equal number of the elements 
at the lower levels of the hierarchy. Therefore, this paper approached the formation 
of a group of criteria in this manner, with the three main criteria inclusive of the five 
sub-criteria in each group.

CE - Econom ic:

CE1 -  The cost

CE2 -  The supply of spare parts

CE3 -  Fuel consumption when manipulating one hour of operation 

CE4 -  The tire type and price 

CE5 -  Maintenance costs 

CTH - Technological:

CTH1 -  Life expectancy 

CTH2 -  The capacity

CTH3 -  The number of the TEUs processed as per unit of time,

CTH4 -  Manipulative abilities,

CTH 5 -  The lift height 

CTR - Technical Solutions:

CTR1 -  The engine type

CTR2 -  The gross mass (the net m ass)

CTR3 -  The engine power 

CTR4 -  The lift speed 

CTR5 -  The driving speed
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As already pointed out, the three main criteria are econom ic (CE), technological 
(CTH) and applied technical solutions (CTR). These three criteria cover the whole 
aspect of the operation of a reach stacker, i.e. the perform ance of the necessary 
technological activities at the terminal.

The first set of the econom ic criteria, which describe the financial and econom ic 
aspects of the acquisition and exploitation of a reach stacker, include the following 
sub-criteria:

• The purchase price on the m arket (CE1) is expressed as a num erical value. 
The goal of every term inal operator is to achieve the top-notch performance 
of a reach stacker for minimum investment. CE1 - » min.

• The supply of spare parts (CE2) is essential for the reliable operation of a 
reach stacker and the quality m aintenance system. This param eter is 
represented as a linguistic variable, and the same can be wrong, good, very 
good or excellent. CE2 - » max.

• Manipulation fuel consumption (CE3) is expressed as per hour of operation. 
This param eter directly affects the exploitation cost. CE3 - » min.

• The tire type (CE4) directly influences its price, and as such is classified into 
this param eter group. The purchase and replacem ent of tires are a significant 
source of the operation cost. CE4 - » min.

• Maintenance costs, if  the result of the technological process of the 
m aintenance process can significantly affect the choice of a type of a reach 
stacker. They cover all the aspects of the m aintenance process (both current 
and investment) and are expressed every year. CE5 - » min

The second group consists of the technological criteria, which describe the 
technological param eters and characteristics of a reach stacker, the sub-criteria 
being as follows:

• The expected service life (CTH1) is expressed as a numerical value. The 
m anufacturer proposes the expected service life in quality maintenance 
conditions, but the value of this param eter is also determined by custom ers’ 
experience at the terminals. CTH1 - » max.

• The reach stacker capacity (CTH2), i.e. the maximum payload declared by the 
manufacturer, is essential for operators, as it may be a limiting factor in 
processing certain types and intermodal units and their loads. CTH2 - » max.

• The number of the TEUs processed as per unit of time (CTH3) represents the 
output, i.e. the processing power of a reach stacker, thus determining the 
processing power and capacity of the terminal. CTH 3 - » max.

• Manipulative abilities (CTH4) are an essential param eter for the operation of 
a reach stacker, especially so in confined spaces. This param eter is presented 
as a linguistic variable, and the same can be weak, satisfactory, good and 
excellent. CTH 4 - » max.

• The lift height (CTH 5) is a param eter declared by the m anufacturer and 
expressed in m eters or in the number of the containers that can stack the 
height for the first and second stack orders. CTH45 - » max.
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The third group is represented by the applied technical solutions in a reach 
stacker, namely including the following sub-criteria:

• The motor type (CTR1) is expressed as a linguistic value. Usually, diesel 
engines are the EUR03, EUR04 or EUR05 type. The engine type affects fuel 
consumption, thus also making an influence on the environment. The 
negative im pact of this param eter by engine type is high, medium and low, 
while the low est negative environmental im pact is desirable. CTR1 - » min.

• The reach stacker gross mass (CTR2) is a param eter declared by the 
manufacturer. It is desirable that this param eter should be as high as possible 
for the purpose of the stability of operation, i.e. for the purpose of lifting 
heavy intermodal units. CTR2 - » max.

• The engine power (CTR3) is a param eter declared by the manufacturer. It is 
desirable for this param eter to be as high as possible, because of the 
reliability of the work, i.e. the low load of a reach stacker. CTR3 -» max.

• The lifting speed (CTR4) is a param eter declared by the manufacturer. This 
param eter is expressed in m/s and is given for the following lifting 
conditions: empty/full. In the model, the value of lifting a full container is 
considered. CTR4 - » max.

• The driving speed (CTR5) is a param eter declared by the manufacturer. This 
param eter is expressed in km/h and is given for the conditions of the 
movement of a reach stacker with empty/full intermodal units. In the model, 
the value of the maximum driving speed with full intermodal units is 
considered. CTR5 - » max. CTR5 -  The travel speed (km/h) empty/full

The evaluation of the criteria was performed by using a linguistic scale involving 
quantification into fuzzy triangle numbers. Table 3 shows the evaluation of the 
criteria for fuzzy PIPRECIA and inverse fuzzy PIPRECIA carried out by the decision
maker.

There are a total of 15 decision-makers, whose structure is viewed from the 
following three aspects:

• the profession, i.e. w hat activity (function) the expert performs,

• the expert’s competence field,

• the expert’s work experience.

When the expert’s occupation is in question (Figure 3), three occupational groups 
are covered. The largest number of the experts, i.e. 47%  of them in total, belong to 
the group of traffic and mechanical engineering university professors, only to be 
followed by those employed in the econom ic sector (practitioners), accounting for 
33% , and finally, the employed in design institutions in the transportation field, 
accounting for 20% .

Determining criteria significance in selecting reach stackers by applying the fuzzy PIPRECIA
method
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■  U niversity Professors

■  Planners 

Em ployees in Practice

Figure 3, The structure o f  the experts by occupation

The structure of the experts in the competence field is shown in Figure 4. The 
survey included 47%  of the experts in railway transport, 20%  of the experts 
employed in logistics and mechanical engineering, and 13% of the experts working 
in road transportation.

■ Traffic - Rail

■ Traffic - Logistics

■ Traffic - Road 

Mechanical Engineering

F ig u re  4. The structure o f  the experts by the com petence fie ld

The last analysis refers to the experience (the experts' work experience) and is 
shown in Figure 5. The largest number of the experts included in the survey, i.e. 40% 
of them, have a work experience ranging from 21 to 30 years; a total of 27%  have a
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work experience ranging from 11 to 20 years, and 20%  of the experts have a work 
experience exceeding 30 years. The smallest number of the experts, actually 13% of 
them, have a work experience of less than ten years.

D eterm ining criteria  significance in selecting reach stackers by applying the fuzzy PIPRECIA
method

■ 1-10

■ 11-20 

21-30 

31-40

Figure 5. The structure o f  the experts by w ork experience

Table 3, The criteria ratings fo r  fuzzy PIPRECIA and inverse fuzzy PIPRECIA fo r  the
main criteria

PIPR. C2 C3 PIPR-I C2 Cl
DM1 1.200 1.300 1.350 0.250 0.286 0.333 DM1 1.500 1.750 1.800 0.400 0.500 0.667
DM2 1.000 1.000 1.000 1.000 1.000 1.000 DM2 1.000 1.000 1.000 1.000 1.000 1.000
DM3 1.200 1.300 1.350 0.286 0.333 0.400 DM3 1.400 1.600 1.650 0.400 0.500 0.667
DM4 1.000 1.000 1.000 1.200 1.300 1.350 DM4 0.400 0.500 0.667 1.000 1.000 1.000
DM5 1.200 1.300 1.350 0.286 0.333 0.400 DM5 1.400 1.600 1.650 0.400 0.500 0.667
DM6 1.000 1.000 1.000 0.400 0.500 0.667 DM6 1.200 1.300 1.350 1.000 1.000 1.000
DM7 1.400 1.600 1.650 1.000 1.000 1.000 DM7 1.000 1.000 1.000 0.286 0.333 0.400
DM8 1.300 1.450 1.500 1.100 1.150 1.200 DM8 0.500 0.667 1.000 0.333 0.400 0.500
DM9 1.300 1.450 1.500 1.000 1.000 1.000 DM9 1.000 1.000 1.000 0.333 0.400 0.500

DM10 1.000 1.000 1.000 1.000 1.000 1.000 DM10 1.000 1.000 1.000 1.000 1.000 1.000
DM11 1.100 1.150 1.200 0.250 0.286 0.333 DM11 1.500 1.750 1.800 0.500 0.667 1.000
DM12 1.200 1.300 1.350 0.500 0.667 1.000 DM12 1.100 1.150 1.200 0.400 0.500 0.667
DM13 1.500 1.750 1.800 1.000 1.000 1.000 DM13 1.000 1.000 1.000 0.250 0.286 0.333
DM14 1.100 1.150 1.200 1.000 1.000 1.000 DM14 1.000 1.000 1.000 0.500 0.667 1.000
DM15 1.300 1.450 1.500 0.286 0.333 0.400 DM15 1.400 1.600 1.650 0.333 0.400 0.500

AV 1.187 1.280 1.317 0.704 0.746 0.806 AV 1.093 1.194 1.251 0.542 0.610 0.727

Note: As has been shown in the method steps, it ranges from the second criterion 
for the fuzzy PIPRECIA method, and the penultimate criterion for the inverse fuzzy 
PIPRECIA method, i.e. C2 in the first column and also C2 in the third column.

Based on the evaluation of the criteria and Equation (7), the matrix sj is formed.

SJ =
1 .1 8 7  1 .2 8 0  1 .3 1 7  

L 0 .704 0 .7 4 6  0 ,8 0 6 .
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Applying Equation (8), these values are subtracted from number two. Following 
the rules of operations with the fuzzy numbers of the kj matrices, the following is 
obtained:

k }- =
1 .0 0 0
0.683

Ll.194

1 .0 0 0
0.720
1.254

1,000
0.813
1.296J

According to Equation (8], the value k x = (1.000,1.000,1.000)

£ 7  =  (2 — 1,317., 2 — 0 .280 ,2  - 1 . 1 8 7 )  =  (0 .6 8 3 ,0 .7 2 0 ,0 .8 1 3 )  

Applying Equation (9] to the value of qj

1.000  1.000 1.0001 
q_} =  1 .2 3 0  1 .3 8 9  1 .4 6 3  

.0 .949  1 .1 0 7  1 .225.  
the following is obtained:

qx = ( 1 .0 0 0 ,1 .0 0 0 ,1 .0 0 0 )  

=  ( -  Voi
_  / 1.000  1.000  1 .0 0 0 ', 

Q2~ " .813 ' 0 .7 2 0 J 0.683/
=  (1 .2 3 0 ,1 .3 8 9 ,1 .4 6 3 )

After that, the values for qj are summed up and the following are obtained: 3.178; 
3.496 and 3.689, respectively.

Applying Equation (10), the relative weights are calculated in the following 
manner:

=  (0.271,0 .286, 0.315)
_  / 1 . 0 Q Q  1 , 0 0 0  1 . 0 0 0 \

Wl ”  1.3.689' 3 .496J 3.17 sJ
0 .2 7 1  0 .2 8 6  0 .3 1 5  

wj =  0 .3 3 3  0 .3 9 7  0 .4 6 0  
.0 .2 5 7  0 .3 1 7  0 .3 8 6

r „ . . , 1 + Am + u . Then, the following equation must be applied: djcrisp = ------—-----  so as to get crisp

value: 0.288; 0.397 and 0.318

In order to determine the final weights of the criteria, it is necessary to apply 
Equations (11)-(15) and the methodology of the inverse fuzzy PIPRECIA method. 
The matrix sj' was obtained from the decision-maker.

0,542 0,610 0,7271 
1.093 1.194 1.251.

Applying Equation (12), the values of the matrix kj' are obtained as follows:

1.273 1.390 1 ,4 5 8

S j-  =

* }  = 0.749
Ll.000

0.806
1 .0 0 0

0.907
1 .0 0 0 J

84



D eterm ining criteria  significance in selecting reach stackers by applying the fuzzy PIPRECIA
method

' = ( 1.000, 1.000,1.000)

k 2 =  (2 -  1 .251 ,2  -  1.194, 2 -  1.093) =  (0.749, 0.806, 0.907) itd. 

Applying Equation (13), the following values are obtained:

[0 ,7 5 7  0 ,8 9 3  1 ,0 4 9 ]

<7, 1 .1 0 3  1 ,2 4 1  1 ,3 3 5  
1 ,0 0 0  1 ,0 0 0  1 ,000J

</<’ ( 1.000, 1.000, 1.000)

' 1.000  1.000  1 .0 0 0 \ 

0 .907J 0 .8 0 6 J 0.749 J
=  (1 .1 0 3 ,1 .241 ,1 .335)  itd.

After that, the values for qj are summed up and the values obtained are as follows: 
3.178, 3.496 and 3.689, respectively.

After that, it is necessary to apply Equation (14) so as to obtain the relative 
weights for the fuzzy inverse PIPRECIA method.

w 1 _

w 3
7= ( :

0 .2 2 4  0 .2 8 5  0 .3 6 7  
0 .3 2 6  0 .3 9 6  0 .4 6 7  

-0 .2 9 6  0 .3 1 9  0 .3 5 0  
1.000 1.000 1.000\
3.689 ' 3 .4 9 6 '3 .1 7 8 /

=  (0.296, 0.319, 0.350)

, . ... l + Am + u , . . . .  , . . . . Then, the equation dfcrisp = ------—----- must be applied in order to obtain the crisp

values 0.288, 0.396 and 0.320, after which the obtained Wj values are aggregated and 
the final weighted values for the main criteria are obtained: 0.288, 0.397 and 0.319.

The results of the methodology applied are presented in Table 4.

Table 4 shows the complete previous calculation, and the last column shows the 
deficient values of the relative weights of the criteria.
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Table 4. The calculation o f the weights and values o f the main criteria
p sj kj qj wj DF Rang
c l 1.000 1.000 1.000 1.000 1.000 1.000 0.271 0.286 0.315 0.288 3
c2 1.187 1.280 1.317 0.683 0.720 0.813 1.230 1.389 1.463 0.333 0.397 0.460 0.397 1
c3 0.704 0.746 0.806 1 .194 1 .254 1.296 0.949 1.107 1.225 0.257 0.317 0.386 0.318 2

SUM 3.178 3.496 3.689
P - I sj kj qj wj

c l 0.542 0.610 0.727 1.273 1.390 1.458 0.757 0.893 1.049 0 .224 0.285 0.367 0.288 3
c2 1.093 1 .194 1.251 0.749 0.806 0.907 1.103 1.241 1.335 0.326 0.396 0.467 0.396 1
c3 1.000 1.000 1.000 1.000 1.000 1.000 0.296 0.319 0.350 0.320 2

SUM 2.860 3.135 3 .384

The Spearman correlation coefficient (Erceg et al., 2 0 1 9 ) for the obtained ranks is 1.00, which means that these ranks are in absolute 
correlation. The Pearson correlation coefficient (Stevie et al., 20 1 8 ) was also calculated for the criterion weights of 0.985.

Table 5 presents the final weight results by using the fuzzy PIPRECIA method.

As can be seen from the application of the complete methodology and the results obtained in Table 5, the technological criteria group 
represents the m ost im portant group for the selection of a reach stacker, because the three priority criteria belong to this group: CTH4 -  
manipulative abilities, CTH5 -  the lift height and CTH3 -  the number of the processed TEU in the unit of time. Of the econom ic criteria group, 
the m ost im portant is CE4 -  the tire and price types, which ranks fourth in the overall ranking.
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Table 5. The criteria ranking by applying the FUZZY PIPRECIA method
ECONOMIC Local value Global value Rank

CE1 0.184 0.043 19
CE2 0.187 0.049 17
CE3 0.228 0.061 13
CE4 0.152 0.073 4
CE5 0.281 0.071 7

TECHNOLOGICAL
CTH1 0.150 0.059 15
CTH2 0.171 0.068 10
CTH3 0.211 0 .084 3
CTH4 0.253 0.100 1
CTH5 0.246 0.098 2

TECHNICAL
CTR1 0.228 0.073 6
CTR2 0.185 0.059 16
CTR3 0.214 0.068 9
CTR4 0.206 0.066 11
CTR5 0.195 0.062 12

5. Conclusion

In this paper, the fuzzy PIPRECIA method for the determination of the significance of 
the reach stacker selection criteria for a rail container term inal is presented. A total 
of 15 criteria w ere considered, those criteria being divided into the three groups: 
economic, technological and technical. The survey involved 15 decision-m akers of 
different structures, which is presented in detail in the paper. The results show that 
the m ost essential criteria belong to the technology group. Continued research would 
imply drafting a list of potential reach stackers, collecting quantitative and 
qualitative data and evaluating those data. Some of the classical MCDM methods can 
be applied for evaluation and selection (Stevie et al., 2020 ; Zavadskas and Turskis, 
2010 ; Pamucar and Cirovic] individually or in combination with uncertainty theories 
(Stojic et al., 2018 ; Stanujkic and Karabasevic, 2018 ; Stevie et al., 2019 ; Kahraman et 
al., 2017).
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Abstract: Every organization needs to invest in order fo r  it to grow, and investments 
are m ade through projects. Thus, investment m anagem ent is perform ed by applying 
project m anagem ent techniques. Different project m anagem ent softw are program s are  
used to m anage multiple projects. There is a lot o f  project m anagem ent softw are on the 
market, and fou r  pieces o f  the softw are w ere selected and analyzed. In this paper, the 
best m anagem ent softw are rated by the beneficiaries o f  these projects in the United 
Arab Emirates are explored. The research required fo r  this study was conducted in the 
United Arab Emirates. The MARCOS m ethod was used to evaluate the program. The 
results show ed that Sm artsheet had been rated the best by users. This p aper provides 
an overview o f  how multicriteria analysis m ethods can be used when ranking project 
m anagem ent programs.

Keywords: project management, software, United Arab Emirates, MARCOS m ethod

1. Introduction

Every organization is required to invest. In order to implement their project 
investments, it is necessary for such organizations to apply the project management 
techniques that enable the smooth implementation of project investments. A project 
is a very complex undertaking, especially when organizational constraints and 
elements used, resources and costs involved, a large number of people working on it, 
as well as the other elements that further complicate the project, are concerned 
(Puska, 2013], Due to project complexity and its importance for any organization, a
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project requires special IT support for its implementation. Market demand in this 
field has led to the development of a broad range of IT software solutions supportive 
of the creation, monitoring and im plementation of projects in order to m eet set 
investm ent goals.

The task of project m anagem ent softw are is to facilitate the business operations 
of the company pertaining to project management. These pieces of software are used 
to plan, monitor and control projects (Sajad et al., 2016). However, project 
m anagem ent software often does not efficiently facilitate project work and failures 
in project m anagem ent occur. The failure status of project management software 
programs has not changed much today, some projects still being delayed, overbilling 
or not meeting custom er expectations (Hassan et al., 2018).

All these software solutions are different, so it is necessary to choose the software 
that best suits the appropriate project in a company. On the market, there are several 
tools for automated project program management, and these projects are steadily 
increasing in number. Given the ongoing process of change, it is not possible to 
provide a list of all project m anagem ent programs (Kostalova and Tetrevova, 2014). 
Each tool specializes in the different fields o f project management, so some programs 
are used in specific project lifecycles, whereas others are used throughout the 
project.

The purpose of this study is to rank different software solutions intended for the 
project m anagem ent im plementation based on the evaluations provided by project 
managers in the United Arab Emirates (UAE). This will provide information on which 
software features are best-suited for the project manager in the UAE. This allows 
software companies to find out the gaps within their software solutions which need 
to be addressed so as to make them more user-friendly. For this study, a comparison 
was made between the four pieces of software that are very much appreciated 
globally among practitioners, namely Smartsheet, Asana, M icrosoft Project and 
Basecamp, based on a total of six criteria. Since software evaluation was based on 
multiple criteria, the logical choice is to use m ulticriteria analysis methods. The 
contribution of this study reflects in the application of the Measurement of 
Alternatives and Ranking According to Compromise Solution (MARCOS) method in 
project m anagem ent software ranking. This m ulticriteria analysis method is a new 
method developed by Stevie et al. (2020) and has only ju st begun to be put into 
practice. This method has shown excellent results in the sustainable selection of 
suppliers (Stevie et al., 20 2 0 ) and has shown a certain advantage over other 
m ulticriteria analysis methods, which is why this method was chosen.

This paper is divided into six sections, excluding the literature. The introductory 
section sets out the purpose and contribution of this paper. The second section is 
dedicated to the application of m ulticriteria methods in project management 
software ranking, and the theoretical foundations of the MARCOS method are 
presented. In the third section, the model is presented and the research methodology 
is explained. The fourth section is focused on processing the results of the survey. In 
the fifth section, the results of the sensitivity analysis performed are shown, and the 
obtained results are confirmed. In the sixth selection, the m ost im portant results, 
shortcomings and recommendations for future research are presented.
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2. The Application of Multi criteria Analysis Methods in Project 
Management

Multicriteria analysis methods are concerned with decision-making taking into 
consideration multiple criteria. These criteria may be different. Some criteria are 
numerical, some are quantitative, some have units of measurement, and so on. 
Certain criteria can solely be obtained through a subjective attitude, whereas other 
criteria can be measured and determined (Erdogan et al., 2019 ). The basic features 
of the application of m ulticriteria analysis are: (Rifle, 2013 )

- It often happens that one alternative is better than another in one criterion, 
while the other is better than the first in the second criterion.

- It is not always the case that one alternative is better than another in all 
criteria, so there is no optimal solution in a strict m athem atical sense in that 
case.

- A solution to the problem implies finding a comprom ise solution.

Different methods have been used in different studies on project management. 
Alencar and Almeida (2010 ) used the PROMETHEE VI method in the selection of 
project m anagem ent members. Zavadskas et al. (2012) applied the AHP and ARAS 
methods in the evaluation of project managers. Chang et al. (2012 ) applied a fuzzy 
approach in order to evaluate which criterion is the m ost im portant in improving the 
project team  perform ance by using the DEMATEL, ANP, and VIKOR methods. 
Gorecka (2013) applied the ELECTRA and PROMETHEE methods when choosing the 
best alternative for road construction. Wang et al. (2014) applied a hybrid model by 
using the DEMATEL, ANP and VIKOR methods in the estim ation and im provement of 
the Six Sigma projects so as to reduce the perform ance differences in each criterion. 
Jafarnejad Chaghooshi et al. (2016 ) made a choice of the project manager by using 
the fuzzy DEMATEL method and the Fuzzy VIKOR method. Puska et al. (2017 ) used 
the TOPSIS method to examine the im pact of subjective judgments on project 
m anagem ent decision-making. Khoshnava et al. (2018 ) used the DEMATEL and fuzzy 
ANP methods to improve green project management. Erdogan et al. (2019) used the 
AHP method when designing a sustainable construction in project management. 
Piengang et al. (2019) selected project management programs by using the AHP and 
VIKOR methods.

Based on this brief overview of the research studies carried out so far, it can be 
seen that different m ulticriteria analysis methods have been used for project 
m anagem ent purposes. In the following section, the MARCOS method used in the 
paper in order to rank software intended for project m anagement is explained.

2 .1 . The M easurem ent of A lternatives and Ranking A ccording to
Com prom ise Solution (MARCOS) m ethod

The MARCOS method is based on defining the relationship between alternatives 
and reference values (ideal and anti-ideal alternatives) (Stevie et al., 2020). Decision
making preferences are defined based on utility functions. A utility function is the 
position of an alternative in relation to the ideal and anti-ideal solutions (Stankovic

Project management software evaluation by using the Measurement of Alternatives and
Ranking according to Compromise Solution (MARCOS] method
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et al., 2020). The best alternative is that closest to the ideal point and farthest from 
the anti-ideal point. The MARCOS method is implemented through the following 
steps (Stevie, e ta l, 2020):

Step 1. The formation of the initial decision matrix.

Step 2. The formation of an extended initial matrix. This step defines the ideal and 
anti-ideal solutions. The ideal solution is an alternative with the best alternative for 
certain criteria, whereas the anti-ideal solution is the w orst alternative for certain 
criteria. This is based on the following equations:

A A] = min xl; i f  j e  I! and max xl; i f  j  e C  (1)

AI = max x, i f  j e  li and minx, i f  j e  C  (2)
j j

where B stands for the criteria to be maximized, and C stands for the criteria to be 
minimized.

Step 3. The normalization of the extended initial matrix. Normalization is 
performed by using the following equations:

^  i f  J '  C
V X  

lJ

= —  >f y  !'>

(3)

v
x a i [4)

where the elements and xai represent the elements from the initial decision 

matrix.
Step 4. The determination of a weighted matrix. Aggravation is performed by 

multiplying normalized m atrix values by corresponding weights.
Step 5. The calculation of the utility degree of the alternatives Ki. The utility 

degree is determined by applying the following equations:

(5)
a a i  

^ a i

where St (i=l,2,..,rri) represents the sum of the elements of a difficult matrix:

n

(7)

Step 6 .  The formation of the utility function of the alternatives f ( K i ) .  The utility 
function is calculated by using the following equation:
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1 - / ( 0  . M O  

/(O  /(O (8)

where f(K i)  is the utility function versus the anti-ideal solution, while f(K+,j is the 
utility function versus the ideal solution. The utility functions are calculated by using 
the following equations:

m K + + K :I I

K :.__ /__
K + + K :

[10)

Step 7. Ranking the alternatives. A rank is formed based on the final value of the 
utility function. It is desirable that the alternative should have the greatest value of 
the utility function (Stevie and Brkovic, 2020).

3. Model and Methodology

The methodology used in this research study consists of the following stages:

• Phase 1. Defining the research problem and goal

• Phase 2. Defining the criteria and alternatives, and the creation of the 
models

• Phase 3. Drafting a survey questionnaire and data collection

• Phase 4. The selection of m ulticriteria analysis methods

• Phase 5. Data processing and preparation for analysis

• Phase 6. The analysis of the collected data

• Phase 7. Conducting a sensitivity analysis

The initial stage in this study is focused on the definition of the research problem. 
The problem of this research is how to choose the software for project management 
needs that best m eets the needs of managers in the UAE. Based on this problem, the 
aim of the research is presented, which is highlighted in the introductory part of the 
paper.

The m ost im portant project m anagem ent software ranking criteria are related to 
human, technical and m anagerial factors (Chatzoglou et al., 2007). Many authors 
have used these software rankings. Gharaibeh (2014 ) used the following criteria in 
his ranking of project m anagem ent software: Accuracy, Affordability, Ease of Use 
and Ability to Handle Complexity. Ahmad and Laplante (2006 ) used the following 
criteria: Task Scheduling, Resource Management, Collaboration, Time Tracking,
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Estimating, Risk Assessment, Change Management, Reporting/Charts, File 
Attachment, E-mail Notification, Process/Methodology and Portfolio Management. 
Rouhani and Zare Ravasan (2016 ) identified a total of the 48  criteria that may be 
used to evaluate project m anagem ent software. Due to a large number of different 
criteria, these criteria w ere systematized in this paper into six criteria, each 
including several sub-criteria.

In order to rank project m anagem ent implementation software, it is necessary to, 
first, define the criteria and determine the alternatives that will be ranked. In this 
study, those six criteria w ere defined as follows:

• The Tasks (C l) criterion evaluated how tasks can be created and assigned 
with software, w hat is done from identified activities, and how to set agreed 
dates in the project, how to prioritize the project, and how to determine the 
project to-do lists.

• The Collaboration (C2) criterion assessed how collaborative jo int project 
planning is, how comments can be made, how documents can be uploaded 
and downloaded.

• The Projects criterion (C3) evaluated support for individual projects in terms 
of the project map design, respectively the Gantt map, w hat the calendar view 
of the planned activities is, w hat support for the activity display is, how the 
project is budgeted for individual activities and for the entire project, and 
how the im plementation of certain activities is monitored.

• The Portfolio Management (C4) criterion assessed the coordination of the 
projects that a particular company owns, how those projects are budgeted, 
how the W hat-If Scenarios are developed, the workflow for individual 
activities, how project request m anagem ent is monitored, how support for 
cost tracking and Return on Investment (ROI) calculations is implemented, 
various project projections, and how project risk analysis is performed 
through software.

• The Resource Management (C5) criterion evaluated the bases used to store 
the data, how resources could be allocated, how the workload of the project 
workers is monitored, and the time spent in the project execution.

• The Platform (C6) criterion evaluated support for the project alerts, mobile 
access to these programs, user management, roles and access, the integration 
of the Application Programming Interface, reporting on and the monitoring of 
these programs, how the program is adjusted to users, how reliable the 
software is and how fast it runs.

After the criteria for the evaluation of the project m anagem ent software had been 
defined, the software that will be evaluated was determined. In this study, globally 
recognized software solutions (i.e. Sm artsheet (A l), Asana (A2), M icrosoft Project 
(A3) and Basecamp (A4)) and their applicability in the UAE w ere evaluated. 
Smartsheet is a cloud-based platform, which allows organizations of all sizes to plan, 
capture, manage, automate and report on work across the business, empowering you 
to move faster, drive innovation, and achieve more. Asana is a web and mobile 
application, designed to help team s organize, track and manage their work. Asana is 
the work m anagem ent platform that team s use to stay focused on the goals, projects

9 4



and daily tasks that grow business. Microsoft Project is a project management 
software product developed and sold by Microsoft. It is so designed to assist a 
project manager in developing a schedule, assigning resources to tasks, tracking 
progress, managing the budget and analyzing workloads. Basecamp is focused on the 
development of a simple interface, in which users can create projects, document 
progress and manage tasks. It is a w eb-based piece of software, allowing users to 
sign in anywhere, anytime, either through a web brow ser or through applications 
compatible with many mobile devices.

Based on the defined criteria and the alternative in the study, the research model 
was created, which is shown in Figure 1. In order to choose the best characteristics 
of project m anagem ent software, it is necessary the weight of the criteria should, 
first, be determined, after which the value of the alternatives should be determined 
according to all the criteria. Based on this, two questionnaires w ere formed. The first 
survey questionnaire refers to the determination of the weight of the criteria 
representing a certain feature of the software indicated as im portant for 
practitioners in the UAE. In this questionnaire, the experts were asked to 
anonymously rate the im portance of individual criteria, which ranged from 1 to 5, 
the questionnaire resulting in the experts’ ratings (Table 1). For the second 
questionnaire, the secondary data drawn from the g2.com user community were 
used. This web portal monitors how different software solutions are accepted by 
users. On the platform, they ask users daily to evaluate the softw are they use. These 
data represent the evaluations of different project m anagem ent software solutions 
from global users and practitioners. They rated the selected programs with the 
grades ranging from 1 to 10. Based on their grades, a mean value was formed for 
each criterion for the individual alternatives (Table 2). In this way, the data needed 
to conduct the research w ere collected.

Project management software evaluation by using the Measurement of Alternatives and
Ranking according to Compromise Solution (MARCOS] method

The selection of programs for 
the project management

Tasks Collaboration Projects Portfolio Resource Platform
fci) fC2) fC3) Management (C4) Management (C5) fC6)

Sm artsheet (A l) Asana (A2) M icrosoft Project (A3) Basecamp (A4)

Figure 1. The project m anagem ent software selection model

Once the data w ere collected, it was necessary to select a m ulticriteria analysis 
method. Since the focus of this research is on the MARCOS method, the weights of the 
criteria w ere calculated by applying a simple sum of ratings from the experts and 
converting those ratings into the percentage that, in fact, is the weight of each 
criterion. The MARCOS method was selected for ranking the alternatives.

After the data had been collected, they w ere processed and prepared for the 
research. Based on the data collected, the initial decision-making tables were
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formed; the first table was for the determination of the value of the criteria weights 
(Table 1), and the second was for the determination of the ranking of the alternatives 
(Table 2). Once the decision tables w ere formed, the defined analysis w ere carried 
out and the research results w ere obtained. In order to confirm the results obtained, 
a sensitivity analysis was also conducted. The sensitivity analysis was aimed at 
examining the dependence of the results on the change in the weights of the criteria. 
The details on stages 6 and 7 are given in Chapter 4.

4. Results

This chapter provides a m ore detailed elaboration on the manner in which the 
research results w ere generated. First, the weights of the criteria used in the decision 
model w ere calculated and presented.

The ratings given by the experts on an anonymous basis are presented in Table 1. 
They determined the rating based on the subjective assessm ent of the im portance of 
certain criteria, where the score 1 represents a value of little or no importance, 
whereas the score 5 represents a value of a very im portant criterion. After the 
criteria had been collected by the experts, all the individual criteria w ere summed 
up. Based on the total value of the criteria, a percentage of the im portance of the 
individual criteria expressed in decimals was formed. These values represent the 
weight of each criterion.

Table 1. The experts' evaluation o f the importance o f the criteria

C l C2 C3 C4 C5 C6
Expert 1 5 4 5 5 4 2
Expert 2 5 4 5 4 3 2
Expert 3 4 4 5 5 4 4
Expert 4 5 4 5 5 4 3
Expert 5 5 4 5 5 4 3
Sum 24 20 25 24 19 14
W eight 0.190 0.159 0.198 0.190 0.151 0.111

Based on the results obtained, it can be observed that the criterion C3 -  Projects 
(w = 0 .198) has the highest im portance according to the experts, whereas the 
criterion C6 -  Platform (w = 0 .111) has the low est importance. Based on all the other 
values, it can be concluded that the criteria C l and C4 w ere assigned high values, 
whereas the criteria C2 and C5 w ere assigned mean values. This means that the 
criteria C l, C3 and C4 are the m ost im portant for the evaluation of individual 
software, the criteria C2 and C5 are of medium importance, while the criterion C6 is 
the least important.

Once the weights w ere established for the criteria, it was necessary to determine 
the rankings for the selected alternatives. Based on the data collected, an initial 
decision m atrix for the observed alternatives was formed (Table 2). Forming an 
initial decision m atrix is the first step in all m ulticriteria analysis methods. In order 
to determine the ranking of the alternatives, it was necessary to normalize the data 
so as to make them be uniform. Simple linear normalization (Equation 3) was 
applied to the MARCOS method. It was necessary to determine the maximum value of
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the criteria, since it is desirable for all criteria that the values of the alternatives 
should be maximized. The normalization of the initial decision m atrix is Step 3 of the 
MARCOS method.

Project management software evaluation by using the Measurement of Alternatives and
Ranking according to Compromise Solution (MARCOS] method

Table 2. The initial decision matrix
C l C2 C3 C4 C5 C6

Sm artsheet 8.675 8.433 8 .000 7.800 8.025 8.043
Asana 8.825 8 .600 7.420 7.463 7.825 8.229
Microsoft Project 8.325 7.600 8 .040 7.700 7.925 7.600
Basecamp 8.525 8 .667 7 .180 7.375 7.750 8.071
Max 8.825 8 .667 8 .040 7.800 8.025 8.229

The results of the normalized decision m atrix (Table 3) show that the alternatives 
A l and A2 have two maximum values o f the criteria each, while the alternatives A3 
and A4 have one maximum value of the criteria. Based on this, it was necessary that 
a comprom ise solution should be made, since there was no optimal solution, 
speaking in a strictly m athem atical sense. In these cases, m ulticriteria analysis 
methods w ere applied, because one alternative had all the best indicators and there 
was no need to rank them, because the best alternative was known.

Table 3. The normalized decision matrix
C l C2 C3 C4 C5 C6

Sm artsheet 0.983 0.973 0.995 1.000 1.000 0.977
Asana 1.000 0.992 0.923 0.957 0.975 1.000
Microsoft Project 0.943 0 .877 1.000 0.987 0.988 0.924
Basecamp 0.966 1 .000 0.893 0.946 0.966 0.981
Weight 0.190 0.159 0.198 0.190 0.151 0.111

After the normalization of the data in the decision matrix, these values needed to 
be aggravated by the weighting coefficients. This was the fourth step in the MARCOS 
method. The fifth step in the MARCOS method was to calculate the utility degree. In 
order to perform this step, it was first necessary to determine the ideal and anti-ideal 
solutions. The ideal solution represents the maximum value of a certain criterion, 
whereas anti-ideal values represent the minimum value of a specific criterion. Then, 
the values for the individual alternatives and for the ideal and anti-ideal solutions 
were summed up and the utility degrees w ere calculated (Equations 5 and 6).

Table 4. The aggravated normalized decision matrix
C l C2 C3 C4 C5 C6 Sum

Sm artsheet 0 .187 0 .154 0.197 0.190 0.151 0.109 0.989
Asana 0.190 0.158 0.183 0.182 0.147 0.111 0.971
M icrosoft Project 0 .180 0.139 0 .198 0.188 0.149 0.103 0.957
Basecamp 0.184 0.159 0 .177 0.180 0.146 0.109 0.955
Ideal 0 .190 0.159 0 .198 0.190 0.151 0.111 1.000
Anti-ideal 0 .180 0.139 0 .177 0.180 0.146 0.103 0 .924
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The sixth step of the MARCOS method was to form the utility function of the 
alternatives. The utility function was calculated by using Equation 8. In order to 
calculate the utility function of the alternatives, it was necessary to calculate the 
utility function in relation to the ideal and anti-ideal solutions. These functions are 
the same for all the values and their values: f  (Ki-) = 0 .520 and f (Ki +) = 0.480. The 
inclusion of these values generated the final value for the alternatives (Table 5) and 
determined the ranking of the alternatives.

Table 5. The ranking o f  the alternatives.
Ki- Ki+ m ) Rank

Sm artsheet 1 .070 0.989 0.685 1
Asana 1.051 0.971 0.673 2
M icrosoft

1.035 0 .957 0.663 3
Project
Basecamp 1.033 0.955 0.661 4

The survey results show that Smartsheet received the highest ratings, while the 
Basecamp ranked the w orst among the selected pieces of software. According to 
these results, there was a very small difference between the final values for the 
alternatives based on the MARCOS method calculation. Microsoft Project received 
slightly over 0.002 m ore value than Basecamp, while Asana was better than Microsoft 
Project by 0.01, and Smartsheet was better than Asana by 0.012. Based on all the 
foregoing, the difference between the first-ranked and the last-ranked software is 
0 .024, which leads to the conclusion that neither software deviates from the others 
according to the estim ates made by the experts through their anonymous responses. 
The original normalized decision m atrix also shows that all the selected pieces of 
software have the best grades for certain criteria. In order to confirm these results, a 
sensitivity analysis was carried out.

5. Sensitivity Analysis

A sensitivity analysis was performed in such a m anner that the weights of the 
criteria varied, and it was observed that the change made in the weights influenced 
the ranking of the alternatives (Puska et al., 2018). Seven scenarios w ere used for 
this purpose. In the first six scenarios, an individual criterion was assumed to be five 
times as significant as the other criteria, and it was assigned a weight of 0.5, while 
the other criteria w ere assigned a weight of 0.1 (Table 6). The seventh scenario 
assumed that the validity of all the criteria was the same, and the assigned weight 
was 0.167. The aim of the sensitivity analysis was to avoid the subjective evaluation 
of the criteria by the experts. Using these criteria, the results of the study w ere tested 
so as to understand whether they w ere sensitive to changing weights. This enabled 
us to confirm or deny the results. In addition, this analysis shows the advantages and 
disadvantages of different software solutions according to certain criteria.
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Table 6. The scenarios for sensitivity analysis
C l C2 C3 C4 C5 C6

Scenario 1 0.5 0.1 0.1 0.1 0.1 0.1
Scenario 2 0.1 0.5 0.1 0.1 0.1 0.1
Scenario 3 0.1 0.1 0.5 0.1 0.1 0.1
Scenario 4 0.1 0.1 0.1 0.5 0.1 0.1
Scenario 5 0.1 0.1 0.1 0.1 0.5 0.1
Scenario 6 0.1 0.1 0.1 0.1 0.1 0.5
Scenario 7 0.167 0.167 0.167 0.167 0.167 0.167

The research study provided an opportunity to explore the opinion of the users of 
these programs. They provided the grades from 1 to 10, and this interval was the 
basis for the evaluation of these software solutions. These ratings were, then, ranked 
by using the defined scenarios. The results of the survey show that Smartsheet 
achieved the best results in six scenarios, whereas only in Scenario 6 it ranked the 
second. This shows that Asana has better C6 -  Platform criterion than Smartsheet, 
according to the users’ ratings, so it did not rank the first in this scenario. The same 
situation is with Asana, which was the third in Scenario S3, in which Microsoft 
Project achieved better results than this software solution. Microsoft Project achieved 
the w orst results in four scenarios, whereas the Basecamp achieved the w orst results 
in three scenarios. Based on the results of the sensitivity analysis, a conclusion can 
be drawn that Smartsheet achieved the best results in the user-made evaluation, 
whereas Microsoft Project and Basecamp showed the w orst results.

Table 7. The ranking o f the project m anagement software by scenarios
Rank
f s i ]

Rank
fS2)

Rank
("S3")

Rank
fS4)

Rank
fS5)

Rank
fS6)

Rank
fS7)

Sm artsheet 1 1 1 1 1 2 1
Asana 2 2 3 2 2 1 2
Microsoft Project 4 4 2 3 3 4 4
Basecamp 3 3 4 4 4 3 3

6. Conclusion

Project m anagem ent is very im portant for any organization. An organization may 
deal with multiple and very complex projects, so they need to be managed 
appropriately. In such cases, project m anagem ent is performed with the support of 
IT software. There are many software solutions on the market. In this paper, four 
pieces of software w ere selected. The selection was made through the evaluation 
provided by the g2.com user community for different software features and w hether 
these features w ere relevant in the United Arab Emirates or not was evaluated. These 
findings led to the results implicative of user preferences in the UAE for using a 
certain software solution. Only an overview of whether the software features for the 
selected software solutions w ere relevant for users in the UAE or not was presented. 
The weights of the criteria w ere determined in collaboration with the experts. Using 
the MARCOS method, the selected project m anagem ent software was ranked. The
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research results show that the Smartsheet features are the m ost relevant in the 
experts’ opinions. Still, this does not reflect the fact that this solution is the m ost used 
solution, but rather that its futures are m ost apricated by the experts.

The disadvantage of this research study is that only a limited number of software 
solutions w ere included in the evaluation. Another disadvantage of this research 
study is the use of the six criteria according to which the pieces of software were 
evaluated. This number of the criteria were used due to the availability of the 
secondary data provided by the g2.com user community about different software 
solutions in project management. However, the respondents w ere instructed to 
perceive the sub-criteria through the basic criteria and provide a cumulative rating 
for the software they are using. In this manner, m ore criteria w ere considered than 
the stated. Future research may be focused on presenting the ratings of the sub
criteria by going deeper into the main criteria.

It is also necessary to conduct a research study on the im portance that criteria 
have for users in order to enable them to obtain the necessary inform ation about the 
criteria which they should pay attention to when ranking different software options. 
The purpose of each evaluation is to see how a particular solution suits the user, so it 
is necessary to obtain all the necessary information from users.

This study has presented a new approach to how to evaluate project management 
software by using the newly-introduced MACROS method. In future research, this 
model and this methodology should be applied, because they are very simple and can 
be applied to other decision problems as well.
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objective discussion of the significance of their findings.



-  Data and methods used in the research need to be presented in sufficient 
detail in the paper, so that other researchers can replicate the work.

-  Raw data should preferably be publicly deposited by the authors before 
submission of their manuscript. Authors need to at least have the raw  data 
readily available for presentation to the referees and the editors of the journal, 
if  requested. Authors need to ensure appropriate measures are taken so that 
raw  data is retained in full for a reasonable time after publication.

-  Simultaneous submission of manuscripts to m ore than one journal is not 
tolerated.

-  Republishing content that is not novel is not tolerated (for example, an English 
translation of a paper that is already published in another language will not be 
accepted).

-  If errors and inaccuracies are found by the authors after publication of their 
paper, they need to be promptly communicated to the editors of this journal so 
that appropriate actions can be taken.

-  Your m anuscript should not contain any information that has already been 
published. If you include already published figures or images, please obtain 
the necessary permission from the copyright holder to publish under the CC- 
BY license.

-  Plagiarism, data fabrication and image manipulation are not tolerated.

Plagiarism is not acceptable in Operational Research in Engineering Sciences: 
Theory and Applications submissions.

Plagiarism includes copying text, ideas, images, or data from another source, even 
from your own publications, without giving any credit to the original source.

Reuse of text that is copied from another source m ust be between quotes and the 
original source m ust be cited. If a study's design or the m anuscript's structure or 
language has been inspired by previous works, these works m ust be explicitly cited.

If plagiarism is detected during the peer review process, the m anuscript may be 
rejected. If plagiarism is detected after publication, we may publish a correction or 
retract the paper.

Image files m ust not be manipulated or adjusted in any way that could lead to 
m isinterpretation of the information provided by the original image.

Irregular manipulation includes: 1) introduction, enhancement, moving, or 
removing features from the original image; 2) grouping of images that should 
obviously be presented separately (e.g., from different parts of the same gel, or from 
different gels); or 3) modifying the contrast, brightness or color balance to obscure, 
eliminate or enhance some information.

If irregular image manipulation is identified and confirmed during the peer 
review process, we may re ject the manuscript. If irregular image manipulation is 
identified and confirmed after publication, we may correct or retract the paper.

Our editors will investigate any allegations of publication m isconduct and may 
contact the authors' institutions or funders if  necessary. If evidence of m isconduct is 
found, appropriate action will be taken to correct or retract the publication. Authors 
are expected to comply with the best ethical publication practices when publishing 
in Operational Research in Engineering Sciences: Theory and Applications journal.

Preparation o f a Manuscript

-  Research manuscripts should comprise:
• Front matter: Title, Author list, Affiliations, Abstract, Keywords



• Research m anuscript sections: Introduction, Materials and Methods, 
Results, Discussion, Conclusions (optional).

• Back matter: Supplementary Materials, Acknowledgments, Author 
Contributions, Conflicts of Interest, References.

-  Review manuscripts should comprise the front matter, literature review 
sections and the back matter. The template file can also be used to prepare the 
front and back m atter of your review manuscript.

-  Abbreviations should be defined in parentheses the first time they appear in 
the abstract, main text, and in figure or table captions.

-  SI Units (International System of Units) should be used. Imperial, US 
customary and other units should be converted to SI units whenever possible.

-  Equations: If you are using Word, please use either the M icrosoft Equation 
Editor or the MathType add-on. Equations should be editable by the editorial 
office and not appear in a picture format.

-  Research Data and supplementary materials: Note that publication of your 
m anuscript implies that you m ust make all materials, data, and protocols 
associated with the publication available to readers. Please disclose at the 
submission stage any restrictions on the availability of m aterials or 
information.

Front Matter

These sections should appear in all m anuscript types
-  Title: The title of your m anuscript should be concise, specific and relevant. 

W hen decision making model names are included, the abbreviated name 
rather than full name should be used.

-  Author List and Affiliations: Authors' full first and last names m ust be provided. 
The initials of any middle names can be added. The PubMed/MEDLINE 
standard form at is used for affiliations: complete address information 
including city, zip code, state/province, country, and all email addresses. At 
least one author should be designated as corresponding author, and his or her 
email address and other details should be included at the end of the affiliation 
section..

-  Abstract: The abstract should be a total of about 200  words maximum. The 
abstract should be a single paragraph and should follow the style of structured 
abstracts, but without headings: 1) Background: Place the question addressed 
in a broad context and highlight the purpose of the study; 2) Methods: 
Describe briefly the main methods or treatm ents applied. Include any relevant 
preregistration numbers, and species and strains of any animals used. 3) 
Results: Summarize the article's main findings; and 4) Conclusion: Indicate 
the main conclusions or interpretations. The abstract should be an objective 
representation of the article: it m ust not contain results which are not 
presented and substantiated in the main text and should not exaggerate the 
main conclusions.

-  Keywords: Three to ten pertinent keywords need to be added after the 
abstract. W e recommend that the keywords are specific to the article, yet 
reasonably common within the subject discipline.

Research Manuscript Sections

-  Introduction: The introduction should briefly place the study in a broad 
context and highlight why it is important. It should define the purpose of the



work and its significance, including specific hypotheses being tested. The 
current state of the research field should be reviewed carefully and key 
publications cited. Please highlight controversial and diverging hypotheses 
when necessary. Finally, briefly mention the main aim of the work and 
highlight the main conclusions.

-  Materials and Methods: They should be described with sufficient detail to 
allow others to replicate and build on published results. New methods and 
protocols should be described in detail while well-established methods can be 
briefly described and appropriately cited. Give the name and version of any 
software used and make clear whether computer code used is available. 
Include any pre-registration codes.

-  Results: Provide a concise and precise description of the experimental results, 
their interpretation as well as the experimental conclusions that can be 
drawn.

-  Discussion: Authors should discuss the results and how they can be interpreted 
in perspective of previous studies and of the working hypotheses. The findings 
and their implications should be discussed in the broadest context possible 
and limitations of the work highlighted. Future research directions should also 
be mentioned. This section may be combined with Results.

-  Conclusions: This section is not mandatory, but can be added to the 
m anuscript if  the discussion is unusually long or complex.

Back Matter

-  Supplementary Materials: Describe any supplementary m aterial published 
online alongside the m anuscript (figure, tables, etc.). Please indicate the name 
and title of each elem ent as follows Figure S I: title, Table S I: title, etc.

-  Acknowledgments: All sources of funding of the study should be disclosed. 
Clearly indicate grants that you have received in support of your research 
work and if  you received funds to cover publication costs.

-  Author Contributions: Each author is expected to have made substantial 
contributions to the paper and has approved the submitted version. 
Authorship m ust include and be limited to those who have contributed 
substantially to the work.

-  Conflicts o f Interest: Authors m ust identify and declare any personal 
circum stances or interest that may be perceived as inappropriately 
influencing the representation or interpretation of reported research results. If 
there is no conflict of interest, please state "The authors declare no conflict of 
interest."

-  References: References m ust be numbered in order of appearance in the text 
(including table captions and figure legends) and listed individually at the end 
of the manuscript. Include the digital object identifier (DOI) for all references 
where available.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference 
list (and vice versa). Any references cited in the abstract m ust be given in full. 
Unpublished results and personal communications are not recommended in the 
reference list, but may be mentioned in the text. If these references are included in 
the reference list they should follow the standard reference style of the journal and



should include a substitution of the publication date with either 'Unpublished 
results' or 'Personal communication'. Citation of a reference as 'in press' implies that 
the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was 
last accessed. Any further information, if  known (DOI, author names, dates, reference 
to a source publication, etc.), should also be given. W eb references can be listed 
separately (e.g., after the reference list) under a different heading if  desired, or can 
be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your 
m anuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
nam e(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
properly identify it as a data reference. The [dataset] identifier will not appear in 
your published article.

Text. Citations in the text should follow the referencing style used by the 
American Psychological Association.

List, references should be arranged first alphabetically and then further sorted 
chronologically if  necessary. More than one reference from the same author(s) in the 
same year m ust be identified by the letters 'a', 'b', 'c', etc., placed after the year of 
publication.

Examples-.

Reference to a journal publication-.

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a 
scientific article. Journal of Scientific Communications, 163, 5 1 -5 9 .

Reference to a book-.

Strunk, W., Jr., & White, E. E>. (2000). The elements of style. (4th ed.). New York: 
Longman, (Chapter 4). Reference to a chapter in an edited book-.

Mettam, G. R., & Adams, L. E>. (2009). Howto prepare an electronic version of your 
article. In E>. S. Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 2 8 1 
304). New York: E-Publishing Inc.

Reference to a website-.

Cancer Research UK. Cancer statistics reports for the UK. (2003). 
http: / / www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ 
Accessed 13 March 2003.

Reference to a dataset.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data 
for Japanese oak w ilt disease and surrounding forest compositions. Mendeley Data, 
v l . https://doi.org/10.17632/ xw j98n b39r.l.

http://www.cancerresearchuk.org/
https://doi.org/10.17632/


Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word 
Abbreviations.

Preparing Figures, Schemes and Tables

-  File for Figures and schemes m ust be provided during submission in a single 
zip archive and at a sufficiently high resolution (minimum 1000  pixels 
width/height, or a resolution of 300  dpi or higher). Common formats are 
accepted, however, TIFF, JPEG, EPS and PDF are preferred.

-  All Figures, Schemes and Tables should be inserted into the main text close to 
their first citation and m ust be numbered following their num ber of 
appearance (Figure 1, Scheme I, Figure 2, Scheme II, Table 1 ,).

-  All Figures, Schemes and Tables should have a short explanatory title and 
caption.

-  All table columns should have an explanatory heading. To facilitate the copy- 
editing of larger tables, smaller fonts may be used, but no less than 8 pt. in 
size. Authors should use the Table option of M icrosoft W ord to create tables.

-  Authors are encouraged to prepare figures and schemes in color (RGB at 8 -b it 
per channel). There is no additional cost for publishing full color graphics.

Supplementary Materials and Software Source Code

Data Availability

In order to m aintain the integrity, transparency and reproducibility of research 
records, authors m ust make their experimental and research data openly available 
either by depositing into data repositories or by publishing the data and files as 
supplementary information in this journal.

Computer Code and Software

For work where novel computer code was developed, authors should release the 
code either by depositing in a recognized, public repository or uploading as 
supplementary information to the publication. The name and version of all software 
used should be clearly indicated.

Supplementary Material

Additional data and files can be uploaded as "Supplementary Files" during the 
m anuscript submission process. The supplementary files will also be available to the 
referees as part of the peer-review process. Any file form at is acceptable, however 
we recommend that common, non-proprietary formats are used where possible.

References in Supplementary Files

Citations and References in Supplementary files are perm itted provided that they 
also appear in the reference list of the main text.
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