mathematics WVI\D\Py

Article

Pythagorean 2-Tuple Linguistic VIKOR Method for
Evaluating Human Factors in Construction Project
Management

Tingting He 1, Guiwu Wei 1, Jianping Lu !, Cun Wei 2 and Rui Lin 3*
1 School of Business, Sichuan Normal University, Chengdu 610101, China; m_hetingting@163.com (T.H.);
weiguiwul973@sicnu.edu.cn(G.W.), lujp2002@163.com (J.L.)
2 School of Statistics, Southwestern University of Finance and Economics, Chengdu 611130, China;
weicun1990@163.com
3 School of Economics and Management, Chonggqing University of Arts and Sciences, Chongqing 402160,
China

* Correspondence: linrui@cqwu.edu.cn

Received: 28 October 2019; Accepted: 18 November 2019; Published: 24 November 2019

Abstract: Since the reform and opening up, Chinese economic and social development has
undergone great changes, and the people’s living standards have improved markedly. For the
national economy, the engineering construction is not only a carrier for specific economic tasks, but
also a driving force for rapid and sustained economic development. With the continuous expansion
of the scale of construction projects, safety management problems of construction projects are
constantly exposed. How to effectively avoid accidents has become an important issue to be solved
urgently in the construction industry. This paper mainly evaluates human factors in the process of
construction project management, such as workers’ proficiency, workers’ safety awareness,
technical workers’ quality, and workers’ emergency capacity, with the purpose of helping China’s
construction projects proceed smoothly. In this research, we provide a multiple attribute group
decision-making (MAGDM) technique based on Pythagorean 2-tuple linguistic numbers (P2TLNs)
and the VIseKriterijumska Optimizacija I KOmpromisno Resenje (VIKOR) method for evaluating
the human factors of construction projects. P2TLNs are used to represent the performance
assessments of decision makers. Relying on a P2TLWA operator, P2TLWG operator, and the
essential VIKOR method, a general framework is established. An application is presented to test the
validity of the new method, and a comparative analysis with two algorithms and the P2TL-TODIM
method is illustrated with detail.

Keywords: multiple attribute group decision making (MAGDM); Pythagorean 2-tuple linguistic
numbers (P2TLNs); P2ZTLWA operator; P2TLWG operator; VIKOR method

1. Introduction

In the related projects of engineering construction, the management problem mainly involves
the safety management problem, and is closely related to human, material, and environmental
factors. Safety management problems involved in project construction management should be
eliminated or avoided in time to ensure the timely and smooth completion of construction and protect
the safety of construction personnel and property. However, in project management, the human
factor plays a very important role, as it can effectively guide the construction project construction
management results. Ning and Wang [1] promoted the TOPSIS method into an intuitionistic fuzzy
environment to evaluate and select the optimal site selection scheme according to the specific
attributes of the construction project, so as to effectively improve the construction operation and
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improve the safety of the working environment. Lu [2] studied how to utilize the 2-tuple linguistic
model to deal with assessment information in the information management process of construction
projects, and then followed the steps of TOPSIS model for evaluation. Gu et al. [3] introduced the
IVIFECA (interval-valued intuitionistic fuzzy Einstein correlated averaging) operator, which was
applied to choose construction projects. Wu et al. [4] expanded the HM (Hamy Mean) operator to
2TLNNSs and then introduced some operators. Finally, they utilized these operators to assess the risk
of construction projects.

The fuzzy set theory [5] was first introduced to describe the uncertainty and fuzziness of things.
In order to reflect the objective world as faithfully as possible, many people offered some extended
forms of the fuzzy set, such as IVHFS (interval-valued hesitant fuzzy set), T2FS (Type-2 fuzzy sets),
IFS (intuitionistic fuzzy set) [6-11], etc. The IFS theory was proposed by Atanassov [6] in 1986 as an
important extension of the classical fuzzy set theory [5]. The research on its theory and application
has achieved extensive research results in the field of fuzzy set theory and produced far-reaching
influence. In an intuitionistic fuzzy set, the membership degree was defined as the degree of
affirmation about the same concept, and non-membership degree was defined as the degree of
negation. However, when using intuitionistic fuzzy to make decisions, the following situation may
occur: the membership degree plus non-membership degree of the scheme satisfying attributes given
by the decision makers is greater than 1. Based on this, in 2013, the American scholar Yager [12]
proposed the Pythagorean fuzzy set, which satisfies conditions where the membership degree plus
non-membership degree is greater than 1, but the sum of squares does not exceed 1. Therefore, the
decision maker does not need to modify the values of membership and non-membership, and thus
the model can be a more accurate and detailed description of the reality [13-16].

After the Pythagorean fuzzy set was proposed, a large number of researchers combined the
Pythagorean fuzzy set [12] with various methods and applied these proposed methods to MADM.
Zhang and Xu [17] first put forward the mathematical expression of a Pythagorean fuzzy set, and
then they tied the Pythagorean fuzzy set (PFS) and TOPSIS method together. Finally, they gave a
practical example to illustrate the developed method and made a comparative analysis of different
methods. Zhang [18] presented a Pythagorean fuzzy QUALIFLEX method with the closeness index
to address the layered multi-criteria decision-making issue under a Pythagorean fuzzy environment
on the basis of PFNs (Pythagorean fuzzy numbers) and IVPFNs (interval-valued Pythagorean fuzzy
numbers). Ren et al. [19] provided a case of choosing the governor of the Asian Infrastructure
Investment Bank by using the PF-TODIM (Pythagorean fuzzy TODIM) method to observe the
feasibility of the model. Bolturk [20] expanded the CODAS (COmbinative Distance-based
Assessment) model to Pythagorean fuzzy environment to propose a novel method that is PFE-CODAS
(Pythagorean fuzzy CODAS). They addressed a MADM problem of supplier selection utilizing the
new method to show its validity and effectiveness. In the end, they concluded that the presented
model has better results than the general fuzzy conclusion, because it takes into account the decision
makers of dithering and expands the scope of membership and non-membership degree. Chen [21]
defined a new VIseKriterijumska Optimizacija I KOmpromisno Resenje (VIKOR)-based method for
MADM analysis containing Pythagorean fuzzy information. A Pythagorean fuzzy set has certain
advantages over un-normalized fuzzy sets such as IFS (intuitionistic fuzzy set) in dealing with
fuzziness and complex uncertainty. Based on this, a Pythagorean fuzzy VIKOR method based on a
distance index is proposed, which is quite different from the existing VIKOR method. It is unique
because that the model considers the uncertain information expressed by the PFNs and introduced
some new concepts of measuring distance. Through the practical application and comparative
analysis of a certain standard satisfaction problem, the validity and superiority of the used method
in practice are verified. Huang and Wei [22] briefly introduced the definition of Pythagorean 2-tuple
linguistic numbers (P2TLNs), which calculate the distance between two P2TLNs and the classic
TODIM (an acronym in Portuguese for Interactive Multi-criteria Decision Making). On this basis, a
new extended TODIM is put forward to deal with the MADM problem. The important feature of this
method is to fully take the bounded rationality of the each decision maker into account, which is a
practical behavior in the decision-making process. Finally, they also gave an example. Ilbahar et al.
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[23] proposed three methods, respectively: Fine Kinney, Pythagorean fuzzy analytic hierarchy
process. Meanwhile, these methods are used to assess the excavation risk of a construction site. Based
on the procedure of the classic TOPSIS method, Khan et al. [24] presented an extension of TOPSIS
under the interval value Pythagorean fuzzy context, using the IVPFCIG (interval-valued Pythagorean
fuzzy Choquet integral geometric) operator and distance formula based on the Choquet integral to
aggregate all the fuzzy decision matrixes. Finally, it is proved by an example that the technique is
practical and effective. Perez-Dominguez et al. [25] combined ratio analysis-based multiple objective
optimization with a Pythagorean theorem fuzzy set to select an appropriate alternative. In the end,
two decision problems illustrated that the method is valid and practical. A novel LINMAP (linear
programming technique for multidimensional analysis of preference) method was expanded by Xue
et al. [26] to the fuzzy environment of Pythagorean. Then, they defined PFE (Pythagorean fuzzy
evalues) and IVPFE (interval-valued Pythagorean fuzzy evalues) based on similarity and hesitations.
Based on the above, the PF-LINMAP method is constructed. According to a numerical example, this
method can solve the decision problem related to railway project investment.

The VIseKriterijumska Optimizacija | KOmpromisno Resenje (Hereinafter referred to as VIKOR)
model explored by Opricovic [27] initially is a practical tool to deal with the MADM problems and
has a wide range of industrial, commercial economy, and science of management applications.
Compared with previous methods, such as ELECTRE [28], PROMETHEE [29], GRA [30], TOPSIS [31],
and TODIM [32-34], the advantage of the VIKOR model is that it takes into account the contradictory
criteria such as the objectivity of decision makers and the complexity of the decision environment, so
as to obtain more useful and scientific evaluation information.

Devi [35] explored a new expansion of VIKOR into an intuitionistic fuzzy context to solve the
problem of a robot selection material handling task. Du and Liu [36] applied the VIKOR method in
the fuzzy context of an intuitionistic trapezoidal to rank the pros and cons of each scheme and select
the best one. Park et al. [37] proposed a new method to promote the VIKOR method to the interval
value intuitionistic fuzzy environment to choose the right outsourcing partner for multinational
organizations. Chatterjee et al. [38] gave an expanding VIKOR model based on IFS, which uses five
criteria and four decision makers to evaluate five potential outsourcing partners. Finally, we choose
the best outsourcer. Liao and Xu [39] contributed a new way of thinking that integrated the classical
VIKOR method with hesitant fuzzy circumstances. An example is given to prove its validity. In order
to solve the MADM problem of material selection in engineering design, an interval binary semantic
VIKOR method is established to avoid information distortion and loss by Liu et al. [40]. Motivated
by the traditional VIKOR method, Wei and Zhang [41] firstly defined the multiple criteria hesitant
fuzzy decision making with shapley value-based VIKOR method. Using SLp, mu-metric, they
developed an extended VIKOR method to handle related multi-criterion decision problems. Bausys
and Zavadskas [42] solved a problem of selecting the location for a logistic terminal in a way where
they tied the VIKOR method with interval-valued neutrosophic sets, namely VIKOR-IVNS. Dammak
et al. [43] compared three methods based on intuitionistic fuzzy set respectively to TOPSIS, AHP
(Analytical Hierarchy Process), and VIKOR, and analyzed the differences in the use of the three
methods. Liao and Xu [44] constructed the cosine-distance-based HFL-TOPSIS model and the cosine-
distance-based HFL-VIKOR model. Afterwards, they offered a case in point. You et al. [45] proposed
the interval 2-tuple language VIKOR method for choosing the perfect supplier among three suppliers.
It's worth noting that the method mentioned in this paper is more appropriate to treat with the
problem of supplier selection in the context of fuzzy with uncertain and incomplete information.
Buyukozkan et al. [46] integrated IF-AHP and IF-VIKOR to form an overall framework, and then
used appropriate evaluation criteria to rank the web services of medical institutions according to the
steps of the framework to measure the performance of 10 medical institutions in Turkey. Zhang et al.
[47] proposed the hesitating fuzzy language VIKOR (HFL-VIKOR) method, and then took a West
China hospital as an example to apply this method in the process of inpatient admission evaluation,
so as to solve the problem of inpatient admission, which can be used for classified diagnosis and
treatment. Hu et al. [48] adopted INSs (interval neutrosophic sets) to cope with evaluation
information, and made use of a project-based difference measure VIKOR to solve the issue of online
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selection of doctors in mobile medical services. Wang et al. [49] explored a VIKOR method into a
picture fuzzy context with normalized projection for the risk assessment of engineering construction
projects.

Although previous studies deal with the selection of construction projects, they do not mention
the evaluation of human factors in the process of construction project management. So, it is very
essential to take appropriate measures to evaluate human factors by using relevant assessment
criteria. In this paper, we extend the VIKOR method with Pythagorean 2-tuple linguistic numbers for
the evaluation of human factors. It is our goal in this article to combine the original VIKOR method
with P2TLNs to address MADM problems. The innovativeness of the paper can be summarized as
follows: (1) the VIKOR method is extended by P2TLSs; (2) the Pythagorean 2-tuple linguistic VIKOR
(P2TL-VIKOR) method is proposed to solve the Pythagorean 2-tuple linguistic multiple attribute
group decision-making (MAGDM) problems; (3) a case study for evaluating human factors in
construction project management is supplied to show the developed approach; and (4) some
comparative studies are provided with the existing methods to give effect to the rationality of P2TL-
VIKOR.

The remainder of this article is mainly as follows. Section 2 contains some basic definitions of
P2TLNs; Section 3 contains the extending VIKOR method with P2TLNs; Section 4 provides a case
study of evaluating human factors in the process of construction project management and contrastive
analysis; and Section 5 presents the conclusions.

2. Preliminaries

2.1. Pythagorean 2-Tuple Linguistic Sets
Wei et al. [50] proposed the Pythagorean 2-tuple linguistic sets (P2TLSs) based on the PFSs [51]
and 2-tuple linguistic information [52].
Definition 1 ([50]) A P2TLS 4 in X is given
A:{(sw(x),p),(u/l(x),VA(x)),xeX}, (1)
u,(x)e[0,1 v,(x)e[0,1] wu,(x
where ot § , P E[—O.S,O.S), A( ) L0, ], and A( ) L0, ], A( ), and Vi (x) satisfy

2 2
the following condition: OS(uA (x)) +(VA (x)) <1 , VXE€X | The numbers “a (x)’VA (x)

represent the degree of membership and degree of non-membership of the element X to linguistic variable

(Sw(xwp)

A=<(S¢,p) ,(uA,vA)>

can be called a Pythagorean 2-tuple linguistic number (P2TLN).

a=<(s¢,,p) J(u,,v, )>

Definition 2 ([50]) Suppose that
be depicted as follows:

is a P2TLN; then, the score function of P2TLN can

)1+(ua)2—(va)2 ’

S(@)=4] A (s, 2 @

A" (S(a))e[0,L].

a=<(s(p, p),(ua,va)>

Definition 3 ([50]) Suppose that is a P2TLN; then, the accuracy function of P2TLN

can be depicted as follows:
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H(a)=A A’l(sw(a), p)

A’I(H(a))e[O,L].

2 3)

Definition 4 ([50]) Suppose that h” <( Wpl) ( “arVa )> and a2=<(swz,p2),(uaz,va2 )> are two

2 2
1 —
S(a)=| (5 ) L)
P2TLNs. Respectively, the scores of Y and D are and
1 2_ 2 2 2
S(%)_A{Al(sw(aa)’pz)' +(u02)2 (VHZ)] H(al):A Al(sw(al)’pl)'(ual) —;<Val)
and let and

2

H(az)—A{A1(S¢(az)apz)'—(u02) +<Va

2
) }
a a
be the accuracy degrees of ' and "2 ; then, some
operational laws of P2TLNs can be defined as follows:

(l)ifS(al)<S(a2) a, <a,;

(2)if S(a,)>S(a,).a,>a,;

() if S(a,)=S(a,).H(a,)<H(a,), then a, < a,;
4 if S(a,)=S(a,),H(a,)>H(a,), then a, > a,;
(5 if S(a,)=S(a,).H(a,)=H(a,), thena, =a,.

Definition 5 ([50]) Suppose that a1=<(s(p] ’pl)’(ua"va' )> and a2=<(s¢2,p2),(ua2,va2 )> are two

P2TLNs, the normalized Hamming distance ( H, ) between N and %2 can be depicted below:
| = () )A o)-
) )4 )

where L represents the length of the language scale. It is a numerical value.

H, (alaaz)

Definition 6 ([50]) Suppose that a1=<(s(p] ’pl)’(ua‘ Ve )> and a2=<(s(p2 ’pz)’(uaz’vaz )> are two
P2TLNs, then
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N

/

\
/

o= (8(8 (5,048 (s ) (o o (o o,
0= (8(8 (5,005 (s sl 0 = ()
A, = <A(/1Al (s, ,,01)),[ (1=, ) ) (v, )ﬁ]>;

' ={s{(5 o) ) (e )

Theorem 1 ([50]) For any two P2TLNs a1=<(s(p],p1),(ual,val )> and a2=<(s¢2,p2),(ua2,va2 )>,

according to Definition 6, naturally, we can get the following properties of the operation laws:

a,®a,=a,Pa,

@™

a,®a, =a,®a,

2)

) k(a, ®a,)=ka ®ka,,0<k<1

) K@ @k =(k Ok, )a,0< k., b +k <1

5 al ®a® =(a))"™ 0 <k, kyk +h, <1

©) a' ®a," =(aq, ®a2)k' k20

K\ Kk,
((al ) ) =(a)
@) :
2.2. Pythagorean 2-Tuple Linguistic Arithmetic Aggregation Operators

In this section, some arithmetic aggregation operators with Pythagorean 2-tuple linguistic
information will be introduced, such as the P2TLWA operator and P2TLWG operator.

a.:<(S .’p')a(ua,,va,)> j=1,2,...,n
Definition 7 ([50]) Assume that (A ;2 ( )
The P2TLWA operator can be depicted as follows:

is a collection of P2TLNS.

P2TLWA, (a,,3,.,a,) = D (w,a,)

Jj=1

)
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o, >O,Zn:a)j =1.

o=(0,@,,...,0 .n) o =

n

T
a
where ) is the weight vector of 7

a:<(s¢_,p/),( a_,va_)>(] e
Definition 8 ([50]) Assume that b S is a collection of P2TLNs. The
P2TLWG operator can be depicted as follows:

P2TLWG, (al,az,...,an) = é(a).aj)

(A e 1

©

=
—_
—
<
2
S~——"
=
—_
~
=
—
[a—
[
—_
A
S~
o
S——
RS
-

n
_ o, >O,ij =1.
o=(0,@,,...,0 1) i =

T
a.
where " ) is the weight vector of / (

3. VIKOR Method for P2TL MADM Problems
={0,,0,,..0,} nd r,={1,,7,,...7,}

Suppose that ' are respectively m alternatives

€[0,1]

=10,,0,,...Q0 .
(1, @, j be the criteria’s weighting vector, which satisfies [

and 7 criteria. Let "

o, =1 et E={E,E,,...E}

and i @i w={w,w,,...w, |

be the group of DMs, be the
k _ (1) =( (f))
M}t < [O, 1] and = Wt _1 R 7;] mxn_

weight of DMs, with t=1 . Construct a decision matrix

RY = (’:}[)) = <(s(f)=/?,-(f) ),(uff),v,(f)

)>W" means the performance of the alternative

where
| — e | = o (t) =
(Df{l_l’z ,m} with respect to criteria b {] L2 ,n} by expert k {t 1,2,...k} using a
2 2
0<ul <1,0<W <1 o<(ul) +(v) <1
P2TLN, Uy =L U=V, and ( ’”) ( ’”) , i=L2m, j=12--,n,
t=1,2---,k.

In view of both the P2TLN’s theories and procedures from the VIKOR method, we put forward
a P2TL-VIKOR method to deal with the problem of MADM effectively. The new model is shown
below.

Step 1. Set up a decision-making group composed of several experts, choose the best attributes

RY — (ri(f))
to measure alternatives, and finally get a series of P2TL fuzzy decision matrices 7 Smn

from each decision maker.

(¢ ' )]
Ao )
(1) .0 (1)
) _1 5.0 _|r T e Ty
R = [rff an o S )
0 .00 (1)
_7/;711 sz s rmn n
' ; i=L2,....m
where ¥  denotes the fuzzy performance value of the i th alternative ( > with respect
to the jthcriterion(jzl’z"”’n t=12,....k

) and f th decision-maker (

).
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Step 2. Utilize the P2TLWA operator or P2TLWG operator to the fuse assessment information;

R=(r,)

then, the group P2TL fuzzy decision matrix m=n can be obtained by the calculation.

h hy o Ny
By Ty e T,
R=lry], =7 T 7 ®
rml rm2 rmn
k
=@ =P2TLWA(", ..., i)
=1

t

W

A(iwA (5. )](\/1 f[( ~(? )Z)ﬁ(v())J | ©)

Or

k

=®rW=P2TLWG(" .

7 ’ R )
Pl b l/ i

ittt T

t t=1 t=1

(10)

Here, 7; means the average fuzzy performance value of the i th alternative relative to the Jjth
criterion.

Step 3. Determine the positive ideal solutions R} and negative ideal solutions R;.

Sl ) o) ay
R; = {(Al(s(p/,pj))_,(ua/,vaj)}. (12)

For all the benefit criteria:

{87 (500 02 )} = fmax(8 (s, o)) fmax o, )] 19
(8 (s, )) (o s )| = {min(a (s, o)) (min o, )omax (3, )} 19

For all the cost criteria:

{(A1 (sq,/,p,-))+ (u;/ v )} = {min(A’1 (s(p/ ,pj)),(min(ua/ ),max(va/ ))} (15)
87 (5000, 100 ) = (2 (5, o)) (max , Jomino, ) 10

Step 4. Calculate §; and P values using the following equations:
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e s ) )]
ol b))

Here, d denotes the normalized Hamming distance and @ . means the weight of attributes
n
with these conditions, 0 < o, <1, Z o, = 1.

j=1
Step 5: Compute 9 values as follows:

S —S P-P
=y (1—v)——, 19
0 =ve—y ( )B‘—B (19)
where
S’ =minS,, S =max S, (20)
P =minP,P” =max P, (1)

where Vv can be described as the decision-making mechanism coefficient. If v > 0.5, it denotes “the

maximum group utility”; if v < 0.5, it denotes “the minimum regret”, and if V= 0.5 it denotes
“equality”.
Step 6: According to the Q. values, the optimal decision among the rank alternatives is the

alternative with the minimum @ value.

4. Numerical Example and Comparative Analysis

4.1. Numerical Example

In this section, we shall provide a numerical example to evaluate the human factors in the
process of construction project management by using the P2TL-VIKOR model. Assume that five

possible construction projects @, (i =1, 2,3,4,5) are to be selected and there are four evaluation
criteria 7 ( j=1 2,3,4) to evaluate these construction projects: (D 7,is the workers’ proficiency;
@ 7, is the workers’ safety awareness; ®) 7, is the technical workers’ quality; and @ 7, is the
workers” emergency capacity. The five possible construction projects @, (i =1, 2,3,4,5) are to be
evaluated through using P2TLNs with the four criteria by three experts, Ef (expert’s weight

w=(0.29,0.38,0.33), which have an attributes weight of @=(0.24,0.17,0.31,0.28)").

In order to carry out this evaluation, decision makers use language variables to express their
evaluation, and the language variables of evaluation alternatives are shown in Table 1. The following
steps are used to evaluate the human factors associated with the five construction projects using the
proposed P2TL-VIKOR method:
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Table 1. Linguistic variables and their fuzzy numbers.

Linguistic Variable Pythagorean 2-Tuple Linguistic Numbers

Very low (VL) ((s0, 0), (0.1, 0.8))
Low (L) ((s1, 0), (0.2, 0.7))
Medium low (ML) ((s2, 0), (0.3, 0.6))
Medium (M) ((s3, 0), (0.5, 0.5))
Medium high (MH) (s, 0), (0.6, 0.3))
High (H) ((ss, 0), (0.7, 0.2)
Very high (VH) ((ss, 0), (0.8, 0.1))

Step 1. Construct the evaluation matrix RY = (l”3) ) (i =1,2,...,5,j =1, 2,...,4) of each

i s
decision maker as in Tables 2—4. Based on Tables 1-4 and Equation (9), the group Pythagorean 2-tuple
linguistic fuzzy decision matrix is computed. Table 5 shows the results.

Table 2. Rating alternatives on each criterion by E1 .

T, T, T, T

M H ML L
VL L L VH
L VL H M

MH ML VH
s VH M MH VL

LS}

o

T

Table 3. Rating alternatives on each criterion by £, .

T, T, 0T,

, M MH H ML
, L VL L H
M VL
, VH ML M MH
s ML H H M

N
s
<

L M H VH

q)l
(DZ
®, ML H H L
(D4
®, VL M MH VL

Table 5. The group Pythagorean 2-tuple linguistic decision matrix R.

41 7,

D, <(s3, 0.33), (0.5369, 0.5165)>  <(s3 -0.03), (0.555, 0.5879)>
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‘DZ

& 6 9

w

<(s1, 0.37), (0.3274, 0.6947)>
<(s3, =0.15), (0.5082, 0.4583)>
<(ss, 0.06), (0.6705, 0.3706)>
<(s3, -0.5), (0.5338, 0.7651)>

<(s2, 0.27), (0.5452, 0.4297)>
<(s3, -0.21), (0.5332, 0.4518)>
<(s3, —0.09), (0.4786, 0.6552)>
<(ss, —0.24), (0.5935, 0.4316)>

73

74

—_

[\

N

N

w

<(s3, -0.19), (0.5067, 0.4823)>
<(s1, 0.33), (0.2383, 0.7378)>
<(s4, 0.24), (0.6399, 0.4518)>
<(s3, 0.37), (0.5491, 0.4518)>
<(s4, 0.38), (0.6426, 0.3646)>

<(s2, 0.37), (0.4209, 0.5535)>

<(s4, -0.03), (0.6573, 0.4823)>
<(s1,0.2), (0.3095, 0.8167)>
<(s5, 0.24), (0.743, 0.296)>
<(s1, 0.14), (0.3303, 0.7139)>

Step 2. Determine the R;.r and R; by Equations (13) and (14).

S 038

=
Il

<
<
<
<
<
<

((s,-0.06),(0.6705,0.3706))
(5,,-0.24),(0.5935,0.4297))
(s, (0.6426,0.3646))
(55,0.24),(0.743,0.296))
(s,
(
(s,

):(
5,,0.37),(0.3274,0.7651))
5,,0.27),(0.4786,0.6552))
5,,0.33),(0.2383,0.7378))
((5,,0.14),(0.3095,0.8167))

Step 3. Compute S, and P values by Equations (17) and (18).

S, =0.5917,8,

B =0.2186 ,P,=0.3100,~ =0.2790,P, =0.1362 ,P, = 0.2724.

=0.7793 ,S, = 0.5228,S, = 0.2563,S, = 0.4590,

Step 4. Calculate Q, values as follows (Let v=0.4):

0, =0.5411,0, =1.0000 ,0,

= 0.6968 ,0, = 0.0000,0; = 0.6253

11 of 15

Step 5. According to the (J; values, the optimal decision among the rank alternatives is the

alternative with the minimum Q value: @, >0, >0, > D, > D,

alternative is @,.

4.2. Comparative Analyses

. Thus, the most optimal

In this part, we will make some comparative analyses to compare in our proposed P2TL-VIKOR
model the P2ZTLWA and P2TLWG operators defined by Wei, Lu, Alsaadi, Hayat and Alsaedi [50],
and the P2TL-TODIM method proposed by Huang and Wei [22].

The comparison results of different methods are as follows.

It is clear from Table 6 that the results are slightly different in ranking of alternatives, but the

best alternative is always @, by comparing the values of our proposed P2TL-VIKOR method with
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the P2TLWA/P2TLWG operators and the P2TL-TODIM model. Notably, in practical MADM
problems, the P2TL-VIKOR method fully considers the conflict between attributes, which is more
reasonable and scientific. All these methods have their good advantages: (1) P2ZTLWA operators
emphasize the group influences; (2) the P2TLWG operator emphasizes individual influences; (3) the
P2TL-TODIM method based on the prospect theory is exactly a kind of method that considers the
influence of the experts” psychological behaviors factors on the decision results; and (4) the P2TL-
VIKOR method takes into account the contradictory criteria such as the objectivity of decision makers
and the complexity of the decision environment, so as to obtain more useful and scientific evaluation
information.

Table 6. Rank of alternatives by using different methods.

Methods Order
P2TLWA D, >D,>D,>D, >D,

P2TLWG D, >D,>D,>D, >D,
P2TL-TODIM @D, > D, > D, > D > D,
P2TL-VIKOR @D, >®D >D, > D, > D,

5. Conclusions

Human factors are not only the leading factors affecting the quality of construction projects, but
also the most basic and core factors in the quality assurance system; so, the evaluation of human
factors in construction projects is particularly critical. Human factor evaluation in construction
projects isa MADM problem, and the information available for decision making is vague or uncertain
in nature. Therefore, we used language variables to express the preferences of experts. The
Pythagorean 2-tuple linguistic sets (P2TLSs) can well reflect uncertain or fuzzy information and solve
these kinds of problems, and the original VIKOR is characterized by handling conflicting attributes.
Naturally, we combined the Pythagorean 2-tuple linguistic sets with VIKOR, and the recommended
method was systematically applied to the human factor evaluation of five construction projects to
find an optimal construction project. The comparative study shows that the proposed MADM
algorithm is feasible. This method is very effective and useful for decision making.

The main contributions of this study is fourfold: (1) the Pythagorean 2-tuple linguistic VIKOR
(P2TL-VIKOR) method is designed to tackle the Pythagorean 2-tuple linguistic MAGDM issues; (2) a
case study for evaluating human factors in construction project management is designed to show the
developed approach; (3) some comparative studies are provided with the existing methods to give
effect to the rationality of P2TL-VIKOR; and (4) the proposed method can also successfully contribute
to the selection of suitable alternatives in other selection issues.

In the future, the proposed method can be expanded to deal with other decision-making issues,
such as the selection of green suppliers, the location of waste disposal station, and so on.
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