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Abstract: This study aims to introduce a decision-making framework for prioritizing
gerontechnologies (GTs) for aging persons and people with disability under an intuitionistic fuzzy set
(IFS) context. First, the intuitionistic fuzzy (IF)-divergence measure and its properties are developed
to obtain the criteria weight. Second, a new exponential function-based score function and its
properties for the IFS are introduced to order the different IFSs. Third, an IF-relative closeness
coefficient (RCC)-based method is proposed to determine the criteria weights. Fourth, the double
normalization (DN) procedure-based weighted integrated sum product (WISP) approach is introduced
under the IFSs. To demonstrate the applicability and usefulness of the proposed IF-RCC-DN-WISP
model, a case study that involves ranking the different GTs for aging persons and people with disability
is conducted from an IF perspective. The results of the developed model show that mobility is the most
appropriate gerontechnology for aging persons and people with disability. A comparison with different
models is also performed to prove the superiority of the obtained results. The comparative study shows
how the developed model outperforms the other extant models, as it can offer more sensible outcomes.
Therefore, it is more suitable and efficient for expressing uncertain information when treating practical
decision-making problems.
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1. Introduction

Because of improved living conditions and technological innovations in the healthcare sector, the
world’s aging population continues to increase at an unprecedented rate, which has far-reaching
implications for society. Population aging presents economic, cultural and social challenges to
individuals, families, societies and the global community. In the past few decades, there has been
growing recognition that the health status, mortality risks, productivity and other socioeconomic
characteristics of aging people have changed significantly in various parts of the world. Thus, there is
a growing demand for old-age security and facilities, residential care homes and community elderly
care for the aging population [1]. In this regard, government and non-government health and welfare
organizations have been encouraged by the World Health Organization to implement strategies to
create living homes that are more age friendly [2].

The emergence of gerontechnology (GT) can help ease aging-based health, family, and social
burdens [1]. The aim of GTs is to improve the living environment and the access to important services
and infrastructure of older persons, reimburse for their loss of individuality and, in due course, allow
them to live at home as long as possible [3,4]. The term “gerontechnology” combines two words:
“gerontology” which means the scientific study of aging, and “technology,” which means the research
and development of various products and techniques. In the literature, several authors have focused on
the application of GTs in different areas [5-7].

As the selection of GTs involves numerous criteria and uncertainties, it can be considered an
uncertain multi-criteria decision-making (MCDM) problem. To deal with uncertainty, researchers have
focused on the theory of fuzzy set (FS) [8-14]. As an advancement of the FS, the idea of an intuitionistic
fuzzy set (IFS) [15] was later introduced. It can better describe the vagueness of data compared with
FS theory. In an IFS, an object is described by its membership degree (MD), non-membership degree
(ND) and hesitancy degree (HD) to illustrate the uncertain data more systematically. Yuan and Luo [16]
suggested an MCDM tool by combining intuitionistic fuzzy (IF) entropy and evidential reasoning with
experimental analyses. Yan et al. [17] proposed a hybridized MCDM framework for urban rail transit
system selection under an IF environment. A multi-objective tool using the Markowitz and data
envelopment analysis (DEA) cross-efficiency methods has been developed to evaluate portfolios under
the IFS context [18]. Tripathi et al. [19] provided a distance measure for IFSs and applied it to introduce
a modified IF complex proportional assessment (COPRAS) method. In recent years, many theories and
applications related to IFSs have been presented [20-29].

The divergence measure (DM) is an important and useful way to estimate the discrimination
between two objects. In the context of the IFS, Vlachos and Sergiadis [30] first introduced the notion
of DM, with applications in image segmentation and pattern recognition. Montes et al. [31] presented
an axiomatic definition of the IF-DM with its properties. In recent years, several IF-DMs have been
proposed, each with their unique advantages and disadvantages. For instance, Joshi and Kumar [32]
proposed a Jensen-Shannon DM based on Jensen inequality and Shannon entropy under an IF
environment. Verma [33] studied order-a DM for IFSs and applied it to the development of an
algorithm for the intuitionistic fuzzy MCDM method. A new generalized parametric DM for IFSs,
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which is also used for medical diagnosis, was likewise developed [34]. Tripathi et al. [35] introduced a
new IF-DM with excellent properties. They also used their measure to introduce a combined
compromise solution (CoCoSo) method under the IFS context.

In realistic MCDM situations, choosing the most appropriate option from a set of options is a
highly important task. In the literature, several MCDM approaches, such as the technique for order of
priority by similarity to ideal solution (TOPSIS), COPRAS, additive ratio assessment (ARAS),
weighted aggregated sum product assessment (WASPAS), CoCoSo and multi-attribute multi-objective
optimization by ratio analysis (MULTIMOORA), have been introduced to address practical decision-
making problems under diverse environments. Despite improvements that have been made to enhance
the effectiveness of utility degree-based tools, such as TOPSIS, COPRAS, Viekriterijumsko
Kompromisno Rangiranje, WASPAS, ARAS, and CoCoSo, in diverse MCDM circumstances, their
problem-solving methods are subject to several limitations, and the ranking process is very
complicated and challenging in some cases. To avoid the drawbacks of existing methods, Stanujkic et
al. [36] proposed the idea of a simple weighted integrated sum product (WISP) as a more effective and
useful MCDM method. The WISP incorporates the idea of the ARAS, WASPAS, CoCoSo and
MULTIMOORA approaches and uses simpler normalization processes and four utility functions to
obtain the overall utility degree (OUD) of options. After the pioneering work of Stanujkic et al. [36],
Karabasevic et al. [37] gave the WISP tool using triangular fuzzy numbers and proved its usability
through numerical examples. In the context of the IFS, a modified WISP method was developed by
Zavadskas et al. [38] using square root and sum normalization procedures. Stanujkic et al. [39]
generalized the WISP method from a single-valued neutrosophic perspective. They implemented their
method in a tourist destination for nature & rural tourism under a single-valued neutrosophic
environment. Recently, a g-rung orthopair fuzzy extension of the WISP method was proposed by
Deveci et al. [40]. They applied their method to rank sustainable urban transportation in metaverse
with uncertainty.

1.1. Challenges identified from studies

From existing studies, we recognize the following gaps:

(1) The DM and score function are essential tools for IFSs. Various DMs and score functions have
been presented by researchers in the literature. However, there is a need to develop an improved
IF-DM and score function from an IF perspective.

(2) To avoid the redundant influence of subjective DEs’ significance on the decision results, there
is a need to derive the weights of the DEs’ opinions.

(3) In the context of intuitionistic fuzzy MCDM methods, most previous studies have discussed
extant objective weighting methods or subjective weighting methods. To avoid the
shortcomings of objective or subjective weighting models, there is a need to develop an
integrated weighting model for determining criteria weights. However, extant subjective
weighting tools rarely consider the relative closeness coefficient (RCC) degree as a weighting
tool from an IF perspective.

(4) Zavadskas et al. [38] presented the standard WISP method from an IF perspective. However,
this method has some drawbacks: (i) it considers only a single normalization procedure, (ii) it
Is unable to determine the objective and subjective weighting of the attribute, and (iii) multiple
preferences of decision experts (DESs) are missing.
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(5) In the literature, only Halicka and Kacprzak [4] implemented the classical TOPSIS method in
the evaluation of a set of GTs over a finite number of criteria. However, this method has
limitations in solving the multiple criteria GT assessment problem under an IF environment.

1.2. Research contributions

The notable research contributions of this study are as follows:

e To order intuitionistic fuzzy numbers (IFNs), this study proposes a new IF score function.

e To measure the discrimination degree for IFNs, a new DM and its properties are presented.

e This study proposes, for the first time, the score function and rank sum (RS) model-based
weighting approach to derive DEs’ weights in an IFS environment.

e To consider the RCC of each criterion, an IF-DM-based model is developed and further used
to compute the criteria weights.

e This study also proposes the double normalization (DN)-based WISP method with a
combination of the score function, the DM and the RCC, which can better describe the
uncertainty of practical decision-making problems. This study implements the proposed IF-
RCC-DN-WISP method in a case study of a GT assessment problem under an IFS context.

1.3. Organization of the paper

The rest of this paper is organized as follows. Section 2 discusses the fundamental ideas of IFSs.
Section 3 presents the new IF-DM and IF-score functions. Section 4 introduces an integrated IF-RCC-
DN-WISP framework with the proposed DM, score function and RCC. Section 5 uses the developed
method in a case study of different GTs for aging persons and people with disability. This section also
presents a comparative analysis. Finally, Section 6 provides the conclusions and recommendations for
further research.

2. Preliminaries

This section describes certain elementary concepts related to the IFS.
Definition 2.1. [15] An IFS A onafixed set X ={x,, x,, ..., x,} isgivenas

A={(%, 1a(x), va (X)) 1 % € X, €

where g, : X —[0,1] shows the MD, and v, : X —[0, 1] denotes the ND of an element X; to A
in X, with the condition 0< z,(x)+v,(x)<1.For X € X to A, the degree of indeterminacy is
defined as 7z, (% )=1- s, (%)—va(X) and 0<r,(x)<1. Furthermore, Xu [41] defined the term
(£4(%), va(x)) called IFN as w=(u,,v,), which fulfills v, e[0,1] and 0<p,+v, <1.
The symbol IFS (X) shows all the IFSs on X.

Definition 2.2. [41,42] Consider an IFN w=(4,,v,)), and then

S(@)=7((1,~v,)+1) and h(w)=(u,+v,) 2)

are said to be the score and accuracy degrees, respectively.
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Definition 2.3. [41] Let o, = (,um, w) j=L12,..,n be the IFNs. The weighted averaging and

geometric operators in the IFNs are then presented as

IFWA, (@, @y, ..., @,) = ®1ijj {1—1‘[(1—#@])%,1_[%]““'} 3)
j=1 j=1
IFWG, (@, @, ..., @,) Qf)lewj {HﬂwW“l H( ij)wi} (4)
j=1

where sz(wl,wz,...,wn)T is a weight value of @;, j=12,...,n, with Z?:le =1, w; €[0,1].
Definition 2.4. [31] Let A, A, A elFSs(X). An IF-DM is a real-valued mapping D:IFS(X) X
IFS(X) —» R that satisfies the properties as

(D1) D(A,A)=D(A,A), VA, AelFSs(X),

(D2) D(A,A)=0=A=A,

(D3) D(Al A, A1 A)<D(A,A,), VAeIFS(X),and
(D4) D(AUA, A UA)<D(A,A), VA IFS(X).

3. Proposed DM and score function for IFSs

In this part of the study, we discuss the new DM and score function based on the exponential
function for IFSs.

3.1. New DM for IFSs

Definition 3.1. Forany A, A, €IFSs(X), the DM between A and A, for IFSs is given by

1
2n(exp(2)-1)

n 4 : 4 -
2| (144 05) =11, (Xi))(exp( B J_eXp( ox U (5)

D(A.A)=

i1 T+ py (%) + pn, (%) T+ a0y (%) + 1, (%)

4VA1(Xi) 4'VA2 (Xi)
a0, (X‘))(EXp[lm (X)+ v, (xi)]_exp[lw(xi)% (Xi)m

Theorem 3.1. The measure D(A,A,) isavalid IF-DM.
Proof. (D1). It is obvious from (1) that D(A,A,)=D(A,.A).
(D2). If D(A,A,)=0. From Eq (1), we then have
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1
2n(exp(2)-1)

i[(ﬂa(xi)—u%(xi))[exp[ 445 (%) J—exp( i, ) B

i1 T+ (%) + pa (%) T+ pp (%) + i (%)

4VA1(Xi) 4‘//.\2 (%)
+(vy (Xi)“”“z(Xi))[eXp(lwAi(xi)+vAQ (Xi)Jexp[lw(xi)%(xi)m

As both terms are nonnegative for all input values, we have

(/u/ﬁ (X)) — i, (Xi))[exp( A () J_EXp( ity () ]}:0,

L g (%) + 4, (%) L () + s, (%)

4VA1(Xi) 4VA2 ) =
(va () =V, (xi>)£eXp{1+vAi<xi)+vA2 (xi)J_exp[lw (%) +v, (Xi)]]_o'

This implies that

441, (%) e 4, (%)
L+ g (%) + 1, (%) Loty (%) + 4, (X))

Na—’
Il
o

(ﬂAi (Xi)_,uAQ (Xi)):O or [exp{

exp dv, (%) —exp 4vy, (%) 0
(va (%) =V, (x))=0 o L4v, (%) +v, (%) 1+v, (%) +Vv,, (%) '

It is possible that if u, =4, and v, =v,, A=A, Similarly, we can prove that if A=A,
then D(A,A,)=0.
(D3).

1
D(A1 A AL As)=m

IE min {22, (%), 15, (%)} - 4 (min { sz, (x), 45, (x)}) . a(min {1, (), 1, (%)}
2 i 0, 001 | T ot 0 || [ 51 )
+(min {1z, (%), (%))

+(min {2, (%), 4, (%)})

+max{v,\(xi),v%(xi)} o0 4(max{vAi(xi),vAg(xi)}) oo 4(maX{vA2(xi),v,¥(xi)}) (6)
_max{vAQ (%) v, (6)} [1+(max{v,,1 (X),vs, (x,)})J [1+(max{vﬁ(xi),v%()(i)})} :

+(max{vA2 (xi),vAs(xi)}) +max{v, (%),v, (4)}
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From min {21, (X ), 44, (%)} Min {2, (%), 25, (%)}, Max{v, (x),v, 06}, and
max{vAz (Xi)’vAs(Xi)}’ we have
Hp (Xi)S,UAS (Xi)SﬂA? (%) or Hp, (Xi)S:uA3 (Xi)SIUAi (%), (7
v ()<, ()0, (4) or vy (X) <, (%)<, (%), ®)
From (7) and (8), Eq (6) becomes

1
D(AI AL AL %)Zm

n ~ 4wy (%) ~ 4 g1, (%)
X[g[(ﬂﬂ()(i) IUAS(Xi)){exp{l'kﬂﬁ(xi)"'ﬂ%(Xi)J exp(l"'/JAi(Xi)‘FﬂAs(xi)]]

4v, (%) 4vs, (%)
(v, () -vs, (Xi))iexp{lw% (%) +vy, (Xi)J_exp[“"Ag (%) +va, (Xi)BD

1
2n(exp(2)-1)

- 411, (%) 4 p,, (%)
XLE[(IUAI (Xi)_lqu (XI))[exp(l"'ﬂAi (%) T Hp, (Xi)J_exp(l"'ﬂAi (%) T Hp, (&)JJ

4VA1(Xi) 4VA2 (Xi)
+(va () =V (X'))[eXp(lwAi(Xi)WAz (Xi)J_exp[l"'V/\ (%) +V,, (xi)D]'

(D4). Similar to (D3)
Therefore, the proof is completed.

<D(A.A)=

3.2. New score function for 1FSs

Definition 3.2. Forany w=(u,,v, ), the score function of IFN @ is given by

e ( Ho Ve )

e(.“zu ’Vw) + 1

1

s<w>=5(<uw—vw>+[

—%}7[@4—1}, where S(w)=[0,1]. 9)

Theorem 3.2. The score function Sofan IFN w=(u,,v,) increases monotonically over 4, and
decreases monotonically over v,.
Proof. The first partial derivative of Eq (9) over , is given as
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Likewise, the first partial derivative of Eq (9) over v, is presented as

<0.

(luwfvm) (wavm)
0S(w) 1 ( e 1}8%_%) (2? )+)12 .
eyl

Therefore, the theorem is proven.
Theorem 3.3. The score function S ofan IFN w=(x,,v,) fulfills the given axioms:

(P1) S((0,2))=0 and S((1,0))=L.
(P2) 0<S(w)<1.

Proof. (P1) For an IFN @=(0,1), based on Eq. (9), we getS((0,1))=0. Foran IFN @ =(1,0), based
on Eq (9), we get S((1,0))=1. Thus, we obtain s((0,1))=0 and S((1,0))=1.
(P2) According to (P1), we get 0<S(w)<1.
Theorem 3.4. Let @ =(4,v,) and ,=(u,,v,)be two IFNs. If @ cw,, that is, 1 >, and
v, <v,,then S(@,)<S(w,).
Proof. From Theorem 3.2, we know that S(.) increases monotonically over s, and decreases
monotonically over v,. Therefore, if 1 >,and v, <v,,then S(w)<S(®,).
Definition 3.3. Let @, w, € IFNS. The comparative scheme based on the proposed score function is
discussed to order any two IFNs @, and @, as follows.

e If S(w)>S(w,), then o,f w,,

o If S(®)<S(®,), then & pw,
e If S(&)=5(»,), then

» If S(@)>S(®,), then o f w,
» If S(@)<S(w,), then @ p ,,
» If S(w)=S(w,), then o =w,,
o If h(e)>h(w,), then o f w,,
o If h(e)<h(w,), then @ p w,,
o If h(w)=h(w,), then » =w,.

4. An integrated IF-RCC-DN-WISP method for MCDM problems

By uniting the notions of weighted sum measure (WSM) and weighted product measure (WPM),
the conventional WISP model uses a normalization process and the four utility functions to find the
overall utility value of an option. In this study, we propose an RCC and DN procedure-based
intuitionistic fuzzy WISP approach called the IF-RCC-DN-WISP framework. In this method, we
present a new score function and RS model-based procedure to derive the DEs’ weights. The detailed
procedure is as follows (see Figure 1).

Step 1: Form a linguistic decision matrix (LDM).
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A group of DEs {g,,9,...,q,} is formed to choose an appropriate option from a set of options
(T,.T,....T,} over a criterion set r={r,r,.,r,}. Assume that M :(;(iﬁk))mxn :(,uiﬁk),viﬁ") )mxn,
i=1,2,...m, j=1,2,...,n are the LDM presented by the DEs, where » describes the linguistic

value (LV) rating of an option T, over criterion r, for k™ expert.

: Problem Definition :
i = Identification of sustainability dimension for assessing different i
i gerontechnologies for ageing and disabled persons ;
: = Selection of suitable gerontechnologies for ageing and disabled persons

R
o

Convert DEs linguistic Obtain the improved IF-score Compute DEs’ weights by IF-rank sum
evaluation to IFNs values and rank of DEs (RS) method

Ob'taulﬂtlllersz\—KI,‘I;—]?I\/‘I Convert LDM Construct the LDM for alternative
: using e o assessment to the IFNs evaluation with considered parameters

o, o
0
NI NS RN I NN NSNS EE NN NN NN NN I E NN NN AN SN IR EEENAENNNIE NSNS N NN ENEENENGEISEEENEEAERR R s nnnannnant®

--------------------------------------------------------------------------------------------------------------------------------------------
o .
o

¢ Compute the criteria weights using IF-RCC-based method

Estimation of Find the distances of criteria
aggregated IFNs and from IF-PIS and IF-NIS, and Computation of the weight of criteria
different ideal values obtain the RC-DR

g
............................................................................................................................................

R

" The Developed IF-RCC-DN-WISP method

Estimation of the linear normalization A-IF-DM Estimation of the vector normalization A-IF-DM
Determine the weighted sum deviation (WSD) Determine the weighted product deviation
and weighted sum ration (WSR) measures by (WPD) and weighted product ratio (WPR)
IFWA operator measures by IFWG operator
- Compute the modified utility degree [ Calculate the overall utility degree (OUD)
4 (MUD) for each alternative L (u;) for each alternative

Rank the alternatives in descending order and select the best option

Figure 1. Flowchart of the IF-RCC-DN-WISP for MCDM problems.

Step 2: Compute the DEs’ weights.
First, consider the significance of the DEs’ opinions as linguistic variables. In accordance with the

linguistic rating, the formula for the weight value is

A
1 [/lk k [exp(ﬂk—‘/k)” 2] X 1] [ +1 k=12...1. (10)

R e

= exp(py—vi )+l 2
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Here, @, =0 and Zafk =1The term | denotes the number of DEs, and r« denotes the rank of the
=1

DE, k=1,2,3,...,1 [43].
Step 3: Make an aggregated intuitionistic fuzzy decision matrix (A-IF-DM).
To combine the LDM, we apply Eq (3) (or Eq (4)) to the IF-DM M =(;(i§k))

DM 7z :(Zij)mxn'

and obtain the A-IF-

where

(1)
’Zu

16w

k=1

= IFWA, (22, 22... f[( ) j (11)

k=1

) (JB wk;(” [1

Step 4: Calculate the criteria weight using the IF-RCC-based method.
To find the criteria weights, the IF-RCC-based procedure is applied. Let w=(w,,w,,...,w, )T be the

criteria weight with anwj =1and w; e [O, 1] . The process for determining the attribute weight by the
j=1

IF-RCC-based model is discussed as follows:
Step 4a: Estimate the aggregated IFNs by combining the LDM assessment degrees provided by the
DEs using the intuitionistic fuzzy weighted aggregation (IFWA) operator and obtained using

G= (ZJ' )lxn )

Step 4b: Discuss the IF ideal values.

An IFN has a positive ideal solution (PIS) and a negative ideal solution (NIS), which consider the
ratings ¢ = (1, 0, 0) and ¢ = (0, 1, 0), respectively; it is noted that there are no significant
differences in their results.

Step 4c: Derive the distances of the criteria from the IF-PIS and IF-NIS.

To compute the distances, the proposed IF-DM is applied. The measures p;and p; are applied in Eq (5)

to elucidate the distances from G = (zj )1xn , and the IF-PIS and IF-NIS, respectively.

411'le 4/’l¢+
(1,1, )| 0| | exp|
1 ! l+,uZj i 1+ij i,
P 2n(exp() 1 | (12)
n(exp(2)-1) 4y, 4y .
+(vZ —v+) exp| —— |—exp| ——F—
P L+v, +v, L+v, +v,,
4,qu 4 ;
[, -, ) 00| e
7 1 : Ttp, +u, Ttp, +u,
p; = 5 N1 . (13)
n(exp(2)-1) 4y, 4v _
+(v2_—v ) exp| —— |—exp| ——2—
e l+v, +v, l+v, +v,
Step 4c: Compute the relative closeness-decision rating (RC-DR).
rc; = 7p‘ —.j=12,..,n (14)
P; +P;
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The RC-DR states the kind of optimization (benefit or cost) of each attribute.
Step 4d: Obtain the criteria weight (w;) as follows:

W §_12..n (15)

J Zn
Ic;
j= ]

Step 5: Determine the normalized A-IF-DM using linear and vector normalization procedures.
Step 5a: The linear normalization process is given by

ij i ij

¥(1):(77‘§l))mxn’ where 77(1)=(_.(.1),17-(1)), (16)

H; —(1) Vi

such that 7z, TmaxS(z) " max S(z,)
| i i ]

,and S() are the proposed score functions of the IFNSs.

Step 5b: The vector normalization process is used to normalize the A-IF-DM ¢ = (Zij) into

y (2 :(ni(iZ))an . where 77(2) — (ﬁigz)’ ‘7”_(2))’ a7

ij
such that

g M pe_ Vi (18)

Step 6: Compute the measures of the weighted sum deviation (WSD) and weighted sum ratio (WSR)
using a linear normalization procedure.

To obtain the deviation’s measure, we first define the combined assessment degree using the
IFWA operator for the benefit and cost criteria as

s;{l_n(l_ ﬁiﬁl))wj,H(Vi}l))Wj],i:1,2,...,m, as)

iety iety

s :[1—]‘[(1_@51))“ 1) ],i =1,2,..,m. (20)

jer, jer,

In accordance with the score values of the combined assessment degree, the measures of the WSD and
WSR are defined as

st =S(s7)-S(s7).i=12,...m, (21)

AIMS Mathematics Volume 8, Issue 6, 13680-13705.



13691

S(s")/s(s), when r, A1, =@
s =1S(s"), whenr, =@ (22)

1/s(s; ), when r, =@.

Step 7: Compute the measures of the weighted product deviation (WPD) and weighted product ratio
(WPR) using the vector normalization procedure.

We use vector normalization with the intuitionistic fuzzy weighted geometric (IFWG) operator for the
benefit and cost criteria as

o' = (H( )" A-TT(-#? )W‘ ],i =1,2,..,m, (23)

jet, jety
o = (H(ﬁi(f) )Wj ,1_H(1_vi}2))wj j,i =1,2,..,m, (24)
jery jery

In accordance with the score values of the combined assessment degree, the measures of the WPD and
WPR are defined as

p¢ =s(p7)-S(pr).i=12,..m, (25)
s(pr)/s(p, ) when r, A1, = &
P =1S(p; ), whenr, (26)

]/S(p ) when r, =

Step 8: Compute the modified utility degree (MUD) of each option.

The degree of measures given in Egs (21), (22), (25) and (26), can be zero, positive, or negative.
Consequently, they should be mapped into interval [0, 1] using Eqs (27) and (30). Thus, the MUDs of
each option are presented as follows:

w  1+s
R max, s’ @)
o 1+s
" l+max, s (28)
1+ p!
pd — i
Wt max; p®’ (29)
ur P (30)
1+ max; p;
Step 9: Determine the OUD of each option.
u, :%(uf‘d +u¥ +u/ +ui‘"), where u; €[0,1],i=1,2,...,m. (31)

Step 10: Rank the alternatives as per the OUD:s.
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Algorithm 1: Pseudo code representation of the IF-RCC-DN-WISP model

Input: m,n,and [, where m, n, and | are the numbers of alternatives, criteria, and DEs,
respectively

Output: Prioritize GTs for people with disability

Begin

Step 1: Input the LDM and weight of each DE in the form of LVs and transform them into
IFNs. # Convert using Table 1.

Step2: Fork=1tol

Obtain the improved IF score values and rank order using Eq (9).

Compute the expert weight @, based on the RS method using Eq (10).

End for

Step3:Fori=1tom

Forj=1ton

Use IFWA (or IFWG) to output the A-IF-DM Z using Eq (11).

End for

End for

Step4: Forj=1ton

Define the IF-PIS ¢*= (1, 0, 0) and the IF-NIS ¢~ = (1, 0, 0). # IF-RCC-based model
for criteria weight

Calculate the distances p}L and p; with the proposed IF-DM using Egs (12) and (13).
Compute the RC-DR  rc; using Eq (14).

Compute the criteria weight w; using Eq (15).

End for

Step5: Fori=1tom

Forj=1ton

Calculate the linear normalized A-IF-DM N using Eq (16).
Calculate the vector normalized A-IF-DM N® using Egs (17) and (18).
End for

End for

Step 6: Fori=1tom

Use IFWA to output s; and s; for the benefit and cost criteria using Eqs (19) and (20).
Determine the WSD and WSR measures using Egs (21) and (22).

End for

Step7: Fori=1tom

Use IFWG to output p;” and p; for the benefit and cost criteria using Eqgs (23) and (24).
Estimate the WPD and WPR measures using Eqgs (25) and (26).

End for

Step 8: Fori=1tom

Compute the MUDs w4, u™,uP?, and u”" using Eqs (27)(30).

End for

Step 9: Fori=1tom

Determine the OUD u; of each option using Eq (31).

End for

Step 10: Rank the GTs for people with disability in decreasing OUD ui.
End
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5. Case study: Gerontechnology selection (GTS) for aging persons and people with disability

Gerontechnology combines gerontology and technology to satisfy the requirements of an aging
society [44-47]. Gerontechnologies help enhance the quality of life of aging persons and provide them
with access to goods, facilities and infrastructure [45].

In the study, we consider five GTs as GT groups or classes: housing and safety (T1), mobility (T2),
interpersonal communication (T3), care (T4) and health (Ts). On the basis of a survey and discussions
with experts, we use the following criteria: innovation (r1), demand for gerontechnology (r2), socio-
ethical (rs), usability (rs), functionality (rs), ease of use (re) and risk of use (r7) [48]. The above-
mentioned GTs are considered alternatives for this case study. In the evaluation process of the GTS,
each DE uses their knowledge of the criteria considered.

To choose the best GT groups/classes, a group of four DEs (g1, g2, g3 and ga) is created. These
DEs are from various disciplines and comprise researchers in GT groups/classes, stockholders,
professors and managers. The respondent in each GT group/class evaluates the aforementioned criteria
using an 11-stage scale, where “AB” means absolutely bad and “AG” means absolutely good.

The procedure for the execution of the IF-RCC-DN-WISP approach in the present case study is

presented in the following:
Steps 1-3: Table 1 is taken from [49-51] to show the LVs with the IFNs and determine the DEs’
weights and the above-mentioned criteria for prioritizing the GTs for aging persons and people with
disability. From Table 1 and Eq (10), the DEs’ weights are computed and displayed in Table 2. Table 3
shows the LDM by the DEs. From Eq (11) and Tables 2 and 3, the A-IF-DM is constructed and is
presented in Table 4 as follows:

2, = (1—((1—0.80)0'2214 y (1_0.80)0.1623 x(1—0.60)0'3377 y (1_0.60)0.2786),

(1 -0.15)%221 x (1 — 0.15)%623 x (1 — 0.30)%3377 x (1 — 0.30)°278¢)),

= (0.693, 0.230),
and so on.

Table 1. LVs for prioritizing the GTs for aging persons and people with disability.

LVs IFNs
Absolutely good (AG) (0.95, 0.05)
Very very good (VVG) (0.85,0.1)
Very good (VG) (0.8, 0.15)
Good (G) (0.7,0.2)
Slightly good (MG) (0.6, 0.3)
Average (A) (0.5,0.4)
Slightly bad (MB) (0.4,0.5)
Bad (B) (0.3,0.6)
Very very bad (VB) (0.2,0.7)
Very very bad (VVB) (0.1,0.8)
Absolutely bad (AB) (0.05, 0.95)
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Table 2. The DEs’ weights for prioritizing GTs for aging persons and people with disability.

DEs 01 02 03 04
Ratings VG G AG VVG

(0.80, 0.15) (0.7,0.20) (0.95,0.05) (0.85,0.10)
A 0.2214 0.1623 0.3377 0.2786

Table 3. The LDM for prioritizing GTs for aging persons and people with disability by DEs.

Criteria T T, T3 Ta Ts

r (VG,VG,MG,MG) (VVG,G,AGVG) (MG MBAG) (GMGAVG) (MG,G,MBVG)
r2 (MB,MG,A,G) (VG,GVVG,MG) (AAMGMB) (VGGMGA) (VVGGMGA)
rs (MGMBAVG) (AVGMGMG) (MGAVGG) (VVG,GAMG) (VVG,AG,MG)
rs (A,MG,MG,G) (G,AG,G,MQG) (MG,G,AG) (G,MG,MG,VG) (VG,AMG,MG)
r's (MG,G,A,MG) (VG,G,VG,A) (MB,MGAMG) (VGGAMG)  (MGVG,G,\VG)
re (A, MG,VG,A) (MB,MG,A,G) (GVG,AG) (G,MG,AG) (MG,G,G,A)

ry (B,B,B,VB) (VB,B,VB,MB)  (VB,B,AAB) (MB,VVB,AB) (A VB,MB,B)

Table 4. The A-IF-DM for prioritizing GTs for aging persons and people with disability.

Criteria T: T2 T3 Ta Ts

r (0.693,0.230) (0.875,0.099) (0.575,0.321) (0.666, 0.249) (0.639, 0.275)
r (0.565, 0.331) (0.765,0.166) (0.512,0.386) (0.652,0.261) (0.673,0.239)
rs (0.620, 0.296)  (0.624,0.286) (0.697,0.222) (0.690, 0.232) (0.697, 0.215)
rs (0.612,0.286) (0.757,0.179) (0.620,0.276) (0.691, 0.226) (0.644, 0.270)
rs (0.534,0.310) (0.724,0.207) (0.528,0.370) (0.647,0.266) (0.733,0.193)
re (0.646, 0.274)  (0.565,0.331) (0.666, 0.241) (0.626, 0.270) (0.631, 0.265)
r7 (0.273,0.626) (0.277,0.622) (0.299, 0.615) (0.371,0.527) (0.370, 0.529)

Step 4: The distances of the A-IF-DM from the IF-PIS and IF-NIS are first computed using Eqs (12)
and (13). The IF-RCC rc; is then estimated using Eq (14) and is mentioned in Table 5. Finally, the

criterion weights are computed using Eq (15) and are depicted as

w; =(0.1392, 0.1493, 0.1481, 0.1342, 0.1440, 0.1476, 0.1376).

The values of the criteria weights are shown in Figure 2.

Here, Figure 2 presents the criteria weights with respect to the outcomes. Demand for
gerontechnology (rz2), with a weight value of 0.1493, is the most important parameter for prioritizing
GTs for aging persons and people with disability. Socio-ethical (r3), with a weight of 0.1481, is the
second most significant criterion. Ease of use (rs) ranks third, with a weight value of 0.1476.
Functionality (rs) is fourth, with a weight value of 0.1440, followed by innovation (r1), with a weight
of 0.1392. Other criteria are considered crucial to the assessment of GTs for aging persons and people
with disability.
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Table 5. Weights of the criteria for prioritizing GTs for aging persons and people with disability.

Criteria g1 92 03 g4 A-IF-DM P P; re, w;
r VG VG G A (0.704,0.217,0.079) 0.054 0.514 0.905 0.1392
r2 G MB VG AG (0.822,0.143,0.035) 0.020 0.673 0.971 0.1493
rs VG B VVG VVG (0.795 0.146,0.059) 0.025 0.646 0.963 0.1481
s MG A VG MG (0672,0.249,0079) 0.068 0.466 0.872 0.1342
I's G MB A AG  (0.758,0.199,0.043) 0.039 0.570 0.936 0.1440
s VG B AG A (0.802,0.170,0.028) 0.026 0.631 0.960 0.1476
r7 VWG G B VG  (0.694,0.229,0.077) 0.059 0.497 0.895 0.1376
0.15
; 0.145
§ 0.14
2
EO'BS ——
§ 0.13 —
>
0.125

Innovation (rl) Demand for  Socio-ethical (r3) Usability (r4) Functionality (r5) Ease of use (r6) Risk of use (r7)

gerontechnology

(r2)

Figure 2. Weight of different criteria for prioritizing GTs for aging persons and people with disability.

Based on Eqgs (16)—(18) and Table 4, the linear and vector normalization values are determined
to prioritize the GTs for aging persons and people with disability, as specified in Tables 6 and 7.

Table 6. Linear normalization A-IF-DM for prioritizing GTs for aging persons and people
with disability.

Criteria Ti

T2

Ts

Ta

Ts

r
r2
3
r4
I's
I'e
7

(0.733, 0.193)
(0.639, 0.258)
(0.719, 0.203)
(0.692, 0.211)
(0.620, 0.226)
(0.756, 0.172)
(0.510, 0.352)

(0.902, 0.075)
(0.830, 0.111)
(0.723, 0.194)
(0.827, 0.118)
(0.805, 0.135)
(0.677, 0.222)
(0.516, 0.346)

(0.616, 0.280)
(0.585, 0.312)
(0.791, 0.139)
(0.699, 0.203)
(0.614, 0.284)
(0.775, 0.145)
(0.548, 0.338)

(0.707, 0.211)
(0.725, 0.193)
(0.784, 0.147)
(0.767, 0.158)
(0.733, 0.186)
(0.738, 0.169)
(0.645, 0.239)

(0.680, 0.236)
(0.746, 0.173)
(0.791, 0.133)
(0.723, 0.196)
(0.812, 0.124)
(0.742, 0.165)
(0.643, 0.241)
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Table 7. Vector normalization A-IF-DM for prioritizing GTs for aging persons and people
with disability.

Criteria Ti

T2

T3

Ta

Ts

r
@)
r3
4
I's

(0.445, 0.417)
(0.395, 0.516)
(0.416, 0.525)
(0.410, 0.510)
(0.374, 0.500)

(0.561, 0.180)
(0.535, 0.259)
(0.419, 0.506)
(0.508, 0.319)
(0.507, 0.334)

(0.369, 0.582)
(0.358, 0.602)
(0.468, 0.394)
(0.416, 0.494)
(0.369, 0.598)

(0.428, 0.452)
(0.456, 0.407)
(0.463, 0.410)
(0.463, 0.404)
(0.452, 0.429)

(0.410, 0.500)
(0.471, 0.372)
(0.468, 0.381)
(0.432, 0.481)
(0.512, 0.311)

e (0.460, 0.441)
ry (0.381, 0.478)

(0.402, 0.532)
(0.386, 0.475)

(0.475, 0.388)
(0.417, 0.470)

(0.446, 0.435)
(0.517, 0.402)

(0.450, 0.427)
(0.515, 0.404)

Table 8 denotes the weighted IF values of the benefit and cost criteria for each option using Eqgs (19)
and (20) with the IFWA operator. The measures of WSD s’ and WSR s" and their ranks are obtained
using Eqgs (21) and (22). Similarly, Table 9 displays the weighted IF values of the benefit and cost
criteria for each GT option using Eqgs (23) and (24) with the IFWG operator. The measures of WPD

p’ and WPR p/ and their ranks are obtained using Eqgs (25) and (26). With Egs (27)—(30), we estimate

the MUDs for prioritizing the GTs for aging persons and people with disability, which are shown in
Table 10. The OUD measures for GTs are calculated using Eq (31). From Table 10, mobility (T2) is
the most appropriate GT for aging persons and people with disability.

Table 8. Estimation of the WSD and WSR measures for prioritizing GTs for aging persons
and people with disability.

Alternatives s/ S S(s/) S(s7) s Rank s Rank

T1 (0.643, 0.259) (0.093, 0.866) 0.716 0.124 0.593 3 5787 2

T2 (0.757,0.178) (0.095, 0.864) 0.806 0.126 0.680 1 6.414 1

T3 (0.638, 0.266) (0.104,0.861) 0.710 0.130 0.580 5 5468 3

Ta (0.691, 0.223) (0.133, 0.821) 0.755 0.167 0.588 4 4513 5

Ts (0.701, 0.213) (0.132, 0.822) 0.766 0.166 0.599 2 4601 4
Table 9. Estimation of the WPD and WPR measures for prioritizing GTs for aging persons
and people with disability.

Alternatives P P s(p’)  s(p) P Rank P Rank
T1 (0.469,0.437) (0.876,0.086) 0539 0.905 -0365 4 059 4
T2 (0.535,0.329) (0.877,0.085) 0.637 0.906 —0.269 1 0703 1
T3 (0.460, 0.467) (0.887,0.084) 0.515 0.909 —0.394 5 0567 5
Ta (0.503,0.378) (0.913,0.068) 0.593 0.927 -0.334 3 0639 3
Ts (0.509, 0.369) (0.913,0.069) 0.600 0.927 —0.326 2 0648 2
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Table 10. Different MUDs and rankings for prioritizing GTs for aging persons and people

with disability.
Options The u” u™ u?” u, Ranking
T1 0.948 0.915 0.868 0.937 09171 2
T2 1.000 1.000 1.000 1.000 1.0000 1
T3 0.940 0.872 0.829 0.920 0.8904 14
T4 0.945 0.744 0.910 0.963 0.8903 5
Ts 0.952 0.756 0.921 0.967 0.8990 3

5.1. Comparative investigation with existing models

To demonstrate the effectiveness of the IF-RCC-DN-WISP framework, we relate the outcomes of the
developed model with those of several extant models, such as IF-COPRAS [52], IF-WASPAS [53] and
IF-CoCoSo [19]. The purpose of choosing the IF-COPRAS model is that it uses the vector
normalization process. The purpose of choosing the WASPAS and CoCoSo models is that both
approaches use the linear max normalization process and the integration of the WSM and WPM.
Furthermore, both combine the WSM and WPM, and they use the linear max-min normalization
process in which the cost and benefit criteria are treated differently.

5.1.1. IF-COPRAS model

This method involves the following steps:
Steps 1-3: Follow the proposed model.
Step 4: Assume the criteria weight as per Gitinavard and Shirazi’s [52] model.
Step 5: Obtain the sum of the ratings of the benefit-type and cost-type criteria as

|
o, =@w, z,i=12,..,m, (32)

j=1 i

fi=®wz,i=12..m, (33)

joran 1Y

where | is the number of benefit criteria, and n is the total number of criteria.
Step 6: Determine the relative degree (RD) of each option using

2.S(8)
7 =98(a ) +(1-9)—=— 1 Ji=12,..,m. (34)
S(ﬂi)és(i)
Step 7: Estimate the utility degree (UD) of each option using
S =;/—i><100%,i =1,2,...,m. (35)
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The implementation results are presented in Table 11. Option mobility (T2) is determined as the
suitable GT for aging persons and people with disability, obtaining the highest RD (0.866).

Table 11. Results for prioritizing GTs for aging persons and people with disability.

Options &, S(a) A, s(B) ¥ S, Ranking
T1 (0.469, 0.437) 0.539  (0.876, 0.086) 0.905 0.847 9785 2
T2 (0.535, 0.329) 0.637  (0.877,0.085) 0.906 0.866 100.00 1
T3 (0.460, 0.467) 0.515 (0.887,0.084) 0909 0.839 96.89 5
Ta (0.503, 0.378) 0.593  (0.913, 0.068) 0.927 0.840 97.02 4
Ts (0.509, 0.369) 0.600  (0.913, 0.069) 0.927 0.842 97.23 3
5.1.2. IF-WASPAS model
Steps 1-3: Follow the proposed model.
Step 4: Determine the criteria weight using Mishra et al.’s [53] model.
Step 5: Determine the WSM and WPM using Eqgs (36) and (37), respectively,
si“):J@le G i=12,..,m, (36)
s :,-®=1Wigii’ i=12,..m. (37)
Step 6: Determine the measure of UD using
Q=hS®+(1-h)S®?, Vi. (38)

Step 7: Prioritize the options as per the UD (Q,).

Using Egs (36)—(38), the WASPAS measures of GTs are presented in Table 12.

Table 12. The IF-WASPAS model for prioritizing GTs for aging persons and people with disability.

Options S s s(s®) s(s”) Q(h) Ranks
Ty (0.664, 0.236) (0.630, 0.261) 0.739 0.712 0.7251 4
T2 (0.771, 0.162) (0.704, 0.209) 0.821 0.769 0.7950 1
T3 (0.658, 0.245) (0.614, 0.284) 0.731 0.690 0.7105 5
T4 (0.702, 0.210) (0.635, 0.267) 0.768 0.708 0.7380 3
Ts (0.712, 0.200) (0.641, 0.262) 0.778 0.714 0.7457 2

Therefore, the ranking of the options is T,f T,f T, f T, f T,, and mobility (T) is a suitable
choice with the maximum UD for aging persons and people with disability.

5.1.3.

IF-CoCoSo model

Steps 1-3: Similar to developed model
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Steps 4 and 5: Follows Tripathi et al.’s [19] model
Step 6: Estimate the balanced compromise scores of options as

o S(s®)+5(s@) (39)

i(s(sf”)+s(s§z>))’

S( Si(l)) S(Si(z’)

@) _ 40
Q m_inS(Si‘l))Jr minS(S?)’ (40)
9S(S®)+(1-9)S(S?
Qi(a) — ( Il ) ( ) ( ! ) o5 (41)
SmaxS(Si“)Jr(l—S)maxS(Si‘ ))
Step 7: The overall compromise solution (OCS) of options is computed as
Q= (Qi(l)Qi(Z)Qi(3) )% + %(Qi(l) + Qi(Z) + Qi(S) ) (42)

Step 8: Rank the options with the OCS (Q;) in decreasing order.
The overall results are depicted in Table 13. From Table 13, mobility (Tz) is the best alternative among
the other GTs for aging persons and people with disability.

Table 13. The OCS for prioritizing GTs for aging persons and people with disability.

Options s 2 s(s®) S(Si(z)) o Q0 QW Q

Ty (0.664, (0.630, 0.739 0.712 0.1952 2.0418 0.9121 1.7634
0.236) 0.261) '

T (0.771, (0.704, 0.821 0.769  0.2140 2.2378 1.0000 1.9330
0.162) 0.209) '

T3 (0.658, (0.614, 0.731 0.690 0.1913 2.0000 0.8936 1.7275
0.245) 0.284) '

Ts (0.702, (0.635, 0.768 0.708 0.2140 2.0768 0.9283 1.7851
0.210) 0.267) '

Ts (0.712, (0.641, 0.778 0.714  0.2008 2.0983 0.9380 1.8103
0.200) 0.262) '

The results of the comparison are shown in Table 14 and Figure 3. From Table 14, it can be
observed that the optimal GT is T2 (mobility) for aging persons and people with disability using almost
all MCDM tools. The advantages of the developed IF-RCC-DN-WISP model are as follows:

e The proposed method uses linear and vector normalization procedures, the IF-COPRAS
method uses only the vector normalization procedure, and the IF-WASPAS and IF-CoCoSo
methods use only the linear normalization procedure. Thus, the proposed method avoids
information loss and provides more accurate decision results using different criteria.

o IF-WASPAS, IF-CoCoSo and the proposed method associate the WSM with the WPM to
improve the accuracy of the results. In addition, the developed method uses the IFWA and
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IFWG operators, four utility measures and DN procedures, thus providing better results than
the extant methods.

e The systematic assessment of DEs’ weights using the proposed score function and RS model
reduces imprecision and biases in the MCDM procedure.

e The developed method determines the criteria weights using the IF-RCC-based tool. By
contrast, in IF-WASPAS [53], the criteria weight is obtained with a similarity measure-based
tool. In IF-COPRAS, the criteria weight is chosen randomly.

From Figure 4, we can see that the developed IF-RCC-DN-WISP framework approach is highly
consistent with existing models. The Spearman rank correlation (SRC) and WS-coefficients [50, 54-56]
of the preference orders of diverse existing models with the developed IF-RCC-DN-WISP
methodology are presented in Table 14 and Figure 4. The SRC and WS coefficients show that the
framework is a suitable system for associating the relationship of rankings, which implies its high
uniformity for prioritizing GTs for aging persons and people with disability. Therefore, the developed
method shows a good relationship with prioritization outcomes. It obtains results that are solid and
highly consistent with those of existing methods.

=
3

[y
!

Variation of UDs of each option with
diverse models —

0.5
0 4
Housing & Mobility (T2) Interpersonal Care (T4) Health (T5)
Safety (T1) communication
(T3)

mProposed method ®IF-COPRAS mEIF-WASPAS mIF-CoCoSo

Figure 3. Assessment degrees of alternatives by different methods.

1.00
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20

model —

Variation of similarity degree of
ranks of each model with proposed

Proposed method IF-COPRAS IF-WASPAS IF-CoCoSo
BSRCC @WS-Coefficient

Figure 4. Correlation and similarity design of the preferences of GT options with diverse models.
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Table 14. Comparison of the obtained ranking orders of options with diverse models.

Options IF-COPRAS [52] IF-WASPAS IF-CoCoSo [19] Proposed
[53] Method
Benchmark Compromise Rank Utility = Rank Compromise Rank OUD Rank
solution degree solution
T1 0.847 2 0.7251 4 1.7634 4 09171 2
T2 0.866 1 07950 1 1.9330 1 1.0000 1
Ts 0.839 5 0.7105 5 1.7275 5 0.8904 4
Ta 0.840 4 0.7380 3 1.7851 3 0.8903 5
Ts 0.842 3 0.7457 2 1.8103 2 0.8990 3
SRCC 0.90 0.50 0.50 1.00
WS 0.971 0.734 0.734 1.00
Coefficient

6. Conclusions

The evaluation of the GTS problem for aging persons and people with disability is assumed to be
a difficult MCDM problem because of various criteria that need to be considered. The aim of this study
was to introduce an MCDM model for prioritizing GTs for aging persons and people with disability
from an IFS perspective. In this regard, a hybrid intuitionistic fuzzy MCDM framework called IF-
RCC-DN-WISP was introduced with the integration of DN procedures, the IF-DM, the IF-score
function and the RCC-based weight-determining model. A new DM and score function were therefore
introduced in the IFS context. In this framework, new formulas were developed to assess the DEs and
criteria weights. To demonstrate the implementation and potential of the approach, a case study of
GTS was presented in an IF environment. The outcomes showed that the demand for gerontechnology,
with a weight value of 0.1493, was the most important parameter for prioritizing GTs for aging persons
and people with disability. Socio-ethical, with a weight value of 0.1481, was the second most
significant criterion, followed by ease of use, with a weight value of 0.1476; functionality, with a
weight value of 0.1440; and innovation, with a weight value of 0.1392. Other criteria were considered
crucial for the assessment of GTs for aging persons and people with disability. It was also concluded
that mobility is the most appropriate GT for aging persons and people with disability. A comparison
with extant models showed the strength and stability of the obtained results. The findings proved that
the developed method obtains solid and significant results that are highly consistent with those
obtained by existing models.

In the future, it would be interesting to use the WISP model in other decision-making scenarios.
The proposed WISP method can also be extended using diverse uncertain settings, such as Pythagorean
fuzzy sets (PFSs), interval-valued Fermatean fuzzy sets, bipolar fuzzy sets, rough sets, linear
Diophantine sets and T-spherical fuzzy sets, to name a few.
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