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Abstract. The amount of time patients spends on services to be delivered in clinics, still is-a major problem of some health
centers. To solve this problem, various methods proposed by researchers. Failure Mode and Effects Analysis (FMEA) is one of
the most used approaches to identify influential failure modes in prolongation of waiting time. In the FMEA method, numeric
scores assign to failure modes, using the Risk Priority Number (RPN), but RPN criticized for its shortcoming and leads to
unreal results. In this paper, to cover the conventional FMEA shortcoming, firstly, eleven risk factors result in prolongation
of waiting time introduced by experts. Secondly, integration of the triangular fuzzy number (TFN) with the Best Worth
Method (fuzzy-BWM) was utilized to determine the weights of effective criteria. In the following, failure modes ranked
through fuzzy Multi-Objective Optimization by Ratio Analysis (fuzzy-MOORA). Finally, the ranks of eleven failure modes
compared in three different methods (Conventional FMEA, conventional MOORA, and fuzzy-MOORA). The potential usage
of this method is covering the shortcoming of previous methods and contribute certainty in identifying significant failure
modes of the patient waiting time reduction in Out-Patient Departments (OPD). According to the analysis, three main failures
for managing waiting time are: the patients never follow up for a later date by the center which can result in chaos in OPD,
because of phone or in-person referrals. Secondly, unable to manage canceling/postponing an appointment in emergency
cases, Thirdly, office visit not done in the estimated time, which results in a disordering in the center.

Keywords: Patient waiting time, out-patient departments, failure mode and effects analysis, fuzzy best-worst method, fuzzy
multi-objective optimization by ratio analysis

1. Introduction factors in choosing a service sector [2]. Accurate

time management, gaining patients’ trust and pro-

One of the important issues that out-patient depart-
ments (OPD) or any other section in health centers
facing with is patient waiting time management [1].
The OPD is part of the hospital that clinical services
are provided to patients who donot need to stay in the
hospital over the night. In the last decade, reducing
waiting time and service management were decisive

*Corresponding author. Marzieh Khakifirooz, School of Engi-
neering and Science, Tecnoldgico de Monterrey, Monterrey, NL,
Mexico. E-mail: mkhakifirooz@tec.mx.

duce profit, cost savings and market share benefits
[3, 4]. On the contrary, long patient waiting time not
only results in dissatisfaction of patients, but also
the effects on the quality of services [5, 6]. This is
the reason why health service sectors in many coun-
tries focus on service time management and finding
a definite solution to overcome this problem.

There have been numerous studies to investigate
the best solution of reducing the waiting time in OPD
[7, 8]. Among all, one of most used methods, is recog-
nition the failure modes and their effects on patient

ISSN 1064-1246/19/$35.00 © 2019 — IOS Press and the authors. All rights reserved
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waiting time. For instance, Zhu et al. [9], used a sim-
ulation study to analyze the factors influencing the
prolongation of the waiting time in OPDs. Mahesh
et al. [10] assessed factors result on the patient wait-
ing time in the cardiology department by using of
DMAIC (Define, Measure, Analyze, Improve, and
Control) methodology. Alkuwaiti et al. [5] applied
cross section study to analyze effective variables on
the patient’s satisfaction.

Historically, the FMEA method is one of the most
well-known methods for failure modes evaluation
[11]. The FMEA is a team-based systematic tool
and pre-occurrence prevention principle which can
be used to identify risks, cause of the occurrence, and
impacts of potential risks. FMEA is often applied to
either validate or to improve a process [12]. FMEA
determines the risk priorities of failure modes of an
organization through the risk priority number (RPN).

RPN is calculating through the multiplication of
occurrence (O: indicates failure frequency), sever-
ity (S: indicates the seriousness of the effect of the
failure) and detection (D: indicates the possibility of
failure detection before its effects) of potential fail-
ures [13]. The higher the RPN, the more urgently
corrective action is required, because of the higher
probability of future failure risks [14].

The FMEA is used to support decision maker to
solve various challenges in the healthcare industry
such as preventing medication errors in hospitals
[15], analyzing the effects of chemotherapy for both
patient and nurses [16], assessing failures at a health-
care diagnosis service [17], improving medication
management process to reduce risks and errors [18],
discovering risks in the intensive care unit and reduce
or eliminate them [19]. However, besides many
advantages of FMEA, its main weakness is being
team-motivated, that leads to uncertainty in consid-
ering the determination of RPN [20]. Therefore, for
achieving more robust results against the opinions
of different individuals, it is vital to prioritize the
risks with regard to uncertainties inherent in these
criteria. In addition, the shortage of full ranking (the
distinction between various risk priorities) and the
assumption of the equal importance of determinant
factors are other shortcomings of traditional RPN
[21]. Consequently, researchers have tried to cover
some of the drawbacks of the RPN by utilizing alter-
native approaches, including MCDM [22].

Throughout the last decades, various MCDM
methods presented and used in a different field.
Some of the well-known methods are Technique
for the Order of Preference by Similarity to Ideal

Solution (TOPSIS) [23, 24], Analytic Hierarchy Pro-
cess (AHP) [25, 26], Multi-Objective Optimization
on the basis of Ratio Analysis (MOORA) and Multi-
MOORA [27], and Analytic Network Process (ANP)
[28], and Best Worth Method (BWM) [29-31]

Under the situation where data cannot be expressed
quantitatively, fuzzy set theory can be used. The
fuzzy set theory has enabled doing various studies in
health care management. For more information, one
can refer to [27] for the use of fuzzy -MOORA and
—Multi-MOORA techniques, and [32] for the use of
fuzzy AHP in health service management and patient
safety.

With regards to the gaps like not considering cer-
tainty in managing patient waiting time at OPDs and
the weakness of existing approaches, the contribu-
tion of this study is aimed to provide a new full score
ranking method to improve and cover the deficien-
cies of traditional methods. The proposed approach
is extended version of the FMEA, and fuzzy-BWM
and fuzzy-MOORA are utilized in suggested method.
Therefore, in the first place, risk factors that play an
important rolein the prolongation of waiting time are
defined by experts. Secondly, BWM in fuzzy environ-
ment is-used for weighing the triple factors (SOD),
considering uncertainty in the group decision-making
process and solving the problem in assigning different
weights to the three factors. Fewer paired wise com-
parison and including certainty in decision making
are some of the advantages of the proposed method
in comparison with conventional methods. In third
place, for ranking failure modes, fuzzy-MOORA is
utilized. In the proposed approach, failure modes
are decision making alternatives and factors that
weighted by fuzzy-BWM, are failure assessment cri-
teria. In this paper, by considering certainty in both
weighting criteria and ranking failure modes, full
prioritization is possible. The advantage of full pri-
oritization is the facilitation of identifying significant
failure modes and implementing appropriate action
to solve problems.

The rest of this study organized as follows: In
Section 2, fuzzy set and triangular fuzzy num-
ber (TFN) explained and all steps of transferring
BWM and MOORA to fuzzy-BWM and fuzzy-
MOORA, respectively, presented. In Section 3,
Proposed approach explained in detail. In Section
4, the results presented, analysis and discussion
are described, and the final results of the proposed
method compared with conventional FMEA and
MOORA method. Finally, the conclusion presented
and corrective actions to reduce waiting time in
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OPD or any other section of the healthcare center
explained.

2. Methodology

In this section, as prerequisite methods, a brief
explanation of fuzzy sets theory, fuzzy BWM and
fuzzy MOORA approach, presented. The list of ter-
minologies used in this article are as follows:

Set

Fuzzy sets

Criteria for n-th component
Lower bound of fuzzy set
Middle bound of fuzzy set
Upper bound of fuzzy set
4(x)  Membership function
Reference set

k-th decision maker group
Best criteria

Worst criteria
Best-to-Others vector
Others-to-Worst vector
Fuzzy weight of criteria
Worst criteria

Best criteria

Performance value
Weighted normalized decision fuzzy matrix

=
oot

ME OO SR q:_nx:>

a0 3
== X

CE R

2.1. Fuzzy set theory

The fuzzy set theory can solve the ambiguous and
imprecise conceptual problems as a practical tool in
uncertain conditions and environment [33]. The fuzzy
theory is a framework that has the ability to model
reality as it is. It tries to bring the model and reality
closer together and reduce the gap between model-
ing and human thinking. This framework provides a
suitable opportunity for the definition of fuzzy terms
such as low, medium, and high, which corresponds
well with human thinking and feelings [34].

A fuzzy set represents elements’ membership
degrees in the defined interval, [0,1], which is spec-
ified as a membership function. To"define the basic
fuzzy set, consider a set A defined in reference X as

A= {@x uz))lx eX} ey

where p15(x) : X — [0, 1] is the membership func-
tion of the set A. The membership value represents
the degree of dependency of x € X in A and A is
called a fuzzy set.

2.1.1. The TFN

A TFEN represents by three real numbers, the upper
bound (c) as the maximum value, the lower bound (a)
as the minimum value, and the medium value (b) of
TFN like A = (a, b, ¢). The membership function of
a TFN is:

X—da

—a a<x< b
pat =14 = b=xze

0 otherwise

Consider A = (a1, b1, 1), B.= (a2, by, ¢2) as two
positive TFN, the basic operations for TFNs are as
followed:

b

® B = (a1 +az, by + by, c1 +¢2),

A ©B=(a) —ca,b1 — by, c1 —a2),
114
A® B = (a1az, b1ba, cic2),

@ B={(ai/c2,b1/b2,c1/az)

XA = (Lay, Ab1, Acy), A >0,

2.2. Fuzzy BWM

One of the powerful methods of the MCDM tech-
nique for determining the weights of the criteria is
BWM [29]. When the comparison system is fully
consistent with every criterion, or there are two or
more criteria in the MCDM, the BWM method can
be used to lead the decisions into to a single solution
[35].

Fuzzy BWM determines fuzzy weights from the
fuzzy reference comparisons, and it is based on the
best and the worst criteria [36]. The traditional BWM
method uses crisp values for comparisons [29]. How-
ever, in uncertain and non-deterministic conditions, it
cannot determine weights of criteria accurately. This
is one of the reasons that BWM extended to fuzzy
BWM [30, 31]. The fuzzy BWM has the outstanding
features of the BWM method and yields the weight
of the criteria based on TFN. Therefore, it leads to
keep the originality of the information.

Weighting criteria by using fuzzy BWM included
four steps.

Step 1: Building a set of decision criteria, including
n components, {C1, Ca, ..., C,}.
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Table 1
Linguistics variable and CIs for assessing the weight of risk
factors
Linguistics terms Fuzzy membership value CIs
Equally important (EI) (1,1,1) 3.00
Weakly important (WI) (2/3,1, 3/2) 3.8
Fairly important (FI) (3/2,2,5/2) 5.29
Important (I) (5/2,3,712) 6.69
Very important (VI) (7/2,4,9/2) 8.04

In this step, in order to assess the alternatives, the
decision criteria system is built.

Step 2: Determining the best (Cp) and the worst (Cyy)
criteria based on the judgment of the k groups of
decision-makers, {TM, TM>, ..., TM}}.

Step 3: Determining p;; as a fuzzy reference com-
parison.

In this step, the qualitative preferences of the best
and worst criterion over every other criterion can be
made by utilizing the linguistic terms in Table 1. After
transforming linguistic variable to TFN, the obtained
fuzzy Best-to-Others (BO) vector is:

Pg = (PB1, PB2s s PBn) ()

where ppj,j = 1, 2, ., nisthe fuzzy preference
of the best criterion, and pgp = (1, 1, 1).

In a similar way, we can determine the qualita-
tive preference of the risk factors over the worst risk
factor. Therefore, the fuzzy Others-to-Worst (OW)
vector is:

Pw = (Piw, Paw, -, Puw) 3)

where pjw, j= 1, 2, ., n, is the fuzzy prefer-
ence of the worst criterion, and pww = (1, 1, 1).

Step 4: Determining optimal fuzzy weights
In this step, in order to obtain the constrained
optimization problem for determining optimal fuzzy
weights, (4) is used. The purpose of obtaining @ is
to consider decision makers’ preference in each cri-
terion. The optimal weight for the criteria is the one
. i . T

where for each pair of %f = ppj, and ﬁ =pjw.
With regards to sum condition for weights, the fol-
lowing problem results:

ﬁ) .

J ~
—_ — P jw‘}
Ww

’

. wp
min max { | — — pgj
wj

n
Zﬂ)j:l
=1

Ofalffbl;)fc;f’,jzl,l....,n

S.t.

“

where pjw = (a;w,bjw,c;w) and pp; = (apj,
ij, CBj).

The minimax model in (4) can be transferred to the
nonlinear constrained optimization problem [37] as
follows:

min &

Wpg 5 >

—~— — PBj <é¢

wj

ﬂ)j B .

- <

& Diw| <& 5)
S.t.

n

ﬂ1j=1
j=1
Ofa}f’ §b?} 56?,]’: 1,2,...,n

where &isa TEN.
Because af < b < &, we suppose that &* =
(K* k*, k*), k* < a® then (5) can be transferred to
(6):
min &
(ap, by, cp)
% - (aij ij, CBj)
(@j, by, cj
(@}, by, c})
(aw, by, cy)

J=1

w w w .
Ofaj §bj <c},j= 1,2,...,n

<K KT KT

— (@jw, bjw, ciw)| < (K*, k™, k*)

S.t.

(6

By solving the model in (6), the optimal fuzzy
weights of all DMs @ = (%, @5, ..., @) and opti-
mal value of £€* are obtainable.

In order to calculate the consistency ratio (CR), &*
is used. The CR can be obtained according to CR =
5*/c1 . This ratio is acceptable when CR < 0.1 [38].
The maximum possible value of consistency index
(CI) in linguistic variables for fuzzy BWM, is given
in Table 1.
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Table 2
Linguistic variables for ranking failure modes
Linguistic Very low Low Slightly Medium Slightly High Very High
variables (VL) (L) Low (SL) M) High (SH) (H) (VH)
TFNs (0,0,1) 0,1,3) (1,3,5) (3,5,7) (5,7,9) (7,9,10) (9,10,10)

2.3. Fuzzy MOORA
Y where y; is a TFN, Z v;; and Z v;j-are beneficial

i=1 1
The fuzzy MOORA is developed in three differ- and non-beneﬁmaljcrlterla, res]peg;tlvely; gandn — g
ent approaches, the ratio method, reference point are numbers of beneficial and non-beneficial criteria,
approach, and full multiplicative form [39]. In this respectively.
study, the fuzzy ratio approach in [40] is considered
for further investigation. In this method, linguis- Step 5: The best non-fuzzy performance (BNP) [41]
tic variables in Table 2 are used for rating failure is used to convert the fuzzy performance values that
modes; for implementing this method, steps are as are normalized to a non-fuzzy value:
follow:
N (¢ —a))+ (b —a))
Step 1: A set of TFNs are used to create a decision BNPi(3) = yi = = l 3 l =t aiy
matrix with m alternatives and » criteria: (11)
The ranking of the failure modes can be performed
X11 X12 ... Xin using BNP when the values are sorted from the largest
%1 ¥22 ... o to the smallest. The largest value is considered to be
X = (7 the most important one.

ml Am2 " 3. Proposed approach

where x,]_(alj,bf],c JisTFNandi =1, 2,. : o o
j=1,2 Using the fuzzy BWM for weighting criteria and
’ ' fuzzy MOORA for ranking failure modes, the pro-

Step 2: Normalized elements of decision matrix: posed method in this study is divided in three main

stages.
s In the first stage, five experienced clerks in the OPD
If;* = = ,t=a,b,c section of a hospital, defined 11 key failure modes
Z [(“z])z + (b, )2 + (Cl])z] resulted in patient waiting time management, using
brainstorming (see Table 3). The values of the three

(8) factors of RPN are also given in Table 4.

In the second step, the fuzzy BWM method is
Step 3: The multiplication of i; by the normal- used to determine the importance of RPN factors
ized decision matrix results in the formation of the and weigh them, such that at first, the best and worst
weighted normalized decision matrix as: criteria are determined and then paired comparisons

are made based on the linguistic data. Consequently,

vij = (aU, bl”l, c,/) = (al 3 bwal, ’/" f/) 9) by using the fuzzy BWM model in (6), the optimal
weight of the criteria is determined.

In the third step, the ranking of failure modes

Step 4: The ©;; is used to calculate the performance for managing patient waiting time at OPD was

of the normalized value by subtracting the useless performed by utilizing the fuzzy MOORA method

criteria from the total of useful criteria: using linguistic variables. The output of this model

is to prioritize key criteria in managing patient

g " waiting time at OPD. Finally, the results of the

yi = Z Vij — Z Vij (10) proposed method are compared with Conventional

= j=g+1 RPN, Conventional MOORA, and fuzzy MOORA.
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Table 3
Selected failure modes

Failure Definitions

Modes

Fy Long check-in time of patients in OPD

F Postpone/cancel appointments due to
emergency cases

F3 Delay of the visit because of first new
patient appointment.

F4 Disturb others because of boring waiting
time for patients results in disorder

Fs Patient exit the office without checkout
process

Fe Completed visit but not within the
expected time

Fy Patient exit office, but lost to adjoin in
primary care offices since no direction
provided on location of checkout

Fg Office visit completed but patient have
not given any recommendations or
booklet

Fy Returned patients make disorder because
they are familiar with the checkout office
and the checkout process

Fio Patients exit the office, considering
receiving a phone call later

Fn No entertainment or special space for
kids results in chaos

Table 4
Traditional ratings for RPN factors [42]

Rating S (6] D

10 Hazardous

without warning

Hazardous with

warning

Very high High: repeated

High failures failures

Moderate Moderate: Moderate:

Low occasional failures occasional

Very low failures

Minor Low: relatively Low: relatively

Very minor few failures few failures

None Remote: unlikely ~Remote: failure
failure is unlikely

Very high: Almost Absolute
failure is uncertainty
inevitable

el

High: repeated

— N Wk LN

Figure 1, illustrates a summary of the proposed
method.

4. Results and discussion

In this section, the results of implementing the
proposed approach in order to reduce the patient’s
waiting time presented and discussed. In the first step,
according to the first phase of this approach, conven-
tional RPN method, failure modes are identified by

Stage 1: Identify criteria objectives
and determine FMEA scope
v
Assemble FMEA team and
list potential failure modes
v
Choose appropriate linguistic
variables for each criteria

v
Stage 2: Weighting
Criteria
|
A 2 L 4
Evaluate criteria by using Obtain the optimal
of linguistic variables weight vector of criteria

[ |
v

Stage 3: Ranking
failure modes
v
Fuzzy ratio
approach
v
Prioritize
failure modes

FMEA Team

F-BWM
I

F-MOORA
1

Fig. 1. Research Framework.

the FMEA team and the values of the three effective
criteria SOD for each failure mode are determined
(see Table 3).

Then, according to FMEA teams’ opinions lin-
guistic variables are assigned into each risk factors
(Table 5) and consequently corresponding TFN in
Table 2 are assigned to each linguistic variable.

Thereafter, the weights of the TFN's are determined
using the fuzzy BWM method. For this purpose, the
experts identified the best and worst factor in pro-
longation of waiting time due are identified based on
experts’ experience and their importance relative to
other factors (paired comparisons) in the form of lin-
guistic variables in Table 1 (see Table 6). For instance,
for making first best vector, TM| identified O as a best
criterion, then the importance of O compared with the
other factors. The comparison results are written in
fuzzy number and by using (6), all limitations are
found and the BO and OW vectors are calculated as
follows:

P =[(1,1,1),(3/2,2,5/2),(5/2,3,7/2)]

Py =1[(5/2,3,7/2),(3/2,2,7/2), (1,1, 1)]

The mathematical programming model in (6) is
updated as
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Table 5
FMEA teams’ opinions for risk factors scoring in managing patients’ waiting time
Failure Severity (S) Occurrence (O) Detection (D)
Modes TM No.
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
F; 1(L) 2(SL) 1(L) 1(L) 2(SL) 2(SL) 2(SL) 1(L) 2SL) 1(L) 2(SL) 2M) 1(L) 2(SL) 1(SL)
F 7H) 9H) 9(VH) 9H) 5(SH) 7(H) 5(SH) 9(MH) 8MH) 7(SH) 7(H) SMH) 9(SH) 8MH) 7(SH)
F; 2(SL) 1(L) 1(L) 2(SL) 2(SL) 1(L) 2(SL) 2(SL) 1(L) 2(SL) 1(L) 2(VL) 2(L) .1(VL) 2(VL)
Fy 3(M) 5(SH) 7(SH) 3(M) 5(SH) 3M) 2(SL) 3M) 1(SL) 3M) 3(M) 2(SH) 3(H) I(SH) 3(SH)
Fs 5(SH) 3M) 7(SH) 5(SH) 8(H) 2(SL) 3M) 2(SL) 2(SL) 3M) 2(SH) 3(H) 2(H) 2(SH) 3(SH)
Fe 7(SH) 3M) 5(SH) 7(SH) 3M) 3M) 3M) 3(M) 6(SH) 2(SL) 3(SH) 3(SH) 3(M) 6(SH) 2(M)
F; I(L)y 2(SL) 2(SL) 3M) 1(L) 2(SL) 3(M) 6(SH) 3M) 3M) 2M) 3M) 6M) 3(SH) 3M)
Fg 3(M) 6(SH) 3M) 3(M) 2(SL) 3M) 3M) 3M) 2(SL) 3(M) 3(SL) 3(SL) 3(SL) 2(SL) 3(L)
Fo 7(SH) 3M) 2(SL) 3M) 3M) 3M) 2(SL) 2(SL) 3(M) 2(SL) 3(L) 2(VL). 2(VL) 3(L) 2(VL)
Fio 5(SH) 9H) 7(H) 7(SH) 8MH) 7(H) 9(VH) 7(H) 9MH) 8MH) 7(VH) 9(VH) 7(VH) 9(H) 8(H)
Fii 3(M) 7(SH) 2(SL) 3M) 3M) 7(SH) 3M) 3M) 2(SL) 3(M) 7(M) 3(SL) 3(SL) 2M) 3M)
Table 6
Best and worst of triple factors based on FMEA teams’ opinions
No. of BO vector of OW vector of
Team risk factors risk factors
Best S (0] D Worst S (0] D
™, (0] EI FI D I FI EI
T™; S 1 EI WI D 1 FI EI
TM; (0] EI 1 FI D FI WI EI
TMy S FI EI D VI 1 EI
TM5 (0] EI FI WI S VI EI WI
result showed the value smaller than 0.1, which verify
that results are acceptable.
Min = &

—&cy < ay — 1.5¢; < &cy
—&c3 < ay —2.5¢; < &c3
—&c3 <ay — 1.5¢3 < écs
—Eby < by —2by < &by
—&by < by —3b3 < £b3
—Eby < by — 2b3 < £Ebs
SL —gay <) —2.5a; < Eay
—&a3 < ¢ — 3.5a3 < &a;

—&az < ¢y —2.5a3 < &a3

ay+4by+ci  ar+4bry+cr a3+ 4b3+ o
+ =1
6 6 6
0<ai<b<c¢,i=1273
£§>0

12)

Model (12) solved and the results are presented
in Table 7. Given that the largest linguistic vari-
able based on experts’ opinion for the best factor is
selected as Important (I), the CR calculated and all

In the third phase of the proposed approach, based
on the results of the first and second phases, risk sce-
nario ranking is performed using the fuzzy MOORA
method. Initially, the weighted normalized matrix is
obtained by considering the weights of the three SOD
factors (see Table 8).

As outlined in the proposed approach, in this sec-
tion, the fuzzy ratio system approaches from the fuzzy
MOORA method is implemented. Table 9 shows the
results of the BNP, taking into account the uncertainty
in the SOD factors.

The uncertainty of the SOD factors and weigh-
ing of these factors are considered, and failure
modes have been re-ranked using RPN, conventional
MOORA and fuzzy MOORA methods and the result
is summarized in Table 10.

According to Table 10 and based on the tradi-
tional RPN, the risk of F;¢ with RPN =720 has been
addressed in the first priority. In addition, the risks F;
and Fg with RPN =12 are jointly in the eighth prior-
ity and the risks F7 and Fg with RPN =60 are jointly
in the seventh priority. With a general review of the
prioritization of risks based on traditional FMEA, it
can be concluded that prioritization of risks has been
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Table 7
Weights of factors listed as a TFN
No. of S 0 D £ CR
Team a b c a b c a b [ (CI=6.69)
T™; 0.517 0.517 0.597 0.261 0.288 0.400 0.161 0.161 0.202 0.209 0.031
T™, 0.267 0.282 0.338 0.418 0.489 0.597 0.216 0.216 0.216 0.438 0.065
TM3 0.181 0.181 0.181 0.262 0.280 0.280 0.402 0.551 0.642 0.504 0.075
TMy 0.123 0.148 0.148 0.222 0.444 0.556 0.370 0.444 0.444 0.228 0.028
TMs 0.247 0.342 0.342 0.190 0.262 0.262 0.314 0.445 0.445 0.203 0.025
Wj* 0.375 0.448 0.493 0.271 0.353 0.419 0.186 0.210 0.218
Table 8
Normalized fuzzy assessment matrix
Failure Modes S o D
F; 0.02 0.07 0.14 0.01 0.05 0.11 0.04 0.09 0.15
F 0.20 0.27 0.31 0.21 0.26 0.29 0.18 0.24 0.28
Fs 0.02 0.07 0.14 0.02 0.07 0.12 0.00 0.01 0.05
F4 0.07 0.14 0.20 0.12 0.18 0.24 0.15 0.21 0.26
Fs 0.02 0.07 0.14 0.15 0.21 0.26 0.17 0.23 0.28
Fe 0.10 0.16 0.23 0.12 0.18 0.24 0.12 0.18 0.24
F; 0.10 0.16 0.23 0.03 0.08 0.14 0.10 0.16 0.22
Fg 0.08 0.15 0.22 0.09 0.15 0.21 0.02 0.08 0.14
Fo 0.06 0.12 0.19 0.09 0.15 0.21 0.00 0.01 0.05
Fio 0.24 0.30 0.33 0.18 0.24 0.28 0.24 0.28 0.30
Fn 0.10 0.16 0.23 0.09 0.15 0.21 0.07 0.12 0.18
Table 9 . done in a way that risks are grouped into eight cat-
The value of BNP for each failure mode egories. It indicates that the prioritization based on
Failure modes yi Vi this traditional index is not fully ranked and confuses
Fy (0.02,0.07, 0.15) 0.078 the decision-maker in risk management and correc-
EZ (((())(117(())%)66 %31‘:?) 8(2)22 tive/preventive action planning.
Fz (0209: 0 17: 0:26) 0172 Based on conver}tional MOORA method, Fg W?th
Fs (0.08, 0.15, 0.24) 0.157 yi-= 0.586, F> with y; =0.543 and F4, F5 with
Fo (0.09,0.18,0.27) 0.179 yi'=0.412 are in first, second and third rank, respec-
1};7 Eg'gg’ g‘}i’ 852 8'{33 tively. The prioritization of failure modes based on
Fz (0.05.0.11.0.19) 0116 conventional MOORA, are grouped in nine cate-
Fio (0.19, 0.28, 0.34) 0.270 gories. Therefore, the aim of conventional MOORA
Fui (0.07, 0.15, 0.24) 0.155 utilization is partially improving the shortcoming of
traditional FMEA, where the number of categories
increased from eight to nine.
Table 10 Using the fuzzy MOORA method, it is observed
Comparison of prioritized results that all identified risks are in distinct priorities. In
Failure  Conventional Conventional Fuzzy other words, the proposed method of this study, con-
Modes FMEA MOORA MOORA sidering the uncertainty of the risk scenario, has tried
RPN Rank Yi Rank yi J) Rank to resolve some of the main deficiencies of the tradi-
g 51726 g géfé g 8%2 13 tional RPN and the conventional MOORA method.
M 4 9 0.109 10 0067 11 In this mf&thod, the 'rank of Fio, F» and F4 has not
F4 245 3 0412 3 0.172 4 changed in comparison of two other methods, but
F5 224 4 0.412 3 0157 5 failure modes are fully ranked in 11 categories.
Fo 210 > 0391 < 0.179 3 In summary, the non-interference weight of SOD
F7 60 7 0.282 6 0.138 8 f: 1l h . . h
F3 60 7 0261 7 0140 7 'actors, as well as the .certamty in the process,
F9 12 8 0.195 8 0.116 9 is the result of conventional FMEA deficiencies.
F10 720 1 0.586 1 0.270 1 In the conventional MOORA method, contributing
F11 125 6 0.326 5 0.155 6

experts’ ideas in the decision-making matrix results
on increasing the number of categorizations from

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

S. Dorosti et al. / Patient Wating Time Using Fuzzy FMEA 9

(=)}

N

S

0|||||“|I
1 2 3 4 5 6 7 8 9 10 11

m Conventional RPN Conventional MOORA Fuzzy MOORA

Fig. 2. Prioritized results from the proposed method.

eight to nine groups. However, decisive decision-
making matrix and uncertainty exist in the experts’
decisions leads to imperfect ranking. To cover the
deficiencies of above-mentioned traditional methods,
in the fuzzy MOORA, the decision of the experts con-
tributed in the TFN form and the weight of the SOD
factors is obtained through the fuzzy BWM method.

4.1. Sensitivity analysis

In this article, for the uncertainty reduction in
the obtained outputs, sensitivity analysis is used. In
sensitivity analysis, weights of risk factors changed
according to the fuzzy group matrix, such that, the
obtained original weights from fuzzy BWM are used
in case 0. However, in other cases (case 1, case 2,
case 3 and case 4) different weights for risk factors
are defined. Table 11 and Fig. 3 present the result of
sensitivity analysis and indicate that the most impor-
tant failure mode is F1¢ which is in the first place in all
cases. Furthermore, due to the same values of SOD,
in Fq, F, F3, F4, Fo, F11 despite the weight changing,

12

o

IS

~

o

& Case0 Casel =®=—(Case? =—@=—(Case3 =—®—Cased

Fig. 3. Sensitivity analysis.

there was no change in failure mode ranking. How-
ever, ranking of Fs, Fg, F7, Fg was changed in various
cases due to the different value of SOD.

According to the experts’ opinions, in F7, D criteria
have more value than S and O, therefore, if weights
of D criteria increases, F7 will place in higher ranks.
Contrariwise, in Fg, increment of D criteria’s weight
causes lower rank of this failure mode. In addition,
there are big values of uncertainties in ranking Fs,
F¢ factors which cause by the proximity of RPN’s
amount. The result of sensitivity analysis shows that
weights of risk factors have a significant effect on
the final ranking order. Consequently, appropriate
weights based on hospital conditions and experts’
opinions can result in accurate ranking and correct
actions.

5. Conclusion

Patient waiting time is an essential factor in choos-
ing health centers because of increasing demand
for providing effective health service, and inten-
sive competitiveness among health centers. In this

Table 11
Sensitivity analysis for different cases
Failure Modes Case 0 Case 1 Case 2 Case 3 Case 4
Wg=0.35 Ws=0.2 Wg=0.2 Ws=0.3 Wgs=0.5
Wo =0.443 Wo=0.65 Wo=04 Wo=04 Wo=0.25
Wp =0.207 Wp=0.15 Wp=04 Wp=0.3 Wp=0.25
F; 10 10 10 10 10
F> 2 2 2 2 2
F;3 11 11 11 11 11
Fy 4 4 4 4 4
Fs 5 5 3 5 6
Fe 3 3 5 3 3
F; 8 8 7 7 7
Fg 7 7 8 8 8
Fo 9 9 9 9 9
Fio 1 1 1 1 1
Fi1 6 6 6 6 5
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paper, to identify the failure modes for patient wait-
ing time management, fuzzy-BWM presented for
weighting criteria. Thereafter, failure modes ranked
through fuzzy-MOORA method. The main purpose
of these methods is to overcome the shortcoming
of conventional FMEA (RPN index). In contrast,
the fuzzy-MOORA contributes certainty and produce
full prioritization of failure modes. The comparison
of prioritization results through the proposed method
and convention RPN, MOORA, prove the effective-
ness of the proposed method.

Generally, in order to manage patient waiting time,
the following three key scenarios are prioritized:

1) The main failure occurs when the patient com-
pletes office visit, and never receives a phone call
from health center for the next session. Human errors
are the main reason for this failure. Therefore, the
patient referral in next days (in-person or phone)
results in chaos in the OPD section and prolonga-
tion of other patients waiting time. The recommended
action is that all other sections, direct patients to
checkout station.

2) Postponing/canceling appointments due to
emergency cases. The cause of failure is that patient
feels rest less and may cancel the appointment and opt
another hospital. The main effect is on the hospital
reputation and number of patients would be reduced
because of some disorders. The action proposed for
this failure is engaging interactive activities for spe-
cialist clinics.

3) Failure happens when office visit completes
but not in the estimated time. The possible effect is
the patient’s opinion changing about hospital. Pre-
planning appointments through online platforms can
be helpful to prevent this failure occurrence.

5.1. Limitations and future scope

Overlooking the cause and effect relation of failure
modes is the main limitation of this study. Future stud-
ies can address this problem through the cognitive
map based on Z-number theory [43]. The proposed
approach in this study can also use for qualitative
assessment data in a complex decision-making envi-
ronment based on Type II fuzzy sets, D-number [44],
R-number [45], and G-number [46].

In addition, in order to manage patient waiting
time efficiently in healthcare industry, we need to
position the patients’ order in the right place of the
healthcare supply chain. The patient order penetra-
tion point [47-52] defines the stage in the healthcare
value chain, where a personalized healthcare service

such as treatment is linked to a specific patient order,
such as organ transplants and the blood transfusion
[53]. The challenge would be more critical for ser-
vicing and tracing the large scaled markets [54, 55].
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