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Abstract: With the widespread vaccination against COVID-19, people began to resume regional
tourism. Outdoor attractions, such as leisure agricultural parks, are particularly attractive because
they are well ventilated and can prevent the spread of COVID-19. However, during the COVID-19
pandemic, the considerations around choosing a leisure agricultural park are different from usual,
and will be affected by uncertainty. Therefore, this research proposes a fuzzy collaborative intelligence
(FCI) approach to help select leisure agricultural parks suitable for traveler groups during the COVID-
19 pandemic. The proposed FCI approach combines asymmetrically calibrated fuzzy geometric
mean (acFGM), fuzzy weighted intersection (FWI), and fuzzy Vise Kriterijumska Optimizacija I
Kompromisno Resenje (fuzzy VIKOR), which is a novel attempt in this field. The effectiveness of the
proposed FCI approach has been verified by a case study in Taichung City, Taiwan. The results of
the case study showed that during the COVID-19 pandemic, travelers (especially traveler groups)
were very willing to go to leisure agricultural parks. In addition, the most important criterion for
choosing a suitable leisure agricultural park was the ease of maintaining social distance, while the
least important criterion was the distance from a leisure agricultural park. Further, the successful
recommendation rate using the proposed methodology was as high as 90%.

Keywords: leisure agricultural park; traveler group; COVID-19 pandemic; fuzzy collaborative
intelligence

1. Introduction

In the late stage of the COVID-19 pandemic, with the popularity of vaccination,
domestic tourism gradually recovered. When choosing tourist attractions, some regulations
on the prevention of the COVID-19 pandemic are still influential [1]; for example, many
tourists tend to choose attractions that are health-oriented, have a relatively mild pandemic,
make it easy to maintain social distance, and are well ventilated (to avoid wearing masks for
a long time) [2]. These considerations are different to those before the COVID-19 pandemic,
when consumers valued the quality of agricultural products [3], the convenience of on-
site consumption, the distance from downtown [4], the availability of auxiliary facilities,
etc. [5–7]. In addition, many current considerations are quite uncertain [8–10]; for example,
whether it is easy to maintain social distance is affected by the number of people entering
the park, and it also depends on the control measures of the leisure agricultural park.
Furthermore, if all visitors in the park wear masks, good ventilation is not as important.
As a result, selecting or recommending a suitable leisure agricultural park has become a
challenging task. The motivation of this research is to accomplish this task.

Some relevant references are henceforth reviewed. According to Pan et al. [11], the
COVID-19 pandemic has impacted eight major aspects of the agricultural economy, one of
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which is leisure agriculture. In the view of Ateljevic [12], the normalization of the COVID-
19 pandemic on the tourism system may have an impact on regenerative agriculture
and transitional tourism. According to statistics supplied by Putian [13], the impact
of the COVID-19 pandemic on leisure agriculture includes a substantial reduction in
revenues, a reduction in advertising budgets, difficulties in resuming production, unsmooth
sales channels, and declining consumer demand. The results of the study by Barrot
et al. [14] showed that leisure and agriculture were industries in which employment rates
have fallen sharply due to the COVID-19 pandemic. Therefore, Li et al. [4] believed that
under the premise that the COVID-19 pandemic can be prevented and controlled, it is the
responsibility of the local government to take effective and efficient measures to restore
leisure agriculture. Further, in the view of Hsiao and Tuan [10], the dynamic ability of
leisure agriculture park operators to change park marketing channels and develop new
products or services to respond to the new market can effectively respond to the COVID-19
pandemic. The COVID-19 pandemic has also caused labor shortages in many agricultural
activities. This led to a sharp rise in short-term labor wages and increased the burden
on farm operators [15]. Leisure agriculture, which allows customers to pick agricultural
products by themselves, is a solution. Some studies also concluded that the COVID-19
pandemic has caused suburban agriculture to be replaced by leisure agriculture and other
land applications with higher market value [16]. All in all, most past studies have shown
that leisure agricultural park operators or employees are facing challenges, but these studies
have not explored the difficulties faced by travelers who plan to visit these parks. This
study can make up for this deficiency.

To recommend suitable leisure agricultural parks for traveler groups amid the COVID-
19 pandemic, a fuzzy collaborative intelligence (FCI) approach is proposed in this study.
The reason for adopting a fuzzy approach is to consider the uncertainty brought about by
the COVID-19 pandemic. The reason for discussing traveler groups (or group tours) is
because the customers of a leisure agricultural park are mostly families. Different family
members may have different considerations in choosing a suitable leisure agricultural
park, affecting the formation of a consensus among them. FCI is a viable means to solve
this problem.

The contribution of this study includes the following:

(1) After the outbreak of the COVID-19 pandemic, the factors affecting travelers visiting
a leisure agricultural park have been different to the previous factors. In addition
to subjective personal preferences, there is also objective information related to the
COVID-19 pandemic. This study is one of the first studies to explore the influence of
these factors on travelers’ decisions in choosing suitable leisure agricultural parks.

(2) The acFGM method is proposed to enhance the precision of deriving the priorities of
factors critical to the selection of a suitable leisure agricultural park.

The remainder of this paper is organized as follows: Section 2 is an introduction of the
FCI approach proposed in this study; Section 3 details the application of the FCI approach
to a case study in Taichung City, Taiwan, amid the COVID-19 pandemic; Section 4 provides
the conclusions of this study, as well as some possible topics for future investigation.

2. Methodology

Without loss of generality, all fuzzy parameters and variables in the proposed method-
ology are given in or approximated by triangular fuzzy numbers (TFNs). At first, the
asymmetrically calibrated fuzzy geometric mean (acFGM) method is proposed for decision
makers to derive the fuzzy priorities of criteria that affect their choices.

2.1. acFGM for Deriving the Fuzzy Priorities of Criteria

In the beginning, every decision maker is asked to make pairwise comparisons of the
relative priorities of criteria. The results by decision maker k are inserted into the following
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fuzzy judgment matrix: Ã(k) = {ãij(k)} where ãij(k) are fuzzy sets; i, j = [1, n]; k = 1 ~ K.
The following is true according to Satty [17]:

det(Ã(k)(−)λ̃(k)I) = 0 (1)

(Ã(k)(−)λ̃(k))(×)x̃(k) = 0 (2)

where λ̃(k) and x̃(k) are the fuzzy eigenvalue and fuzzy eigenvector of Ã(k), respectively;
(−) and (×) denote fuzzy subtraction and multiplication, respectively. Equations (1) and (2)
involve fuzzy multiplication operations, making it difficult to derive the exact values of
λ̃(k) and x̃(k). Fuzzy geometric mean (FGM) is a prevalent method to approximate the
solution [18]. However, the accuracy of deriving the fuzzy priorities of criteria using FGM
is not always high. To solve this problem, Chen and Wang [19] proposed the calibrated
FGM (cFGM) method to improve the accuracy in an efficient manner. The cFGM method
has the following steps:

Step 1. Approximate the value of the fuzzy priority of criterion i using FGM as in the
following [18]:

w̃i(k) ∼= (wi1(k), wi2(k), wi3(k)) (3)

where the following applies:

wi1(k) =
1

1 + ∑
m 6=i

n

√
n
∏
j=1

amj3(k)

n

√
n
∏
j=1

aij1(k)

(4)

wi2(k) ∼=
1

1 + ∑
m 6=i

n

√
n
∏
j=1

amj2(k)

n

√
n
∏
j=1

aij2(k)

(5)

wi3(k) ∼=
1

1 + ∑
m 6=i

n

√
n
∏
j=1

amj1(k)

n

√
n
∏
j=1

aij3(k)

(6)

w̃i(k) is the fuzzy priority of criterion i to decision maker k.

Step 2. Derive the priority of criterion i from the crisp judgment matrix Ac(k) = [aij2(k)]
using an eigen analysis, as in the following [17]:

det(Ac(k)− λc(k)I) = 0 (7)

(Ac(k)− λc(k)I)xc(k) = 0 (8)

wc
i (k) =

xc
i

n
∑

j=1
xc

j

(9)

The derived priority is indicated with wc
i (k).

Step 3. Calibrate the fuzzy priority of criterion i in the following way:

wi1(k)→ wi1(k) + wc
i (k)− wi2(k) (10)

wi2(k)→ wc
i (k) (11)

wi3(k)→ wi3(k) + wc
i (k)− wi2(k) (12)
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However, the cFGM method has the following problems:

(1) After calibration, wi1(k) may be negative, which is infeasible.
(2) The range of a fuzzy priority approximated using FGM is usually wider than that of

the actual value, which is not considered in the calibration process.

To solve these problems, the acFGM method is proposed, as in the following:

wi1(k)→ max(wi1(k) + wc
i (k)− wi2(k), wi1(k) ·

wc
i (k)

wi2(k)
) (13)

wi3(k)→ min(wi3(k) + wc
i (k)− wi2(k), wi3(k) ·

wc
i (k)

wi2(k)
) (14)

The results using various methods are compared in Figure 1.
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Figure 1. Comparison of the results using various methods.

The fuzzy priorities of a criterion derived by different decision makers are not the same,
and need to be aggregated. In addition, some decision makers are more authoritative than
others. To consider these, fuzzy weighted intersection (FWI) [20] is applied, as described in
the next section.

2.2. FWI for Aggregating the Fuzzy Priorities of Criteria Derived by All Decision Makers

Most of the existing methods aggregate the fuzzy priorities of a criterion derived by
all decision makers using fuzzy arithmetic average operators [21–23] and fuzzy geometric
mean operators [21–23]. The only difference is the type of fuzzy numbers. However, the
aggregation result may be unreasonable [20]. In particular, the aggregation result may be a
value with low membership in the fuzzy priority of each decision maker.

In the proposed methodology, FWI [20] is applied to aggregate the fuzzy priorities of
a criterion derived by all decision makers, as in the following:

w̃i(all) = F̃WI({w̃i(k)}) (15)

with the following membership function:

µw̃i(all)(x) = min
k

µw̃i(k)(x) + ∑
k
(ωk −min

l
ωl)(µw̃i(k)(x)−min

l
µw̃i(l)(x)) (16)

where ωk is the authority level of decision maker k;
K
∑

k=1
ωk = 1. An example is provided

in Figure 2, in which the authority levels of the three decision makers are 0.35, 0.15, and
0.5, respectively. The aggregation result is not an empty set, despite the fact that decision
makers may lack an overall consensus, as illustrated by Figure 3.
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The FWI operator meets the following conditions [20]:

(1) F̃WI({w̃i(k)}) = w̃i(l) if ωl = 1 and ωk = 0 ∀ k 6= l

(2) F̃WI({w̃i(k)}) = F̃I({w̃i(k)}) if ωk =
1
K ∀ k; F̃I is the fuzzy intersection operator (i.e.,

the t-norm).
(3) min

l
µw̃i(l)(x) ≤ µ

F̃WI({w̃i(k)})
(x) ≤ max

l
µw̃i(l)(x)

(4)
∂µ

F̃WI({w̃i(k)})
(x)

∂µw̃i(l)
(x) ∝ ωl

Aggregating the fuzzy priorities of a criterion derived by all decision makers using
FWI guarantees that values considered highly possible by all decision makers or just the
most authoritative decision maker will have high memberships in the aggregation result. In
other words, the aggregation result will be more in line with the expectations of all decision
makers, and it will be easier for everyone to accept.

One problem with the FWI operator is the polygonal shape of the aggregation result,
which increases the computational complexity of subsequent operations. To overcome this
difficulty, Wu et al. [24] advised that the aggregation result should be approximated with a
TFN, such that their defuzzification results using the center-of-gravity (COG) method [25]
are equal, as in the following:

F̃WI({w̃i(k)} ∼= (min( F̃WI({w̃i(k)}),
3COG(F̃WI({w̃i(k)})−max(F̃WI({w̃i(k)})−min(F̃WI({w̃i(k)}),
max(F̃WI({w̃i(k)})

(17)
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where the following applies:

COG(F̃WI({w̃i(k)}) =

∫
all x

xµ
F̃WI({w̃i(k)}

(x)dx∫
all x

µ
F̃WI({w̃i(k)}

(x)dx
(18)

An example is shown in Figure 4.
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2.3. Fuzzy VIKOR for Evaluating Alternatives

Subsequently, the fuzzy Vise Kriterijumska Optimizacija I Kompromisno Resenje
(fuzzy VIKOR) method [26,27] is applied to evaluate the overall performance of each
alternative. The fuzzy VIKOR method comprises the following steps:

Step 1. Determine the best and worst values of each criterion, as in the following:

p̃∗i = max
h

p̃hi

= (max
h

phi1, max
h

phi2, max
h

phi3)
(19)

p̃−i = min
h

p̃hi

= (min
h

phi1, min
h

phi2, min
h

phi3)
(20)

where p̃hi is the performance of alternative h in optimizing criterion i.; h = 1 ~ H. p̃∗i and p̃−i
indicate the best and worst performances in optimizing criteria i, respectively.

Step 2. Compute normalized fuzzy distances, as in the following:

d̃hi =
p̃∗i (−) p̃hi
p∗i3 − p−i1

= (
p∗i1 − phi3
p∗i3 − p−i1

, p∗i2 − phi2
p∗i3 − p−i1

, p∗i3 − phi1
p∗i3 − p−i1

)
(21)

Step 3. Compute the values of S̃h and R̃h [28], as in the following:

S̃h =
n

∑
i=1

(w̃i(all)(×)d̃hi) (22)

R̃h = max
i

(w̃i(all)(×)d̃hi) (23)

S̃h considers the performances of alternative h in optimizing all criteria, while R̃h
highlights the performance of the alternative in optimizing the most important criterion or
the worse performance.
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Step 4. Compute the value of Q̃h [28], as in the following:

Q̃h = ξ ·
S̃h(−)min

r
S̃r

max(max
r

S̃r)−min(min
r

S̃r)
(+)(1− ξ) ·

R̃h(−)min
r

R̃r

max(max
r

R̃r)−min(min
r

R̃r)
(24)

where ξ ∈ [0, 1].

Step 5. Defuzzify S̃h, R̃h, Q̃h using the COG method, as in the following:

COG(S̃h) =

∫
all x

xµS̃h
(x)dx∫

all x
µS̃h

(x)dx
(25)

COG(R̃h) =

∫
all x

xµR̃h
(x)dx∫

all x
µR̃h

(x)dx
(26)

COG(Q̃h) =

∫
all x

xµQ̃h
(x)dx∫

all x
µQ̃h

(x)dx
(27)

Step 6. Rank alternatives according to their D(S̃h), D(R̃h), and D(Q̃h) values from the
smallest to the largest. The decision maker will have three ranking results, giving him/her
a high degree of flexibility, which is an advantage of fuzzy VIKOR over fuzzy technique
for order preference by similarity to ideal solution (FTOPSIS) [29,30]; for example, when
D(Q̃h) is considered, the top two alternatives are indicated with alternatives h(1) and h(2),
respectively. Then, in the view of Opricovic [28], alternative h(1) can be recommended to
the decision maker if the following two conditions are met:

D(Q̃h(2))− D(Q̃h(1)) ≥
1

H − 1
(28)

D(S̃h(1)) = min
r

D(S̃r) or D(R̃h(1)) = min
r

D(R̃r) (29)

3. Case Study
3.1. Background

To validate the effectiveness of the proposed methodology, a standalone leisure agri-
cultural park recommendation system has been developed using Microsoft Access 2019 on
a PC with an i7-7700 CPU 272 3.6 GHz and 16 GB RAM, and installed in a travel agency in
Taichung City, Taiwan. The following five criteria were considered in building the recom-
mendation mechanism encoded using VBA: the image of the leisure agricultural park, the
number of confirmed COVID-19 cases in the city, the easiness of maintaining social distance,
the distance to the leisure agricultural park, and the preference for agricultural products or
natural facilities in the leisure agricultural park. During August 2021, a total of 10 traveler
groups used this system to seek recommendations for suitable leisure agricultural parks. In
this case study, the first traveler group is taken as an example to illustrate the application
of the proposed methodology.

3.2. Application of the Proposed Methodology

The first few steps of the proposed methodology are a fuzzy analytic hierarchy pro-
cess (FAHP). FAHP is the incorporation of fuzzy logic into an analytic hierarchy process
(AHP), which is a well-known multi-criteria decision-making method based on the pair-
wise comparison of criteria [17]. The prevalent methods for solving an FAHP problem
include FGM [18], fuzzy extent analysis (FEA) [31], and alpha-cut operations (ACO) [32,33].
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Fuzzy AHP methods have been widely applied to multi-criteria decision making in agri-
culture [34–37].

The first traveler group was a family composed of the following three members
(i.e., decision makers): father, mother, and daughter. Each decision maker compared the
priorities of criteria in pairs. The results are summarized by the following fuzzy judgment
matrixes:

Ã(1) =


1 (2, 4, 6) 1/(1, 1, 3) (2, 4, 6) (2, 4, 6)

1/(2, 4, 6) 1 1/(3, 5, 7) (1, 1, 3) 1/(3, 5, 7)
(1, 1, 3) (3, 5, 7) 1 (3, 5, 7) (2, 4, 6)

1/(2, 4, 6) 1/(1, 1, 3) 1/(3, 5, 7) 1 1/(2, 4, 6)
1/(2, 4, 6) (3, 5, 7) 1/(2, 4, 6) (2, 4, 6) 1



Ã(2) =


1 (3, 5, 7) (1, 3, 5) (3, 5, 7) (1, 3, 5)

1/(3, 5, 7) 1 1/(2, 4, 6) (2, 4, 6) 1/(3, 5, 7)
1/(1, 3, 5) (2, 4, 6) 1 (2, 4, 6) (1, 3, 5)
1/(3, 5, 7) 1/(2, 4, 6) 1/(2, 4, 6) 1 1/(3, 5, 7)
1/(1, 3, 5) (3, 5, 7) 1/(1, 3, 5) (3, 5, 7) 1



Ã(3) =


1 (2, 4, 6) 1/(1, 3, 5) (3, 5, 7) (1, 3, 5)

1/(2, 4, 6) 1 1/(2, 4, 6) (1, 3, 5) 1/(1, 3, 5)
(1, 3, 5) (2, 4, 6) 1 (2, 4, 6) (1, 3, 5)

1/(3, 5, 7) 1/(1, 3, 5) 1/(2, 4, 6) 1 1/(2, 4, 6)
1/(1, 3, 5) (1, 3, 5) 1/(1, 3, 5) (2, 4, 6) 1


The fuzzy priorities of criteria were derived from the fuzzy judgment matrixes using

the acFGM method. The results are summarized in Table 1. The fuzzy priorities of criteria
are compared in Figure 5. The fuzzy consistency ratios of these fuzzy judgment matrixes
were all less than 0.1, showing that they were consistent.
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Table 1. Fuzzy priorities of criteria derived by all decision makers.

i w̃i(1) w̃i(2) w̃i(3)

1 (0.155, 0.347, 0.491) (0.195, 0.442, 0.655) (0.12, 0.278, 0.532)

2 (0.034, 0.059, 0.147) (0.044, 0.092, 0.238) (0.036, 0.087, 0.243)

3 (0.229, 0.369, 0.596) (0.112, 0.264, 0.511) (0.175, 0.423, 0.643)

4 (0.027, 0.06, 0.127) (0.024, 0.051, 0.151) (0.024, 0.052, 0.156)

5 (0.087, 0.165, 0.316) (0.057, 0.15, 0.375) (0.065, 0.159, 0.391)

Subsequently, FWI [38–42] was applied to aggregate the fuzzy priorities derived
by all decision makers. The authority levels of the decision makers were subjectively
determined by them jointly as 0.5 (father), 0.2 (mother), and 0.3 (daughter), respectively.
The aggregation results are shown in Figure 6.
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To facilitate subsequent operations, the polygonal aggregation result was approxi-
mated with a TFN, as shown in Figure 7.
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Fuzzy VIKOR was then applied to assess and compare the overall performances of four
leisure agricultural parks. The details of these leisure agricultural parks are summarized
in Table 2. The performance of a leisure agricultural park was evaluated according to the
rules depicted in Table 3. The evaluation results are summarized in Table 4. There was no
perfect alternative.

Table 2. Leisure agricultural park details.

h Area (m2)
Major Agricultural

Products City
Number of
Confirmed

COVID-19 Cases *

Distance
(min) Image

1 2,120,000 Shiitake mushrooms,
flowers Taichung 202 57 • Fresh air, rich natural ecology,

suitable for hiking

2 23,000 Strawberry Miaoli 549 64 • Easy fruit picking, only sea-
sonal

3 145,000 Orange, pitaya Yunlin 22 54 • Cheap, time-consuming

4 500,000 Milk, dairy products,
malt Miaoli 549 57

• Abundant agricultural prod-
ucts and leisure activities,
suitable for hiking

*: Since 1 January 2021.
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Table 3. Rules for evaluating the performance of a leisure agricultural park.

Criterion Rule

Image of the leisure agricultural park p̃h1(xh1) =


(0, 0, 1) if xh1 = “not very interesting (just for killing time)”
(0, 1, 2) if xh1 = “somewhat interesting”

(1.5, 2.5, 3.5) if xh1 = “interesting and somewhat healthy”
(3, 4, 5) if xh1 = “interesting and healthy”
(4, 5, 5) if xh1 = “very interesting and healthy (enjoyable)”

where xh1 is the image of the leisure agricultural park.

Number of confirmed COVID-19 cases in the city p̃h2(xh2) =



(0, 0, 1) if 0.1 ·min
r

xr2 + 0.9 ·max
r

xr2 < xh2

(0, 1, 2) if 0.35 ·min
r

xr2 + 0.65 ·max
r

xr2 ≤ xh2 < 0.1 ·min
r

xr2 + 0.9 ·max
r

xr2

(1.5, 2.5, 3.5) if 0.65 ·min
r

xr2 + 0.35 ·max
r

xr2 ≤ xh2 < 0.35 ·min
r

xr2 + 0.65 ·max
r

xr2

(3, 4, 5) if 0.9 ·min
r

xr2 + 0.1 ·max
r

xr2 ≤ xh2 < 0.65 ·min
r

xr2 + 0.35 ·max
r

xr2

(4, 5, 5) if xh2 ≤ 0.9 ·min
r

xr2 + 0.1 ·max
r

xr2

where xh2 is the number of confirmed COVID-19 cases in the city.

Easiness to maintain social distance p̃h3(xh3) =



(0, 0, 1) if xh3 ≤ 0.9 ·min
r

xr3 + 0.1 ·max
r

xr3

(0, 1, 2) if 0.9 ·min
r

xr3 + 0.1 ·max
r

xr3 ≤ xh3 < 0.65 ·min
r

xr3 + 0.35 ·max
r

xr3

(1.5, 2.5, 3.5) if 0.65 ·min
r

xr3 + 0.35 ·max
r

xr3 ≤ xh3 < 0.35 ·min
r

xr3 + 0.65 ·max
r

xr3

(3, 4, 5) if 0.35 ·min
r

xr3 + 0.65 ·max
r

xr3 ≤ xh3 < 0.1 ·min
r

xr3 + 0.9 ·max
r

xr3

(4, 5, 5) if 0.1 ·min
r

xr3 + 0.9 ·max
r

xr3 < xh3

where xh3 is the area of the leisure agricultural park.

Distance to the leisure agricultural park p̃h4(xh4) =



(0, 0, 1) if 0.1 ·min
r

xr4 + 0.9 ·max
r

xr4 < xh4

(0, 1, 2) if 0.35 ·min
r

xr4 + 0.65 ·max
r

xr4 ≤ xh4 < 0.1 ·min
r

xr4 + 0.9 ·max
r

xr4

(1.5, 2.5, 3.5) if 0.65 ·min
r

xr4 + 0.35 ·max
r

xr4 ≤ xh4 < 0.35 ·min
r

xr4 + 0.65 ·max
r

xr4

(3, 4, 5) if 0.9 ·min
r

xr4 + 0.1 ·max
r

xr4 ≤ xh4 < 0.65 ·min
r

xr4 + 0.35 ·max
r

xr4

(4, 5, 5) if xh4 ≤ 0.9 ·min
r

xr4 + 0.1 ·max
r

xr4

where xh4 is the distance to the leisure agricultural park.

Preference for the leisure agricultural park p̃h5(xh5) =


(0, 0, 1) if xh1 = “very lowly preferred”
(0, 1, 2) if xh1 = “lowly preferred”

(1.5, 2.5, 3.5) if xh1 = “moderately preferred”
(3, 4, 5) if xh1 = “highly preferred”
(4, 5, 5) if xh1 = “very highly preferred”

where xh5 is the preference for the leisure agricultural park.
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Table 4. Performances of the leisure agricultural parks.

h p̃h1 p̃h2 p̃h3 p̃h4 p̃h5

1 (4, 5, 5) (3, 4, 5) (4, 5, 5) (0, 1, 2) (1.5, 2.5, 3.5)

2 (3, 4, 5) (0, 0, 1) (0, 0, 1) (4, 5, 5) (3, 4, 5)

3 (1.5, 2.5, 3.5) (4, 5, 5) (0, 0, 1) (0, 0, 1) (0, 1, 2)

4 (3, 4, 5) (0, 0, 1) (0, 1, 2) (0, 1, 2) (4, 5, 5)

Subsequently, the best and worst performances in optimizing each criterion were
determined. The results are shown in Table 5.

Table 5. Best and worst performances in optimizing each criterion.

i 1 2 3 4 5

p̃∗i (4, 5, 5) (4, 5, 5) (4, 5, 5) (4, 5, 5) (4, 5, 5)

p̃−i (1.5, 2.5, 3.5) (0, 0, 1) (0, 1, 2) (0, 0, 1) (0, 1, 2)

The normalized fuzzy distance between each leisure agricultural park and the best
performance were measured. The measurement results are summarized in Table 6.

Table 6. Normalized fuzzy distance between each leisure agricultural park and the best performance.

h d̃h1 d̃h2 d̃h3 d̃h4 d̃h5

1 (0, 0, 0.29) (0, 0.2, 0.4) (0, 0, 0.2) (0.4, 0.8, 1) (0.1, 0.5, 0.7)

2 (0, 0.29, 0.57) (0.6, 1, 1) (0.6, 1, 1) (0, 0, 0.2) (0, 0.2, 0.4)

3 (0.14, 0.71, 1) (0, 0, 0.2) (0.6, 1, 1) (0.6, 1, 1) (0.4, 0.8, 1)

4 (0, 0.29, 0.57) (0.6, 1, 1) (0.4, 0.8, 1) (0.4, 0.8, 1) (0, 0, 0.2)

The values of S̃h and R̃h were then computed for each leisure agricultural park. The
results are summarized in Table 7. Based on them, the Q̃h of the leisure agricultural park
was derived by setting ξ to 0.5.

Table 7. The S̃h, R̃h and Q̃h of each leisure agricultural park.

h S̃h R̃h Q̃h

1 (0.01, 0.17, 0.82) (0.01, 0.1, 0.28) (0, 0, 0.44)

2 (0.12, 0.61, 1.4) (0.1, 0.38, 0.65) (0, 0.35, 0.89)

3 (0.16, 0.85, 1.8) (0.1, 0.38, 0.65) (0, 0.41, 1)

4 (0.09, 0.55, 1.45) (0.07, 0.31, 0.65) (0, 0.27, 0.9)

The defuzzified values of these performance measures are summarized in Table 8.
Based on the defuzzification results, the leisure agricultural parks were ranked, as shown
in Table 8. Leisure agricultural park #1 achieved the lowest value of Q̃h, followed by leisure
agricultural park #4.
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Table 8. Defuzzification results.

H D(S̃h) D(R̃h) D(Q̃h) Rank

1 0.296 0.120 0.110 1

2 0.686 0.380 0.395 3

3 0.914 0.380 0.457 4

4 0.663 0.333 0.361 2

3.3. Discussion

According to the results of the case study, the following discussion was presented:

(1) The most suitable leisure agricultural park for the family was leisure agricultural park
#1; it had the best image and was the easiest to maintain social distance.

(2) However, the superiority of leisure agricultural park #1 over leisure agricultural park
#4 only met the second condition. Therefore, both leisure agricultural parks could be
recommended to the family for their consideration.

(3) In contrast, leisure agricultural park #3 ranked last because the family showed the
lowest preference for this leisure agricultural park.

(4) A parametric analysis has been conducted to examine the effect of ξ on the ranking
result. The results are summarized in Table 9. The superiority of leisure agricultural
park #1 over the others was not affected by the value of ξ. In addition, when ξ was set
to zero, there was a tie between leisure agricultural parks #2 and #3.

Table 9. Results of the parametric analysis.

ξ Ranking Result

0 1→4→2, 3

0.1 1→4→2→3

0.2 1→4→2→3

0.3 1→4→2→3

0.4 1→4→2→3

0.5 1→4→2→3

0.6 1→4→2→3

0.7 1→4→2→3

0.8 1→4→2→3

0.9 1→4→2→3

1.0 1→4→2→3

(1) The recommendation results to ten traveler groups and their choices are summarized
in Table 10. As a result, the successful recommendation rate was 90%, high enough to
support the effectiveness of the proposed methodology.

(2) Among the ten traveler groups, seven rated the easiness to maintain social distance as
the most important criterion. In contrast, the distance to a leisure agricultural park
was considered the least important criterion by most traveler groups.



Agriculture 2022, 12, 111 16 of 19

Table 10. Recommendation results to ten traveler groups.

Group # Recommendation Choice

1 Leisure agricultural park #1 Leisure agricultural park #1

2 Leisure agricultural park #5 Leisure agricultural park #5

3 Leisure agricultural park #4 Leisure agricultural park #4

4 Leisure agricultural park #6 Leisure agricultural park #6

5 Leisure agricultural park #1 Leisure agricultural park #1

6 Leisure agricultural park #11 Leisure agricultural park #11

7 Leisure agricultural park #2 Leisure agricultural park #3

8 Leisure agricultural park #9 Leisure agricultural park #9

9 Leisure agricultural park #1 Leisure agricultural park #1

10 Leisure agricultural park #11 Leisure agricultural park #11

(1) Three existing fuzzy group decision-making methods were also applied to this case
for comparison. The first was the FGM–FGM–fuzzy weighted average (FWA) method,
in which the decision makers’ fuzzy judgement matrixes were aggregated using FGM.
Then, the fuzzy priorities of criteria were derived using FGM. Finally, the overall
performance of each leisure agricultural park was evaluated using FWA. The second
method was the FGM–FEA–FWA method, wherein FEA [31] was applied to derive
the priorities of criteria in place of the FGM method. The third method was the FGM–
FGM–FTOPSIS method, which was similar to the FGM–FGM–FWA method, except
that fuzzy TOPSIS was employed to compare the overall performances of leisure
agricultural parks. The results obtained using these methods are summarized in
Table 11. It can be observed that the ranking results of leisure agricultural parks using
existing methods were different from those using the proposed methodology, which
is due to the imprecision of these existing methods in deriving the fuzzy priorities of
criteria; for example, the fuzzy priorities of criterion w̃5 derived by decision maker
#1 using various methods are compared in Table 12, showing a significant difference
between these results.

Table 11. Ranking results using existing methods.

h
Rank

(FGM-FGM-
FWA)

Rank
(FGM-FEA-FWA)

Rank
(FGM-FGM-

FTOPSIS)

Rank
(Proposed

Methodology)

1 1 1 1 1

2 2 2 2 3

3 4 4 4 4

4 3 3 3 2

Table 12. Fuzzy priorities of criterion w̃5 derived by decision maker #1 using various methods.

Method w̃5

FGM (0.079, 0.157, 0.309)

FEA 0.257

acFGM (0.087, 0.165, 0.316)

4. Conclusions

Visiting leisure agricultural parks has always been an activity for people to relax and
pursue health [43–46], especially during the COVID-19 pandemic. At the beginning of
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the pandemic, people were hesitant to go to leisure agricultural parks for fear of being
infected. With the increasing popularity of vaccines, people began to resume this leisure
activity. However, during the COVID-19 pandemic, many uncertain factors make choosing
a suitable leisure agricultural park a complicated decision, especially for traveler groups. To
solve this problem, a fuzzy collaborative intelligence approach is proposed in this study. In
the proposed methodology, first, the acFGM method is devised to derive the fuzzy priorities
of criteria. Subsequently, FWI is applied to aggregate the fuzzy priorities derived by all
decision makers to consider their unequal levels of authority. Based on the aggregation
result, the fuzzy VIKOR method is applied to compare the overall performances of leisure
agricultural parks.

The proposed methodology has been applied to a case study to examine its effective-
ness. The results of the case study are reported as follows:

(1) During the COVID-19 pandemic, the willingness of travelers (especially traveler
groups) to go to a leisure agricultural park was quite high.

(2) In choosing a suitable leisure agricultural park, the most important criterion was
the easiness to maintain social distance, while the least important criterion was the
distance to a leisure agricultural park.

(3) Nine of ten traveler groups followed the recommendations, resulting in a successful
recommendation rate of 90%.

The methodology proposed in this research has the following limitations:

(1) The easiness to maintain social distance is directly proportional to the area of a
leisure agricultural park. Although such an evaluation method is simple, it may not
be practical because in a leisure agricultural park, travelers will only go to part of
the area.

(2) Although it is not difficult to write a program to implement the proposed methodology,
the proposed methodology is slightly more complicated than some multi-criteria
decision-making methods for similar purposes.

After the COVID-19 outbreak, many agricultural activities have encountered difficul-
ties and must change; for example, in response to the shortage of manpower supply, should
a farmland owner purchase automated agricultural machinery or change the agricultural
products to reduce manpower requirements? The methodology proposed in this study
can be applied to make these decisions. In addition, this study applies FWI to aggregate
the preferences of decision makers with unequal levels of authority. In future research,
different methods can also be proposed to fulfill the same purpose. These constitute some
directions for future research.
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