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Abstract: With rising living standards, rural tourism near cities has rapidly developed, playing a 

key role in the sustainable development of urban economies and societies. Factors like ecological 

environment, historical and cultural resources, and landscape significantly influence the 

competitiveness of rural tourism. However, current research on this topic is still in its early stages, 

with a focus on tourism benefits to cities, often overlooking other impacts. Rural tourism boosts 

employment, promotes rural industries, and increases farmers' incomes, accelerating rural 

urbanization and economic growth. Therefore, evaluating the competitiveness of rural tourism near 

cities is essential for its development. The evaluation of rural tourism competitiveness in the vicinity 

of cities is multiple-attribute group decision-making (MAGDM) problem. Recently, the Combined 

Compromise Solution (CoCoSo) approach has been used to address MAGDM. Interval 

neutrosophic sets (INSs) are employed as approach to characterize uncertain data in the evaluation 

of rural tourism competitiveness in areas surrounding cities. In this research, the CoCoSo approach 

is structured for MAGDM with INSs. Then, the interval neutrosophic numbers CoCoSo with 

SuperHyperSoft (INN-SHS-CoCoSo) approach, based on Hamming distance with the 

SuperHyperSoft, is developed for MAGDM. SuperHyperSoft is used to teat a set of criteria and sub 

criteria. Finally, a practical numerical example for the evaluation of rural tourism competitiveness 

in areas surrounding cities is developed to demonstrate the INN-SHS-CoCoSo approach. 

 Keywords: MAGDM; INSs; Combined Compromise Solution (CoCoSo); rural tourism 

competitiveness evaluation; SuperHyperSoft. 

  

1. Introduction 

The traditional attraction tourism model, with the ticket economy as the link, majorly by the 

tourism authorities planning and management of single attractions (scenic spots) construction and 

operation, in general, has a closed and self-circulating characteristics and the development of 

tourism industry is highly dependent on the attractions (scenic spots) of the ticket revenue, the lack 
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of " tourism+"[1]. The development of tourism industry is highly dependent on the ticket income of 

attractions (scenic spots), lacking the idea of "tourism+" integrated development, failing to 

coordinate the construction of tourism infrastructure and public services, and having a single 

mechanism for tourism growth. Promoting "regional tourism" is a far-reaching change in thinking 

and strategic adjustment for the modernization and development of China's tourism[2]. Earlier, 

"regional tourism" appeared in the local tourism sector in the work of planning and summarizing 

the report, just a conceptual term, but has attracted the attention of the academic community [3]. 

The so-called regional tourism can be understood as a new concept and mode of integrating natural 

resources and social resources in a specific geographic space, developing regional characteristic 

industries with tourism industry as a tractor, and promoting sustainable and coordinated economic 

and social development of the region with the support of relevant policies and institutional 

mechanisms[4]. The idea of regional tourism helps to give full play to the economic and social 

development advantages of a specific geographic space, realizing the cross-border integration of 

regional industries, especially the optimization of the whole region in the development of natural 

resources, common construction of transportation and communication, ecological environmental 

protection, the construction of a unified market, and the sharing of public services, etc., which can 

enhance the effectiveness of the integration of the tourism industry as a regional characteristic 

industry[5]. With the socio-economic development, local economic restructuring, and the promotion 

of metropolitan areas and regional integration development strategies, the formation and 

development of regional tourism has a natural resource base and socio-economic conditions. It is an 

innovative model to implement the five development concepts, fully reflecting the strategic position 

and social value of tourism. Some commentators have suggested that the key issue for the 

development of regional tourism lies in the deeper integration of industrial development, new 

urbanization construction, business development, cultural tourism development, etc., so as to realize 

the integration of "industry, city, business, tourism and culture". Therefore, regional culture has a 

multiplier effect, which can significantly enhance the value of the tourism industry chain. "Regional 

Culture + Regional Tourism" is a new business model for the development of the tourism industry, 

whose core winning element is regional culture, the platform for the operation of the model is 

regional tourism, and the products sold are tourism service products with additional cultural 

connotations, which participate in the competition in the tourism market. 

Fuzzy decision-making is a prominent area of research, significantly impacting both production 

and daily life [6-8]. Despite its relatively recent emergence, fuzzy MAGDM has garnered substantial 

interest from scholars globally, resulting in numerous research achievements. Evaluating rural 

tourism competitiveness in nearby cities exemplifies MAGDM [9]. Recently, the CoCoSo approach 

[10-14] and information entropy approach [15] have been employed to address MAGDM challenges. 

Interval neutrosophic sets (INSs) [16] serve as a means to characterize uncertain information in 

evaluating rural tourism competitiveness in adjacent cities. To date, few techniques have applied the 

CoCoSo approach using Hamming distance within the context of INSs. Consequently, an interval 

neutrosophic numbers CoCoSo (INN-SHS-CoCoSo) approach, Hamming distance, has been 

developed for MAGDM under INSs. An example illustrating rural tourism competitiveness 

evaluation in nearby cities, underscores the effectiveness and reliability of the INN-SHS-CoCoSo 

technique. This paper introduces the INN-SHS-CoCoSo approach, utilizing Hamming distance to 
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tackle MAGDM under SVNSs. Ultimately, a numerical case study focused on rural tourism 

competitiveness evaluation in nearby cities is presented to validate the proposed approach.  

The main objectives of this paper are constructed: 

(1) Development of a novel MAGDM approach: The paper aims to introduce a new Multiple 

Attribute Group Decision-Making (MAGDM) method by integrating the Combined Compromise 

Solution (CoCoSo) approach with Interval Neutrosophic Sets (INSs). This novel approach is 

designed to manage complex decision-making scenarios where uncertainty and imprecision play a 

significant role. 

(2) Application of the INN-SHS-CoCoSo method in rural tourism evaluation: The paper 

introduces a new MAGDM model using the INN-SHS-CoCoSo technique with SuperHyperSoft to 

evaluate the competitiveness of rural tourism in nearby cities. This approach allows for a 

comprehensive assessment of various tourism attributes, providing a more robust and accurate 

analysis of competitiveness in the rural tourism sector. 

   The framework of the paper is structured as follows: 

Section 2: Introduction to INSs: This section introduces INSs as a mathematical tool for 

handling uncertain and imprecise information, which is key to evaluating rural tourism 

competitiveness and other decision-making scenarios. 

Section 3: Construction of INN-SHS-CoCoSo approach under INSs: Here, the authors detail 

the development of INN-SHS-CoCoSo approach, which integrates the Hamming distance. This 

approach is designed to solve MAGDM in environments with uncertainty. 

Section 4: Illustrative Case for User Experience Evaluation of Virtual Reality Products: 

This section provides a real-world example to demonstrate how the INN-SHS-CoCoSo approach 

can be applied beyond rural tourism. Specifically, it applies the method to evaluate user experiences 

with virtual reality products, showcasing the method's versatility. 

Section 5: Final Remarks: Concluding observations about the method's performance, strengths, 

and potential improvements are discussed in this section. 

Section 6: Research Limitations and Future Directions: This section outlines the limitations 

of the current research, acknowledging areas for improvement, and suggests potential avenues for 

future research, such as refining the method or applying it to other domains. 

This structured framework ensures that the paper provides a comprehensive and detailed 

examination of the INN-SHS-CoCoSo method, from its theoretical underpinnings to practical 

applications and future considerations. 

2. Basic knowledge 

Wang et al. [17] assembled the SVNSs 

Definition 1 [17]. The SVNSsWA in is assembled: 
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( ) ( ) ( )( ) , , ,A A AWA WT WI WF    =                     (1) 

where ( ) ( ) ( )  , , 0,1A A AWT WI WF     is truth-membership (TM), indeterminacy-

membership (IM) and falsity-membership (FM), ( ) ( ) ( )  , , 0,1A A AWT WI WF     and 

satisfies ( ) ( ) ( )0 3A A AWT WI WF   + +  .  

Wang et al.[16] assembled the INSs. 

Definition 2[16]. The INSs A in is assembled: 

( ) ( ) ( )( ) , , ,
A A A

WA WT WI WF    =                     (2) 

where the ( ) ( ) ( ), ,
A A A

WT WI WF    depicts the TM, IM and FM, 

( ) ( ) ( )  , , 0,1
A A A

WT WI WF     and satisfies 

( ) ( ) ( )0 sup sup sup 3
A A A

WT WI WF   + +  . 

   The (INN) is expressed as

( ) ( ), , , , , , ,
A A A A A A A A A

WA WT WI WF WTL WTR WIL WIR WFL WFR= =             , where 

 , , 01
A A A

WT WI WF  ， , and 0 + + 3
A A A

WTR WIR WFR  . 

Definition 3 [18]. Let ( ), , , , ,
A A A A A A

WA WTL WTR WIL WIR WFL WFR=             be INN, a 

score value is assembled: 

( )
( ) ( )2 2

6

A A A A A A
WTL WIL WFL WTR WIR WFR

SV WA
+ − − + + − −

= , ( )  0,1S WA  .  

(3) 

Definition 4[18]. Let ( ), , , , ,
A A A A A A

WA WTL WTR WIL WIR WFL WFR=              be an INN, 

an accuracy value is assembled: 

( )
( ) ( )

2

A A A A
WTL WTR WFL WFR

AV WA
+ − +

= , ( )  1,1AV WA  −  .      (4) 

  Huang et al. [19] assembled the order between INNs. 

Definition 5[18]. Let ( ), , , , ,
A A A A A A

WA WTL WTR WIL WIR WFL WFR=              and 

( ), , , , ,
B B B B B B

WB WTL WTR WIL WIR WFL WFR=             be two INNs, 
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( )
( ) ( )2 2

6

A A A A A A
WTL WIL WFL WTR WIR WFR

SV WA
+ − − + + − −

=   and 

( )
( ) ( )2 2

6

B B B B B B
WTL WIL WFL WTR WIR WFR

SV WB
+ − − + + − −

=  , and 

( )
( ) ( )

2

A A A A
WTL WTR WFL WFR

AV WA
+ − +

=   and 

( )
( ) ( )

2

B B B B
WTL WTR WFL WFR

AV WB
+ − +

=  , if ( ) ( )SV WA SV WB  , WA WB  ; if 

( ) ( )SV WA SV WB=  , (1) if ( ) ( )AV WA AV WB=  , WA WB=  ; (2) if 

( ) ( )SV WA SV WB , WA WB . 

Definition 6[20]. Let ( ), , , , ,
A A A A A A

WA WTL WTR WIL WIR WFL WFR=              and 

( ), , , , ,
B B B B B B

WB WTL WTR WIL WIR WFL WFR=               be two INNs, the operations are 

presented: 

( ), ,
(1) ;

, , ,

, ,

(2) ,

B B B BA A A A

B B B BA A A A

B BA A

B B B BA A A A

WTL WTL WTL WTL WTR WTR WTR WTR
WA WB

VIL VIL VIR VIR VFL VFL VFR VFR

WTL WTL WTR WTR

WA WB WIL WIL WIL WIL WIR WIR WIR WIR

 + − + −
  =
        

  

 = + − + −

( ) ( )

( ) ( ) ( ) ( )

( )
( ) ( ) ( ) ( )

, ;

,

1 1 ,1 1 ,

(3) , 0;

, , ,

, , , ,

(4)

1 1

B B B BA A A A

A A

A A A A

A A A A

WFL WFL WFL WFL WFR WFR WFR WFR

WTL WTR

WA

WIL WIR WFL WFR

WTL WTR WIL WIR

VA

WF

 

   

   



 

 
 
  
 
 + − + −   

  − − − −
  

=  
    
    

   
   

=

− −( ) ( )
, 0.

,1 1
A A

L WFR
 



 
 

 
 − − 
  

 

Definition 7[21]. Let ( ), , , , ,
A A A A A A

WA WTL WTR WIL WIR WFL WFR=              and 

( ), , , , ,
B B B B B B

WB WTL WTR WIL WIR WFL WFR=             , then INN Hamming distance 

(INNHD) is assembled: 
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( )
1

,
6

B B BA A A

B B BA A A

WTL WTL WTR WTR WIL WIL
INNHD WA WB

WIR WIR WFL WFL WFR WFR

 − + − + − +
 =
 − + − + − 

   (5) 

The INNWA operator [20] are assembled: 

Definition 8[20]. Let ( ), , , , ,j j j j j j jVA VTL VTR VIL VIR VFL VFR     =       be INNs, the 

INNWG operator is assembled: 

 

( )

( ) ( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( )

1 2

1 2

1 2

1

1

1

1 1

1

1

INNWG , ,

1

, ,

1 ,1 ,

1 1 ,

=

1 1

,

,

1

n j

j j

j j

j j

n

nw w w w

n j
j

w w

ij ij

w w
k k

i

i

n n

j

j

j

l l

k k

l l

ij

w w
k k

j

k k

i j

WA WA WA

WA WA WA WA

WTL WTR

WFL WFR

WTL WTR

= =

= =

= =

=
  = 

  
  
  
 
  = − −   
− −

 
− − − −



 
 

 
 
 

 

 

 
               (6) 

where ( )1 2= , ,...,
T

nw w w w be weight of 
jWA ,

1

0, 1.
n

j j

j

w w
=

 =
 

3. Method  

INN-SHS-CoCoSo approach is assembled for MAGDM. Let  1 2, , , mWA WA WA WA=  

be alternatives, and attributes  1 2, , , nWG WG WG WG=  with weight  , where  0,1j   ,

1

1
n

j

j


=

= and experts  1 2, , , qWE WE WE WE= with weight be 1 2, , , tw w w .  

Suppose the universe set 𝐷 = {𝐶1, 𝐶2, … , 𝐶𝑛}  and the 𝑃(𝐷)  is the power set of 𝐷 . As well 

𝑌1, 𝑌2, … , 𝑌𝑛 are criteria.  𝑃(𝑌1), 𝑃(𝑌2), 𝑎𝑛𝑑 𝑃(𝑌3) are the power sets of 𝑌1, 𝑌2, … , 𝑌𝑛. 

Let 𝐹: 𝑃(𝑌1) × 𝑃(𝑌2) × 𝑃(𝑌3) → 𝑃(𝐷) and this is called SuperHyperSoft. 

𝑃(𝑌1) × 𝑃(𝑌2) × 𝑃(𝑌3)

= {{𝑌11}, {𝑌12}, {𝑌11, 𝑌12}} × {{𝑌21}, {𝑌22}, {𝑌21, 𝑌22}}

× {{𝑌31}, {𝑌32}, {𝑌33}, {𝑌31, 𝑌32}, {𝑌31, 𝑌33}, {𝑌32, 𝑌33}, {𝑌31, 𝑌32, 𝑌33}} 

 

The INN-SHS-CoCoSo approach is assembled for MAGDM: 

Step 1. Build the INN-matrix 
t t

ij m n
WR WR


 = =   

( ), , , , ,t t t t t t

ij ij ij ij ij ij
m n

WTL WTR WIL WIR WFL WFR


            and average matrix ij m n
WR WR


 =   : 
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1 2

1 11 12 1

2 21 22 2

1 2

n

t t t

n

t t t

t t n

ij m n

t t t
m m m mn

WG WG WG

WA WR WR WR

WA WR WR WR
WR WR

WA WR WR WR



 
 
  = =   
 
  

                      (7) 

1 2

1 11 12 1

2 21 22 2

1 2

n

n

n

ij m n

m m m mn

WG WG WG

WA WR WR WR

WA WR WR WR
WR WR

WA WR WR WR



 
 
  = =   
 
 

                      (8) 

Based on INNWG, the

( ), , , , ,ij ij ij ij ij ij ijm n m n
WR WR WTL WTR WIL WIR WFL WFR

 
      = =         is: 

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( )

1 22

1

1

1

1

1

1 1

, ,

1 ,

= ,

1 ,

1 ,1

t

j j

j j

j j

w w w
t

ij ij ij ij

w w
t t

ij ij

w w
t t

ij ij

w w
t t

j

t t

k k

t t

k k

t t

k k

i ij

WR WR WR WR

WTL WTR

WIL WIR

WFL WFR

= =

= =

= =


− −

−

 

  
  
  
  
 =  
  
 
  
 
  

−

 

 

 

                 (9) 

Step 2. Then we obtained the crisp values. 

Step 3. Combined the decision matrix. 

Step 4. Normalized the decision matrix. 

Step 5. Normalize the decision matrix 

𝑌𝑖𝑗 =
𝑊𝑅𝑖𝑗−min 𝑊𝑅𝑖𝑗

max 𝑊𝑅𝑖𝑗−min 𝑊𝑅𝑖𝑗
 for beneficial criteria.                                      (10) 

𝑌𝑖𝑗 =
max 𝑊𝑅𝑖𝑗−𝑊𝑅𝑖𝑗

max 𝑊𝑅𝑖𝑗−min 𝑊𝑅𝑖𝑗
 for cost criteria.                                           (11) 

Step 6. Compute the criteria weights by using the mean method. 

Step 7. Compute the total of the weighted comparability sequence of each alternative. 

𝑋𝑖 =  ∑ 𝑤𝑗𝑌𝑖𝑗
𝑛
𝑗=1                                                               (12) 

Step 8. Compute the whole power weight of compatibility sequence of each alternative. 

𝑍𝑖 =  ∑ (𝑌𝑖𝑗)
𝑤𝑗

   𝑛
𝑗=1                                                            (13) 

Step 9. Compute the relative weights of the alternatives by using the aggregate strategies. 

𝐾𝑖𝑎 =
𝑍𝑖+𝑋𝑖

∑ (𝑍𝑖+𝑋𝑖)𝑚
𝑖=1

                                                              (14) 

𝐾𝑖𝑏 =
𝑋𝑖

min 𝑋𝑖
+

𝑍𝑖

min 𝑍𝑖
                                                           (15) 
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𝐾𝑖𝑐 =
𝜸(𝑋𝑖)+(1−𝛽)(𝑍𝑖)

𝛽 max 𝑋𝑖+(1−𝛽) max 𝑍𝑖
; 0 ≤ 𝜸 ≤ 1                                            (16) 

Step 10. Compute the assessment value 

𝐾𝑖 = (𝐾𝑖𝑎𝐾𝑖𝑏𝐾𝑖𝑐)
1

3 +
1

3
(𝐾𝑖𝑎 + 𝐾𝑖𝑏 + 𝐾𝑖𝑐)                                          (17) 

Step 11. Rank the alternatives. 

4. Numerical example for rural tourism competitiveness evaluation 

With the development of the social economy and the improvement of living standards, people's 

demand for leisure activities and connecting with nature is gradually increasing. Rural tourism, 

which encompasses rural scenery, rural life, and rural culture, has emerged as a popular trend. The 

impact of rural tourism on rural society and the economy is multifaceted, promoting increased 

farmers' income, agricultural efficiency, rural cultural construction, and ecological environment 

improvement. It significantly drives the adjustment of rural industrial structures and the construction 

of a modern rural economic development system. Therefore, promoting the high-quality 

development of rural tourism aligns with contemporary needs. Rural tourism attracts urban tourists 

primarily because rural areas possess primitive cultures and histories that are rapidly disappearing 

with urban-rural integration. In developing rural tourism, local governments must comprehensively 

understand and analyze local cultural resources, systematically extract regional characteristic 

cultural resources with tourism development value, and focus on the systematic development of 

intangible cultural heritage. This heritage should be organically integrated with the modern tourism 

industry to enhance the cultural connotation of rural tourism, form a new development model that 

achieves mutual benefits, and integrate culture and tourism effectively. 

The development of rural tourism relies heavily on the active participation of local residents, 

especially in a competitive environment. Many regions have rich intangible cultural heritage, and 

effectively integrating this heritage with the rural tourism industry can further enhance its core 

competitiveness. To continuously strengthen the core competitiveness of the rural tourism industry, 

it is crucial for local villagers to actively participate, increase the inheritance and protection of 

intangible cultural heritage, enhance its influence, and promote the development of the rural tourism 

industry. Evaluating rural tourism competitiveness in surrounding cities involves MAGDM. This 

process requires a comprehensive assessment of various attributes and factors that contribute to the 

attractiveness and sustainability of rural tourism destinations. By employing advanced decision-

making approaches such as INN-SHS-CoCoSo technique, local governments and stakeholders can 

make informed decisions to foster the high-quality development of rural tourism, ensuring it meets 

the evolving needs and preferences of tourists while preserving and enhancing local cultural heritage. 
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Five rural tourism demonstration zones
 
assessed with six attributes: Ten rural tourism demonstration 

zones
 
are assessed with INNs under three experts with equal weight. Table 1 shows the list of criteria 

and weight. 

Table 1. List of criteria. 

 Criteria  Values Weights  

C1 Transport Accessibility <50%, >100%. 0.174973 

C2 Cultural Heritage Sites <20, >20 0.159406 

C3 Accommodation Capacity <50, >50 beds 0.176843 

C4 Visitor Satisfaction High, Moderate, Low 0.158682 

C5 Environmental Conservation Efforts <50%, >50% 0.164595 

C6 Tourism Revenue <$1M, > $100M. 0.1655 

We built the decision matrix as shown in Table 2. Then we compute the criteria weights as shown 

in Table 1. 

Table 2. The decision matrix. 

 C1 C2 C3 C4 C5 C6 

A1 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) 

A2 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A3 ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

A4 ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) 

A5 ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

A6 ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) 

A7 ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) 

A8 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) 

A9 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A10 ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

 C1 C2 C3 C4 C5 C6 

A1 ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) 

A2 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A3 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

A4 ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) 

A5 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

A6 ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) 

A7 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A8 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

A9 ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) 

A10 ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

 C1 C2 C3 C4 C5 C6 

A1 ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

A2 ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) 

A3 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 
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A4 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A5 ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

A6 ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) 

A7 ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) 

A8 ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.2,0.3],[0.3,0.4],[0.7,0.8]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

A9 ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.6],[0.5,0.6],[0.4,0.5]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) 

A10 ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.5,0.5],[0.6,0.7],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.5,0.6]) ([0.3,0.4],[0.4,0.5],[0.6,0.7]) ([0.6,0.7],[0.4,0.5],[0.3,0.4]) ([0.1,0.2],[0.1,0.2],[0.8,0.9]) 

 

Based on SuperHyperSoft we can suggest a set of suggestions for sub criteria to rank the alternatives  

Let 𝐹: ({< 50%, > 100%}, {< 20, > 20}, {> 50 beds}, {High}, {> 50%}, {>  $100M}) . There are 

four suggestions such as: 

S1: <50%, <20, >50 beds, high, >50%, <$100m 

S2: <50%, >20, >50 beds, high, >50%, <$100m 

S3: >50%, <20, >50 beds, high, >50%, <$100m 

S4: >50%, >20, >50 beds, high, >50%, <$100m 

Then we applied the proposed method for 4 suggestions.  

Suggestion 1 

We normalized the decision matrix as shown in Table 3. 

Then we computed the total of the weighted comparability sequence for each alternative as shown 

in Table 4. 

Then we computed the power weight. 

Then we computed the relative weights of the alternatives. 

Then we computed assessment values. 

Then we ranked the alternatives as shown in Figure 1.  

Table 3. The normalized decision matrix. 

 C1 C2 C3 C4 C5 C6 

A1 0.43 0.31068 0.606796 0.755208 0.730539 0.843318 

A2 0.96 0.349515 0.587379 0.536458 0.742515 1 

A3 0.235 0.694175 0.81068 0 0.107784 0 

A4 1 0.621359 0.742718 0.760417 0.197605 0.672811 

A5 0.885 0.514563 0.723301 0.78125 1 0.539171 

A6 0.625 0.446602 0.121359 0.979167 0.047904 0.75576 

A7 0.675 0.121359 0 0.427083 0.57485 0.820276 

A8 0 0 1 0.505208 0 0.331797 

A9 0.48 1 0.927184 1 0.083832 1 

A10 0.91 0.708738 0.650485 0.609375 0.57485 0.179724 

Table 4. The weighted comparability sequence. 
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 C1 C2 C3 C4 C5 C6 

A1 0.075238 0.049524 0.107308 0.119838 0.120243 0.139569 

A2 0.167974 0.055715 0.103874 0.085126 0.122214 0.1655 

A3 0.041119 0.110656 0.143363 0 0.017741 0 

A4 0.174973 0.099049 0.131345 0.120665 0.032525 0.11135 

A5 0.154851 0.082025 0.127911 0.123971 0.164595 0.089233 

A6 0.109358 0.071191 0.021462 0.155376 0.007885 0.125078 

A7 0.118107 0.019345 0 0.067771 0.094618 0.135756 

A8 0 0 0.176843 0.080168 0 0.054913 

A9 0.083987 0.159406 0.163966 0.158682 0.013798 0.1655 

A10 0.159225 0.112977 0.115034 0.096697 0.094618 0.029744 

 

Suggestion 2 

We normalized the decision matrix as shown in Table 5. 

Then we computed the total of the weighted comparability sequence for each alternative as shown 

in Table 6. 

Then we computed the power weight. 

Then we computed the relative weights of the alternatives. 

Then we computed The assessment values. 

Then we ranked the alternatives as shown in Figure 1.  

Table 5. The normalized decision matrix. 

 C1 C2 C3 C4 C5 C6 

A1 0.43 0.626728 0.606796 0.755208 0.730539 0.843318 

A2 0.96 0.557604 0.587379 0.536458 0.742515 1 

A3 0.235 0.331797 0.81068 0 0.107784 0 

A4 1 0.820276 0.742718 0.760417 0.197605 0.672811 

A5 0.885 0.603687 0.723301 0.78125 1 0.539171 

A6 0.625 0.691244 0.121359 0.979167 0.047904 0.75576 

A7 0.675 0.672811 0 0.427083 0.57485 0.820276 

A8 0 0 1 0.505208 0 0.331797 

A9 0.48 1 0.927184 1 0.083832 1 

A10 0.91 0.442396 0.650485 0.609375 0.57485 0.179724 

Table 6. The weighted comparability sequence. 

 C1 C2 C3 C4 C5 C6 

A1 0.075238 0.099904 0.107308 0.119838 0.120243 0.139569 

A2 0.167974 0.088886 0.103874 0.085126 0.122214 0.1655 

A3 0.041119 0.052891 0.143363 0 0.017741 0 

A4 0.174973 0.130757 0.131345 0.120665 0.032525 0.11135 

A5 0.154851 0.096231 0.127911 0.123971 0.164595 0.089233 
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A6 0.109358 0.110189 0.021462 0.155376 0.007885 0.125078 

A7 0.118107 0.10725 0 0.067771 0.094618 0.135756 

A8 0 0 0.176843 0.080168 0 0.054913 

A9 0.083987 0.159406 0.163966 0.158682 0.013798 0.1655 

A10 0.159225 0.070521 0.115034 0.096697 0.094618 0.029744 

Suggestion 3 

We normalized the decision matrix as shown in Table 7. 

Then we computed the total of the weighted comparability sequence for each alternative as shown 

in Table 8. 

Then we computed the power weight. 

Then we computed the relative weights of the alternatives. 

Then we computed The assessment values. 

Then we ranked the alternatives as shown in Figure 1.  

Table 7. The normalized decision matrix. 

 C1 C2 C3 C4 C5 C6 

A1 0.43 0.31068 0.606796 0.755208 0.730539 0.843318 

A2 0.96 0.349515 0.587379 0.536458 0.742515 1 

A3 0.235 0.694175 0.81068 0 0.107784 0 

A4 1 0.621359 0.742718 0.760417 0.197605 0.672811 

A5 0.885 0.514563 0.723301 0.78125 1 0.539171 

A6 0.625 0.446602 0.121359 0.979167 0.047904 0.75576 

A7 0.675 0.121359 0 0.427083 0.57485 0.820276 

A8 0 0 1 0.505208 0 0.331797 

A9 0.48 1 0.927184 1 0.083832 1 

A10 0.91 0.708738 0.650485 0.609375 0.57485 0.179724 

Table 8. The weighted comparability sequence. 

 C1 C2 C3 C4 C5 C6 

A1 0.075238 0.049524 0.107308 0.119838 0.120243 0.139569 

A2 0.167974 0.055715 0.103874 0.085126 0.122214 0.1655 

A3 0.041119 0.110656 0.143363 0 0.017741 0 

A4 0.174973 0.099049 0.131345 0.120665 0.032525 0.11135 

A5 0.154851 0.082025 0.127911 0.123971 0.164595 0.089233 

A6 0.109358 0.071191 0.021462 0.155376 0.007885 0.125078 

A7 0.118107 0.019345 0 0.067771 0.094618 0.135756 

A8 0 0 0.176843 0.080168 0 0.054913 

A9 0.083987 0.159406 0.163966 0.158682 0.013798 0.1655 

A10 0.159225 0.112977 0.115034 0.096697 0.094618 0.029744 

Suggestion 4 

We normalized the decision matrix as shown in Table 9. 
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Then we computed the total of the weighted comparability sequence for each alternative as shown 

in Table 10. 

Then we computed the power weight. 

Then we computed the relative weights of the alternatives. 

Then we computed The assessment values. 

Then we ranked the alternatives as shown in Figure 1. We show the alternative 5 is the best. 

Table 9. The normalized decision matrix. 

 C1 C2 C3 C4 C5 C6 

A1 0.43 0.626728 0.606796 0.755208 0.730539 0.843318 

A2 0.96 0.557604 0.587379 0.536458 0.742515 1 

A3 0.235 0.331797 0.81068 0 0.107784 0 

A4 1 0.820276 0.742718 0.760417 0.197605 0.672811 

A5 0.885 0.603687 0.723301 0.78125 1 0.539171 

A6 0.625 0.691244 0.121359 0.979167 0.047904 0.75576 

A7 0.675 0.672811 0 0.427083 0.57485 0.820276 

A8 0 0 1 0.505208 0 0.331797 

A9 0.48 1 0.927184 1 0.083832 1 

A10 0.91 0.442396 0.650485 0.609375 0.57485 0.179724 

Table 10. The weighted comparability sequence. 

 C1 C2 C3 C4 C5 C6 

A1 0.075238 0.099904 0.107308 0.119838 0.120243 0.139569 

A2 0.167974 0.088886 0.103874 0.085126 0.122214 0.1655 

A3 0.041119 0.052891 0.143363 0 0.017741 0 

A4 0.174973 0.130757 0.131345 0.120665 0.032525 0.11135 

A5 0.154851 0.096231 0.127911 0.123971 0.164595 0.089233 

A6 0.109358 0.110189 0.021462 0.155376 0.007885 0.125078 

A7 0.118107 0.10725 0 0.067771 0.094618 0.135756 

A8 0 0 0.176843 0.080168 0 0.054913 

A9 0.083987 0.159406 0.163966 0.158682 0.013798 0.1655 

A10 0.159225 0.070521 0.115034 0.096697 0.094618 0.029744 
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Figure 1. The rank of alternatives. 

5. Conclusion and contributions 

The evaluation of rural tourism competitiveness around cities aims to analyze and assess the 

overall performance and attractiveness of rural tourism destinations in the market. With the 

acceleration of urbanization, more and more urban residents are choosing rural areas as short-term 

vacation and leisure destinations, making the evaluation of rural tourism competitiveness 

particularly important. By comprehensively analyzing the resource advantages, visitor experience, 

market performance, and development potential of rural tourism, stakeholders and operators can 

better understand their market position and identify potential areas for improvement. At the same 

time, such evaluations provide a basis for policymakers to optimize rural tourism development 

strategies, improve the quality of tourism services, and promote the sustainable growth of rural 

economies. Ultimately, the competitiveness of rural tourism not only affects the number of visitors 

and their satisfaction but also determines its long-term development prospects in the tourism market. 

The evaluation of rural tourism competitiveness in surrounding cities involves MAGDM. Recently, 

the CoCoSo approach has been effectively applied to address MAGDM challenges. In this context, 

INSs serve as a tool for handling uncertain information during the evaluation process. The proposed 

INN-SHS-CoCoSo approach utilizes the Hamming distance to address MAGDM under INSs.  

This approach integrates the following components: 

(1) INSs with SuperHyperSoft for Uncertainty: INSs with SuperHyperSoft effectively 

manage the uncertainty and vagueness inherent in the evaluation process, allowing for more 
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nuanced decision-making. 

(2) Hamming Distance: The Hamming distance is employed to measure the difference between 

interval neutrosophic numbers. 

A numerical case study is provided to validate the effectiveness of the proposed INN-SHS-

CoCoSo approach. This case study demonstrates how the approach can be applied to assess rural 

tourism competitiveness, thereby offering a robust framework for decision-makers to prioritize and 

optimize rural tourism development strategies. 

6. Research limitations and future research works 

Although this paper proposes an effective evaluation method for the competitiveness of rural 

tourism around cities, there are still some shortcomings. First, the neglect of external factors is a 

major issue. The paper focuses on internal factors (such as resources and facilities) for evaluation 

but overlooks the potential impact of external factors like policy support, market demand changes, 

and technological advancements. These external factors could play a crucial role in real-world 

operations. Second, the complexity of the model's application limits its practicality. While the use 

of Interval Neutrosophic Sets (INSs) effectively handles uncertainty, the calculations are complex 

and highly specialized, making it challenging for ordinary rural tourism managers or decision-

makers to apply these methods efficiently. Lastly, the lack of consideration for dynamic changes is 

another deficiency. The evaluation in this paper is based on static data, without accounting for the 

dynamic nature of factors such as the rural tourism market over time, which may result in a lack of 

forward-looking competitiveness assessment. 

For future research directions, the following three aspects can be considered: 

(1) Incorporating external factors: Future studies should integrate external factors such as 

policy support, changes in market demand, and technological innovations into the evaluation model 

of rural tourism competitiveness to improve the comprehensiveness and realism of the assessment. 

This would not only more accurately reflect competitiveness but also provide stronger references 

for policymakers.  

(2) Simplifying the model and developing practical tools: Further research should consider 

how to simplify complex evaluation models or develop user-friendly decision-support tools, 

enabling rural tourism managers to more easily apply these models. This would help improve the 

operability and applicability of the evaluation methods. 

(3) Introducing dynamic evaluation models: Future research could explore how to introduce 

a time dimension into competitiveness evaluations, developing dynamic models that track changes 

in rural tourism competitiveness over time. This would help decision-makers adjust strategies in 
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response to changes in the market and environment, ensuring the sustainable development of rural 

tourism. 
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