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Abstract: Affective design has come to place a premium on customer-centric creativity, which 

ultimately results in the creation of a product tailored to the requirements of a certain demographic. 

Designing a fresh and original item that appeals to clients remains challenging, despite the abundance 

of literature on customer-centric creativity and impact product design. This is so because optimizing 

technological and aesthetical design aspects and variables for a group of consumers is highly 

complicated, and for the same reasons that it is hard to know a customer's choice, enable the product's 

functioning, etc. One of the most important parts of creating cutting-edge technological items is the 

technical product requirement. In reality, we can generally glean insights about a product's design 

by looking at the hidden desires of a comparable set of potential buyers. In this study, we provide a 

unique combined structure for evaluating the factors and needs of customers in product design in 

virtual reality (VR) metaverse by merging the CRiteria Importance Through Intercriteria Correlation 

(CRITIC) approach with single-valued neutrosophic sets (SVNSs). The characteristic weights in this 

approach are calculated using the CRITIC technique. The CRITIC method computes the rank of 

needs. The neutrosophic set is used to overcome the uncertain data. The application of this study 

shows thermal dissipation, airtight construction, weight, and control mechanisms are among the 

most crucial considerations.  

Keywords: Metaverse; Virtual Reality; Product Design; Neutrosophic CRITIC MCDM. 

 

 

1. Introduction 

Even though we describe it perfectly now, the phrase "Metaverse" was originally used in 1992 

by Neal Stephenson, a student at Boston University who is particularly interested in computers, in 

his book Snow Crash. The narrative also makes contemporary references to avatars and virtual reality 

goggles. There's more to life than merely chatting with friends online, and the metaverse promises to 

provide. Pre-metaverse platforms are a kind of promising idea. Sandbox, for instance, provides 

blockchain-based video games, virtual worlds, and e-commerce. Non-fungible tokens (NFTs) exist in 

their own universe as well. It allows users to build their own virtual environments. The 3D scanning 

functionality of the Metahero project shines through, allowing users to create their own avatar in 16K 

resolution and convert it to NFT [1], [2]. 

In addition to providing a fresh take on the Internet, the Metaverse is quickly becoming a 

lucrative market for a wide range of industries. The number of potential financial gains resulting from 

this is straightforward to estimate. Major investments are being made by some of the world's most 

prestigious IT firms in the hope that the metaverse will one day become mainstream. Companies like 

Meta, Microsoft, and Epic Games are good examples. To make the metaverse a reality, we need 

advancements in areas such as wearable gadgets, internet connection methods, etc. Research on open 
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standards are being conducted, and a standards forum for the metaverse is currently being 

developed. Recent years have seen significant development in the realms of both virtual reality (VR) 

and augmented reality (AR). However, when using data flow from senses with different technologies 

and sophisticated methods, safety and confidentiality problems emerge [3]–[5]. 

The growth of the theory of single-valued neutrosophic sets (SVNSs) inspired us to investigate 

its potential use in factors and needs of customers of product design assessment in VR and 

metaverse associated with imprecise expertise, the inaccurate human mind, and unreliable data. In 

order to evaluate the factors and needs of customers of product design selection based on several 

criteria, this research creates a framework using the CRiteria Importance Through Intercriteria 

Correlation (CRITIC) method in an SVNSs setting for the first time. This is because the CRITIC 

method's calculation of objective attribute weights is more in line with common sense when applied 

to MCDM systems [6]–[8]. 

1.1 Factors and needs of customer in product design in VR Metaverse 

Recent decades have seen a rise in the importance of customer-centric innovation as a method 

for facilitating the production of cutting-edge manufactured goods. Innovation and product design 

that resonates with the intended market are propelled by a customer-centric approach. Commercial 

product design creates an item that not only prioritizes its functionality, dependability, 

manufacturability, and novelty, but also places an emphasis on the outlook, form, shape, and look 

that piques consumers' attention and influences their purchase decisions [9].  

Marketing and selling a product that is tailored to the needs of a certain demographic requires 

an innovative approach that puts the consumer at the center. Given that product, perspectives are 

often the central problem influencing the idea development of a product, item enclosure design is 

crucial in the focused on client’s design approach. There have been many academic articles written 

on customer-centric creativity and effective design for goods, but it is still difficult to create anything 

really novel that will find an audience among your target consumers. Knowing what a consumer 

wants, implementing that want into a product, etc., is difficult [10].  

It is challenging to simultaneously maximize the technical and aesthetic qualities of a product's 

design. Immersive devices (e.g., virtual reality/mixed reality headsets), AI structures, mobile phones, 

Internet of Things ( IoT ) goods, etc. all rely heavily on the design of their respective product 

enclosures. The product enclosures safeguard the product's essential electromechanical parts, 

allowing it to function as intended per the design's requirements and specifications. Creating original 

tech products relies heavily on adhering to technical design specifications [11], [12]. 

The main contributions of this study are organized as: 

 The first study applied the MCDM model to rank factors and needs of customer in product 

design on VR metaverse. 

 This is the first study applied the neutrosophic set with the VR metaverse in product design. 

 The CRITIC method is used to compute and rank the factors and needs of customer in product 

design in VR metaverse. 

 The weights of factors are computed based on the standard deviation and correlation 

coefficient between factors. 

2. Metaverse  

In recent years, corporations have been focusing on joining the Metaverse, a permanent and 

decentralized online environment. The use of HMDs is crucial to the development of the Metaverse. 

The Metaverse will likely consist of mixed work surroundings, virtual NFT exchanges, shared and 

distributed immersive experiences, and immersive simulations of performances as the outcome of 

the combination of HMDs alongside additional immersive and novel technologies like blockchain, 
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no fungible tokens (NFTs), artificial intelligence (AI), and Web 3.0. There are numerous potential 

benefits and drawbacks of exploring the immersive Metaverse and its effects on people, 

organizations, and society. Researchers in the field of IS will be able to learn more about these novel 

occurrences and determine which methods work best for conducting studies in the immersive, 

physically-boundless Metaverse [13], [14]. 

Virtual reality (VR) apps, for instance, aim to trick users into thinking they are physically 

experiencing the virtual environment in which they are interacting. In other words, not only does the 

simulation of the actual world blur the border between physical and virtual reality, but the blending 

of human and technical endeavors has also contributed to this phenomenon. Because of this, HMDs 

enable new socio-material practices in the workplace and in daily life by extending the capacities of 

both humans and technology. The overlapping of real and virtual identities, increased cybersecurity 

concerns, security, legal and moral difficulties, and VR-related technostress are all examples of 

potential unintended consequences that might arise from a more porous boundary among the real 

and virtual worlds [15], [16]. 

Since the Metaverse is so immersive, it provides IS researchers with unprecedented possibilities 

for trying out novel strategies (such as the socio-material method), techniques, and theoretical 

concepts. Anonymity, trust, user behavior and misbehavior, and the organizational effects of using 

immersive Metaverses are all areas where this framework can be fruitfully applied to further research 

[17]. 

 

3. Virtual Reality 

The term "virtual reality" (VR) is used to describe computer-generated environments that are 

designed to look and feel like our everyday physical world. Virtual reality (VR) as an idea has been 

around for quite some time. Recent advances in consumer virtual reality head-mounted displays 

(HMDs) have led to a surge in the technology's popularity. Due to its superior technological features, 

including as high-quality picture rendering and a variety of accessories that enable unrestricted 

movement in the virtual world, the HMDs provide the most realistic VR experiences to date. These 

technology advancements pave the way for novel user and business scenarios. The $2.3 billion 

invested in VR startups in 2016 will grow to a $6.1 billion industry by 2020 as a result of the growing 

demand for head-mounted display (HMD)-based virtual reality (VR) innovation. Big Tech is shifting 

its attention back to virtual reality (VR) for both retail and enterprise use, and the industry is projected 

to grow to $20.9 billion by 2025. The virtual reality market is so promising that it is now included 

among the most important technological trends that governments may pursue [18], [19]. 

Many academic disciplines, from computer science to the health sciences, have taken an interest 

in virtual reality. Despite recommendations for greater study in this area, the majority of VR-related 

articles published in mainstream IS journals have dealt with non-immersive VR (i.e. desktop-based 

VR) topics such as virtual worlds and 3D objects. Journals in fields including medicine, retail, travel, 

HCMI, and educational technology are where you'll find the bulk of the known and expanding 

literature on immersive VR [20], [21]. 

Virtual reality (VR) is distinguished by its immersive qualities. The ability of virtual reality (VR) 

gear and software to fool the senses into thinking they are in a different environment is what we mean 

when we talk about immersion. The favorable impact that immersion has on the user's sense of 
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presence in a virtual environment makes it crucial. Awareness, on the other hand, is a subjective 

feeling of being fully immersed in a certain place or situation. Users' actions in virtual reality become 

increasingly consistent with those in the real world as their sense of presence increases, erasing the 

barriers among the two worlds. Therefore, being immersed in a virtual environment is not just VR's 

ultimate objective, but also its distinguishing characteristic [22], [23]. 

 

4. Single Valued Neutrosophic Sets and MCDM 

To cope with the ensuing ambiguity in a variety of fields, the notion of fuzzy sets (FSs) has been 

widely used. Pattern recognition, making choices, computational imaging, and other fields have all 

benefited from the various generalizations of FSs that have been described and applied over the last 

several decades [24]. However, FSs and their expansions are only capable of dealing with partial and 

inaccurate data, and not the indeterminate and unreliable information that arises in practical MCDM 

issues [25], [26]. Smarandache devised the neutrosophic set (NS) notion to sidestep this difficulty. 

Standalone and residing in are the truth, the indeterminacy, and the falsity. The NS is the 

generalization of FSs as stated by Smarandache. As a result, it has found widespread use in a variety 

of contexts [27], [28]. Figure 1 shows the SVNSs with the CRIRIC method. The proposed method is 

starting by using VR and metaverse to rank the customer needs and factors in product design. 

 

Figure 1. The VR metaverse in product design with the neutrosophic CRITIC method. 

5. Metaverse and Authentication 

Some people dismiss the enhanced virtual reality technology known as the Metaverse as pure 

fantasy. However, verses are virtual worlds, and the metaverse is the overarching word for the future 

Internet. Video games also include digital environments, but the metaverse differs in important ways. 

In order to draw in a diverse audience, Metaverse should provide engaging content. 
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The greatest possible user experience requires that all user actions occur simultaneously and in 

real time. The token economy is the key to ensuring the system's long-term viability. The security of 

the network, token economy, and decentralized identities all depend on decentralization. Wallets will 

be used to store and access the digital assets across platforms. The need to safeguard user histories 

and digital assets will grow. We'll need stronger protections in metaverse, notably during the 

authentication process[29], [30]. 

Users and programs must go through authentication before being granted access to a protected 

area. After successfully authenticating, the user should have access to all resources; nevertheless, 

security and privacy must be guaranteed. Security refers to the safeguarding of people and their 

belongings against any and all threats to life and limb. When information, transaction data, or 

communication belonging to the parties engaged in a transaction is shielded from third parties, we 

say that the parties have privacy. As our lives grow increasingly intertwined with technological 

systems, protecting the confidentiality of private information becomes more challenging. Some 

methods that may be used to verify a user's identity in the metaverse include full-body scanning, face 

recognition software, DNA identification, and retinal recognition. Because of the sensitive nature of 

this information, protecting the privacy and security of biometric data is more important than ever 

before[31], [32]. 

6. The CRITIC Method 

The CRITIC method evaluates the relative importance of factors in MCDM problems based on 

hard data. The objective weights do this by combining a measure of correlation coefficient (CRC) 

between qualities with an evaluation of the intensity contrast standard deviation (SD) between 

features[33], [34]. The weights are 𝑒 = (𝑒1, 𝑒2, … . . 𝑒𝑛)
𝑇 , 𝑎𝑛𝑑 ∑ 𝑒𝑗 = 1𝑛

𝑗=1 , 𝑒𝑗 ∈ [0,1]. The steps involved 

in configuring single-valued neutrosophic sets are outlined below. 

(i) Compute the matrix of score  

𝑆(𝑏𝑖𝑗) =
3+𝑇𝑖𝑗−2𝐼𝑖𝑗−𝐹𝑖𝑗

4
                                                                  (1) 

(ii) Convert the score of matrix into a single valued neutrosophic matrix. 

�̃�𝑖𝑗 = 

{
 
 

 
 

𝐵𝑖𝑗−min𝑗
𝐵𝑖𝑗

max
𝑗
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𝑗
𝐵𝑖𝑗
     𝑓𝑜𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎
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𝑗

𝐵𝑖𝑗−𝐵𝑖𝑗
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𝑗
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𝑗
𝐵𝑖𝑗
     𝑓𝑜𝑟 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎

                                             (2) 

(iii) 𝑆𝐷𝑗 = 
√∑ (�̃�𝑖𝑗−∑

�̃�𝑖𝑗

𝑚
𝑚
𝑖=1 )

2
𝑚
𝑖=1

𝑚
                                                           (3) 

(iv) Evaluate the correlation coefficient between features.  

𝑞𝑖𝑗 =
∑ (�̃�𝑖𝑗−∑

�̃�𝑗

𝑚
𝑚
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√∑ (�̃�𝑖𝑗−∑
�̃�𝑗

𝑚
𝑚
𝑗=1 )

2

(�̃�𝑖𝑗−∑
�̃�𝑖
𝑚

𝑚
𝑖=1 )

2
𝑚
𝑖=1

                                                       (4) 

(v) Assess the quantity of information in every feature. 
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𝑃𝑗 =  𝑆𝐷𝑗 ∑ (1 − 𝑞𝑗𝑡)
𝑛
𝑡=1                                                                 (5) 

(vi) Compute the objective weight of features.  

𝑒𝑗 =
𝑃𝑗

∑ 𝑃𝑗
𝑛
𝑗=1

                                                                          (6) 

(vii) Rank the weights of features by the largest value.  

7. Application 

As the metaverse industry evolves rapidly, so are the technical standards for the gear used in it. 

The proposed hybrid approach is useful for evaluating the design of any technology item since it 

takes into account both technological and aesthetic factors. To show how the suggested hybrid 

MCDM technique may be utilized to rank the factors and needs of customers in designing products 

in the VR metaverse. 

It is important to give each element and sub-factor enough consideration when ranking the 

factors and needs of the customer in product design in the VR metaverse. The variables and sub-

factor weights were determined by polling an expert panel. Stakeholders were polled via the use of 

questionnaires. 

Brainstorming sessions or in-depth interviews with prospective customers, key consumers, and 

technical teams are often used to assess consumer requirements. Next, the requirements need to be 

weighted based on how important they are. To achieve this objective, it is helpful to ask participants 

to compare various design elements in a survey by having them rank them on a scale of importance 

using SVNSs CRITIC. The technical design aspects that are most significant to VR head-mounted 

systems are identified via market analysis of technical requirements. 

The SVNSs CRITIC is used to compute the weights of factors and needs of customers in product 

design in the VR metaverse. We collected four main factors and 14 sub-factors in the needs of 

customers to compute the weight as shown in Figure 2. 

 

Figure 2. The needs and factors of customer in product design in VR metaverse. 

The SVNSs CRITIC method is applied in the data, which collected from survey and previous 

studies. We collect experts have expertise in product design and VR metaverse to assess the factors 

and needs of customer in product design in VR metaverse. The experts build the score matrix by 

using single valued neutrosophic numbers by using Eq. (1). Then compute the normalization score 

matrix by using Eq. (2). Then compute the standard deviation by using Eq. (3). Then compute the 

correlation between features by using Eq. (4) as shown in Table 1. Then assess the information by all 

features by using Eq. (5) as shown in Table 2. Then compute the objective weight by using Eq. (6) as 

shown in Figure 3. The rank the weights of features. From Figure 3, thermal dissipation, airtight 

construction, weight, and control mechanisms are among the most crucial considerations. 
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Table 1. Correlation coefficient of all features. 
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Table 2. The evaluation of information of every feature. 
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Figure 3. The objective weight of all features. 

8. Conclusion 

As technology firms shift their focus to immersive VR as a strategic chance, the VR sector is 

quickly developing increasingly powerful and adaptable HMDs and VR accessories. The VR 

metaverse has a big attention in product design, so many firms seek to obtain the needs of customers 

to improve their product design. So this paper used the MCDM method to rank factors and needs of 

customers in product design in the VR metaverse. The purpose of this research is to propose a novel 

decision-making approach to evaluating and ranking factors and needs of customers in product 

design in the VR metaverse in an SVNSs setting. First, a novel approach was presented that used the 

CRITIC technique while also making use of SVNSs. The CRITIC approach was used to calculate the 

relative importance of each criterion in this technique. The needs of customers are ranked based on 

the CRITIC method. The neutrosophic set is used to overcome incomplete and vague data. Thermal 

dissipation, airtight construction, weight, and control mechanisms are among the most crucial 

considerations. 
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