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Abstract: Blockchain is one of the innovative and disruptive technologies that has a wide range of applications in multiple industries beyond cryptocurrency. The widespread adoption of blockchain technology in various industries has shown its potential to solve challenging business problems, as well as the possibility to create new business models which can increase a firm’s competitiveness. Due to the novelty of the technology, whereby many companies are still exploring potential use cases, and considering the complexity of blockchain technology, which may require huge changes to a company’s existing systems and processes, it is important for companies to carefully evaluate suitable use cases and determine if blockchain technology is the best solution for their specific needs. This research aims to provide an evaluation framework that determines the important dimensions of blockchain suitability assessment by identifying the key determinants of suitable use cases in a business context. In this paper, a novel approach that utilizes both qualitative (Delphi method) and quantitative (fuzzy set theory) methods has been proposed to objectively account for the uncertainty associated with data collection and the vagueness of subjective judgments. This work started by scanning available literature to identify major suitability dimensions and collected a range of criteria, indicators, and factors that had been previously identified for related purposes. Expert opinions were then gathered using a questionnaire to rank the importance and relevance of these elements to suitability decisions. Subsequently, the data were analyzed and we proceeded to integrate multi-criteria group decision-making (MCGDM) and intuitionistic fuzzy set (IFS) theory. The findings demonstrated a high level of agreement among experts, with the model being extremely sensitive to variances in expert assessments. Furthermore, the results helped to refine and select the most relevant suitability determinants under three important dimensions: functional suitability of the use case, organizational applicability, and ecosystem readiness.

Keywords: Blockchain; business blockchain use cases; suitability assessment; multi-criteria group decision-making; fuzzy Delphi; intuitionistic fuzzy set



1  Introduction

Among emerging technologies that have recently attracted attention, blockchain, or distributed ledger technology (DLT), is considered a powerful business enhancer that has the potential to disrupt many business sectors with game-changing effects in different industries [1,2]. It has significantly impacted industries other than financial services, as various applications have also evolved in logistics and supply chain management, insurance, government, education, energy, agriculture and healthcare [3,4]. Applications built on blockchain technology benefit from secure transactions, fair access, transparency, immutability, and other features that help address hotspots in new business technologies as a result of blockchain’s excellent reliability. The security and trustworthiness of blockchain have encouraged business owners and practitioners to explore blockchain opportunities beyond cryptocurrency, motivating them to investigate how they can benefit from the technology.

Due to the distinctive properties of blockchain technology, extravagant claims have developed around new potential business applications. As a result, according to the Deloitte report [5], only 11% of blockchain projects were able to move from the proof-of-concept stage to achieve implementation, and only 8% of blockchain projects were successfully running [6,7]. This implies that blockchain may not be suitable or beneficial in all business cases. It indicates that the decision to adopt such a disruptive technology needs deep analysis and that multiple factors should be taken into consideration. In addition, it is a time-consuming decision-making process due to the lack of knowledge and experience associated with the novelty of this technology [8]. The findings from available studies indicate that there is a shortage in blockchain suitability frameworks as most of the existing methodologies have been designed to assess the applicability of blockchain for predetermined industries or are focused on a single point of view [9]. In addition, researchers have often stated that blockchain technology implementation has not yet reached maturity and more research is still required [10,11]. All of the aforementioned findings have motivated this work to develop a holistic framework to help evaluate the suitability of blockchain for certain business cases. Thus, this paper proposes an approach that can identify the most important determinants of suitable blockchain use cases and seeks to address two critical questions:

(1)   What are the main dimensions that impact blockchain suitability decisions?

(2)   What are the key determinants falling under each dimension that can effectively evaluate the suitability of a use case for a blockchain solution?

To answer these questions, this paper contributes to the knowledge base by achieving a number of objectives:

■   Identifying a broad range of evaluation criteria by scanning the available literature to collect previously identified criteria. These criteria were then revised and divided into three groups, each of which was used for a distinct part of the evaluation.

■   Proposing a novel Suitability Evaluation Framework for Enterprise Blockchain (SEF-EB), which combines the three groups of criteria as the framework’s main dimensions. Each dimension incorporates multiple determinants that are used to evaluate use case suitability with respect to (1) functional requirements, (2) organizational applicability, and (3) ecosystem readiness.

■   Designing a decision-making approach that integrates MCGDM with IFS theory through a fuzzy Delphi methodology. This approach aims to select the most important determinants for blockchain suitability and eliminate irrelevant ones.

■   Addressing both the uncertainty of group decision-making and the ambiguity that experts may encounter when selecting from a large list of determinants due to the aggregation technique of experts’ judgments that are simultaneously handled with fuzzy methodology.

The findings of this research may enable decision-makers in government, business enterprises, and technology consulting firms to make more informed decisions when blockchain adoption is under assessment. Indeed, there is still no agreement between practitioners and scholars on the conditions for suitable blockchain use cases. Hence, to the best of our knowledge, this work offers a novel approach for evaluating blockchain suitability by determining the key elements that directly affect decisions. This approach adopts a generic lens applicable to various industries and offers a holistic evaluation of the main dimensions of the problem. In addition, the adapted methodology considers the impact of knowledge diversification among experts and derives a methodology that aggregates experts’ opinions and their respective weights. This paper is organized to provide an overview of the literature on blockchain suitability evaluation. Then, it introduces the proposed conceptual framework SEF-EB. After that, our methodology for developing the decision model is described in detail and supported with a real methodology application. For validation purposes, we provide a comparative analysis with a group decision-making approach that utilizes Triangular Fuzzy Numbers (TFNs) and neglects the experts’ weights. Finally, we discuss the business implications and propose expanded ideas for future research.

2  Related Work

This paper is part of ongoing research that aims to develop a knowledge-based framework for evaluating the suitability of blockchain technology for business cases. In the early stages of the project, we conducted a scoping review [9] as a primary step to explore state-of-the-art suitability evaluations concerned with blockchain technology. The scoping review was carried out to discover how the suitability of blockchain is measured or evaluated and to gather evaluation criteria to utilize for the assessments through the investigation of both research papers and gray literature. This step resulted in the identification of many evaluation approaches and the collection of several criteria, indicators, and factors for suitability evaluations. Thus, we were able to identify various methodologies for evaluating the applicability of blockchain, which further enabled us to determine the major dimensions of effective evaluations. In the following sections, we summarize our observations of previous literature, and we highlight the identified research gaps.

The number of studies addressing the evaluation and applicability of blockchain, or assessing blockchain’s feasibility in a business context, is increasing, as reported in [9]. The authors claim that, since 2019, there has been a noticeable increase in publications addressing the issue of blockchain suitability evaluations, which reflects the interests of business and industry in researching blockchain applications. We notice that most earlier publications tend to focus on proposing evaluation criteria that are applicable for use as decision tree nodes or flowchart for example, the flowcharts proposed in [1,12–19]. Others proposed multi-layered frameworks that consider the capabilities and attributes of blockchain technology [20,21] or consider technical and managerial issues [22–24]. In addition, the most recently proposed methodologies recommend approaching the issue as a multi-criteria decision-making problem (MCDM). Thus, different mathematical models and rank-weight methods have been used intensively in [25–34]. As a result, several decision-making criteria have been suggested. These criteria include elements from the technological, business, regulatory, social, and usability domains [35–37].

However, substantial limitations have been reported in the literature, including a lack of consensus between researchers and professionals over what constitutes “suitability” and how to identify suitability measurement criteria. The majority of suggested frameworks consider the assessment from a single point of view; that is, they either address the applicability of blockchain technology with use case functional requirements [27,38–41], assess the potential of adopting blockchain technology within an organization [42–45] or evaluate the feasibility of utilizing blockchain solutions within an intended ecosystem [28,46–49]. Moreover, there is an absence of a generic evaluation framework that addresses these issues regardless of the application area or industry. However, the sector-focused evaluation frameworks in place have constrained the effects and advantages of the proposed solutions. Therefore, we have worked to fill this gap in the literature and offer a unified generic blockchain suitability framework that addresses the topic holistically by handling both the social and technical dimensions and is unrestricted by industry-specific requirements.

Additional limitations have arisen due to the methodologies utilized to generate evaluation criteria or to implement decision models such as MCDM. Indeed, the terms and concepts extracted from the wide range of literature create ambiguity because each resource has utilized its own terminology and explanations. This problem was reduced by expert validation and consultation, but this approach introduced additional methodological challenges: i) how to deal with the background and experience of experts with different perspectives, and ii) how to deal with the haziness of human judgments, which are inherently surrounded by doubt.

In this study, we address the gaps mentioned above by offering the SEF-EB framework. As stated above, a scoping review was conducted to analyze the methodologies of available suitability evaluation frameworks and elicit and extract vast sets of evaluation determinants (criteria, factors, and indicators). These determinants were then categorized and clustered into three suitability dimensions, as shown in the following section. We then developed an MCGDM technique that assisted in identifying the most important determinants that could impact how effectively blockchain suitability decisions are made. Additionally, we attempted to handle the fuzziness and uncertainty presented by the novelty of blockchain technology by adopting a fuzzy Delphi methodology that integrates MCGDM and IFS theory.

3  The Proposed Suitability Evaluation Framework for Enterprise Blockchain

In this section, we provide an overview of the proposed conceptual framework for blockchain suitability with an illustration of its main dimensions. Our conceptualization of the blockchain suitability evaluation framework for business use cases comprises three main dimensions as shown in Fig. 1:

1)   The suitability of blockchain for the functional requirements of a use case, which includes an assessment of how blockchain can serve to optimize use case elements, such as data processing, transaction management, and users’ interactions.

2)   The suitability of the organization proposing to adopt a blockchain solution, which involves an assessment of different aspects of its infrastructure, such as management support, financial strength, technical capabilities, and other factors influencing successful adoption.

3)   The readiness of the ecosystem surrounding the organization, which involves an assessment of the socio-technical factors that could impact the decision to adopt blockchain solutions. This includes the capabilities of participants, the regulatory and legal environment, and the availability of solution providers.
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Figure 1: The conceptual framework for blockchain suitability evaluation in an enterprise context

Accordingly, we refined and restructured the collected evaluation determinants to propose a definition of business blockchain suitability. This step involved creating groups of related determinants and clustering them into main components and sub-components before assigning them to the relevant suitability dimension. Additionally, this step involved redefining the meaning of determinant and assigning new terminologies to reflect the goal of a particular dimension. The new definitions are provided in suppl. A1 and these terminologies were presented to an expert to ensure their relevance and competence. The suitability dimensions with their associated group of determinants are presented in the following sub-sections.

3.1 Use Case Functional Suitability

Several of the collected items were proposed to assure that the primary use case requirements could be implemented through blockchain technology, and that blockchain had sufficient capabilities to meet the required functionalities. We were able to identify 19 determinants, or criteria, that were used to check functional suitability. These criteria were classified into three categories Fig. 2. The first group consists of criteria related to use case participants and their relationships. The second group addresses the required properties of use case data and assets. Finally, the third group of criteria tackles use case transactions and ensures that blockchain can meet the needs that have been identified.
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Figure 2: Functional suitability dimension

3.2 Organizational Applicability

The second dimension of blockchain suitability evaluation involves evaluating the applicability of an organization that plans to implement a blockchain solution. In this dimension, we identify 23 determinants, or indicators, related to organizational characteristics and then classify them into five categories: management acceptance, technical and financial capabilities, organizational behavior, and legislation boundaries [50,51]. These indicators are presented in Fig. 3.
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Figure 3: Organizational applicability dimension

3.3 Ecosystem Readiness

In the last dimension of blockchain suitability evaluation, we grouped those items that address the ecosystem and are used to assess its readiness for supporting business entities that decide to adopt blockchain solutions. We collected 13 factors, which were clustered into four categories related to governments, business entities, solution providers, and finally, end users. Fig. 4 illustrates these categories and show their main factors.
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Figure 4: Ecosystem readiness dimension

As previously mentioned, our conceptual framework incorporates three dimensions, each of which contributes to the process of blockchain suitability assessment. Although the determinants under each dimension were extracted from the available research, we needed to validate our selections and make sure that these determinants (criteria, indicators, and factors), were relevant to our suitability decision problem. To that end, we addressed the problem of blockchain suitability evaluation as an MCGDM problem, comprising three dimensions which form the components of the suitability conceptual framework. Then, we propose an the intuitionistic fuzzy weighted average (IFWA) with the Delphi to select the most important components. In the following section, we provide a description of our methodology.

4  Methodology

To identify the most important components under each blockchain suitability dimension, we used the identified criteria, indicators, and factors as decision items to generate a practical decision model. We proposed an MCGDM approach that utilizes a Delphi method [52] to identify the significant decision items. In order to address the vagueness and uncertainty surrounding the topic and to account for the fuzziness in group decision-making, we propose a novel methodology that combines IFWA with the Delphi method. This methodology is novel, and to the best of our knowledge, no previous work has addressed the evaluation of blockchain suitability for business cases with a similar approach. Our proposed methodology comprises eight steps, beginning by developing and constructing the decision model instruments, which have already been derived from the conceptual framework. Then, it determines the set of linguistic variables, identifies the group of experts, and assigns their weights. Subsequently, we move to the data collection process where experts’ opinions are gathered then to multiple calculation steps that are used to determine the importance of each criterion by aggregating experts’ inputs with their proficiency levels. The Delphi method and the intuitionistic fuzzy set (IFS) basic definitions, rules and arithmetic operations are firstly reviewed to clarify the methodology calculations.

4.1 The Delphi Method

The Delphi method was developed in the 1950s and early 1960s at the Rand Corporation [52]. The first applications of the Delphi method were in the field of science and technology forecasting. One of its earliest uses was to advise the U.S. Army Air Corps on future technological capabilities that might be employed by the military [53]. The Delphi method is defined as a decision-making approach that obtains consensus among a panel of experts on a specific issue by acquiring a consistent flow of answers via questionnaires with controlled feedback on input from the experts [54–56,57]. However, several modifications and improvements have been proposed to enhance the Delphi method [58,59]. One of the major improvements to the traditional Delphi method is the introduction of linguistic variable concepts as a base for fuzzy set (FS) theory and intuitionistic fuzzy set (IFS) theory. These theories have helped to initiate different approaches to the fuzzy Delphi method that have attempted to interpret the uncertainty involved in experts’ opinions [60]. Moreover, the traditional Delphi method has obvious weaknesses including its subjectivity and time-consuming nature [56]. That because the traditional Delphi method needs repetitive surveys to achieve consensus among experts with differing opinions, and the experts’ judgments cannot be appropriately reflected the fuzziness associated with the human cognitive process [55,56]. Therefore, The Fuzzy Delphi method developed by Ishikawa (1993) [61] strengthens the traditional Delphi method by reducing the number of rounds required to carry out the study, and it better supports modeling the uncertainty associated with human judgments [56].

4.2 Fuzzy Set and Intuitionistic Fuzzy Set Theories

In any decision-making process, a critical problem is how to express expert judgments as preference values. Due to the increasing complexity of the world and the subjective nature of human thinking, it is difficult for decision-makers (experts) to provide exact decisions, as there is always imprecise, vague, or uncertain information. To deal with this, Zadeh (1965) introduced fuzzy set (FS) theory [62] in which preferences are expressed as LV and transformed into fuzzy numbers. This allows for the calculation of degrees of membership more easily than a crisp number. For example, fuzzy set A of the universe of discourse X is defined as follows:

A={⟨x, µA(x)⟩  |x∈X}(1)
where µA is the membership function of the fuzzy set A, µA: X → [0, 1], and µA. (x) indicates the degree of membership of x in A . The membership value µA (x) is a single value between 0 and 1.This definition was extended by Atanassov (1986) to intuitionistic fuzzy sets (IFSs) theory [63], which involves the composition of membership and non-membership degrees [64]. The idea of IFSs is to identify a soft computing construct that is able to resolve the ambiguity and vagueness encountered in decision-making situations [65]. An intuitionistic fuzzy set A  of the universe of discourse X is defined as follows:
A={⟨x,µA(x)⟩|x∈X}(2)
where the functions µA: X→ [0, 1] and νA: X→ [0, 1] represent the membership degree and non-membership degree of the element x ∈ X to A subset of X and for every x ∈ X in the following condition: 0 ≤ µA (x) + νA (x) ≤ 1. Hence, the function of π: X→ [0, 1] is as follows:
πA(x)=1−µA(x)−νA(x)(3)
where πA(x) indicates the hesitancy (i.e., indeterminacy or uncertainty) degree of the element x ∈ X to subset A. However, IFSs are composed of intuitionistic fuzzy numbers (IFNs), which are characterized by the degree of membership (μ) and the degree of non-membership (ν) of an element. Let A and B denote two IFNs in the universe of discourse X: A = {x, µA(x), νA(x)|x∈X} and B={x, µB (x), νB(x)|x∈X}. The basic operations and relations over IFNs are then represented as follows:
A⊕B={x, µA (x)+µB (x)− µA (x)× µB (x), νA (x)× νB (x)|x ∈X}(4)

A⊗B={x, µA (x)× µB (x), νA (x)+νB (x)− νA (x)× νB (x)|x ∈X}(5)

λ×A={x,1−(1−µA (x))λ, (νA (x))λ|x∈X}(6)

 Aλ={x, (µA (x))λ ,1−(1−νA (x))λ |x∈X}(7)

4.3 The Proposed Methodology Steps

Step 1: Construct and validate the fuzzy Delphi instruments

The criteria defined in our conceptual framework are formulated as a questionnaire with four parts. The first part is an introductory section that asks experts to provide geral information about their backgrounds and years of experience. This part is essential for obtaining experts’ weights. The three remaining parts are related to the three dimensions of our conceptual frameworks: functionaluitability, organizational applicability, and ecosystem readiness. This questionnaire is used to gather experts’ judgments regarding each criterion and determine how important it is to consider this element when a decisioabout the suitability of use cases is under assessment. After drafting, the survey was subjected to a validity test to eliminate potential problems and make them as concise as possible. This process improved the reliability of the questionnaire by eliminating ambiguous or difficult questions that may lead to unreliable answers.

Step 2: Identify the expert panel.

Collaborative decision-making is one of the most important sources of creativity and accuracy [66]. Therefore, the determination of the expert’s group is essential to guarantee that the selected specialist can provide a valid viewpoint within the context of the study. However, a large number of experts may increase the complexity of the fuzzy Delphi method. Thus, we tried to limit the number of participating experts to between 7–12, as this is the ideal number of decision-makers recommended by [52]. In this study, 8 experts En(n=1,2,…8) who were knowledgeable about the business applications of blockchain were invited to participate. The group included professionals from both academia and industry. To find the group of experts, we used purposive sampling improved by snowball recruitment. We utilized professional social networks and personal relationships to reach and contact the experts. The participants were first introduced to the goals of the research project, and we then sent out the online questionnaire developed in the previous step.

Step 3: Determine linguistic variables

In this step, we defined the linguistic variables and their corresponding intuitionistic fuzzy numbers (IFNs). Linguistic variables of five-level linguistic terms were employed to (a) evaluate the importance of the criteria and (b) rank the experts’ knowledge. Table 1 shows the linguistic scales and corresponding IFNs, which are adopted from [66].
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Step 4: Gather experts’ opinions.

In this step, we asked the group of experts to fill out our online survey by specifying the level of importance of each criterion listed in the questionnaire. E evaluated the importance of the criteria using linguistic variables represented by IFNs. The result of this step was a decision matrix that consisted of the criteria Cm (m=1,2,…j) and an evaluation by each expert En (n=1,2,…i).

The outcome of this step was a decision matrix represented as follows:

D=(dij)m×n= C1⋮CmE1…En(d11⋯d1n⋮⋱⋮dm1⋯dmn)(8)

where:

Cj is the jth criterion, j=1,2,…,m.

Ei is the ith expert in the group′s decision-making, i=1,2,…n.

dijis the assessment of Ei for the jth criterion.

Step 5: Calculate experts’ weights.

importance of each expert Ei differed due to their level of experience and knowledge. These importance values were ranked by an independent expert in terms of a scale of five linguistic variables Table 1. In this step, an approach was adopted for determining the experts’ weights. In current studies of fuzzy theory, this approach has been applied in solving real-world decision-making problems and these studies support the robustness and applicability of the approach [26,56,67].

The equivalent IFN was then used to calculate the average weight of each expert as follows:

Assume Di=(μi, νi, πi) is an IFN for rating the n th expert. According to [68], the weight of the nth expert (denoted λi) can be obtained by:

λi=[μi+πi[μi1−πi]]∑i=1n[μi+πi[μi1−πi]](9)
where:

∑i=1nλi=1,i=1,2,…n

Step 6: Aggregate the experts’ assessments.

All the experts’ judgments were combined into one group judgment by aggregating all individual judgments into a group decision matrix G =[gj]m×1using the IF weighted averaging (IFWA) operator as follows [69]:

gj=[1−∏i=1n(1−µij)λi,∏i=1n(νij)λi,∏i=1n(1−µij)λi−∏i=1n(νij)λi](10)

where gj=(µj,νj,πj) denotes the IF group evaluation assessments of each criterion Cj based on the expert group evaluation gj=(µj,νj,πj) and j=1…m.

Step 7: Ranking the IF group evaluation assessments based on crisp values

In this step, we converted the IF group evaluation assessments (gj) of each criterion Cj  into computational numerical values (crisp values) using Guo’s measure [70]. This step is called the defuzzification of the aggregated IF group evaluation assessments. Guo’s measure rj  for ranking IF assessments is defined as follows:

rj=(1−12 πj)(μj+12 πj)(11)

where rj∈[0,1]. The larger the value of ri, the larger the IFV of gj.

Step 8: Select significant criteria.

We screened the frameworks’ criteria based on threshold values to select the significant criteria. By setting a threshold φ, the impact of extreme values can be dealt with as follows:

If rj ≥ φ, then the elements j should be selected.

If rj < φ, then the elements j should be eliminated.

A threshold value for criterion m is defined as follows:

φ=1m ∑j=1mrj,forj=1…m.(12)

where φ is the threshold value, while rj are the defuzzied values related to all IF group evaluation assessments determined in this study.

5  Results

The proposed methodology, based on IF-DM, was applied to determine the most important determinants of blockchain’s suitability for business cases. After constructing the online questionnaire and identifying the expert panel En, we started to collect experts’ responses and applied steps 4 to 8 of the proposed methodology. The experts assessed the importance of each questionnaire element (criteria) for the three framework dimensions. By utilizing Eq. (8), a total of 12 pairwise comparison matrices were computed as shown in suppl. B2. The first three matrices referred to the criteria of functional suitability under three categories: participants, data, and transactions. The following five matrices referred to the indicators of organizational applicability under the following categories: managerial, financial, technical, organizational culture, and logistical. The last four matrices referred to the factors used to measure ecosystem readiness.

After obtaining the pairwise matrices, we moved to the aggregation step where we aggregated all the experts’ assessments into one group decision matrix G=[gj]m×1 through the application of Eq. (10), which also considered the weight of the eight experts λi=(.13,.15,.15,.13,.13,.09,.13,.09) as respectively ranked by the independent evaluator. The IF group assessments of each determinant (criterion Cj indicator INj, and factor Fj) in the form of IFNs gj=(μj,νj,πj). gj=(μj,νj,πj) are shown in Tables 2–4. After that, we worked to defuzzify the fuzzy IF group evaluation assessments (gj) and convert them into crisp values using Eq. (11). The resultant crisp values rj are listed next to the IFNs values in the same tables. Note that rj∈[0,1]. The larger the value of ri, the larger the IF of gj.
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Lastly, to select the most significant determinants (criteria/indicators/factors) about whose relevance and importance most experts reached a consensus, we set a threshold value φ using Eq. (12) for each framework dimension as shown in the bottom row of Tables 2–4. We then screened all items defined in our blockchain suitability framework based on the resulting threshold vaes. As a result, our proposed method selected 33 out of 55 items that were important for suitability evaluation as shown in the right column (decision) of the tables below. The selected items were disseminated between the three dimensions as follows: 10 criteria for evaluating functional suitability, 16 indicators for assessing organizational applicability, and 7 factors for measuring ecosystem readiness.

6  Comparative Analysis

In this section, for validation purposes, we compare our methodology with the existing fuzzy Delphi method proposed in [58], by applying that methodology to our data. Before comparing the results, we will illustrate their approach and highlight the main differences between the two methodologies. Then, we will compare the outcomes of the two methodologies, emphasizing the contrast in the results of the accepted and rejected criteria.

Firstly, both methods begin with designing a survey and defining the expert panel, followed by obtaining experts’ opinions using a set of linguistic variables. Subsequently, the authors transform the linguistic variables into TFNs; alternatively, in our proposed method, we use IFNs. The TFNs do not involve hesitation, which can be encountered in real-life MCGDM problems, while the IFNs are more efficient and capable of dealing with hesitation in real-world decision-making processes [71]. Secondly, in the defuzzification process, they use the centroid of gravity (COG) method, whereas we use Guo’s measure—based on the IFWA operator—to find the aggregated weights of each identified criterion. Additionally, we consider the weights of the experts in our aggregation method, enabling us to gauge the significance of the criteria by giving more qualified and experienced experts a chance to influence the outcomes.

As presented in Table 5, both methodologies suggest almost the same set of acceptable criteria. This confirms that our approach is consistent and that it is capable of emulating the results expected from utilizing the fuzzy Delphi method. For a more precise comparison, the graphical representation of the results is shown in Figs. 5–10. Nevertheless, our approach outperforms because of its ability to influence the results through the judgment of qualified experts. For example, criteria C3.6 (scalability and performance) was accepted in our decision model, but it was rejected by the comparing model. In light of the original judgments provided by our experts, we found that a lower-weighted expert deemed this criterion “unimportant,” whereas higher-weighted experts deemed this criterion “important” or “very important.” This clearly shows that our model was able to outbalance this insignificant judgment and to consider the opinions of the majority and of superior experts. A similar scenario happened with IN2.1 (Proportion of digital assets) and F4.2 (Ecosystem value proposition). In IN2.1, five out of eight experts deemed this indicator “very important”; the remaining experts chose “moderate” (two experts) and “unimportant” (one expert). This result consequently indicates that our model is adequate for capturing and balancing judgments by considering a number of sophisticated aspects.
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Figure 5: Results from the proposed methodology for functional suitability criteria
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Figure 6: Results of the compared methodology for functional suitability criteria
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Figure 7: Results of the proposed methodology for organization applicability indicators
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Figure 8: Results of the compared methodology for organization applicability indicators
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Figure 9: Results of the proposed methodology for ecosystem readiness factors
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Figure 10: Results of the compared methodology for ecosystem readiness factors

In conclusion, the differences between the two fuzzy set types (TFNs and IFNs) might cause a slight variance in the results, owing to the fact that IF theory lowers the degree of hesitation [72]. We argue that our proposed methodology might be preferable for solving MCGDM problems to deal with the hesitation caused by insufficient information from the decision-makers.

7  Discussion

The proposed research determined the three essential dimensions of the blockchain suitability evaluation framework and identified lists of suitability determinants, which were classified as follows: functional suitability criteria, organizational applicability indicators, and ecosystem readiness factors. These determinants were exhaustively gathered, refined, and validated by a group of blockchain experts using the fuzzy Delphi method. In addition, we used the IFS theory to address the ambiguity of the decision-making process and to enable the determination of a group consensus with few hesitations. In the following paragraph, we highlight significant results and discuss their implications for business decisions when the implementation of a blockchain solution is under consideration. The discussion will emphasize the crucial factors for evaluating blockchain suitability that arise from the application of our methodology. We then try to align our findings with previous research dedicated to exploring blockchain suitability evaluation issues.

For the first dimension, we gathered 19 criteria that are mostly used to evaluate how blockchain is suitable for a use case’s functional requirements. Our experts selected 10 criteria for assessing blockchain’s functional suitability in relation to a given use case. Based on the experts’ rankings, the three most important criteria were as follows: the existence of trust issues, the need to ensure data integrity and transparency, and the need for traceability mechanisms for auditing purposes. Additionally, the experts pointed to the relevance of the multiplicity of business entities, which allows them to share a system with a decentralized database that could automatically perform their business transactions with data immutability guarantees. These results were also confirmed by the majority of existing publications [13,20,21,25,27,39,41,73].

Based on our findings, developing a use case using blockchain technology was not justified by the need to enhance privacy, maintain data governance, or make plans to get rid of third parties. The experts also minimized the significance of criteria such as needs of asset valuation, transaction cost reduction, and the development of reward and incentive mechanisms as reasons to use blockchain technology. However, our results might not be compatible with other research (e.g., [19,15,16,21]) for multiple reasons. This incompatibility may be due to the fact that understated criteria were suggested for sector-specific use cases, whereas our experts attempted to select important criteria that could be generalized for suitability assessment—for example, the need for blockchain to eliminate the role of third parties and thereby reduce costs. Although removing third parties is one of the advantages of enterprise blockchain, it was not a significant aspect of blockchain suitability decisions. Another justification for this incompatibility could be due to the cause-and-effect causal relationship that is not elaborated by this method [50,51]. Furthermore, the experts disagreed on the importance of asset tokenization in determining suitability; discussing aspects such as tokenization takes the discussion outside the scope of our research and redirects the use of blockchain as a cryptocurrency enabler.

Moving to the second dimension, our proposed framework suggested evaluating the organization’s applicability toward adopting blockchain applications. We collected 23 indicators that could be used for this purpose, and our experts selected 16 indicators as the most important. The research findings indicate that the most applicable organizations are those firms that operate with a transparent culture, encourage innovation, and aim to enhance competitive performance. In addition, applicable organizations should have a blockchain strategy that is supported by senior management and therefore has financial support. This support can be attributed to the perceived financial benefits of adopting blockchain in a way that mitigates risk and uncertainty in the organization’s business strategy. Moreover, the availability of technical infrastructure and know-how are also essential for determining applicability. Indeed, a company would be more applicable to the implementation of blockchain technology if it had governance structures and regulatory compliance that managed the enterprise consortium with transparent incentive structures.

Contrary findings indicate that applicability will decrease if the organization intends to implement blockchain for limited objectives such as enhancing security or improving auditability. In addition, one of the interesting results is that competitive pressure is not an influencing factor, although it has been proven to be an accelerator for the adoption of many other innovative technologies. This result demonstrates that blockchain technology is still in its early stages and that the applications have not yet matured to the point where they can dominate the technology market.

The last dimension of the blockchain suitability framework is the evaluation of the targeted ecosystem’s readiness. The ecosystem is a combination of homogeneous entities that compatibly work together in the same environment to achieve their goals. In this study, we classified ecosystem entities into four categories: government, business firms, solution providers, and customers or end users. We then identified 13 factors that could influence an ecosystem’s readiness to support blockchain projects or consortiums and our experts selected 9 factors that are important in assessing an ecosystem’s readiness to facilitate any blockchain initiatives. The most important factor is the availability of technology providers that offer competitive services, which saves time and effort for firms aiming to acquire the necessary infrastructure. The richness of business entities and the presence of enthusiastic participants are also critical factors, in addition to the regulations that organize participants’ incentive structures and guarantee participants’ rights. Although the experts agreed that it was critical to establish particular blockchain regulations, they did not agree on the relevance of government leadership as a component of ecosystem readiness. Additionally, the findings demonstrated that competitiveness between business entities in the same ecosystem is not considered a readiness factor, proving once more that blockchain has not yet produced a superior performance that boosts company competitiveness.

In the proposed approach, substantial limitations have been recognized, such as the number of professionals with varied or limited experience, which may affect the holistic sense of providing generalized judgments. All the accepted items represent the decisions of a group of experts (i.e., policymakers, practitioners, and academics) who are high-level decision-makers with vast experience in the industry of innovative technology. Their opinions represent what they expect from blockchain, and it could vary, or change based on the timing period or context. However, this work could be expanded in the future to address the interdependency between the identified determinants through an application of other MCDM models such as models proposed in [74], or by considering other factors or dimensions [45]. Moreover, the findings of this work can be adopted to make business decisions regarding the use of blockchain, that is by utilizing it as a base rule for a blockchain recommendation tool that helps in evaluating the suitability of blockchain.

8  Conclusion

This work proposes an evaluation approach for the suitability of blockchain for business use cases. This is done by proposing a generic, unified conceptual framework SEF-EB for assessing blockchain suitability, aided by a decision model to identify the significant suitability determinants. The findings of this research show that blockchain suitability is a multi-dimensional problem. Assessment of the suitability of a particular use case requires precise analysis that deeply investigates the actual functionality of the use case vs. blockchain capabilities. At the same time, the organization’s suitability regarding the implementation of blockchain solutions must be broadly examined. In addition, this analysis delves further into the surrounding environment and explores whether the intended ecosystem is ready to facilitate collaborative blockchain consortiums. For each of the identified blockchain suitability dimensions, we gathered the most crucial determinants to assess the use case’s functional suitability, organization applicability, and ecosystem readiness. Subsequently, a novel technique IFWA-Delphi utilizing a fuzzy Delphi method integrated with group decision-making and IFS was used to determine the key characteristics of successful blockchain cases. In conclusion, this work offers a distinctive approach to evaluating blockchain suitability. The significant advantage and the novelty of this research are summarized as follows:

■   Findings from both literature and gray literature have been used to identify a large group of blockchain suitability determinants. These determinants have been meticulously collected, refined, and categorized to serve the various assessment perspectives.

■   This research addresses the absence of a holistic evaluation approach that can help to determine business use case suitability for blockchain technology. Our conceptual framework SEF-EB comprises all of the aspects involved in the suitability evaluation process including the functional, organizational, or ecosystem determinants. Thus, it offers the foundational knowledge needed to provide a general framework that can be applied to multiple industries.

■   This research proposed a novel approach for selecting the most relevant determinants by utilizing the IFS-Delphi method that objectively accounts for the uncertainty associated with the novelty of the topic and addresses the vagueness of group decisions.

■   It is also considering the impact of knowledge diversification among experts to develop a methodology that aggregates experts’ opinions and their respective weights by utilizing the enhanced approach of the IFS-Delphi method, which is the IFWA-Delphi method.

■   The implementation of the method resulted in a substantial level of consensus among the experts, and great sensitivity to opinion variance.

■   The outcomes of this research could help various decision-makers employed in government, business enterprises and technology consulting firms make more informed decisions when blockchain adoption is under assessment.
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Table 1: Linguistic terms and corresponding IFNs

Linguistic variables Corresponding fuzzy numbers
a. Criteria assessment b. Experts’ ranking IFNs
Very unimportant (VU) Slightly knowledgeable (SK) [0.10, 0.90, 0.00]
Unimportant (U) Moderately knowledgeable (MK) [0.35, 0.60, 0.05]
Moderate (M) Knowledgeable (K) [0.50, 0.45, 0.05]
Important (I) Very knowledgeable (VK) [0.75, 0.20, 0.05]
Very important (VI) Extremely knowledgeable (EK) [0.90, 0.10, 0.00]
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Table 3: Results of organizational applicability indicators

IFNs Crisp values
Category Indicators n v b4 r; Decision
IN1. Managerial IN,, Top 0.84 0.15 0.01 0.80296407 Accepted
management
support
IN, Control and 0.77 0.22 0.02 0.77269702 Accepted
monitoring
IN,; Enhanced 0.59 0.37 0.04 0.61356663 Rejected
audibility
IN,,  Relative 0.63 0.33 0.04 0.65207308 Rejected
advantages
IN,; Competitive 0.60 0.37 0.04 0.60199380 Rejected
pressure
IN, 6 Competitive 0.85 04 0.00 0.83308942 Accepted
performance
IN2. Financial IN,, Proportion of  0.81 08 0.01 0.77112202 Accepted
digital assets
IN,, Cryptocurrency 01. 0.44 0.05 0.53452835 Rejected
creation
IN,; Financial 0.85 0.14 0.01 0.83265408 Accepted
benefits
IN,,  Budget 0.82 0.16 0.02 0.79820711 Accepted
availability
IN,; Risk and 0.83 0.15 0.02 0.81250488 Accepted
uncertainty
IN3. Technical IN;, Quality of 0.83 0.16 0.01 0.79215664 Accepted
services
IN;, Infrastructure  0.87 0.13 0.01 0.84971573 Accepted
availability
IN;; Know-how 0.83 0.16 0.01 0.80569858 Accepted
availability
IN,, Security and 0.71 0.26 0.03 0.75511351 Rejected
data integrity
IN4. IN,, Riskiness level 0.78 0.19 0.02 0.76751165 Accepted
Organizational IN,, Trust and 0.88 0.12 0.01 0.86652522 Accepted
culture transparency
IN,; Innovation 0.85 0.14 0.01 0.82500579 Accepted
propensity
IN,, Motivational  0.77 0.21 0.02 0.75590723 Rejected
readiness
INS. Legislation  INj, Regulation 0.86 0.14 0.00 0.82767416 Accepted
and regulation compliance
IN;, Organizational 0.81 0.17 0.02 0.78905622 Accepted
governance
IN;; Incentives 0.79 0.18 0.03 0.77951088 Accepted
structure
IN;, Values and 0.67 0.29 0.04 0.70560617 Rejected
rights
Threshold value 17 0.76282097
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Table 4: Results of ecosystem readiness factors

IFNs Crisp values
Category Factors W v b4 v Decision
F1. Governments F,, Existence of 0.72 0.25 0.02 0.728178664  Accepted
regulations
F,, Governance 0.69 0.28 0.04 0.690934314  Rejected
structure
F,; Government 0.55 0.41 0.03 0.561646343  Rejected
leadership
F2. Business F,, Richness of 0.75 0.23 0.04 0.757506907  Accepted
entities entities
F,, Enthusiastic 0.77 0.19 0.04 0.772126019  Accepted
participation
F,, Competitive 0.58 0.38 0.04 0.585383194  Rejected
pressure
F,., Engagement 0.76 0.26 0.03 0.763367955  Accepted
readiness
F3. Solution F;, Provider 0.86 0.14 0.00 0.827674165  Accepted
providers availability
F;, Service 0.74 0.22 0.04 0.701488884  Accepted
competitiveness
F,, Promoting 0.60 0.37 0.03 0.595937694  Rejected
activities
F4. F,, Aligned values 0.80 0.17 0.03 0.803993368  Accepted
Customers/end and rights
users F,, Ecosystem 0.77 0.20 0.03 0.769518238  Accepted
value
proposition
F.; Awailability of  0.17 0.17 0.02 0.817021511  Accepted
incentives

Threshold value W 0.727039175
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Table 2: Results of functional suitability criteria

IFNs Crisp values
Category Criteria w v b/ 1 Decision
Cl1. Stakeholders C,, Multiple 0.81 0.00 0.19 0.80992239 Accepted
and participants participants
C, Trust issues 0.88 0.11 0.00 0.87801599 Accepted
Ci; Eliminate a 0.71 0.27 0.02 0.70058290 Rejected
trusted third
party
C2. Data and C,, Single source of 0.46 0.49 0.05 0.48696462 Rejected
assets information
C,, Data integrity  0.88 0.11 0.00 0.87801599 Accepted
C,; Data 0.86 0.13 0.01 0.84313611 Accepted
immutability
C,, Decentralized  0.86 0.13 0.01 0.85413938 Accepted
shared
database
C,s Data privacy 0.75 0.23 0.02 0.77428002 Rejected
Cys Data 0.89 0.11 0.00 0.88339374 Accepted
transparency
C,, Data 0.76 0.22 0.02 0.73828796 Rejected
governance
(O Asset valuation 0.71 0.26 0.03 0.69093431 Rejected
C3. Transactions C;, Automation 0.88 0.12 0.01 0.86410381 Accepted
and processes Cs, Access control  0.81 0.17 0.02 0.79196313 Accepted
Ci, Traceability 0.89 0.11 0.00 0.88339374 Accepted
and auditing
Ci, Interoperability 0.77 0.21 0.02 0.75590723 Rejected
C;s Transaction 0.67 0.30 0.02 0.68608962 Rejected
dependency
Cis Scalability and  0.82 0.16 0.02 0.82008326 Accepted
performance
C;; Rewarding and 0.82 0.17 0.02 0.77287591 Rejected
incentive
Cis Transaction 0.72 0.25 0.03 0.69976943 Rejected
costs
Threshold value 1% 0.779571558
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Table 5: Comparative analysis results

Functional suitability Organization Ecosystem readiness
criteria (19 items)  applicability indicators  factors (13 items)
(23 items)
Methodology Accepted Rejected  Accepted Rejected  Accepted Rejected
Proposed method 10 9 16 7 9 4

Compared method [58] 8 11 14 9 8 5
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