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ABSTRACT Quantum computing offers transformative processing capabilities, particularly in data analysis.
However, its adoption in developing countries like Vietnam faces significant barriers, such as financial
constraints, infrastructural limitations, and skill shortages. This study aims to determine and analyze
these barriers’ impact weights and evaluate and rank potential solutions for overcoming the most critical
barriers. This study proposes a multi-faceted approach integratingMulti-Criteria DecisionMaking (MCDM)
methods, including the Delphi Method (DELPHI), Decision Making Trial And Evaluation Laboratory
(DEMATEL), Combined Compromise Solution (COCOSO), Technique for Order Performance by Similarity
to Ideal Solution (TOPSIS), and the Multiplicative form of Multi-objective Optimization based on Ratio
Analysis method (MULTIMOORA), alongside the Quantum Spherical Fuzzy (QSF) set analysis. This
combination, especially integrating QSF DELPHI and QSF COCOSO models, represents a significant
methodological contribution. Results indicate that Vietnam’s primary barriers to quantum computing are
limited infrastructure, high costs, and a lack of skilled workforce. Correspondingly, the most highly rated
solution strategies are cost reduction initiatives, investment in infrastructure, and training and education
programs, which should be prioritized and considered to remove potential barriers. These findings highlight
the need to prioritize addressing issues in facilities, human resources, and financial resources. This research
bridges theoretical insights with actionable recommendations, providing a comprehensive roadmap for miti-
gating barriers and promoting the integration of quantum computing into Vietnam’s data analysis landscape.

INDEX TERMS Quantum, quantum spherical fuzzy sets, MCDM, data analysis, quantum theory.

I. INTRODUCTION
A. RESEARCH BACKGROUND
Quantum computing represents a paradigm shift in comput-
ing technology, offering unprecedented potential for solving
complex real-world problems [1]. Unlike classical comput-
ers, which operate using binary bits (0 s and 1 s), quantum
computing leverages quantum bits, or qubits, which can
exist in multiple states simultaneously due to the princi-
ples of quantum entanglement and superposition [2]. This
enables quantum computers to perform trillions of logic
operations per second, far surpassing the capabilities of tra-
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ditional computers [3]. For example, Google’s Sycamore
quantum computer solved a mathematical problem in just
200 seconds, a task that would take the world’s most pow-
erful supercomputer 10,000 years to complete. Similarly,
China’s Jiuzhang quantum computer achieved the same feat
in less than one second, compared to nearly five years for
a supercomputer [4]. This remarkable speed and efficiency
demonstrate the transformative potential of quantum comput-
ing across various industries.

Quantum computing holds immense promise for revolu-
tionizing various professions, including data analysis [5].
As an essential process, data analysis involves gathering,
processing, and synthesizing information to derive insights
and recommendations. In an era dominated by digital
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advancements like the Internet of Things (IoT), artificial
intelligence (AI), blockchain, and big data, the significance
of data analysis is paramount. Data’s exponential growth and
complexity necessitate advanced computational capabilities
for precise analysis. Quantum computing, with its inherent
computational advantages over traditional systems, presents
a groundbreaking solution for enhancing the efficiency and
accuracy of data analysis in this digital age [6].

While the potential of applying quantum computing to
data analysis is significant, it encounters numerous barri-
ers, particularly in developing nations like Vietnam. Despite
its digital transformation, Vietnam aspires to integrate cut-
tingedge technologies into its production and business sectors
to propel national development [7], [8]. Interest in quan-
tum computing technology is growing, and initial research
investments are being made. However, the country still faces
substantial challenges in fully harnessing this technology.

These challenges include limited investment in quan-
tum technology, inadequate physical infrastructure, technical
shortages, and a lack of professional expertise and public
awareness regarding new technologies. The barriers specific
to Vietnam stem from financial constraints, infrastructural
limitations, and a shortage of skilled personnel. Addressing
these issues is crucial for Vietnam to leverage the benefits
of quantum computing in data analysis and to support its
broader digital transformation goals. Hence, identifying and
prioritizing solutions to overcome these barriers is essential
for integrating quantum computing into Vietnam’s data anal-
ysis landscape and fostering technological advancement in
the region [1], [9], [10], [11], [12]. Accordingly, the research
objectives are outlined as follows:

(i) Identify barriers to applying quantum computing to data
analysis in Vietnam

(ii) Determine the influence weights of barriers and find
out the mutual impact of the relationship

(iii) Propose and rank solution strategies in addressing
barriers

From the above objectives, below are the questions that the
research will answer:

(i) What are the primary obstacles hindering the integra-
tion of quantum computing into data analysis practices in
Vietnam?

(ii) What is the magnitude of influence these identified
barriers exert, and how are they interconnected?

(iii)Which solution strategy holds themost promise in alle-
viating these barriers and facilitating the adoption of quantum
computing for data analysis in Vietnam?

To address the research questions and objectives, these
issues are considered within the decision-making process,
integral to various aspects of human life, and increas-
ingly complex with numerous alternatives and intricate
issues. Multi-Criteria Decision-Making (MCDM) and Mul-
tiAttribute Group Decision-Making (MAGDM) methods are
widely employed to navigate such complexities across var-
ious domains. Several decision-making methods have been

introduced in the literature, including fuzzy logic models and
their variations, to manage uncertainty in decision-making
processes [13], [14], [15], [16], [17], [18]. Given the intri-
cate nature of natural systems, decisionmakers frequently
encounter uncertainties while making decisions based on
incomplete, ambiguous, and inaccurate information. The the-
ory of Fuzzy Sets (FSs) proposed by Zadeh [19] enables a
gradual assessment of the membership relationship between
an element and a set, elucidated through a membership func-
tion. Triangular fuzzy numbers are widely utilized among
the various fuzzy numbers. While triangular fuzzy numbers
measure membership degree, they fail to assess the degree
of non-membership and the level of uncertainty [14], [18],
[20]. Spherical Fuzzy Sets (SFSs), introduced by Gündoǧdu
and Kahraman [21], offer a comprehensive framework that
considers an object’s degree of membership xP̃s (s), non-
membership yP̃S (s), and degree of hesitation zP̃s (s) to handle
uncertainty, with constraint 0 ≤ x2

P̃s
(s) + y2

P̃s
(s) + z2

P̃s
(s) ≤

1 [22], [23], [24]. Thus, the main superiority of SFSs
overcomes the limitations of triangular fuzzy sets by incorpo-
rating the level of nonmembership and hesitation, leading to a
more comprehensive and accurate reflection of membership
within the set [16], [25], [26]. Despite these advancements,
defining the appropriate membership degrees in SFSs still
needs to be addressed in decision-making [27].

Lately, quantum mechanics offers a new perspective on
decision-making processes by incorporating the principles of
quantum theory, including amplitude and phase angle [27].
The quantum model of mass function integrates different
angles to analyze the probabilities of various conditions,
enabling a more precise examination of uncertainty in com-
plex information sets. Further efficiencies can be achieved
when addressing probabilities in decision-making contexts
using quantum theory concepts such as amplitude and phase
angle [27], [28]. This leads to the Quantum spherical fuzzy
sets (QSFS) concept. The advantages of the proposed QSFS
model include improved accuracy, enhanced understanding
of uncertainty, broad applicability, integration of multiple
parameters, and solid theoretical grounding [29]. Utilizing
QSFSwith the golden cut enables amore accurate representa-
tion of complex decision-making problems. By incorporating
amplitude and phase angles, the methodology captures
nuanced degrees of membership, non-membership, and hes-
itancy, leading to more precise results. It also provides a
comprehensive characterization and analysis of uncertainty in
decision-making, with the phase angle playing a crucial role
in understanding the relationships and relative importance
of different components within the QSFS [30], [31]. Again,
the concept of phase angles has widespread application in
various disciplines, such as physics, engineering, and mathe-
matics. By incorporating phase angles within the framework
of QSFS, the methodology extends its applicability to diverse
domains, allowing for the analysis and synchronization of
signals, waveforms, and oscillations [30]. Another point of
view is the methodology that considers the simultaneous
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evaluation of membership, non-membership, and hesitancy
degrees in decision-making.

This comprehensive approach provides a holistic under-
standing of uncertain information, enabling decisionmakers
to simultaneously make informed choices based on multiple
parameters. So, the methodology is built upon established
theoretical foundations, including quantum mechanics, fuzzy
sets, and the golden cut [32]. By integrating these theories,
the methodology benefits from the robustness and rigor of
existing academic frameworks, enhancing its credibility and
reliability. Therefore, a threestage MCDM approach combin-
ing DELPHI, DEMATEL, and COCOSO methods integrated
with QSF numbers is proposed to simulate the topic of quan-
tum computing’s applicability in data analysis compared to
TOPSIS and MULTIMOORA. Initially, the DELPHI method
validates the significance and relevance of identified risks.
Subsequently, validated risks undergo weighting for influ-
ence and cause-and-effect relationship analysis using theQSF
DEMATEL method. Compared to other weight calculation
methods like Simple Additive Weightage (SAW) and AHP,
DEMATEL offers the advantage of identifying cause-and-
effect relationships between factors. It distinguishes between
causal and effect factors while also determining the weight
of each factor, providing a comprehensive overview of the
factors being evaluated [33], [34], [35].
Finally, proposed strategies are ranked for efficacy and

practicality using the QSF COCOSO method. The COCOSO
method is used and demonstrates its superiority over other
ranking methods by allowing sensitive analysis to be per-
formed, thereby checking the accuracy and consistency of
ranking results [36], [37], [38]. Furthermore, a compara-
tive analysis is conducted using QSF TOPSIS and QSF
MULTIMOORA methods. QSF TOPSIS has been used in
previous studies for ranking, while MULTIMOORA has an
algorithm quite similar to COCOSO, so these two methods
were used to conduct comparative analysis. Expert weights
are incorporated across all phases to enhance data accu-
racy. This study employs the MCDM method to address the
multifaceted problem of barriers affecting the application of
quantum computing to data analysis in Vietnam. Given the
numerous interrelated factors, the study integrates MCDM
methods, specifically DELPHI, DEMATEL, and COCOSO,
to sequentially identify, validate, calculate weights, deter-
mine relationships among factors, and rank solution strate-
gies. To enhance the accuracy of the research outcomes, QSF
sets are combined with MCDM methods. QSF sets have
been demonstrated to offer significant improvements over
traditional fuzzy sets, thereby enhancing the precision and
quality of the research results.

B. RESEARCH CONTRIBUTIONS
The main contributions of the paper are as follows:

(i) An analysis prioritizing barriers to quantum com-
puting implementation in data analysis, particularly
in Vietnam, was conducted. The addition of expert

weights is carried out to reflect the assessments more
accurately, thereby improving the accuracy of the
calculation results. Based on its findings, this study
aims to provide practical business insights. However,
there is a scarcity of literature on this topic, neces-
sitating further analysis to identify critical strategies
for quantum computing applications in data analysis.
Such efforts promise to significantly enhance enter-
prise performance and highlight quantum computing’s
transformative potential in various industries through
increased speed and efficiency.

(ii) Causality analysis was performed among these bar-
riers. Existing literature primarily focuses on the
determinants of quantum computing and data analy-
sis indicators separately, with few studies exploring
their causal relationships. Despite this gap, barriers
affecting quantum computing in Vietnam’s data anal-
ysis can mutually influence each other. For example,
increased investment in quantum technology could
mitigate technical shortages, while heightened public
awareness of new technologies might improve infras-
tructure and professional expertise in data analytics.
The DEMATEL method is optimal for evaluating these
determinants as it identifies causal relationships among
the barriers.

(iii) Traditional fuzzy decision-making models are com-
monly proposed to analyze barriers and prioritize
strategies within enterprises. However, the complex-
ity of modern decision-making processes presents
challenges in achieving accurate solutions. Hence,
there is a critical need for a new, comprehensive
decision-making model. The proposed model inte-
grates Spherical Fuzzy Sets (SFSs) with quantum logic
to incorporate probabilities of various scenarios. Cur-
rently, literature integrating Spherical Fuzzy Numbers
with Quantum theory is limited, constraining explo-
ration in decision-making studies. Another advantage
of the proposed model is its use of the golden ratio for
degree calculations, aiding in identifying more effec-
tive strategies to enhance company performance.

(iv) Using SFSs expands the scope of parameters con-
sidered in the examination process, broadening the
analysis domain. This enhancement positively impacts
the effectiveness of the proposed model, employ-
ing COCOSO and MULTIMOORA ranking methods.
Additionally, utilizing the TOPSIS method for ranking
potential strategies offers distinct advantages by con-
sidering distances to both positive and negative ideal
solutions, facilitating more precise rankings. In con-
trast, other decision-making techniques typically rank
alternatives based solely on their proximity to optimal
positive results. Considering these factors, the pro-
posedmodel is expected to excel in addressing complex
decision-making structures.

The subsequent sections of this research comprise four parts.
Section II will conduct a literature review and introduce the
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research model. Section III will elaborate on the concepts and
computational formulas relevant to each method. Section IV
will showcase the case study and analyze the findings. Lastly,
section V will summarize the research outcomes and provide
conclusions.

II. LITERATURE REVIEW
A. LITERATURE REVIEW ON ESTABLISHED METHODS
In recent years, researchers have increasingly integrated QSF
sets with MCDMmethods to address various research topics.
Table 1 below provides a summary of ten studies employ-
ing this combined model. The literature primarily focuses
on finance, sustainability, and mergers, using established
decision-making techniques like DEMATEL, M-SWARA,
TOPSIS, and others. In contrast, the proposed method inte-
grates these techniques with quantum spherical fuzzy logic,
offering broader applicability across diverse industries and
complex decision contexts. For example, Ai et al. [39] uti-
lized QSF in conjunction with the Multi Stepwise Weight
Assessment Ratio Analysis (M-SWARA) and Elimination
and Choice Translating Reality (ELECTRE) methods to
investigate the components of the fintech ecosystem for dis-
tributed energy investments.

Similarly, Al-Binali et al. [40] employed QSF DEMA-
TEL and QSF M-SWARA methods to analyze Islamic and
Conventional Bank mergers and enhance resilience. More
recent models incorporating QSF with ENTROPY weighting
method (ENTROPY), Additive Ratio Assessment (ARAS),
and TOPSIS methods were proposed by Eti et al. [41]
to identify top investment priorities for driving innovation.
Rahadian et al. [42] utilized M-SWARA and TOPSIS meth-
ods in combination with QSF to identify the most appropriate
investor risk profile for derivative instruments. In the fields
related to energy, environment, and sustainable development,
Aksoy et al. [43] and Hacioglu et al. [28] employed the QSF
model with DEMATEL and TOPSIS methods to respectively
evaluate electricity production capacity in emerging markets
and rank sustainable industry alternatives. Dinçer et al. [44]
used a one-stage model with QSF DEMATEL to explore
organizations’ challenges in prioritizing sustainability report-
ing aligned with Sustainable Development Goals (SDGs).
Du et al. [27] proposed a new model combining QSF with
the Simplified Group Best Worth Method (SGBWM) and
Preference Ranking Organization Method For Enrichment
Evaluations and Prospect Theory (PROMETHEE-PT) to ana-
lyze carbon emission reduction contributions of electricity
enterprises in urban green development. In the energy sec-
tor, Kou et al. [45] proposed a model using M-SWARA,
DEMATEL, ELECTRE, and TOPSIS methods combined
with QSF for renewable energy project selection. Addition-
ally, Yüksel and Dinçer [46] employed the same four methods
to conduct a sustainability analysis of digital transforma-
tion and circular industrialization. While existing methods
in the literature are well-established for their respective
domains, the proposed method innovatively combines tradi-

tional decision-making frameworks with advanced quantum
and fuzzy logic approaches.

Though established methods in the literature are robust
within their specific domains, the proposed approach inno-
vatively integrates traditional decision-making frameworks
with advanced quantum and fuzzy logic methodologies. This
innovation enables a more nuanced analysis of barriers and
strategies in applying quantum computing to data analy-
sis. The proposed method aims to enhance decision-making
effectiveness by considering both deterministic and proba-
bilistic factors through QSF integration. This comprehensive
approach is anticipated to yield more precise and effective
strategies than conventional methods in the literature.

Previous research has commonly integrated QSF sets with
MCDMmethods such asM-SWARA,DEMATEL, SGBWM,
and ENTROPY for factor weighting. MCDM techniques like
ELECTRE, TOPSIS, PROMETHEE-PT, and ARAS have
also been employed for alternative ranking. However, these
studies typically lack validation of input variables through
expert assessments before weighting and often do not incor-
porate experts’ qualifications and experience in their analy-
ses. Moreover, specific MCDM methods such as COCOSO,
MULTIMOORA, VIseKriterijumska Optimizacija IKompro-
misno Resenje (VIKOR), and SAWhave not been extensively
explored.

Addressing these research gaps, this study proposes
a model integrating QSF with three primary MCDM
methods—DELPHI, DEMATEL, and COCOSO—alongside
comparative analysis using TOPSIS and MULTIMOORA.
The aim is to identify barriers to applying quantum com-
puting to data analysis and propose solution strategies.
Specifically, the QSF DELPHI method validates the iden-
tified barriers in the literature review. Validated barriers
undergo weighting, and causal relationships are determined
using the QSF DEMATEL method. Strategies are subse-
quently ranked using theQSFCOCOSOmethod. The ranking
results are compared using the same dataset, derived from
QSF TOPSIS and QSF MULTIMOORA methods. Addition-
ally, the study calculates expert weights based on education
and experience, proposing an aggregate formula to account
for variations in weightage. This approach aims to provide
a comprehensive framework that integrates expert insights
and advanced methodologies to address the complexities of
quantum computing applications in data analysis, particularly
in developing country contexts like Vietnam.

B. LITERATURE REVIEW ON BARRIERS
Previous studies have explored the barriers to implement-
ing quantum computing technology across various domains.
Awan et al. [9] investigated challenges specific to the software
industry, shedding light on critical obstacles hindering the
practical application of quantum computing. Imre et al. [11]
examined barriers concerning communication and human
resource aspects in the context of quantum computing
adoption. Similarly, Cuomo et al. [47] highlighted barriers
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TABLE 1. Literature review on established methods.

from public awareness perspectives. In a broader context,
Fanelli [48] identified barriers to adopting new technolo-
gies within rural small and medium enterprises (SMEs),
thereby encompassing additional challenges relevant to the
application of quantum computing in Vietnam-a develop-
ing country with a significant SME presence. To initiate
this analysis, an extensive search was conducted across rep-
utable library databases, including Science Direct, Scopus,
and Web of Science. Various keywords and search strings
such as ‘‘quantum computing barriers,’’ ‘‘applied quantum
computing in Vietnam,’’ and ‘‘barriers in applying quantum
computing for data analysis’’ were employed to retrieve rel-
evant scholarly papers. This study has identified 17 potential
barriers to applying quantum computing in data analysis
within Vietnam, as outlined in Table 2.
Several barriers related to physical facilities and tech-

nical infrastructure have been identified by researchers in
the context of applying quantum computing in Vietnam.
Infrastructure Accessibility (BAR4) has been highlighted by
Almudever et al. [52], indicating that access to quantum
computing resources and expertise may be limited outside
major cities in Vietnam, potentially hindering widespread
adoption. Awan et al. [9] also identified Infrastructure
Stability (BAR11) and Limited Infrastructure (BAR12) as
significant barriers. Infrastructure Stability refers to power
supply, internet connectivity, and infrastructure stability
challenges, which may impact the reliability and perfor-
mance of quantum computing systems in Vietnam. Limited
Infrastructure suggests that Vietnam may lack the quantum
computing infrastructure to support advanced data analytics
applications. Integration Complexity (BAR9) was noted by
Benedetti et al. [55] as another notable barrier, highlighting

TABLE 2. List of potential barriers.

the challenges associated with integrating quantum comput-
ing technologies with existing data analytics systems and
workflows. Similarly, Gill et al. [2] mentioned Standards and
Interoperability (BAR15) as a barrier, emphasizing the lack
of standardized protocols and interoperability frameworks
for quantum computing and data analytics tools, hinder-
ing adoption and collaboration. Additionally, Bova et al.
[1] identified Data Security Concerns (BAR8) as a barrier,
emphasizing the new security risks and vulnerabilities intro-
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duced by quantum computing, which may pose significant
challenges for organizations in Vietnam if not addressed
adequately. In addition to technical constraints, barriers asso-
ciated with human factors are also of significant concern.
With new technologies like quantum computing, addressing
the Educational Gap (BAR1) and the subsequent Lack of
Skilled Workforce (BAR5) becomes imperative. Imre [11]
highlights the Educational Gap as indicative of the education
system’s failure to adequately equip Vietnamese students
with the necessary quantum computing and data analytics
knowledge and skills. This deficiency may lead to a short-
age of qualified professionals capable of driving innovation
in this field, thereby hindering the implementation and uti-
lization of quantum computing solutions for data analysis
tasks [11], [49]. Furthermore, societal and cultural factors
play a significant role in accepting and adopting new tech-
nologies. Issues such as Public Awareness (BAR2), Cultural
Acceptance (BAR13), Risk Aversion (BAR16), and Ethical
and Societal Implications (BAR3) pose substantial chal-
lenges. Cuomo et al. [47] highlight issues related to Public
Awareness, citing limited awareness among businesses and
organizations in Vietnam about the potential benefits and
applications of quantum computing in data analytics. Orga-
nizations may overlook opportunities to leverage quantum
computing for data analysis without understanding its capa-
bilities. Additionally, as noted by Kara et al. [24], Cultural
Acceptance suggests that resistance to change and cultural
biases may impede the acceptance and adoption of quan-
tum computing solutions within organizations. Moreover,
Risk Aversion, emphasized by Orús et al. [58], presents a
significant obstacle, with Vietnamese businesses and orga-
nizations reluctant to adopt n, unproven technologies like
quantum computing. Fear of failure or uncertainty about
returns on investment may discourage organizations from
embracing quantum computing initiatives. Finally, concerns
regarding Ethical and Societal Implications, as Perrier [50]
and Saurabh et al. [51], underscore the need to consider
ethical and societal ramifications of using quantum comput-
ing technology in data analytics. Privacy, data sovereignty,
and potential societal impacts may influence the adoption
and implementation of quantum computing solutions in
Vietnam. Furthermore, Fanelli [48] identifies two additional
barriers concerning governmental and legal aspects relevant
to the adoption of new technologies: Government Support
and Policies (BAR6) and Regulatory Challenges (BAR7),
respectively. The absence of governmental backing, financial
support, and coherent policies to foster quantum comput-
ing research and development could impede advancements
in Vietnam. Similarly, from a legal standpoint, vague or
insufficient regulatory frameworks governing quantum com-
puting in Vietnam introduce uncertainty and may discourage
organizations from pursuing innovative initiatives. Without
clear regulatory guidelines, businesses may hesitate to invest
in quantum computing projects due to concerns about reg-
ulatory compliance. Finally, cost-related issues, investment
capital constraints, and resource limitations pose signifi-

cant barriers to adopting quantum computing. Awan et al.
[9] and Fanelli [48] both highlighted the barrier named
High Costs (BAR10). The substantial financial investment
required for developing, procuring, and maintaining quantum
computing technology presents a formidable challenge for
organizations in Vietnam. Limited financial resources may
deter investment in quantum computing initiatives, hinder-
ing widespread adoption. Moreover, the lack of sufficient
Research and Development (R&D) (BAR14) investment for
expensive technologies like quantum computing, particularly
in a developing country like Vietnam, is noteworthy. As high-
lighted by Ajagekar and You [56], inadequate investment in
quantum computing R&D in Vietnam, compared to other
countries, slows down progress in the field. This scarcity
of funding and support stifles innovation and impedes the
advancement of quantum computing technologies. Further-
more, as highlighted by Ajagekar and You [59], Energy
Consumption (BAR17) poses another significant challenge.
Quantum computing systems require substantial amounts of
energy to operate, which may pose difficulties in Vietnam,
where energy resources are limited or expensive. High energy
consumption may render quantum computing solutions eco-
nomically unfeasible for some organizations.

C. PROPOSED SOLUTION STRATEGIES
Based on the identified barriers and extensive research on
solutions implemented across various domains and countries,
the research team has formulated ten strategic solutions to
overcome obstacles to the early adoption of quantum com-
puting for data analysis in Vietnam. The strategies outlined
in Table 3 represent a comprehensive approach to addressing
the multifaceted challenges of integrating quantum comput-
ing technology.

TABLE 3. List of proposed strategies.

STG1 - Curriculum Enhancement:Revamping educational
curricula to incorporate quantum computing and data ana-
lytics courses ensures that students receive comprehensive
training. By integrating relevant coursework, educational
institutions can prepare students to meet the demands of the
evolving technological landscape [10], [60].

VOLUME 12, 2024 110531



P.-H. Nguyen et al.: Analysis of Quantum Computing’s Applicability in Data Analysis

STG2 - Investment in Infrastructure: This strategy involves
allocating resources to develop and enhance quantum com-
puting infrastructure nationwide. By investing in infras-
tructure, Vietnam can create a supportive environment for
advanced data analytics applications, enabling organizations
to leverage quantum computing technology effectively [61].
STG3 - Cost Reduction Initiatives: Implementingmeasures

to reduce the costs associated with quantum computing tech-
nology is essential for broader adoption. By lowering barriers
to entry, organizations can more readily invest in quantum
computing solutions for data analysis purposes [2].
STG4 - Enhanced Data Security Measures: Implement-

ing comprehensive data security measures is essential for
addressing the unique risks associated with quantum comput-
ing technologies. By prioritizing data security, organizations
can mitigate potential threats and safeguard sensitive infor-
mation [62].
STG5 - Increase Research and Development Funding:

Increasing investment in quantum computing research and
development accelerates progress in the field. By providing
adequate funding, Vietnam can foster innovation and drive
advancements in quantum computing technology [1].
STG6 - Simplify Integration Processes: Developing tools

and frameworks to simplify the integration of quantum com-
puting technologies with existing data analytics systems
streamlines the adoption process. By reducing complexity,
organizations can more efficiently incorporate quantum com-
puting solutions into their workflows [63].
STG7 - Accessibility Improvement: Expanding access

to quantum computing resources and expertise beyond
major cities promotes equitable adoption across Vietnam.
By improving accessibility, organizations in remote areas can
also benefit from quantum computing technology [64].
STG8 - Regulatory Framework Development: Develop-

ing clear and robust regulatory frameworks for quantum
computing is essential for providing guidance and ensuring
compliance. By establishing regulatory standards, Vietnam
can create a conducive environment for developing and adopt-
ing quantum computing technologies [65].
STG9 - Establish Standards and Protocols: Working

towards establishing standardized protocols and interoper-
ability frameworks for quantum computing and data analytics
tools facilitates adoption and collaboration. By establishing
clear standards, Vietnam can promote compatibility and inter-
operability among different systems and platforms [2], [66].
STG10 - Training and Education Programs: Establishing

training and education programs is crucial for addressing the
shortage of skilled quantum computing and data analytics
professionals. By providing relevant training opportunities,
Vietnam can develop a workforce with the necessary exper-
tise to drive innovation in this field [10], [60].

III. METHODOLOGY
A. RESEARCH PROCESS
This study employs the MCDMmethod and Quantum Spher-
ical Fuzzy numbers to analyze the barriers to applying

quantum computing in Vietnam. MCDM techniques such as
DELPHI, DEMATEL, and COCOSO are utilized, along with
comparative and sensitivity analysis methods, to validate the
ranking results of proposed strategies. The research process
is illustrated in Figure 1 below:

FIGURE 1. Research framework.

The research comprises three phases. Initially, potential
barriers are identified and validated through a literature
review process. Expert evaluations on the relevance and
importance of these barriers are weighted based on their
education and experience levels. The DELPHI method com-
bined with Quantum Fuzzy Spherical (QSF DELPHI) is
employed to validate accepted barriers in subsequent phases.
In phase two, experts assess the mutual influence levels of
the identified factors. QSFDEMATEL calculates weights and
uncovers internal cause-and-effect relationships among the
factors. Finally, in the third phase, experts evaluate potential
strategies for their effectiveness in mitigating and overcom-
ing barriers. The QSF COCOSO method is used to analyze
the data, and the results are compared with those obtained
using the QSF MULTIMOORA and QSF TOPSIS methods.
Notably, expert assessments are recorded in linguistic form
and then converted to QSF numbers using the scale presented
in sections III-C-III-E.

B. QUANTUM SPHERICAL FUZZY (QSF)
As the complexity of decision-making problems increases,
traditional methods have proven inadequate. Researchers
have explored novel applications to address this challenge,
including leveraging quantum mechanics for more effective
problem-solving. In this context, probability is expressed
through amplitude and phase angle components, allow-
ing for the identification of probabilities under various

110532 VOLUME 12, 2024



P.-H. Nguyen et al.: Analysis of Quantum Computing’s Applicability in Data Analysis

conditions. This approach significantly enhances the man-
agement of uncertainties in decision-making processes [46].
Equations (1)-(3) elucidate the fundamental principles of this
theory. In these equations, the collective exhaustive event set
is denoted by δ, the amplitude result is presented as |Q(|s⟩)| =

ψ2, |ψ |
2 represents the degree of belief, while the phase angle

is denoted by ϱ [45].

Q(|s⟩) = ψejϱ (1)

|δ⟩ = {|s1⟩ , |s2⟩ , . . . , |sn⟩} (2)∑
|u⟩⊆|δ⟩

|Q(|s⟩)| = 1 (3)

Gündoǧdu and Kahraman introduced spherical fuzzy sets
(SFSs) in 2019, which integrate with the quantum mechanics
framework to reduce uncertainty and improve decisionmak-
ing precision. Equations (4) and (5) explain how spheri-
cal fuzzy sets (P̃s) combine membership, nonmembership,
and hesitancy degrees in decision-making. The parameters
x, y, z represent membership, non-membership, and hesita-
tion, respectively [21].

P̃s =

{〈
s,
(
xP̃s (s), yP̃s (s), zP̃s (s)|s ∈ U

}
(4)

0 ≤ x2
P̃s
(s) + y2

P̃s
(s) + z2

P̃s
(s) ≤ 1, ∀s ∈ U (5)

Equations (6)-(8) elucidate the intricacies of integrating SFSs
with quantum theory to form Quantum Spherical Fuzzy
(QSF) sets. In these equations, membership, nonmembership,
and hesitant degrees of the QSF set are denoted respectively
by δxP̃s , δyP̃s , and δzP̃ . Additionally, δx , δy, and δz Demonstrate
the amplitudes of quantum membership, non-membership,
and hesitancy degrees, and a, b, and c represent the set of ϱ
phase angles.∣∣∣δP̃s〉 =

{〈
s,
(
δxP̃s

(s), δyP̃s (s), δzP̃s (s)
∣∣∣s ∈ 2|δP̃S

〉}
(6)

δ =

[
δx · ej2π ·a, δy · ej2π ·b, δz · ej2π ·c

]
(7)

ψ2
= |δx (|si⟩) | (8)

The efficient calculation of degrees is critical to ensuring
evaluation accuracy. Thus, the golden ratio (GR) is used for
this purpose [67]. Equations (9) - (10) elucidate the essential
details. Here, l and g denote the large and small quanti-
ties along the straight line. There is a lack of consensus
on membership and other scales among SFSs. To address
this issue, the proposed model uses the golden ratio. This
ratio uses extreme and mean ratios along a straight line to
create coefficients between preceding and succeeding num-
bers. As a result, this classification is thought to be more
meaningful, which improves the proposedmodel’s originality
and accuracy [40], [46].

GR =
l
g

(9)

GR =
1 +

√
5

2
(10)

Non-membership degrees
(
δy
)
and hesitancy degrees (δz) are

calculated using Equations (11)-(12)

δy =
δx

GR
(11)

δz = 1 − δx − δy (12)

The phase angles (a, b, c) corresponding to the membership,
non-membership, and hesitancy degrees of the QSF set are
provided in Equations (13)-(15).

a = |δx (|si⟩) | (13)

b =
a
GR

(14)

c = 1 − a− b (15)

Equations (16)-(20) present five basic operations of QSF
number. In these equations, P̃s
=

(
δxP̃ .e

j2π.aP̃ , δyP̃ .e
j2π.bP̃ , δzP̃ .e

j2π.cP̃
)

and Q̃s

=

(
δxQ̃ .e

j2π.aQ̃ , δyQ̃ .e
j2π.bQ̃ , δzQ̃ .e

j2π.cQ̃
)

is two QSF num-
bers [27], [40], [46].

λ ∗ P̃s

=


(
1 −

(
1 − δ2xP̃

)λ
) 1

2

e
j2π

(
1−
(
1−
( aP̃
2π

)2)λ
) 1

2

,

δλ
yP̃
e
j2π.

(
bP̃
2π

)λ

,

((
1 − δ2zP̃

)λ

−

(
1−δ2xP̃

−δ2zP̃

)λ
) 1

2

e
j2π.

((
1−
( cP̃
2π

)2)λ

−

(
1−
( aP̃
2π

)2
−

( cP̃
2π

)2)λ
) 1

2
 , λ > 0

(16)(
P̃s
)λ

=

{
δλ
xÃ
e
j2π.

( aP̃
2π

)λ

,

(
1 −

(
1 − δ2yP̃

)λ
) 1

2

e
j2π

1−

(
1−
(
bP̃
2π

)2
)λ


1
2

,

((
1−δ2yP̃

)λ

−

(
1−δ2yP̃

−δ2zP̃

)λ
) 1

2

e
j2π.

(1−( bP̃
2π

)2
)λ

−

(
1−
(
bP̃
2π

)2

−

( cP̃
2π

)2)λ


1
2

 , λ>0

(17)

P̃s⊕Q̃s

=

{(
δ2xP̃

+ δ2xQ̃
− δ2xP̃

δ2xQ̃

) 1
2

e
j2π

(( aP̃
2π

)2
+

( aQ̃
2π

)2
−

( aP̃
2π

)2( aQ̃
2π

)2) 1
2

, δyP̃δyQ̃e
j2π

(
bP̃
2π

)(
bQ̃
2π

)
,
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((
1 − δ2xQ̃

)
δ2zP̃

+

(
1 − δ2xP̃

)
δ2zQ̃

− δ2zP̃
δ2zQ̃

) 1
2

e
j2π

((
1−
( aQ̃
2π

)2)( cP̃
2π

)2
+

(
1−
( aP̃
2π

)2)( cQ̃
2π

)2
−

( cP̃
2π

)2( cQ̃
2π

)2) 1
2


(18)

P̃s⊗Q̃s

=

{
δxP̃δxQ̃e

j2π
( aP̃
2π

)( aQ̃
2π

)
,
(
δ2yP̃

+ δ2yQ̃
− δ2yP̃

δ2yQ̃

) 1
2

e
j2π

((
bP̃
2π

)2

+

(
bQ̃
2π

)2

−

(
bP̃
2π

)2( bQ̃
2π

)2
) 1

2

,((
1 − δ2yQ̃

)
δ2zP̃

+

(
1 − δ2yP̃

)
δ2zQ̃

− δ2zP̃
δ2zQ̃

) 1
2

e
j2π

((
1−
(
bQ̃
2π

)2
)( cP̃

2π

)2
+

(
1−
(
bP̃
2π

)2
)( cQ̃

2π

)2
−

( cP̃
2π

)2( cQ̃
2π

)2) 1
2


(19)

Equation (20) is applied to defuzzy QSF number into crip
value:

DEF
(
δP̃

)
= δxP̃ + δzP̃

(
δxP̃

δxP̃ + δyP̃

)
+

( aP̃
2π

)

+

(
bP̃
2π

)
(
aP̃
2π

)
(
aP̃
2π

)
+

(
cP̃
2π

)
 (20)

Equation (21) is applied to the aggregated k QSF number.
(δ1, δ2, . . . δi, . . . δk ) into δ.

δ

=


[
1 −

k∏
i=1

(
1 − δxi

2
) 1
k

] 1
2

e
2π ·

[
1−
∏k
i=1

(
1−
( ai
2π

)2) 1
k

] 1
2

,

k∏
i=1

(
δyi
) 1
k e

2π ·
∏k
i=1

(
bi
2π

) 1
k

,

[
k∏
i=1

(1 −δxi
2
) 1
k
−

k∏
i=1

(
1 − δxi

2

−δzi
2
) 1
k
] 1

2

e
2π ·

[∏k
i=1

(
1−
( ai
2π

)2) 1
k
−
∏k
i=1

(
1−
( ai
2π

)2
−
( ci
2π

)2) 1
k

] 1
2


(21)

By considering each number’s weight, Kou et al. [45] intro-
duced the spherical weighted arithmetic mean (SWAM)
formula to aggregate fuzzy spherical values. Similarly, this
principle can be extended to QSF numbers, naming quantum
fuzzy spherical weighted arithmetic (QSFWAM). With ω =

(ω1, ω2, . . . , ωk) : ωi ∈ [1, 0],
∑k

i=1 ωi = 1 being the
weight of k QSF numbers, Equation (22) is used to aggregate
k numbers into number δ.

QFSWAMω (δ1, δ2, . . . , δk)

=


[
1 −

k∏
i=1

(
1 − δxi

2
)ωi] 1

2

e
2π ·

[
1−
∏k
i=1

(
1−
( ai
2π

)2)ωi] 12
,

k∏
i=1

(
δyi
)ωi e2π ·

∏k
i=1

(
bi
2π

)ωi
,

[
k∏
i=1

(
1 − δxi

2
)ωi

−

k∏
i=1

(
1−δxi

2

−δzi
2
)ωi] 1

2
e
2π ·

[
5k
i=1

(
1−
( ai
2π

)2)ωi
−5k

i=1

(
1−
( ai
2π

)2
−
( ci
2π

)2)ωi] 12
(22)

Illustrative Example: With P̃s
=

(
0.6ej2π0.6, 0.46904ej2π0.37 , 0.64807ej2π0.03

)
, Q̃s =(

0.5ej2π0.5, 0.3873ei2π0.31 , 0.7746ei2π0.19 ), λ = 3, applying
Equations (16)-(20), we obtain the following results:

2∗

(
0.6ei2π0.6, 0.46904ei2π0.37, 0.64807ej2π0.03

)
=

(
0, 85899ei2π0,16465;0,10319ej2π0,0002;0,4295ej2π0,16464

)
(
0.6ei2π0.6, 0.46904ei2π0.37, 0.64807ei2π0.03

)3
=

(
0, 216ej2π0,00087;0,72488ei2π0,10182; 0,65414ej2π0,00824

)
(
0.6ej2π0.6,0.46904ei2π0.37, 0.64807ej2π0.03

)
⊕

(
0.5ej2π0.5,

0.3873ej2π0.31, 0.7746ej2π0.19
)

=

(
0,72111ej2π0,12407;0,18166ej2π0,00291;0,66858ej2π0,03047

)
(
0.6ej2π0.6, 0.46904ei2π0.37, 0.64807ej2π0.03

)
⊗

(
0.5ej2π0.5,

0.3873ei2π0.31, 0.7746ej2π0.19
)

=

(
0, 3ej2π0,0076; 0, 58052ei2π0,07677; 0, 75697ej2π0,03056

)
DEF

(
0.6ej2π0.6, 0.46904ei2π0.37, 0.64807ej2π0.03

)
= 1, 11531

C. QSF DELPHI
Consider a scenario where k experts offer evaluations on n
factors. Each expert assesses the importance of these factors
using a linguistic scale, which is subsequently converted
into QSF numbers through QSF sets. Moreover, experts are
assigned weights based on their education and years of expe-
rience. After calculating the expert weights, these weights
are applied to the corresponding expert’s evaluation table.
The weighted evaluation tables are then consolidated and
used in subsequent phases. Consequently, experts with higher
weights have a greater influence on the results.
The calculation process follows the outlined steps

below [68], [69]:
Step 1: Calculate the weight of the expert.
Each expert’s education level and years of experience

will be transformed into QSF numbers based on Table 4.
Subsequently, these results will be summed according to
Equation (18) and then de-fuzzified using Equation (20) [24].
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TABLE 4. Expert weighted rating scale.

The result will be k values corresponding to k experts,
respectively EXV: exv vi = {exv1, e xv2, ..e xvk}. From there,
the weight of k expert EXW: exwwi = {exw1, e xw2, ..e xwk}
is calculated according to Equation (23) below:

eexwi =
exvi∑k
i=1 exvi

(23)

Step 2: Summary of experts’ assessments
Expert assessments are recorded in linguistic form and

converted to QSF numbers according to Table 5 [46]:

TABLE 5. QSF delphi linguistic important scale.

The evaluation of n factors by k experts, along with the
corresponding weights of experts exw will be aggregated into
nVi values by applying Equation (22)
Step 3:Calculate the threshold value and validate the factor

With nVi values corresponding to n factors, threshold valueϖ
is calculated using Equation (24) below:

ϖ =

∑n
i=1 Vi
n

(24)

If the valueVi ≥ ϖ then factor i is accepted; otherwise, factor
i will be rejected. Only the accepted factors will proceed to
the subsequent phases.

D. QSF DEMATEL
Suppose k experts are engaged in assessing the interaction of
n factors. The scale for evaluating the level of impact between

factors is provided in Table 6, both in linguistic form and the
corresponding QSF number [33], [46].

TABLE 6. QSF linguistic influence scale.

The expert’s assessment is initially recorded in linguistic
form and then converted to a QSF number for calculation. The
calculation process using the DEMATELmethod is presented
below:
Step 1 (Establishing the Direct Relationship Matrix ⊗F):

The assessment of k experts on the mutual impact of n
factors (i affects j ) along with the corresponding weights
of k experts: {exw1, e xw2, ..e xwk} is compiled into matrix
⊗ F =

[
⊗ fij

]
nxn using QSFWAM Equation. The diag-

onal elements in the matrix are 0, i.e., ⊗ fij = 0
(when i = j ) and ⊗ fij in the form QSF number:

⊗ fij =

(
δxfij · ej2π ·afij , δyfij · ej2π ·bfij , δzfij · ej2π ·cfij

)
where i =

1, 2, . . . n, j = 1, 2, . . . n.
Step 2 (Defuzzy Matrix ⊗F Into Matrix ⊗H): The values

of matrix ⊗F are defuzzy using Equation (20) to form a new
matrix ⊗H consisting of crips values: ⊗ H =

[
⊗ hij

]
nxn and

⊗ hij is crips score.
Step 3 (Normalize Matrix ⊗H to Matrix ⊗H∗):

Equation (25)-(26) is used to normalize matrix ⊗H to the
matrix. ⊗H∗

=

[
⊗ h∗

ij

]
nxn

⊗ h∗
ij = τ.hij (25)

where

τ = Min

{
1∑n
i=1 hij

,
1∑n
j=1 hij

}
(26)

Step 4 (Calculate the Total Influence Matrix ⊗ 0): The
normalized direct relationship matrix ⊗H∗ is computed into
a comprehensive influence matrix. This integration encom-
passes direct and indirect influence relationships, aggregating
them across a spectrum from minimal impact to maximal
influence, spanning from the power of one to the power of
infinity. The procedure is presented below:

⊗ 0 =
[
⊗ oij

]
nxn (27)

⊗O = ⊗H∗
+ ⊗H∗2

+ · · · + ⊗H∗∞

= ⊗H∗

(
I + ⊗H∗

+ ⊗H∗2
+ · · · + ⊗H∗∞−1

)
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= ⊗H∗
(
I − ⊗H∗∞

) (
I − ⊗H∗

)−1

= ⊗H∗
(
I − ⊗H∗

)−1 (28)

where ⊗H∗∞
= [0]nxn and I is the identity matrix

Step 5 (Determine the Relationship Between Factors and
Calculate the Weights): The value ⊗ r is computed by
summing each column of the total influence matrix ⊗O, rep-
resenting the degree of impact of other factors. Similarly, ⊗ c
is calculated by summing each row of matrix ⊗O, denoting
the degree of influence from other factors. This process is
detailed below in Equations (25) to (28).

⊗ r = [⊗ ri]nx1 = (⊗ r1,⊗ r2, . . . ,⊗ ri, . . . ,⊗ rn) (29)

[⊗ ri]nx1 =

[∑n

j=1
⊗ oij

]
nx1

(30)

⊗ c = [⊗ ci]1xn
=
(
⊗ c1,⊗ c2, . . . ,⊗ cj, . . . , ⊗ cn)TRAN

(31)[
⊗ cj

]
1xn =

[∑n

i=1
⊗ oij

]
1xn

= [⊗ ci]TRANnx1 (32)

Note: ‘‘TRAN’’ is the transpose of the matrix
The index of the strength of influences imparted and

received is ⊗ ri + ⊗ ci. The net influence is denoted by
⊗ ri−⊗ ci. A higher⊗ ri+⊗ ci suggests that factor i exerts a
more significant influence on the evaluation system. Factor i
significantly influences others if⊗ ri−⊗ ci > 0 (is positive).
Factor i is influenced by other factors if ⊗ ri− ⊗ ci < 0 (is
negative).

The overall effect of the indicator on the assessment system
is denoted by ⊗ ri + ⊗ ci. Hence, Equation (33) will be
utilized to establish the impact weight of an indicator.

wi =
(⊗ ri + ⊗ ci)∑n
i=1 (⊗ ri + ⊗ ci)

(33)

E. QSF COCOSO
Assume k experts are assessing the effectiveness of m strate-
gies in addressing n factors. Experts’ opinions are initially
recorded in linguistic form and converted to QSF numbers
for computation. Table 7 presents the linguistic scale and
corresponding QSF numbers for [70].
Details of the calculation steps using the COCOSOmethod

are presented in detail below:
Step 1 (Build a Comprehensive Assessment Matrix): The

assessment of k experts on the effectiveness of m strategies (i)
in resolving n factors (j) alongwith the correspondingweights
of k experts:

{
ew1 , e xw2, ..e xwk

}
is aggregated into matrix

⊗T =
[
⊗ tij

]
mxn using QSFWAM Equation, where ⊗ tij in

the form of a QSF number.
Step 2 (Defuzzy Matrix ⊗T Into the Matrix ⊗G): The

values of matrix ⊗T are defuzzy using Equation (20) to
form a new matrix ⊗G consisting of crips values: ⊗ G =[
⊗ gij

]
nxn and ⊗ gij is crips score.

Step 3 (Normalize Matrix ⊗G to Matrix ⊗G∗):
Equation (34) is used to normalize matrix ⊗G to the matrix.

⊗G∗
=

[
⊗ g∗

ij

]
mxn

TABLE 7. QSF linguistic evaluation scale.

⊗ g∗
ij =

gij
Max

(
gij
) (34)

Step 4 (Calculate the Relative Importance of the Strate-
gies): The relative importance of the given strategies (i)
is computed using the Weighted Sum Method (WSi) and
Weighted Product Method (WPi) through Equations (35)
and (36) withwj = {w1,w2, . . .wn} is the weight of n factors,
respectively:

WSi =

n∑
j=1

(
g∗
ijwj

)
(35)

WPi =

n∏
j=1

(
g∗
ij

)wj
(36)

Step 5 (Calculate Three Appraisal Score Ria,Rib,Ric):

Ria =
WSi +WPi∑m

i=1 (WSi +WPi)
(37)

Rib =
1
2

(
WSi

Mini (WSi)
+

WPi
Mini (WPi)

)
(38)

Ric =
η (WSi)+ (1 − η) (WPi)

ηMax i (WSi)+ (1 − η)Max i (WPi)
, 0

≤ η ≤ 1 (39)

Note: Typically, η is set to a value of 0.5. However, in this
study, η will be varied from 0.1 to 0.9 to conduct sensitivity
analysis.
Step 6 (Ranking): The final ranking of the alternatives is

determined by arranging the Ri values in descending order.

Ri =
3

√
RiaRibRic +

1
3
(Ria + Rib + Ric) (40)

IV. CASE STUDY
A. PRACTICAL PROBLEM IN VIETNAM
Quantum Computing is undergoing extensive research and
application across various fields, particularly in data analy-
sis, owing to its advantages over traditional computational
methods [71]. While classical computers rely on bits that can
only be 0 or 1, quantum computers leverage qubits, which can
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exist simultaneously in multiple states [11]. This theoretical
capability enables qubits to perform calculations much faster
than digital bits, facilitating highspeed data analysis, pattern
detection in large datasets, and the execution of complex
calculations within seconds [2]. Consequently, quantum com-
puting holds the potential to revolutionize the data analysis
industry. However, due to its technological complexity, con-
ceptual novelty, and high costs, practical application poses
numerous barriers, particularly in developing countries like
Vietnam. This research aims to identify barriers to applying
quantum computing to data analysis in Vietnam and propose
solutions. Figure 2 illustrates the Hierarchy of barriers to
applying quantum computing for data analysis in Vietnam
and the proposed strategies.

FIGURE 2. Hierarchy of barriers and strategies.

A case study in Vietnam involved a team of experts:
researchers, lecturers, and professionals directly engaged in
data analysis, information technology, and quantum research.
Data collection occurred online via JotForm in March 2024,
and subsequent analysis was conducted using VBA code-
Microsoft Excel 2019 software. The results of expert weight-
ing are presented in section IV-B.

B. EXPERTS’ WEIGHTS
InMCDMstudies, the sample size typically refers to the num-
ber of decision-makers or experts involved in the assessment
and decision-making process rather than a statistical sam-
pling concept [35]. The number of experts chosen depends
on the complexity of the decision problem and the need for
diverse perspectives to ensure comprehensive evaluation and
reliable results. The number of experts or decision-makers
involved in academic literature and practical applications of
MCDM methods can vary widely. Generally, studies aim to
include enough experts to capture a broad range of viewpoints
and ensure robustness in decision outcomes. Commonly, this
number ranges from 5 to 30 experts, with larger samples
sometimes used for more complex or contentious decision
problems [22], [25], [72], [73]. In this study, thirty experts

were carefully selected based on predefined criteria outlined
in the preceding sections. These criteria ensured that each
expert possesses extensive experience and qualifications rel-
evant to quantum computing and data analysis [25], [73].
Specifically, all experts have at least ten years of professional
experience, with most holding advanced degrees such as
master’s or doctoral qualifications. This rigorous selection
process aimed to ensure high expertise and credibility in eval-
uating barriers, assessing their interactions, and proposing
practical strategies.

The selected experts were tasked with evaluating the rel-
evance and significance of identified barriers to quantum
computing adoption in Vietnam. Using QSF theory, their
assessments were quantified into numerical representations
that consider both the degree of membership and the level
of uncertainty or vagueness associated with each barrier.
This approach allows for a nuanced evaluation of barriers,
considering expert judgments on the severity and complexity
of each issue.

Expert weighting was determined based on differences in
qualifications and experience among the panel of experts.
This process ensures that assessments from experts with
more extensive experience and qualifications carry greater
weight in the analysis. The weights were calculated using
a predefined formula (Equation 23), incorporating factors
such as educational background, professional experience, and
expertise in relevant domains.

Table 8 provides detailed information on the characteris-
tics of the 30 selected experts, including their educational
qualifications (Doctorate - Doc; Master’s - MA; Bachelor’s
- BAC) and the calculated expert weights. These weights rep-
resent the relative influence of each expert’s assessment in the
overall analysis, providing transparency and accountability in
the decision-making process.

C. QSF DELPHI RESULTS
Thirty experts will assess the relevance and significance of
ten proposed barriers identified through a literature review.
Expert assessments will be recorded in linguistic form, cor-
responding to the levels of the linguistic scale presented in
Table 5, and then converted to QSF numbers for calcula-
tion using the DELPHI method. For each proposed barrier,
the assessments of the thirty experts will be aggregated
according to Equation (22) using the expert weights calcu-
lated previously. The results of the combined evaluation of
the 30 experts for 17 proposed barriers, considering expert
weights, are presented in Table 9.

The computed threshold value, which stands at 0.97148,
rejects two proposed barriers: BAR3 - Ethical and Societal
Implications and BAR17 - Energy Consumption. The rejec-
tion of BAR3 - Ethical and Societal Implications suggests
that experts do not consider ethical considerations substantial
obstacles to the practical implementation of quantum com-
puting technology in the Vietnamese context.

This decision could stem from various factors, such as the
perception that ethical frameworks are sufficiently robust or
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TABLE 8. Experts profile and weights.

TABLE 9. QSF delphi results.

that ethical concerns are outweighed by potential benefits [6],
[51]. Similarly, the rejection of BAR17 - Energy Consump-
tion indicates that experts do not view energy consumption

as a significant barrier to adopting quantum computing tech-
nology in Vietnam. This may be due to advancements in
energy-efficient computing technologies or the belief that
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TABLE 10. Aggregated experts’ opinions.

energy consumption can be managed effectively within the
existing infrastructure [56], [74].

D. QSF DEMATEL RESULTS
The fifteen validated and accepted factors will undergo eval-
uation by experts to determine their level of interaction,
utilizing the scale presented in Table 6. Expert assessments
will be converted into QSF numbers for calculation, employ-
ing the DEMATEL method. The evaluation results of the
30 experts for the 15 barriers will be aggregated according
to Equation (22) and are presented in Table 10.
The above results are converted into crisp values using

Equation (20). These crisp values are then incorporated
into the new matrix, which includes additional calculations
according to Equations (25)-(28) to generate the total influ-
ence matrix. Table 11 displays the total influence matrix
depicting the relationships among the 15 barriers.

Utilizing data from the total influence matrix, values for
⊗ ri,⊗ ci,⊗ ri + ⊗ ci, and ⊗ ri − ⊗ ci are computed.
Table 12 below presents the results of these values, along
with the relationships between barriers and their corre-
sponding influence weights. This comprehensive analysis
offers insights into the strength of relationships among
barriers and their overall influence on the application of
quantum computing in data analysis within the Vietnamese
context.

Table 12 indicated that BAR12 - Limited Infrastructure,
BAR10 - High Costs, and BAR5 - Lack of Skilled Work-
force are the top three barriers, as indicated by their highest
influence weights regarding popularity value. ⊗ ri + ⊗ ci.
According to expert assessments, BAR12 - Limited Infras-
tructure emerges with the highest weight, underscoring its
paramount importance. As affirmed by Hasanovic et al.
[10], previous research emphasizes the inherent challenges

in implementing technological infrastructure. Engineering at
the scientific frontier is inherently complex, and systems inte-
gration is intrinsically complex. Consequently, limitations
in infrastructure equipment often impede the adoption of
new technology, especially in countries like Vietnam, where
economic and technical conditions may not meet the require-
ments of advanced technologies. As a developing nation still
familiarizing itself with fundamental technologies, the infras-
tructure andmachinery limitations pose significant barriers to
mastering quantum computing technology in Vietnam [75].
Overcoming this hurdle is crucial for Vietnam to embrace
and harness the potential of quantum computing effectively.
The second most heavily weighted barrier, BAR10 - High
Costs, underscores the formidable challenge posed by the
financial implications associated with adopting new tech-
nologies, particularly one as complex as quantum computing.
Investment, research, and operational costs are substantial,
presenting a significant hurdle for developing countries like
Vietnam [76]. Awan et al. [9] highlighted that the lack
of information on short-term costs is a critical barrier to
quantum computing challenges within the software indus-
try. The ambiguity surrounding the types of costs incurred
during operation further contributes to investor and opera-
tor hesitancy in embracing this technology. Indeed, beyond
short-term costs, the long-term expenses associated with
developing, procuring, and maintaining quantum computing
technology are prohibitively high for many organizations in
Vietnam [1], [11]. This financial barrier poses a considerable
challenge, particularly for countries with limited budgets to
research expensive technologies such as quantum computing.
Overcoming this barrier requires innovative approaches to
funding and resource allocation to ensure that the potential
of quantum computing can be realized in Vietnam’s context.
The third most weighted barrier, BAR5 - Lack of Skilled
Workforce, highlights the significant challenge posed by the
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TABLE 11. Total influence matrix.

TABLE 12. QSF dematel results.

shortage of qualified human resources in mastering quantum
computing technology in Vietnam. Quantum computing is a
nascent field with a wealth of new knowledge that has yet to
be taught or applied in Vietnam [10].

Consequently, the scarcity of quality human resources
with the requisite knowledge and skills in this domain
presents a formidable obstacle [10], [64]. Previous research
by Awan et al. [9] corroborates this, identifying a lack of
technical expertise as the primary barrier to applying quantum
computing in the software industry. Thus, deficiencies in
expertise, technology, and a shortage of skilled labor present
long-term challenges in Vietnam’s adoption and utilization
of quantum computing. Addressing this barrier requires con-
certed efforts to enhance education and training programs,
as well as initiatives to attract and retain talent in the field
of quantum computing.

Table 12 reveals that BAR15 - Standards and Inter-
operability and BAR16 - Risk Aversion exhibit the most
significant net influence (⊗ ri − ⊗ ci), indicating that these
two factors have the most significant impact on other factors.
The absence of standards and interoperability in quantum
computing and other technologies leads to barriers such as
inadequate infrastructure, integration complexities, and the
necessity for establishing suitable legal frameworks [2]. Sim-
ilarly, risk aversion barriers contribute to a conservative per-
ception of new technologies within the community, hindering
access, reducing investment, and diminishing government
support [77]. These two factors significantly influence other
barriers, highlighting their critical importance in shaping the
landscape of quantum computing adoption. Detailed dis-
cussions on the cause-and-effect relationships among these
factors will follow.
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Figure 3 depicts the relationship between barriers based
on their influence weight and net influence value. Arrow
lines represent interactive relationships between factors, with
only relationships having influence values greater than the
average prominence value (⊗ ri + ⊗ ci = 290.8) shown. The
horizontal axis ⊗ ri − ⊗ ci = 0 divides the chart into four
quadrants with distinct characteristics.

The first quadrant is characterized by factors belonging
to the cause group, as indicated by ⊗ ri − ⊗ ci > 0, and
exhibits a strong influence, given that the ⊗ ri+⊗ ci value of
each factor surpasses the average value. The barriers assessed
as belonging to the cause group and exerting a strong influ-
ence include BAR12 - Limited Infrastructure, BAR10 - High
Costs, BAR5 - Lack of Skilled Workforce, BAR14 - Lim-
ited Research and Development, and BAR4 Infrastructure
Accessibility. First, consider BAR12 - Limited Infrastruc-
ture. Limited infrastructure represents a significant barrier
and is the root cause of numerous other barriers to adopting
quantum computing for data analysis in Vietnam [78]. Inade-
quate infrastructure poses challenges in training and research
efforts related to this technology (BAR1, 14), resulting in a
shortage of skilled workforce (BAR5) [79], [80]. Moreover,
deficient technical infrastructure contributes to heightened
risk aversion and reluctance to embrace new technology
among individuals (BAR2, 13, 16) while also impeding the
government’s ability to establish a suitable legal framework
for such technologies (BAR6, 7) [2], [9]. Additionally, the
lack of synchronization with existing technologies and lim-
itations in defining communication standards (BAR4, 6, 15)
due to insufficient technical equipment and professional qual-
ifications further compound the barriers to the application
of quantum computing in Vietnam. Adequate infrastructure
serves as the foundational factor for the adoption of new
technology. Insufficient infrastructure hinders progress in its
own right and gives rise to various other barriers, imped-
ing the country’s ability to master new technologies. High
costs pose a significant barrier to the application of quantum
computing in Vietnam, giving rise to various other obsta-
cles [9], [79]. The financial burden associated with high costs
constrains access, investment, and the development of nec-
essary infrastructure for new technologies (BAR4, BAR12).
Moreover, in developing countries, limited capital allocation
across multiple sectors due to high costs results in constrained
investment in research and education of new technologies
(BAR1, 14), thereby exacerbating the shortage of qualified
human resources (BAR5) [81]. The prohibitive costs also
impede the widespread adoption of quantum computing in
Vietnam, leading to a lack of comprehensive understanding
and specific perspectives among the community and authori-
ties. Consequently, barriers stemming from Public Awareness
and Risk Aversion (BAR2, 16) and policy and legal aspects
(BAR6, 7) emerge. The substantial initial investment costs,
coupled with a lack of experience in managing operating
expenses, contribute to numerous barriers not only on a
technical level but also in terms of cognitive hurdles, render-
ing the application of quantum computing for data analysis

in Vietnam even more challenging. BAR5 - The lack of a
Skilled Workforce represents another significant barrier that
engenders various challenges [11]. The absence of proficient
personnel proficient in operating technology not only ham-
pers the integration of existing technologies with new ones
(BAR9) but also poses risks to information security (BAR8).
The dearth of qualified human resources further impedes
access to and stable technology operationBAR4, 11), thus
introducing new barriers [82]. Human resources lacking in
quality represent a critical bottleneck that necessitates reso-
lution because, alongside infrastructure and investment, the
human element plays a pivotal role in successfully apply-
ing new technology within a country. Indeed, proficient
human resources are essential prerequisites for the practical
application of technology. Similar to infrastructure limita-
tions, the barrier of Limited Research and Development
(BAR14) encompasses various challenges associated with
acquiring the knowledge, skills, and understanding required
to implement quantum computing in Vietnam [56], [83].
These challenges are exacerbated by issues related to infras-
tructure accessibility and the limited availability of resources
for Vietnamese researchers. Moreover, accessing this tech-
nology abroad is also challenging due to the scarcity of
countries with comprehensive infrastructure and advanced
capabilities in quantum computing. In the second quadrant,
BAR15 (Standards and Interoperability) and BAR16 (Risk
Aversion) are categorized as ‘‘cause’’ factors with low influ-
ence weights. These barriers have significant net influence
values and can lead to numerous other barriers. For instance,
barriers related to Standards and Interoperability exacerbate
challenges related to infrastructure, connectivity, and infor-
mation security (BAR 4, 8, 9, 12), making themmore difficult
to overcome [84]. Additionally, Risk Aversion impedes com-
munity awareness and acceptance of quantum computing
technology, hindering the development of skilled human
resources and research and education in this field (BAR 1,
2, 5, 13, 14) [58]. The third and fourth quadrants comprise
factors categorized as the ‘‘effect’’ group, influenced by
those in the ‘‘cause’’ group. Specifically, BAR1 - Educa-
tional Gap and BAR9 - Integration Complexity in the fourth
quadrant are weighted as influential factors that impact the
adoption of quantum computing in Vietnam. These barriers
stem from other obstacles, such as inadequate infrastruc-
ture, insufficient investment, and limited access to advanced
technology.

E. QSF COCOSO RESULTS
Experts will evaluate the proposed strategies to assess their
effectiveness in mitigating and removing barriers. Expert
assessments are initially recorded in linguistic form based
on the scale outlined in Table 6. Subsequently, these assess-
ments are converted into QSF numbers, and Equation (22) is
utilized to synthesize the evaluations provided by 30 experts
into an aggregated matrix. The summarized opinions of the
30 experts are presented in Table 13.
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FIGURE 3. Influential network relation map of 15 barriers.

TABLE 13. Aggregated assessment matrix.

Table 14 presents defuzzified data using Equation (20).
Subsequently, each evaluation value corresponding to the
barriers will be multiplied by the respective weight of that
barrier determined through the DEMATEL phase. Based on
these results, the values WSi,W Pi, and WSi + WPi, along
with three appraisal score Ria,Rib,Ric (with η = 0.5) and
Ri are calculated.

Table 14 highlights STG3 - Cost Reduction Initiatives,
STG2 - Investment in Infrastructure, and STG10 - Training
and Education Programs as the top-rated solution strategies.
The specific ranking of strategies is as follows: STG3 >
STG2 > STG10 > STG 9 > STG5 > STG7 > STG4 >
STG8 > STG6 > STG1.

Addressing solutions to reduce initial investment costs
(STG3) is crucial for facilitating the adoption of quantum
computing in data analysis within Vietnam. The substantial
initial investment required poses a significant challenge for
developing countries like Vietnam, hindering their ability to
adopt new technologies [48]. These costs can be effectively
managed by drawing insights from past implementations
and progressively developing supporting technologies to bol-
ster local infrastructure. This approach reduces dependency

TABLE 14. QSF COCOSO results.

on complete imports from overseas, thereby offering bet-
ter cost control [2]. Implementing this overarching strategy
universally holds the potential to mitigate significant costre-
lated barriers, which are fundamental obstacles hindering
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FIGURE 4. Sensitive analysis result.

Vietnam’s adoption of quantum computing. By leveraging
lessons learned and incrementally building local techno-
logical capacities, Vietnam can enhance its readiness to
embrace quantum computing for data analysis. This proactive
approach not only addresses immediate financial constraints
but also lays a foundation for sustainable technological
advancement in the region.

Furthermore, STG2 - Investment in Infrastructure emerges
as a critical strategy aimed at overcoming the challenge of
Limited Infrastructure (BAR12), which is the primary barrier
obstructing progress due to constraints on essential resources,
qualified human capital, public technology awareness, and
interoperability with existing technologies (BAR 2, 4, 5, 9,
12, 13, 15) [61]. The establishment and enhancement of
infrastructure are pivotal steps towards harnessing the full
potential of quantum computing [8]. By investing strategi-
cally in infrastructure, Vietnam can gradually overcome these
barriers, laying a robust foundation for integrating quantum
computing capabilities. This strategic investment not only
addresses immediate resource constraints but also facilitates
long-term interoperability with existing technologies, foster-
ing widespread awareness and adoption. Ranked third among
the strategies is STG10 Training and Education Programs.
This initiative directly tackles the challenge of developing
skilled human capital and fostering community awareness
of technology (BAR1, BAR5) [60]. By implementing com-
prehensive training and education programs, Vietnam can
effectively cultivate a proficient workforce equipped to lever-
age quantum computing technologies. These programs not
only bridge the skills gap but also enhance public awareness
and acceptance of technological advancements. By nurturing
a knowledgeable workforce, Vietnam can sustainably inte-

grate quantum computing into its technological ecosystem,
paving the way for future innovation and competitiveness.
Briefly, investment in infrastructure and the implementation
of training and education programs are integral strategies
for overcoming barriers to quantum computing adoption in
Vietnam.

While STG2 emphasizes investment in physical infras-
tructure, STG10 addresses the critical need for preparing
the population through knowledge, skills, and awareness
programs. Training and educational initiatives focused on
quantum computing are pivotal in cultivating community
understanding, dismantling cultural barriers, enhancing tech-
nology awareness, and reducing risk aversion (BAR2, 13, 16)
[10]. These programs are essential for equipping individu-
als with the necessary expertise to harness the potential of
quantum computing effectively. By fostering a knowledge-
able workforce and raising awareness among the populace,
Vietnam can overcome barriers associated with limited tech-
nology acceptance and adoption. Furthermore, education
in quantum computing enhances technological literacy and
stimulates innovation and entrepreneurship in related fields.
Investing in training and educational programs represents a
proactive approach to building human capital capable of inte-
grating and advancing quantum computing within Vietnam’s
technological ecosystem.

Therefore, these efforts facilitate the development of more
suitable government policies and regulations (BAR6, 7). Inte-
grating the implementation of these three strategies is crucial
for systematically establishing the necessary infrastructure
for new technologies while simultaneously cultivating a
skilled workforce capable of utilizing them proficiently. This
integrated approach fosters public acceptance and adoption
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TABLE 15. Ri under different η values.

FIGURE 5. Comparative analysis results.

within a cost framework that aligns with the national context,
maximizing efficiency and effectiveness.

In summary, integrating top strategies, as mentioned
above, is essential for fostering technology adoption in
Vietnam and ensuring both readiness and efficiency in
implementation.

F. SENSITIVE ANALYSIS
To enhance the reliability of the ranking outcomes, a sensitiv-
ity analysis was conducted by adjusting parameter η across a
range from 0.1 to 0.9 in increments of 0.1. This approachmin-
imizes potential human biases that influence decision-making
results [85]. By systematically varying the parameters, the
analysis ensures a comprehensive examination of the robust-
ness of the ranking outcomes, thereby bolstering the validity

and credibility of the study findings. Table 15 displays the Ri
Results of the strategies across different η conditions.

Figure 4 presents the ranking outcomes of the ten strate-
gies under different η conditions, ranging from 0.1 to 0.9.
The consistent order observed across varying η values high-
lights the reliability and robustness of the ranking results,
reaffirming their independence from potential human biases.
This consistency strengthens the validity of the study’s
findings and underscores the credibility of the proposed
strategies.

G. COMPARATIVE ANALYSIS
A comparative analysis assessed the precision and depend-
ability of the ranking outcomes derived from the QSF
COCOSO method. This evaluation aimed to gauge the
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TABLE 16. Pearson correlation test results.

consistency and effectiveness of the COCOSO method in
comparison to alternative approaches. By scrutinizing the
similarities and disparities between the rankings obtained
from differentmethods, the analysis provided insights into the
robustness and validity of the COCOSO method in prioritiz-
ing strategies for overcoming barriers in applying quantum
computing to data analysis in Vietnam [86]. The ranking
outcomes derived from the QSF COCOSO method were
juxtaposed with those from the QSF TOPSIS and QSFMUL-
TIMOORAmethods using the same dataset. The comparison
outcomes among the three methods are presented in Figure 5:

The comparison reveals similarities in the ranking out-
comes from the QSF COCOSO and QSF MULTIMOORA
methods. Nonetheless, a slight disparity is observed when
comparing these outcomes with those derived from the QSF
TOPSISmethod. Although the top 1, 2, and 4, 5 positions dif-
fer, the top 5 strategies, namely STG2, 3, 5, 9, and 10, remain
consistent. This variance is attributed to the differing ranking
principles employed by the TOPSIS method, which relies on
the distance to the ideal solution. A Pearson correlation test
was conducted to ascertain the correlation among the three
sets of results. Table 16 presents the outcomes of the Pearson
correlation test between the three sets of ranking results.

The comparison results from Table 16 reveal that the sig-
nificance value (sig) between the QSF COCOSO and QSF
TOPSIS methods is less than 0.05, and the correlation value
is 0.976. This indicates a strong positive correlation between
the ranking outcomes derived from these two methods [87].
Thus, the comparative analysis demonstrates that the ranking
results obtained through the QSF COCOSO method closely
resemble those obtained using the QSF MULTIMOORA
method. Although a slight discrepancy is observed with the
TOPSIS method, the strong positive correlation validates the
reliability of the COCOSO method’s outcomes.

V. CONCLUSION
This study has identified and validated 15 critical barri-
ers to applying quantum computing in data analysis within
Vietnam. These barriers, including limited infrastructure,
high costs, and a lack of a skilled workforce, were identi-
fied as root causes that significantly hinder the adoption of
quantum computing. Addressing these barriers is crucial for

creating a conducive environment for quantum computing
applications in Vietnam. The QSF DEMATEL method high-
lighted the interconnected nature of these barriers, empha-
sizing the need to prioritize infrastructure development,
cost reduction initiatives, and investment in education and
training programs. These strategies are pivotal in overcom-
ing awareness, technology integration, and human resource
development challenges. Theoretically, this study integrates
QSF theory with MCDM methods such as DELPHI and
DEMATEL to assess barrier weights and causal relationships.
The QSF COCOSO method ranks proposed solutions effec-
tively, demonstrating consistency in results across various
methodologies like QSF MULTIMOORA and QSF TOPSIS.
A sensitivity analysis conducted using the COCOSO method
further validated the robustness and reliability of the findings.
Methodological enhancements, including integrating quan-
tum theory with spherical fuzzy sets and considering expert
weights in barrier validation, contributed to the accuracy and
depth of the analysis. These approaches ensure a compre-
hensive understanding of barriers and effective strategies for
quantum computing adoption in Vietnamese data analysis
contexts.

Effective policies are crucial to facilitate the adoption of
quantum computing for data analysis in Vietnam. Policy-
makers should prioritize financial incentives to reduce initial
investment barriers and foster infrastructure development tai-
lored to support quantum technologies. Educational reforms
should focus on enhancing skills in quantum computing
through specialized training programs and partnerships with
industry. Public awareness campaigns are essential to pro-
mote understanding and acceptance of quantum technologies.
A robust regulatory framework should also be established
to address privacy, security, and ethical concerns. Collabo-
ration between government, academia, and industry fosters
innovation and technology transfer. Continuous monitoring
and evaluation mechanisms will ensure policy effectiveness
and alignment with national goals, maximizing the benefits
of quantum computing adoption across sectors.

Theoretically, this study integrates QSF theory with
MCDM methods such as DELPHI and DEMATEL to assess
the influence weights and causal relationships among barri-
ers impacting the adoption of quantum computing for data
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analysis in Vietnam. Furthermore, solutions are proposed and
ranked based on their effectiveness in mitigating identified
barriers using the QSF COCOSO method, with compar-
isons made against other ranking methodologies like QSF
MULTIMOORA and QSF TOPSIS. Additionally, sensitiv-
ity analysis is conducted using varying parameters in the
COCOSO method. The results demonstrate strong consis-
tency in ranking orders across different methods, underscor-
ing the accuracy and reliability of the findings. Integrating
Quantum theory with spherical fuzzy sets and the golden ratio
offers a superior approach by interconnectingmemberships in
the spherical fuzzy set through the golden ratio.

Moreover, the membership level is represented more com-
prehensively, considering both the amplitude and phase angle
components to express the degree of membership and the
level of uncertainty or vagueness. Furthermore, employing
the DELPHI method for barrier validation enhances the
accuracy and certainty of the factors used for analysis. Addi-
tionally, considering expert weights contributes to addressing
experts’ varying experiences and qualifications, enhancing
their responses’ quality. These methodological enhancements
ensure a robust and comprehensive analysis of barriers and
solutions in the context of quantum computing adoption for
data analysis in Vietnam.

Despite its strengths, this study is limited in scope to
Vietnam, which may limit the generalizability of findings to
other national contexts. Furthermore, while QSF theory was
utilized, advancements in fuzzy set theories beyond spherical
fuzzy sets could offer more refined analytical capabilities.
Future research should expand the scope to include diverse
global contexts, enabling broader applicability of findings.
Exploring newer fuzzy set theories and integrating quantum
theory with other advanced methodologies like neutrosophic
or refined fuzzy set theory could enhance model efficiency
and accuracy. Further investigation into additional MCDM
methods such as VIKOR, Graph Theoretic Analysis (GTA),
and Complex Proportional Assessment (COPRAS) would
also contribute to developing more robust decision-making
frameworks in quantum computing adoption contexts.
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