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The adoption of blockchain technology continues to grow, a direct result of its potential to provide new solutions to old problems
in several industries, including the electoral sector. Blockchain technology is proposed to have the potential to address and
overcome the traditional pen and paper scheme’s challenges and limitations, as well as trust concerns around more modern e-
voting systems. Ultimately, with the aim to revert the recent downward trend in voter turnover, despite the interest and
potential, there remains a significant research gap in understanding citizen response to this technology. This research is aimed
at investigating whether citizens would be willing to embrace blockchain technology, as well as at exploring the factors that
influence its adoption. A model designed to combine the extended unified theory of acceptance and use of technology
methodology with an experimental approach is applied. The results of the study (N =416) show that the intention to use
blockchain-based e-voting systems can be predicted by five of seven constructs, that is, citizens are more likely to adopt e-
voting systems when they perceive them to be effective, socially endorsed, enjoyable, trustworthy, and low in perceived risk.
However, we do not find a direct influence of blockchain technology, over cloud-based e-voting, on voting intentions
indicating that the benefits of this approach may not be well understood by consumers or may not drive the desired increase
in voting intention. By understanding citizens” willingness and concerns to adopt new voting technologies and the factors
influencing this disposition, policymakers are better equipped to develop strategies on the development and implementation of
electronic voting systems and can make informed choices about the use of blockchain technology.
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1. Introduction

In a democratic society, voting is a vital act of citizenship,
being both a right that should be protected and a responsi-
bility that citizens should fulfill to ensure the legitimacy
and effectiveness of democratic institutions.

Despite the growth in the global voter population and
the number of countries that hold elections, the global aver-
age voter turnout rate has been decreasing significantly since
the 1990s. The percentual decline in Europe is more signifi-
cant than in the other regions. In Asia and in America, the
trends in voter turnout appear more stable over time. How-
ever, in both continents, the voter turnout has been much
below the global average [1, 2].

Lower turnout rate presents severe consequences such
as underrepresentation, disproportionate influence, and vul-
nerability. Understanding the main reasons for these
actions and encouraging active participation is crucial for
a more inclusive, representative, and accountable democ-
racy [3]. A great number of empirical studies have been
conducted to try to understand how various factors may
affect voter turnout. The elements most commonly cited
are socio-economic—population size, stability, and eco-
nomic development; political—closeness of elections and
perception of political issues at stake; institutional—electoral
system, compulsory voting, registration requirements, and
voting arrangements; and personal—age, education, political
interest, and civic duty [1, 4, 5].
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Even though traditional voting methods are widely
accepted, they present some challenges and limitations.
Many may argue that the lack of a more accessible and tech-
nologically advanced solution is one of the reasons for such
high abstention rates [6, 7]. Blockchain technology presents
the power to replace the traditional pen and paper scheme
with a new election system. Blockchain works by comprising
a sequence of blocks, each with a set of verified transactions
[8], protecting information from alteration and/or manipu-
lation, while securing anonymity and privacy, integrity,
and accuracy [9]. Citizens can cast their votes on smart-
phone apps rather than having to queue up at polling
stations, ruling out any constraints that might be associ-
ated [10].

Despite the increasing interest, there remains a signifi-
cant research gap in the existing literature on blockchain-
based e-voting, which has primarily focused on technical
aspects, such as the design and implementation of the sys-
tems, as well as their features and requirements. Although
researchers have shown increased interest in the potential
of blockchain technology, it is difficult to know if it has
become an object of interest to the public and what their
reaction to this technology will be. It is then crucial to
explore the perspectives of citizens on this technology to
ensure that their interests, concerns, and expectations are
appropriately addressed. This research focuses on the imple-
mentation of electronic voting systems and is aimed at iden-
tifying the associated level of acceptance of the citizens to
this arrangement, exploring potential benefits, challenges,
and contributing factors; also, it determines if blockchain
stands out as a reliable and secure technology for the devel-
opment and deployment of such electoral innovation.

This study addresses this gap by focusing on citizen
acceptance of blockchain-based e-voting systems. Specifi-
cally, two research questions guide our investigation: Firstly,
what factors influence the adoption of e-voting technology
among citizens? Secondly, how does the integration of
blockchain technology affect these factors and subsequently
contribute to broader adoption of electronic voting systems?

In order to answer these questions, we make use of the
social theory of political participation [11] and the unified
theory of acceptance and use of technology [12] as theoretical
frameworks to structure the research. The study then
employs the approach of [13] which allows us to examine
explicitly the contribution of blockchain technology within
the theoretical frameworks by introducing an experimental
condition. To do so, we randomly assign participants to
cloud- or blockchain-based e-voting conditions and subse-
quently measure their responses through a structured survey.
Data is collected in a convenience sample and analyzed using
partial least squares structural equation modeling (PLS-SEM)
to identify differences across conditions and explore fac-
tors influencing the acceptance of blockchain technology
for e-voting.

2. Literature Review: Blockchain E-Voting

Blockchain can be defined as a chain of blocks, which are
time stamped and linked by cryptographic hashes [14].
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Essentially, it is a distributed ledger of transactions imple-
mented on a peer-to-peer (P2P) network [15]. For a block
of transactions to be appended, first, it must be approved
by a node (in this context, also called a miner). A consensus
among the majority of nodes regarding the validity of the
transaction is mandatory to complete the process [16].
Blockchain networks use asymmetric cryptography, which
involves the use of a pair of keys to encrypt/decrypt commu-
nication. Hashing is commonly used and consists of trans-
forming input data into a fixed-size string of characters
[17]. The hash functions are unique and deterministic. Each
block of information contains a reference to the previous
one and, so, for a piece of data to suffer alterations, all the
other connected blocks need to be recalculated as well [18].
No entity can modify information stored on the ledger with-
out the approval of the remaining. In summary, the records
in blockchain are immutable, irreversible, and tamper
evident.

Initially recognized as the foundation for cryptocurren-
cies like Bitcoin, blockchain has emerged as a transformative
force in various sectors [19]. Blockchain e-voting appears as
a solution with a set of opportunities and benefits to revolu-
tionize the electoral process and strengthen the foundations
of democracy. Physical limitations and geographical con-
straints no longer present a barrier, as blockchain e-voting
allows citizens to cast their votes on election day digitally,
only requiring a device with an internet connection to com-
plete the process.

Educational campaigns will need to take place to pro-
mote awareness of blockchain technology, its benefits, and
how it improves security, transparency, and accessibility,
given that the complexity inherent in blockchain technology
might interfere with mainstream public acceptance [6]. Hav-
ing in mind the possibility of restricted or nonexistent access
to electronic devices or internet connectivity, it is of extreme
importance to preserve voting stations, as they provide an
alternative for those who do not have the conditions or
knowledge to pick the first option [9].

Even so, having all conditions met, blockchain e-voting
might not be accepted by communities that do not share
the culture and values compatible with it being a transpar-
ent, decentralized, and bottom-up process. Electoral author-
ities, government agencies, and political leaders and others
who benefit from the status quo may contribute to the cit-
izens’ resistance, as blockchain technology should shift
power away [20, 21]. Measures to address these concerns
need to be implemented: educating citizens about the tech-
nology characteristics may help build trust and acceptance
among them and ultimately improve the citizens’ overall
experience, as well as enhance government-to-citizen (G2C)
interaction [22].

Regarding back-end operations and logistics, blockchain
enabled voting reflects accuracy and speed, given that it
automatically tallies the votes casted, decreasing the overall
time and consequently the human error [9]. Financial
investments associated with system’ implementation and
maintenance [23] and its limited scalability [14] may be
viewed as a concern. As such, it is advised to have a thor-
ough and comprehensive evaluation before considering their
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widespread adoption in electoral processes, to ensure effi-
ciency and accuracy.

The transparent and immutable nature of the technology
ensures that no transaction (i.e., casted vote) can be mod-
ified or deleted. Advanced cryptographic techniques are
adopted to safeguard the citizens’ identity, protect against
potential cyberattacks, and restrain fraudulent activities
[14, 15]. However, device exploitation can still be classified
as a concern. This potential risk and its consequences are
hardly predictable in advanced and may be difficult to
detect afterwards. Attackers may gain control over the
voters’ authentication credentials, which can degrade the
experience to the users, prevent them from voting, deceive
them about the process, or publicly expose their choices
[24]. It is crucial to adopt the best practices and conduct
regular security audits to minimize the potential risk asso-
ciated with it.

In order to minimize these limitations, a blockchain-
based e-voting system should follow a common framework
of principles such as the ones mentioned below in its design
in operation (consult Table 1).

The implementation of these characteristics has the
potential to enhance trust and confidence among citizens
in the technology, ensure privacy, and mitigate the risk of
manipulation, misconduct, and malpractice.

As a result of the interest in the potential of blockchain
for improving e-voting, a number of applications have been
trialed from which we can look to draw insights on public
response. The first example appears to have been imple-
mented in Sierra Leone as a proof of concept [26], where
ballots were digitized and blockchain secured, in parallel to
paper ballots. Although reliable sources on the pilot and crit-
ical analysis of the outcome do not appear to exist in the lit-
erature, the first wide-scale real demonstration appears to
have been undertaken in Thailand [27] where 120,000 mem-
bers voted to elect the Democratic leader without reported
fraud or serious issues.

Russia has trialed the technology at the city level in 2019
and national level in 2020 and 2021. In a qualitative study
[28] based on interviews with experts on these applications,
a number of the theoretical benefits are found to be plausi-
ble, although it is reiterated that trust remained a key factor
for future success and opposition parties have questioned
the role of the blockchain system [29].

State [30], city, and county [31] elections have all been
piloted in the United States, although again impartial
sources or critical review seem difficult to locate. In these
cases, the technology was implemented to improve the vot-
ing experience for overseas-based military personnel with
the aim of improving turnout. It is essential to highlight
that there was an attempted hack on the Voatz application
[32]. Even though Voatz asserted that it was not close to
being successful, however, several vulnerabilities were later
identified by reverse-engineering the app. It was found that
remote adversaries could tamper with a user’s vote if they
had access to the device, and that, in some election config-
urations, even a passive network adversary could discern a
user’s vote and disrupt the connection. It should be noted
that the security vulnerability was found in the application,

before contact with the blockchain, and it should be consid-
ered that this type of vulnerability applies to e-voting more
generally.

It can be seen then that the application of blockchain for
voting remains in its infancy in practice. It then becomes
essential, given the costs to conduct real world trials, to
understand its potential for adoption and improving e-
voting as we propose here.

3. Material and Methods

3.1. Theoretical Approaches. As a result of incomplete under-
standing of the causes of turnout, policies designed to
increase participation have often failed to achieve their
aims—as previously explained in the case of postal code or
e-voting. For achieving success in the implementation of a
blockchain-based e-voting system, it is mandatory to not
only explore the social and political context that drives polit-
ical participation but also identify and study the factors that
influence technology acceptance and adoption.

Different frameworks have been developed to illustrate
the users’ adoption by taking into account a range of factors
in the models. The most common models are discussed in
the following sections.

3.1.1. Political Participation Framework. “Other Turnout: A
Social Theory of Political Participation” [11] explores how
social norms, social capital, and social pressure impact indi-
viduals’ engagement in the political process. According to
this theory, immigrants, minorities, young people, the uned-
ucated, the poor, and the politically disinterested are syste-
matically less likely to vote, than those with higher social
economic status, that is, wealthy, White, and highly edu-
cated citizens. Notwithstanding, citizens are influenced and
responsive to the decisions of those around them, meaning
they are more likely to cast their vote if their family, friends,
coworkers, neighbors, or others in their network do it.
Besides motivation, ambition and desire are too described
as the leading factors. Data also suggests that the turnout
rate is higher in countries where voters are automatically
registered, voting is compulsory, or election day is a week-
end or holiday.

3.1.2. Unified Theory of Acceptance and Use of Technology.
The unified theory of acceptance and use of technology
model is often regarded as the most comprehensive theory
for analyzing technology adoption by individuals [33] [34]
as it incorporates an exhaustive review of eight dominant
technology adoption models, namely, theory of reasoned
action, theory of planned behavior, technology acceptance
model, motivational model, combined TAM-TPB, model
of personal computer utilization, innovation diffusion the-
ory, and social cognitive theory [35].

This framework focuses on identifying the key contribu-
tors to the individual’s intentions to adopt a technology and
their subsequent usage behavior—performance expectancy,
effort expectancy, social influence, and facilitating condi-
tions [36]. In 2012, an extended version of this approach
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TABLE 1: Electoral principles.

Principles Description Reference

Accessibility The polling station must be open and accessible for .the voter who wishes to cast their vote manually [9, 25]

and physically.

Accuracy Casted votes are counted correctly, and the declared results match the election outcomes. [9, 24, 25]

Anonymity The identity of voters and whom they vote for should not be revealed. [9, 24, 25]

Auditability Possibility of recording and validating transactions and the accuracy and fairness of the overall process. [9, 24, 25]

Availability Voting systems should be available as long as the voting period is open. [25]

Completeness All information compiled on the ballot should be handled correctly; and the system must allow for [24, 25]

voter abstinence.
Eligibility Only registered voters should be allowed to vote. [9, 25]
Immutability/integrity Property that ensures that each vote is recorded as intended and cannot be tampered with in any [9, 24, 25]
manner.
Fairness No one can find out the details before the count is released. [25]
Privacy Protection of personal information and the ability to control its access and use. [9, 24, 25]

Election systems must operate safely without loss of votes; all active nodes keep full copies of the
Reliability/robustness  blockchain ledger. Additionally, software and methods should be developed in such a way without any [9, 24, 25]
malicious code or errors.

Soundness Invalid ballots should be detected and not taken into account during tallying. [25]
Uniqueness Citizens’ votes must not be counted more than once. [25]
Verifiability Voters should be able to confirm that their ballots are counted correctly. [9, 24]

was developed to introduce a social context—hedonic moti-
vation, price value, and habit [12, 37].

3.1.3. Drivers and Barriers to the Implementation of Internet
Voting. The drivers and barriers to the implementation of
internet voting theory [38] provides a comprehensive holis-
tic perspective on the factors influencing the adoption of
internet voting (i-voting). It outlines 15 general drivers
and/or barriers for i-voting adoption, framed within two
main contexts: (1) the socioeconomic situation—encom-
passing social, economic, cultural/historical, political, orga-
nizational, legal, and procedural elements—and (2) the
technological context.

Among these, four factors on citizens adoption stand
out. The first relates to blockchain literacy, stating that the
technology is perceived as too complex for the average
person to understand fully, leading to uncertainty about
whether introducing new technology is truly necessary,
especially when it risks disrupting an already functioning
electoral system, and mistrust. Facilitating conditions are
also taken into consideration by pointing out that areas
with limited internet access highlight the disparities (digi-
tal divide) and stump electoral inclusivity. The third aspect
is habit, and it is said that individuals tend not to main-
tain interest in the technology if they experience no fur-
ther usage of it than voting online from time to time.
Lastly, hedonic motivation, elections are viewed as a
community-based exercise where voters physically gather
to cast their votes, and so, many may resist the idea of
replacing it with technology.

The study also states that the composition of civil society
influences the discussions around i-voting technology, as its
members—government, civil society organizations, experts,

academia, and others—may drive or impede (“middleman
paradox”) diffusion depending on their stance, particularly
in environments lacking expert communities and with less
regulated procurement. On the other hand, the presence of
solid lobby groups within society fighting for the rights of
visually impaired persons and expatriate voters is identified
as a strong driver for i-voting adoption on the political level.

3.1.4. Enablers and Value Drivers of Blockchain. Exploring
and understanding the drivers behind blockchain adoption
is essential for evaluating the strategic grounds and potential
benefits of integrating such technology into existing
frameworks.

The adoption of blockchain is driven by a group of fac-
tors that include technological advancements, market
dynamics, and evolving industry needs. From the Jardim
et al. [39] empirical analysis, key statements regarding block-
chain adoption were highlighted. These statements reflect
consensus on critical issues such as traceability, the maturity
level of blockchain, and the pivotal role of smart contracts in
enhancing transparency, data integrity, and operational effi-
ciency. Additionally, benefits such as consolidating diverse
data sources into a single information hub and addressing
challenges of acceptance among stakeholders were empha-
sized. Moreover, the potential for blockchain to automate
processes across multiple partners, facilitate regulatory com-
pliance in transactions, and streamline operations through
automation accentuated its potential.

The study categorized the beforementioned adoption
factors into two distinct categories: adoption incentives and
adoption challenges, providing a framework that considers
the drivers of adoption from two sides—drivers and chal-
lenges. Adoption challenges primarily address external
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factors that could influence the adoption process, such as the
reliance on acceptance and adoption by other stakeholders,
the level of support provided by technology providers, and
the trustworthiness of the technology itself. In contrast, the
adoption incentives category focuses on the inherent benefits
and characteristics of blockchain technology. These encom-
pass its capacity for automation and reduction of inefficien-
cies, its ability to enhance traceability and information
tracking across chains, and the transparency facilitated by
smart contracts.

3.2. Hypothesis Mapping and Research Model Design. Based
upon the theoretical foundation laid out in the previous sec-
tions, the following segment sets out the hypothesis map-
ping. This alignment allows the development of a
structured framework that clarifies the foundations of the
research. These hypotheses, built on the constructs featured
in the unified theory of acceptance and use of technology,
encompass a range of user perspectives and outlooks, pro-
viding insights into the factors driving users’ intentions in
adopting e-voting. As to assess if blockchain stands out as
a reliable and secure technology, a comparative study will
take in cloud-based e-voting systems as a baseline technol-

ogy group.

3.2.1. Performance Expectancy. Performance expectancy
refers to the user’s subjective belief that using a particular
technology will enhance their productivity, efficiency, and
assist in accomplishing their goals [36]. In this scenario, per-
formance expectancy relates to the user’s confidence that
adopting blockchain-based e-voting systems will enable
them to cast their votes securely and conveniently, as well
as potentially gain other benefits.

Performance expectancy is likely to be influenced by sev-
eral factors, including the awareness and comprehension of
citizens regarding the potential impact of blockchain-based
e-voting systems on the democratic process; the perceived
ease of use of the blockchain-based e-voting system; and
the user’s belief in the system’s ability to safeguard the integ-
rity and privacy of their vote; and the user’s prior encounters
with such technology [40].

In the scope of existing blockchain literature, it has been
established that performance expectancy has a significant
positive impact on the behavioral intention to use block-
chain technology, as evidenced by the work of Abu Afifa
et al. [41] and [36].

We hypothesize the following:

H1: Performance expectancy positively influences behav-
ioral intention to use e-voting systems.

On the other hand, studies have shown that cloud-based
e-voting faces challenges in data integrity, transparency, and
secrecy of the ballot, among others [42, 43]. These challenges
contribute to a perceived inferior performance, influencing
users’ expectations and belief in the system’s ability to safe-
guard the integrity and privacy of their vote, and conse-
quently their adoption intentions. As such, and in
comparison, those exposed to the blockchain technology
are more likely to positively perceive performance
expectancy.

We hypothesize the following:
H2: Blockchain technology group positively influences
performance expectancy.

3.2.2. Effort Expectancy. Effort expectancy hinges on users’
perceptions of a technology’s user-friendliness. This subjec-
tive assessment significantly shapes an individual’s motiva-
tion and intent [36].

When users expect a technology to be approachable and
demand minimal effort in terms of interaction and naviga-
tion, they are more inclined to adopt it (C. [44]). In the con-
text of blockchain-based e-voting adoption, users may
express concerns about the learning curve associated with
newer blockchain technology, potentially leading to an
expectation of a higher level of effort in their engagement.
As such, it is imperative to prioritize the education regarding
both the technology and electoral processes [45].

Abu Afifa et al. [41] and Chang et al. [46] establish a
connection between effort expectancy and the overall inten-
tion to implement the technology, emphasizing the nature of
these factors in the context of blockchain-based e-voting,
revealing a positive impact on users’ intention to adopt
technology.

Although similar, cloud-based systems are of wide-
spread familiarity as most citizens use smartphones and
everyday applications that rely on cloud technology, such
as social media platforms, file storage, and sharing services,
among others [47]. Such comfort and familiarity suggest
that the learning curve associated with cloud-based technol-
ogies may be comparatively lower and that it may outweigh
the concerns about its usability, overshadowing any poten-
tial issues. Consequently, individuals may exhibit a lower
intention to embrace and adopt blockchain-based technol-
ogy [48].

We hypothesize the following:

H3: Effort expectancy positively influences behavioral
intention to use e-voting systems.

H4: Blockchain technology group negatively influences
effort expectancy.

3.2.3. Social Influence. In this context, social influence refers
to the impact of others’ opinions, recommendations, and
social interactions on a user’s decision to adopt a technol-
ogy [12].

Numerous studies within the field of political partici-
pation have recognized social influence as a key driver to
civic engagement, claiming citizens are influenced and
responsive to the decisions of those around them, meaning
they are more likely to cast their vote if their family,
friends, coworkers, neighbors, or others in their network
do it [11].

Research on blockchain consistently highlights the
impact of social connections and peer attitudes, behaviors,
and recommendations in encouraging the adoption of a
blockchain-based product/service, such as electronic voting
systems [36].

Cloud-based systems have achieved global integration,
becoming an integral part of individuals’ daily lives. The
widespread adoption of cloud technologies is evident, thanks
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to their familiarity and seamless incorporation into various
applications [47]. However, blockchain-based systems, par-
ticularly in the context of e-voting, are in their early stages
of development and introduction to the citizens, and, as
such, the social influence factor becomes crucial [49]. That
said, it is estimated that social influence will have a signifi-
cant impact on the intention to adopt such systems, when
compared to a cloud-based solution.

H5: Social influence positively influences behavioral
intention to use e-voting systems.

Heé: Blockchain technology group positively influences
social influence.

3.2.4. Facilitating Conditions. Facilitating conditions encom-
pass the user’s perception of the support, resources, and
infrastructure available to help them use the technology
effectively [36].

In order to grasp their impact, it is essential to take into
account the various elements vital to the adoption of this
system. These elements include factors such as the presence
of the required hardware and software, the availability of
secure internet connections, and the delivery of comprehen-
sive training and assistance.

Studies have demonstrated that facilitating conditions
play a crucial role, as individuals with access to them are
more likely to develop the intention and adopt a particular
technology [44, 50, 51].

Since both blockchain- and cloud-based solutions
require hardware (computers, smartphones, or equivalent)
and access to an internet connection, the solutions are per-
ceived as alike, leading to the anticipation of similar
behaviors.

We hypothesize the following:

H?7: Facilitating conditions positively influence behav-
ioral intention to use e-voting systems.

HB8: Blockchain technology group does not influence
facilitating conditions.

3.2.5. Hedonic Motivation. Hedonic motivation is described
as the pleasure and enjoyment a user derives from using a
technology [12]. In this scenario, the citizens’ motivation
towards the adoption of blockchain-based e-voting systems
is influenced by factors related to the amusement, excite-
ment, and empowerment of engaging with the given tech-
nology, as well as the desire to be part of a tech-savvy
minority.

The emotional experiences that encompass users’
hedonic motivation significantly contribute to individuals
embracing a technology [52]. Studies have confirmed that
individuals are more inclined to use technology more effec-
tively when it offers elements of fun, enjoyment, and amuse-
ment [53].

Being blockchain-based e-voting systems perceived as
innovative and exciting, it is expected to present a stronger
behavioral intention when compared to cloud technology.

We hypothesize the following:

H9: Hedonic motivation positively influences behavioral
intention to use e-voting systems.

Human Behavior and Emerging Technologies

H10: Blockchain technology group positively influences
hedonic motivation.

3.2.6. Excluded Factors. In line with the guidance provided
by Venkatesh et al. [12], two components of the UTAUT2
model were purposely left out in the evaluation of the
selected technology. The constructs price value and habit
were intentionally omitted.

The price value reflects the user’s perception of the
worth of the technology in relation to its cost [12]. The pric-
ing structure for blockchain-based e-voting systems can be
highly variable based on a multitude of factors, making it
difficult to create a standardized scale to effectively explain
the concept, evaluate its impact on user adoption, and con-
duct meaningful comparative analyses [40]. Additionally,
as the adoption of e-voting systems is typically driven by
governments and institutions rather than by individual con-
sumers, the direct cost incurred by individual users is often
minimal or nonexistent. That said, no conclusions will be
drawn about the correlation between these factors, as they
are unlikely to accurately represent the impact of price value.

Habit refers to the extent to which a user’s behavior
regarding technology usage becomes automatic and routine
[12]. This factor was eliminated from the proposed research
on the assumption that blockchain-based e-voting systems
are still in the early stages of their product life cycle and
developmental stages; thus, there are few people who were
exposed to and experienced this technology [54]. No state-
ment can be made about the relationship between these, as
it is unlikely to accurately reflect the influence of digital
familiarity.

3.2.7. Trust. In order to comprehensively explore users’
acceptance of e-government services such as blockchain-
based e-voting, the construct of trust emerges as a crucial
dimension [50]. Trust, in this context, pertains to users’ con-
fidence in the functionality, helpfulness, and reliability of the
technology [55].

Prior research has found trust to be a critical indicator of
behavioral intention towards adopting technology [56]. In
fact, studies have established that initial trust is one of the
most dominant parameters to improve the acceptance of a
technology users have little to no prior experience in [57].
Henceforth, the link between how much citizens trust the
technology and how willing they are to use it is clear: When
citizens have a high level of trust, not only do they feel pos-
itive about the cyber transaction [58] and so adopt the e-
government service [59], but also they are also more likely
to stay engaged with it over time [41].

Considering historical challenges encountered by cloud-
based e-voting systems concerning privacy and security
issues, it is understandable that citizens present a lower level
of trust in such technology when compared to blockchain
solutions, renowned for their robust safety nature [24].

We hypothesize the following:

HI11: Trust positively influences behavioral intention to
use e-voting systems.

H12: Blockchain technology group positively influences
trust.
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3.2.8. Risk Perception. Risk perception plays a pivotal role in
shaping the path to information disclosure and technology
adoption [60, 61]. The way individuals and organizations
perceive the potential risks associated with blockchain-
based e-voting significantly influences their willingness to
embrace and integrate it into their electoral routine.

Featherman and Pavlou [62] defined perceived risk as
the “potential for loss in the pursuit of a desired outcome
of using an e-service.” In the present context, risk is
defined as the citizens’ likelihood of loss in relation to
blockchain-based e-voting systems. Risk may be influenced
by a range of factors and comes shaped in different ways,
such as data privacy and/or security vulnerabilities and
operational concerns, among others. As such, it is crucial
to acknowledge historical instances where privacy risks
have arisen and implement robust risk management strat-
egies, educational initiatives, and an effective channel of
communication [51, 60].

When citizens perceive the risks as low impact and/or
manageable, there is a heightened disposition towards tech-
nology adoption. Contrarily, if deemed as high-level impact,
perceived risks can provoke hesitation, reluctance, and resis-
tance [63, 64].

While cloud-based applications have seamlessly inte-
grated into people’s daily routines, fostering familiarity and
routine use, blockchain, being in its early developmental
phases, is seen as complex and unfamiliar, contributing to
a heightened sense of perceived risk among individuals,
and resulting in a more cautious approach [47, 65].

Additionally, blockchain technology has been predomi-
nantly associated with Bitcoin, which, in the past, has been
portrayed by the media as a facilitator of illegitimate activi-
ties, such as money laundering, terrorist financing, and tax
evasion [66]. The lack of regulatory clarity surrounding
blockchain contributes to an increased perception of risks
as well. This approach may influence citizens to be more
attentive and sensitive to apparent threats associated with
blockchain-based systems, such as e-voting.

We hypothesize the following:

H13: Risk perception negatively influences behavioral
intention to use e-voting systems.

H14: Blockchain technology group negatively influences
risk perception.

3.2.9. Blockchain Technology Group. Exposure to a technol-
ogy encompasses the individuals’ familiarity, understanding,
and direct engagement with it [67]. Research suggests that
previous exposure to a technology positively influences the
behavioral intention to use it [68]. In the present study, the
blockchain technology group is exposed to participants as
a binary experimental condition:

Blockchain condition—respondents evaluate an e-voting
system explicitly described as blockchain-based, highlighting
the properties and implications of this technology including
decentralization, immutability, and transparency.

Baseline condition—respondents evaluate an otherwise
identical e-voting system with no mention of blockchain
with a similar explanation of the technologies’ properties.

This manipulation allows us to compare two groups of e-
vote users (those exposed to a blockchain design vs. those
who are not) without requiring a large sample of real-
world blockchain-voting users—currently scarce as such sys-
tems have seen only limited pilots.

As outlined in our discussion of blockchain technology,
the specific properties of this technology are designed to
bring benefits that are hypothesized to increase adoption.
Moreover, as blockchain technology continues to gain
acceptance and adoption across various industries, individ-
uals are likely to perceive this technology as credible and
reliable [69]. However, we hypothesize that this change is
made through the existing identified drivers of technology
adoption that are part of the conceptual model presented
here. Once the mediating constructs of our theoretical model
are accounted for, no residual direct effect of blockchain
technology should remain.

We hypothesize the following:

H15: The effect of blockchain technology group is fully
mediated by the constructs defined within the concept
model, thereby expecting no additional direct effect on the
behavioral intention to use e-voting systems.

3.2.10. The Moderator Role of Blockchain Literacy. Integrat-
ing blockchain literacy as an additional dimension is imper-
ative for a more nuanced examination of users’ acceptance of
blockchain-based technologies. Blockchain literacy encom-
passes users’ knowledge and understanding of the details
surrounding blockchain technology.

Given that blockchain is a rising technology, many peo-
ple are not familiarized with it [65], making assessing users’
proficiency in comprehending the unique attributes of this
technology instrumental in predicting their acceptance.

As individuals become more proficient in understanding
the fundamentals of blockchain, not only does their comfort
level with the technology and its underlying principles grow,
consequently increasing their perceived effort expectation,
but also, their level of understanding of functionalities and
security features—transparency, security, and immutability,
thereby elevating their performance expectancy [70].

We hypothesize the following:

H2a: Blockchain literacy moderates the effect of block-
chain technology group on performance expectancy.

H4a: Blockchain literacy moderates the effect of block-
chain technology group on effort expectancy.

Moreover, individuals develop a heightened sense of
trust, recognizing the decentralized and immutable nature
of blockchain as a safety measure against tampering and
fraud. This helps mitigate risk perceptions, fostering greater
confidence and acceptance of e-voting systems among
citizens.

We hypothesize the following:

H12a: Blockchain literacy moderates the effect of block-
chain technology group on trust.

H14a: Blockchain literacy moderates the effect of block-
chain technology group on risk perception.

Finally, studies suggest that the relationship between
exposure to blockchain technology and behavioral intention
to use e-voting systems is influenced by blockchain literacy
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[68]. Those with higher levels of blockchain literacy are
likely to have a deeper understanding of its principles, mech-
anisms, and applications [70]. This understanding can influ-
ence how they interpret and engage with blockchain-based
e-voting systems and ultimately their willingness to adopt
them [68].

We hypothesize the following:

H15a: Blockchain literacy moderates the effect of block-
chain technology group on behavioral intention.

3.2.11. The Moderator Role of Technology Savviness. Tech-
nology savviness is commonly described as an individual’s
proficiency and familiarity with using and adapting to new
technologies. As such, and corroborated by numerous
researchers, tech-savvy people are more likely to invest time
and put effort in learning new technologies such as block-
chain [71].

As individuals exhibit higher levels of tech savviness,
they possess a deeper understanding of the technological
intricacies underlying e-voting systems. This understanding
not only elevates their performance expectancy by enhanc-
ing their confidence in the system’s reliability and effective-
ness but also reduces their perceived effort, as they are
better equipped to navigate through the technological
requirements seamlessly [63, 72].

We hypothesize the following:

H2b: Tech savviness moderates the effect of blockchain
technology group on performance expectancy.

H4b: Tech savviness moderates the effect of blockchain
technology group on effort expectancy.

Furthermore, users’ familiarity with technology prompts
a sense of hedonic motivation, where the enjoyment derived
from interacting with innovative systems drives their
engagement and participation in e-voting [73].

We hypothesize the following:

H10b: Tech savviness moderates the effect of blockchain
technology group on hedonic motivation.

Research states that the impact of exposure to block-
chain technology on behavioral intention may vary depend-
ing on individuals’ level of tech savviness. When exposed to
a (new) technology, tech-savvy individuals may find it easier
to understand and adapt to blockchain and so enhance their
acceptance and willingness to use blockchain-based e-voting
systems [74].

We hypothesize the following:

H15b: Tech savviness moderates the effect of blockchain
technology group on behavioral intention.

3.2.12. Control Variables. Several studies highlight the cru-
cial role control variables play in research, as they ensure
the analysis accurately credits observed effects to the
blockchain-based technology acceptance and provide a
clearer understanding of the relationships among all vari-
ables within the model.

In similar contexts, demographic factors such as age,
gender, political preference, and technology literacy have
proven to be instrumental in shaping individuals’ perspec-
tives and behaviors [75-78].

Human Behavior and Emerging Technologies

Below, Figure 1 illustrates the proposed conceptual
model, which follows the structure and principles discussed
in the previous sections.

4. Methodology

The primary objective of this research is to study the poten-
tial of blockchain-based e-voting systems in empowering
democracy. To do so, the method of combining experimen-
tal conditions with PLS-SEM of [13] is applied. The partici-
pants will be divided into separate groups, exposed to either
the cloud- or blockchain-based e-voting solutions, then
asked survey questions. This analysis enables the identifica-
tion of potential distinctions across groups, offering a com-
prehensive understanding of how specific subgroups within
the sample might exhibit divergent responses to both
approaches [70].

For data collection a structured online survey was
administered via Qualtrics XM. The survey measured the
construct for the conceptual model described in the sec-
tion above. The survey began with an introductory seg-
ment wherein participants were informed about the
research’s topic and their rights as volunteers. Following
this, participants were directed to a series of questions
designed to assess their general technological proficiency,
as well as their familiarity with blockchain technology,
which served as the moderators for the study (consult
Tables A3 and A2). From this point onwards, the partici-
pants were randomly assigned to one of the two technolo-
gies under study: cloud or blockchain. Before proceeding,
each respondent was presented with an educational video
tailored to the respective technology (consult Appendices
A and B), ensuring a foundational understanding of the
e-voting system being explored, and so facilitating their
engagement with the following survey items. Afterwards,
the survey was structured into sections dedicated to
exploring each of the study’s primary constructs—perfor-
mance expectancy, effort expectancy, social influence, facil-
itating conditions, hedonic motivation, trust, risk
perception, behavioral intention to use (consult
Table Al). To measure the attitudes or opinions of
respondents towards the statements, the Likert 7-point
agreement scale was employed—1 representing “strongly
disagree” and 7 representing “strongly agree” [84]. Upon
completion, participants were requested to provide demo-
graphic information—age, gender, qualifications, occupa-
tion, and residency, as well as electoral habits
data—frequency and political ideology. In total, the ques-
tionnaire consisted of a set of 56 questions, with respon-
dents investing an estimate of 7-10min to complete it in
its entirety.

The sample selection process contains five distinct stages
[85]: define the target population, select the sampling frame,
choose the sampling technique, determine sample size, and
collect data. The target population for this study consists of
individuals aged 18 years and above, as this represents the
minimum age required to vote in most countries. Conve-
nience sampling was employed for participant selection.
Participants were recruited directly by researchers through
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FIGURE 1: Proposed conceptual model.

various online channels, including social media platforms
and online communities." This method was chosen due
to its practicality in reaching a diverse range of individuals
within the target population. It is important to note that
convenience sampling can introduce potential biases, as it
may inadvertently favor individuals who have greater
familiarity with or interest in this specific technology or
technology in general. Table 2 shows that the sample does
reflect this collection approach and does not result in a
population representative sample, as is often the case in
social sciences, with a higher proportion of younger partic-
ipants and a majority of participants from either the
United Kingdom or Portugal. To mitigate this effect, we
include both technological savviness and blockchain liter-
acy as variables in the model; however, this selection bias
should be considered when generalizing findings to the
broader population.

The sample size was determined using the inversed
square root method of minimal sample size calculation
[86], considering a 5% significance level and an expected
minimum path coeflicient in a range of 0.11-0.2, which sug-
gested a minimum of 155 participants per survey (thus, a
total of 310 respondents). As previously mentioned, the data
collection was conducted via an online questionnaire admin-
istered by Qualtrics XM. Participant demographics are
reported in Table 1.

Before launching the questionnaire and initiating the
data collection phase, a pilot test was conducted to evaluate
the effectiveness of the survey. The pilot test involved a small
sample of individuals (10 participants, selected by conve-
nience sampling method), who were asked to complete the
questionnaire and provide feedback on the clarity, relevance,
and comprehensiveness of the educational video and ques-
tions, as well as the usability of the online platform. Based
on the inputs received, the necessary adjustments were made

to the survey, including modifications to wording, format-
ting, and question sequence.

Ethical approval was obtained from the Ethics Commit-
tee of NOVA IMS and MagIC Research Center on February
29, 2024, ensuring compliance with ethical standards and
respondents’ rights and welfare. The online questionnaire
was accessible to participants from March 9 to March 23,
2024. At the survey’s conclusion, a total of 416 valid
responses were gathered (from the 601 collected).

4.1. Data Analysis. Given the exploratory nature of this
research and its complexity, PLS-SEM will be employed to
study the citizens’ perspective on electronic voting, as well
as the variables that may influence their outlook, and detect
underlying patterns.

Before withdrawing conclusions from the PLS-SEM
results, the measurement models must be assessed to evalu-
ate if the required criteria are met. Similar to other statistical
methods, PLS-SEM has guidelines that suggest how to inter-
pret the results and evaluate model results [87-89].

The first step in reflective measurement model assess-
ment is to examine if the indicator loadings are, as rec-
ommended, above 0.708. This threshold separates the
constructs that explain more than 50% of the indicator’s
variance from the remaining, and so consequently those
who grant acceptable statement reliability. An analysis
of the data (consult Table A4) revealed that two state-
ments fell short of the desired criteria level —TS4*
(0.494) and TS6* (0.507). After evaluating other measures
and careful consideration, the items were removed from
the model.

The second step is reviewing internal consistency reli-
ability (consult Table A5), most often by interpreting com-
posite reliability value or Cronbach’s alpha [90]. The data
shows that the internal consistency reliability values for the
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TABLE 2: Survey participant demographics.

Demographic characteristics

Sample (N =416) Percentage (%)

18-25 227 54.57%

26-33 73 17.55%

Age 34-41 42 10.10%

42-49 24 5.77%

50+ 50 12.02%

Female 266 63.94%

Gender Male 145 34.86%

Prefer not to say 5 1.20%

High school 81 19.47%

Vocational training 22 5.29%

Highest education level Bachelor’s degree 218 52.40%

Master’s degree 91 21.88%

Doctorate’s degree 4 0.96%

Student 119 28.61%

Working student 100 24.04%

. Employed 156 37.50%
Occupation

Self-employed 24 5.77%

Unemployed 6 1.44%

Retired 11 2.64%

Portugal 231 55.53%

United Kingdom 69 16.59%

Region United States 24 5.77%

Brazil 11 2.64%

Others 81 19.47%

Never voted 35 8.41%

Rarely 29 6.97%

Election participation Occasionally 35 8.41%

Often 85 20.43%

Always 232 55.77%

Strongly conservative 6 1.44%

Conservative 30 7.21%

Political ideology Moderate/independent 200 48.08%

Liberal 151 36.30%

Strongly liberal 29 6.97%

constructs are satisfactory to good (above 0.700), apart from
the facilitating conditions construct showing a slightly lower
value (0.610).

The third step is to assess the convergent validity of
each construct measure. The metric used for such analysis
is the average variance extracted (AVE). The minimum
acceptable AVE is 0.500, as it indicates that the construct
explains at least 50% of the variance of the items that
make up the construct. This criterion is met (consult
Table A5), which means that constructs are converging
well and are reliable measures of the intended latent
construct.

The fourth, and last, step is to assess the discriminant
validity. Fornell and Larcker [91] proposed that the shared
variance for all model constructs should not be larger than
their AVEs. Recent research shows that the Fornell-
Larcker criterion may not perform well in certain situa-
tions. As such, [92] proposed the heterotrait-monotrait
ratio (HTMT) of the correlations, suggesting a threshold
ceiling value ranging between 0.850 and 0.900. The calcu-
lated values meet the established criteria, presenting a
maximum ratio value of 0.823 (consult Table A6), indicat-
ing acceptable levels of measurement reliability and
validity.
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TABLE 3: Support of hypothesis.

Hypothesis Path coefficient p value Supported?
H1: Performance expectancy positively influences behavioral intention to use e-voting systems. 0.289 <0.001 v

H3: Effort expectancy positively influences behavioral intention to use e-voting systems. 0.687 X

H5: Social influence positively influences behavioral intention to use e-voting systems. 0.146 <0.001 v

H?7: Facilitating conditions positively influences behavioral intention to use e-voting systems. 0.227 X

H9: Hedonic motivation positively influences behavioral intention to use e-voting systems. 0.290 <0.001 v
H11: Trust positively influences behavioral intention to use e-voting systems. 0.171 0.003 v
H13: Risk perception negatively influences behavioral intention to use e-voting systems. -0.116 0.001 v
H15: The effect of blockchain technology group is fully mediated by the constructs defined within

the concept model, thereby expecting no additional direct effect on the behavioral intention to use 0.219 X

e-voting systems.

When measurement model assessment is satisfactory,
the next step is evaluating the structural model. The most
frequent criteria are the inner variance inflation factor
(INNER VIF), coefficient of determination (R?), the cross-
validated redundancy measure (Q?), and the statistical sig-
nificance and relevance of the path coefficients [93].

Before assessing the structural relationships, collinear-
ity must be examined, as to ensure it does not bias the
regression results. VIF values above 5 are indicative of
probable collinearity issues among the predictor con-
structs [94]. The calculated VIF values for the data col-
lected sit between 1.000 and 3.320 (consult Appendix
Table A7), suggesting low level of correlation among pre-
dictors, providing a good level of assurance for the coeffi-
cient’s estimates.

The R* measures the variance explained by each of the
constructs. Based on Chin [87] and models are deemed
weak if their R* values are under 0.50, moderate between
0.50 and less than 0.67, moderately strong if ranging from
0.67 to 0.75, and strong if equal to or greater than 0.75.
Having registered a R* of 0.691 and an Adjusted R* of
0.679, the model is considered as moderately strong (con-
sult Table AS8).

The Q* method combines aspects of out-of-sample
prediction and in-sample explanatory power, as it
removes single points in the data and imputes them with
the mean and estimates the model parameters [88, 92]. A
greater Q* value suggests greater predictive accuracy, with
small differences between predicted and original values.
As a rule of thumb, Q? values above 0, 0.25, and 0.5 indi-
cate small, medium, and large predictive relevance,
respectively, of the PLS-path model. The obtained Q?
value of 0.021 suggests a small predictive relevance and
indicates a conversion to a mean-centered model (consult
Appendix Table A9).

The final step is to assess the statistical significance and
relevance of the path coefficients (consult Table A10). To
determine the path coefficients significance and evaluate
their values, a bootstrapping analysis (5000 iterations) was
conducted. The values range between —1 and 1 and allow
inference about the direction (negative or positive) and
strength (weak or strong) of the relationship between vari-

ables. The output of the analysis and interpretation can be
found in the following sections.

5. Results

The results (consult Table 3) suggest that performance
expectancy (H1), social influence (H5), and hedonic motiva-
tion (H9) present a statistically significant relationship
(p<0.001). The same can be said for trust (H11), revealing
a positive influence on behavioral intention to adopt e-
voting systems. The data also confirm that risk perception
(H13) negatively influences behavioral intention to use e-
voting systems. On the other hand, the effort expectancy
(H3) and facilitating conditions hypotheses were rejected,
presenting a p values of 0.687 and 0.227, respectively. Lastly,
the influence of being in the blockchain technology group
(H15) on behavioral intention to adopt e-voting systems
was considered not statistically significant, supported by a
p value of 0.219. Figure 2 provides the complete results of
the PLS-SEM analysis for the conceptual model.

Additionally (consult Table 4), blockchain technology
group displays a statistically significant relationship with effort
expectancy (H4) and social influence (H6), registering a p
values of 0.018 and 0.049, respectively. The hypothesis reflect-
ing its influence on the remaining constructs—performance
expectancy, facilitating conditions, hedonic motivation, trust,
and risk perception—was not deemed statistically significant
and was therefore rejected.

The numbers (consult Table 5) also uncover that
blockchain literacy does not moderate the effect of the
blockchain technology group on any of the examined con-
structs. All the proposed hypotheses (H2a, H4a, HIl2a,
H14a, and H15a) were rejected, as none showed significant
effects. Specifically, the p values were as follows: perfor-
mance expectancy (0.514), effort expectancy (0.631), trust
(0.841), risk perception (0.113), and behavioral intention
(0.464). This indicates that blockchain literacy does not
influence the relationship between the blockchain technol-
ogy group and these constructs.

Regarding the moderating effect of tech savviness on
the relationship between blockchain technology group
and the constructs (consult Table 6), the tested hypotheses
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FIGURE 2: Structural model estimates.
TABLE 4: Support of blockchain technology group hypothesis.
Hypothesis Path coefficient p value Supported?
H2: Blockchain technology group positively influences performance expectancy. 0.568 X
H4: Blockchain technology group negatively influences effort expectancy. -0.225 0.018 v
H6: Blockchain technology group positively influences social influence. -0.191 0.049 v
H8: Blockchain technology group does not influences facilitating conditions. 0.294 X
H10: Blockchain technology group positively influences hedonic motivation. 0.163 X
H12: Blockchain technology group positively influences trust. 0.953 X
H14: Blockchain technology group negatively influences risk perception. 0.147 X

were rejected. This suggests that tech savviness does not
significantly alter the impact of blockchain technology
group on performance expectancy (p=0.852), effort
expectancy (p =0.957), hedonic motivation (p =0.313), or
behavioral intention (p=0.309) in the context of e-voting
systems.

6. Discussion

This research is aimed at understanding citizen’s acceptance
and adoption of blockchain e-voting systems. To do so, a
technology adoption model based on the constructs from
the UTAUT2 model was combined with trust and perceived
risk. Additionally, an experimental condition was included
to specifically evaluate blockchain technology’s unique
contribution.

Overall, the results revealed that performance expec-
tancy, social influence, hedonic motivation, trust, and per-
ception of risk associated with e-voting systems all
influence behavioral intention to use e-voting systems as is
common in the literature [12].

The importance of social influence, as found here, is
strongly supported by the e-voting literature. Citizens are
more likely to engage with e-voting if their peers—such as
family, friends, or colleagues—also participate, making peer
endorsement and social norms critical in promoting accep-
tance, especially for emerging technologies like blockchain-
based e-voting systems. It should be noted that this is not
always the case for the use of blockchain technology and
may be domain specific, as this was not found to be the case
for blockchain-based supply chains [95] or blockchain gam-
ing [96], but was for digital asset applications as found by
Restuputri et al. [97].

Performance expectancy emerged as one of the strongest
predictors of behavioral intention, highlighting users’ priori-
tization of perceived benefits and effectiveness when adopt-
ing new technologies. The prominent role of performance
expectancy aligns closely with existing UTAUT2 studies,
consistently identifying it as a robust and influential determi-
nant across diverse technological contexts [34]. The impor-
tance of hedonic motivation, while consistent with the
technology adoption literature, is interesting in the context
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TABLE 5: Support of blockchain literacy moderator effect hypothesis.

Hypothesis Path coefficient p value Supported?
H2a: Blockchain literacy moderates the effect of blockchain technology group on performance 0.514 «
expectancy. ’

H4a: Blockchain literacy moderates the effect of blockchain technology group on effort 0.631 «
expectancy. '

H12a: Blockchain literacy moderates the effect of blockchain technology group on trust. 0.841 X
H14a: Blockchain literacy moderates the effect of blockchain technology group on risk perception. 0.113 X
H15a: Blockchain literacy moderates the effect of blockchain technology group on behavioral 0.464 «
intention. '

TABLE 6: Support of technology savviness moderator effect hypothesis.

Hypothesis Path coefficient p value Supported?
H2b: Tech savviness moderates the effect of blockchain technology group on performance 0.852 «
expectancy. '

H4b: Tech savviness moderates the effect of blockchain technology group on effort expectancy. 0.957 X
H10b: Tech savviness moderates the effect of blockchain technology group on hedonic motivation. 0.313 X
H15b: Tech savviness moderates the effect of blockchain technology group on behavioral 0.309 o

intention.

of blockchain and e-voting as the “enjoyment” or hedonic
contribution is not typically proposed as either a benefit of
blockchain or e-voting. This then may be an important area
to explore further in the drive to increase the use of voting
systems and improve democratic participation.

Notably, risk perception emerged as the strongest nega-
tive influence on adoption, in line with typical expansions
of the UTAUT2 model [34], yet implementing blockchain
does not appear to affect the level of perceived risk. This is
important, due to its status as a relatively emerging technol-
ogy, sometimes associated with fraud [98]. Increasing the
perception of risk could be a major drawback of introducing
blockchain to e-voting systems, and it is then significant that
we do not find evidence for this effect here. This finding
should also inform awareness campaigns, as linking block-
chain too strongly to security threats may produce a boo-
merang effect and increase the association between
blockchain and risk, consequently reducing the overall like-
lihood of adoption.

The same cannot be said for effort expectancy and facil-
itating conditions, whose hypotheses were not supported.
While we test these based on their importance in the foun-
dational UTAUT2 model [12], our results for effort expec-
tancy are in line with the broader literature on UTAUT?,
which finds effort expectancy to be the least reliable of the
UTAUT? constructs [34]. In the case of blockchain e-voting,
this is particularly important, as we do find that the use of
blockchain reduces participants view of effort expectancy, a
potential benefit of applying blockchain technology. How-
ever, this benefit is then undermined by our finding that
the relationship between effort expectancy and behavioral
intention does not hold.

Interestingly, the results suggest that neither the users’
perceptions of the ease of using e-voting systems, nor the
presence of supportive resources and infrastructure yield a
significant impact on their intention to adopt e-voting sys-
tems. Literature on technology adoption often emphasizes
the pivotal role of perceived usefulness and ease of use in
shaping user intentions. However, since it is a relatively
new technology, only a few have firsthand experience, mak-
ing it challenging for them to be able to assess the level of
difficulty and its influence. These conclusions align with
the ones drawn out of similar studies such as Sheel &Nath
[99]. Moreover, since 75% of the participants report having
a higher education diploma, it seems plausible to assume
that they would possess the necessary equipment, have no
trouble in finding the necessary information about the mat-
ter, and predict few difficulties in adopting this new technol-
ogy. Furthermore, theories on political participation and
voting intention [11] mark ambition, desire, motivation
and network influence as the leading factors, making effort
expectancy and facilitating conditions less decisive and
influential factors on whether citizens would participate in
the electoral act or not.

The study was undertaken with an experimental condi-
tion to try to determine whether there are significant differ-
ences between blockchain and cloud technologies in e-
voting. The data collected suggests that citizens perceive
blockchain-based e-voting systems to require more effort,
indicating potential usability challenges and so, the need
for further research and development, as supported by sim-
ilar research [45]. Interestingly, though, we found the effort
expectancy variable to not significantly drive adoption, indi-
cating that even if improvements cannot be made to the user
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experience of the technology, this should not be considered a
reason not to implement blockchain for e-voting.

Besides these conclusions, it appears that the use and
knowledge of blockchain technology in e-voting systems
does not consistently influence users’ perceptions and atti-
tudes compared to the cloud-based e-voting systems in all
the other dimensions—performance expectancy, facilitating
conditions, hedonic motivation, trust, and risk perception.
It suggests a convergence on how citizens perceive and eval-
uate the two technologies. From the citizens’ perspective, the
differences between blockchain and cloud technologies may
not be clear, leading to a perception that they serve similar
purposes and offer comparable benefits. Consequently, it
seems reasonable to expect that individuals would evaluate
them similarly. These results state a broader trend in techno-
logical adoption, where the practical outcomes and per-
ceived benefits take precedence over technical distinctions.

The role of trust is particularly important for blockchain
e-voting technology. Trust is an important driver in the e-
voting literature; it is the most commonly found significant
extension to the UTAUT2 framework [34] and has been spe-
cifically shown as important when examining adoption for
e-government services more generally [100]. It is not sur-
prising then that we replicate this result and find trust to
be an important driver of e-voting adoption. Given trust is
so important, there should then be a key role for blockchain,
which lists trust as a fundamental proposition of the trans-
parency and security properties of blockchain, so then trust
should be a key mediator through which blockchain can
drive adoption of e-voting. Our findings suggest that simply
introducing blockchain does not, on its own, translate into
higher or lower trust in e-voting, and blockchain technology
is then not delivering one of its most important claimed ben-
efits. This was additionally not moderated by either technol-
ogy savviness or blockchain literacy, indicating that the level
of ability to understand or the available knowledge does not
affect this result, meaning that understanding the technology
may not be the issue and simple awareness campaigns to
improve knowledge or ability may not unlock the trust
potential of blockchain. It should be noted that the difference
between general trust (e.g., trust in technology or institutions
in a broad sense) and political trust (i.e., trust in the govern-
ment or electoral authorities) may play a role here. In this
study, only general trust was measured, meaning that any
distinct effects arising from variations in political trust
remain unexplored. Political trust can shape how people spe-
cifically perceive an e-voting system’s legitimacy; if citizens
harbor doubts about government integrity, they may remain
wary of any technology introduced under that government’s
oversight. Conversely, in contexts of high political trust, even
relatively new or complex voting systems might be more eas-
ily accepted, as individuals assume government authorities
have thoroughly vetted them. As a result, the role of political
trust could remain a potential area for further study.

Moreover, our findings demonstrate that neither the
individuals’ level of blockchain literacy, nor their level of
technology savviness, play a significant role on the accep-
tance and adoption of such systems. This suggests that con-
cerns about digital literacy, often found in the literature, may

Human Behavior and Emerging Technologies

be less critical than often assumed in this case, as these fac-
tors do not appreciably shape users’ attitudes and intentions
of the characteristics of the technology. The study confirms
that the benefits or challenges of blockchain and, conse-
quently, its stand on the adoption in e-voting are not due
to users’ current levels of technical knowledge or blockchain
familiarity. The lack of correlation between blockchain liter-
acy, tech savviness, and the perceived impact of blockchain
technology on e-voting adoption can be attributed to several
factors. First, blockchain e-voting systems represent a rela-
tively new technological innovation, and as such, there
may be a lack of consensus regarding the level of technolog-
ical proficiency and resources needed for their use [101].
Secondly, given that blockchain e-voting systems offer com-
pelling benefits such as enhanced security, transparency, and
accessibility in the voting process, it could happen that these
advantages may serve as strong motivators for citizens to
overcome any perceived technological barriers, learn and
adopt the technology [102].

Studying blockchain technology at such an early stage of
potential mass adoption is essential to help understand con-
sumers response without expensive large-scale pilot programs
but may result in limitations. For instance, as users become
more accustomed to its functionalities, so their attitudes and
behaviors towards blockchain-based e-voting systems may
evolve. Secondly, while the evaluation of blockchain e-voting
technology in this study is primarily focused on users’ inten-
tions to use the system, it must be recognized that intention
does not always translate into actual usage.

Having performance expectancy, social influence,
hedonic motivation, trust, and risk perception emerged as
the main drivers, it is suggested that while designing and
developing such systems, the user perceptions and motiva-
tions should be considered. Based on the literature review,
and on the results, leveraging social influence through strate-
gic communication and/or endorsements from trusted fig-
ures could further boost adoption rates. Communication
should take into account the potential for associating either
blockchain or e-voting with risk or security vulnerability.
Educational initiatives aimed at increasing public awareness
and understanding of e-voting technologies could alleviate
concerns and enhance acceptance. However, these must
come within a broader policy of the creation of regulatory
frameworks that offer clear accountability, oversight mecha-
nisms, and user protections. Cybersecurity should both be
covered within the regulatory framework and communicate
in such a way as to emphasize system resilience and inde-
pendent verification rather than technical complexity, to
avoid reinforcing risk perceptions. These frameworks could
reinforce citizens’ trust in electoral processes, especially
when implemented transparently and in collaboration with
independent bodies as is possible on blockchain.

Finally, since the introduction of blockchain technology
was found to not drive adoption on its own in this context,
its integration must not only explore effective integration
strategies that leverage its unique features, such as transpar-
ency and immutability, but more importantly, be part of a
broader strategy that emphasizes user-centric design princi-
ples. Transparent processes, robust security measures, policy
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frameworks and regulatory approaches, intuitive user inter-
faces, enjoyable user experiences, and effective communica-
tion strategies are key factors to develop an e-voting
system and cultivate trust among the citizens.

7. Conclusion

This research provides a complete framework for assessing
the citizens’ perspective on blockchain-based e-voting sys-
tem adoption. A model designed upon the UTAUT2 meth-
odology, combined with an experimental approach, made
testing the cause—effect relationship between the factors
and behavior intention possible.

The results state that users are more likely to adopt e-voting
systems when they perceive them to be effective, socially
endorsed, enjoyable, trustworthy, and low in perceived risk.

However, and since e-voting is a relatively new concept,
only a few people have firsthand experience with it, making
it challenging to assess the level of difficulty and its influence.
Even so, the data collected suggests that citizens perceive
blockchain-based e-voting systems to require more effort
when compared to cloud technology, indicating potential
usability challenges, and emphasizing the need for tailored
educational initiatives to bridge knowledge gaps and
empower citizens with the necessary skill set and understand-
ing to effectively engage with blockchain e-voting systems.

Overall, the use and knowledge of blockchain technology
does not consistently influence users’ perceptions and atti-
tudes when compared to the cloud. These results state a
broader trend in technological adoption, where the practical
outcomes and perceived benefits take precedence over tech-
nical distinctions. Other factors may have a stronger influ-
ence on the subject matter and so, further research may be
needed to identify them, as well as understand their impact
on user acceptance and adoption.

Overall, this research contributes to an understanding of
the dynamics driving citizens’ acceptance and adoption of e-
voting systems, while offering valuable insights for policy-
makers, electoral authorities, technology developers, and
other stakeholders involved in the design, implementation,
and regulation of e-voting systems. The findings suggest that
designers of e-voting systems should prioritize factors such
as performance expectancy, social influence, hedonic moti-
vation, trust, and risk perception, as these significantly influ-
ence adoption. While blockchain technology in theory offers
benefits in transparency and security, it alone does not drive
adoption; and thus, cannot be relied upon to drive turnout.
Policymakers should craft regulations emphasizing user-
centric design and public education to enhance acceptance
and trust in e-voting systems and the integrity, inclusivity,
and efficiency in democratic processes.

Blockchain-Based E-Voting System’s
Video Script

Voting and expressing ourselves has never been more cru-
cial, and blockchain technology is here to revolutionize the
way we do it.

15

We are used to the traditional way of voting with pen
and paper. While it is familiar, it does have its challenges—it
can take a lot of time, it is manual and prone to errors, and it
relies heavily on the integrity of the officials, among other
things.

Let us explore how technology, specifically blockchain, is
reshaping this process.

Blockchain works like a digital ledger supervised by a
decentralized network of participants who collectively man-
age and store the votes.

This decentralized control removes potential vulnerabil-
ities, as the entire system’s integrity relies on the security
measures maintained by the combined efforts of many par-
ticipants. Furthermore, since all votes are stored in a net-
work of computers, there is a significantly lower risk of
data breaches or manipulation.

You can vote by downloading a mobile app. After, you
verify your identity—often via document scanning or live
face screening—and you are ready to vote. It is fast, easy,
and accessible.

In summary, blockchain-based e-voting emerges as a
transformative stride in our democratic participation, offer-
ing accessibility, efficiency, and real-time data. At the same
time, it is crucial to strike a balance, mitigating the associ-
ated risks.

Join us in this exploration of a potential future of our
electoral processes using blockchain-based systems.

Cloud-Based E-Voting System’s Video Script

Voting and expressing ourselves has never been more cru-
cial, and cloud technology is here to revolutionize the way
we do it.

We are used to the traditional way of voting with pen
and paper. While it is familiar, it does have its challenges—it
can take a lot of time, it is manual and prone to errors, and it
relies heavily on the integrity of the officials, among other
things.

Let us explore how technology, specifically the cloud, is
reshaping this process.

The cloud works like an online folder supervised by a
central authority that manages and stores the votes.

This centralized control introduces potential vulnerabil-
ities, as the entire system’s integrity relies on the security
measures implemented by the central authority. Further-
more, since all votes are stored in a single location, there is
a risk of data breaches or manipulation.

You can vote by downloading a mobile app. After, you
verify your identity—often via document scanning or live
face screening—and you are ready to vote. It is fast, easy,
and accessible.

In summary, cloud-based e-voting emerges as a trans-
formative stride in our democratic participation, offering
accessibility, efficiency, and real-time data. At the same
time, it is crucial to strike a balance, mitigating the associ-
ated risks.

Join us in this exploration of a potential future of our
electoral processes using cloud-based systems.
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TABLE A1l: Question forms.
. . Adopted
Variable Questions from

Performance expectancy
(PE)

Effort expectancy (EE)

Social influence (SI)

Facilitating conditions
(FO)

Hedonic motivation (HM)

Behavioral intention to use
(BD)

A blockchain-based internet voting system would enable a more efficient and accurate electoral
process.

A blockchain-based internet voting system would increase the transparency and credibility of
the electoral process.

A blockchain-based internet voting system would provide me with a secure and private channel
to cast my vote.

I would be able to vote more conveniently and quickly if I use the blockchain-based internet
voting system.

I believe the blockchain-based internet voting system would be easy to use.

I believe there would be a tutorial/help guidance for using the blockchain-based internet voting
system.

I believe that the blockchain-based internet voting system ballot design would be easy to
understand.

People who influence my behavior would think that I should use a blockchain-based internet  [12, 3¢]
voting system.

People who are important to me would think that I should use a blockchain-based internet
voting system.

In general, my country would support the adoption of a blockchain-based internet voting
system.

I would have the necessary resources to use a blockchain-based internet voting system.

My country would have the necessary resources for implementing a blockchain-based internet
voting system.

Assistance would be available in case of system difficulties.
Using a blockchain-based internet voting system would be fun.
Using a blockchain-based internet voting system would be enjoyable.
Using a blockchain-based internet voting system would be very entertaining.
I would use a blockchain-based internet voting system in the near future.

I would prefer a blockchain-based internet voting system over traditional paper and pencil
voting. (76, 79]
I would be committed to use a blockchain-based internet voting system in the upcoming ’

elections.

Trust in technology (TT)

I believe a blockchain-based internet voting system can keep the voting data secure and less

prone to fraud. (80, 81]
A blockchain-based internet voting system has enough safeguards to make me feel comfortable ’

using it in the election process.

In general, the blockchain-based internet voting system is a robust and safe environment to vote. [82]

Risk perception (RP)

Using a blockchain-based internet voting system would be risky.

Using a blockchain-based internet voting system would subject my voting account to potential
fraud.

Using a blockchain-based internet voting system would put my privacy at risk.

[62]

Technology savviness (TS)

I can usually figure out how new high-tech products and services work without help from
others.

I keep up with the latest technological developments in my areas of interest.
I am always open to learning about new and different technologies. [83]
There is no sense trying out new high-tech products when what I have already is working fine.
I enjoy the challenge of figuring out high-tech gadgets.
I have avoided trying new high-tech gadgets because of the time it takes to learn them.

Blockchain literacy (BL)

I have heard of blockchain technology.
I am aware of the basic principles and functionalities of blockchain technology. [70].

I am aware of and know how to use a blockchain-based internet voting system.

95U017 SUOWLLOD BAIIa.D) @ ealdde au Aq peusenob afe sojoie O ‘8sn Jo o 10} Akeiq1 8UIjUQ 8|1/ UO (SUONIPUOO-PUE-SLLLIS)/L0D A8 | 1M AJeid Ul [Uo//:SANY) SUONIPUOD pue SIS | 8u1 88S *[6Z0z/80/T0] Uo Arigiauliuo A[IM ‘100yos [aIpe N BAON Ad 665T899/28qU/SSTT OT/I0pWod A 1M Alelqijpul|uoy/sdny woy pepeojumod ‘T ‘520z ‘eqy



Human Behavior and Emerging Technologies

TABLE A2: Blockchain literacy profile of participants.
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Blockchain literacy

Sample (N =416) Percentage (%)

Strongly agree 83 19.95%

Agree 118 28.37%

Partially agree 51 12.26%

I have heard of blockchain technology. Neutral 29 6.97%
Partially disagree 14 3.37%

Disagree 47 11.30%

Strongly disagree 74 17.79%

Strongly agree 36 8.65%

Agree 67 16.11%

Partially agree 71 17.07%

I am aware of the basic principles and functionalities of blockchain technology. Neutral 47 11.30%
Partially disagree 36 8.65%

Disagree 71 17.07%

Strongly disagree 88 21.15%

Strongly agree 17 4.09%

Agree 26 6.25%

Partially agree 53 12.74%

I am aware of and know how to use a blockchain-based internet voting system. Neutral 52 12.50%
Partially disagree 39 9.38%

Disagree 113 27.16%

Strongly disagree 116 27.88%
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TABLE A3: Technology savviness profile of participants.

Technology savviness Sample (N =416) Percentage (%)
Strongly agree 115 27.64%
Agree 151 36.30%
Partially agree 91 21.88%

I can usually figure out how new high-tech products and services work without

help from others. Neutral 18 4.33%
Partially disagree 24 5.77%

Disagree 15 3.61%

Strongly disagree 2 0.48%

Strongly agree 81 19.47%

Agree 153 36.78%

Partially agree 107 25.72%

I keep up with the latest technological developments in my areas of interest. Neutral 34 8.17%
Partially disagree 22 5.29%

Disagree 18 4.33%

Strongly disagree 1 0.24%

Strongly agree 140 33.65%

Agree 171 41.11%

Partially agree 70 16.83%

I am always open to learning about new and different technologies. Neutral 18 4.33%
Partially disagree 11 2.64%

Disagree 4 0.96%

Strongly disagree 2 0.48%

Strongly agree 19 4.57%

Agree 21 5.05%

There i i . hish-tech broducts wh hat 14 Iready i Partially agree 58 13.94%
woilr(ei: nl; rffles.ense rying out new high-tech products when what I have already is Neutral 29 6.97%
Partially disagree 93 22.36%

Disagree 123 29.57%

Strongly disagree 73 17.55%

Strongly agree 76 18.27%

Agree 125 30.05%

Partially agree 102 24.52%

I enjoy the challenge of figuring out high-tech gadgets. Neutral 66 15.87%
Partially disagree 24 5.77%

Disagree 19 4.57%

Strongly disagree 4 0.96%

Strongly agree 8 1.92%

Agree 22 5.29%

) ) ) o Partially agree 60 14.42%

{h}:;\lr.e avoided trying new high-tech gadgets because of the time it takes to learn Neutral 45 10.82%
Partially disagree 57 13.70%

Disagree 139 33.41%

Strongly disagree 85 20.43%
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TABLE A4: Outer loadings (prior).
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TABLE A5: Measurement model assessment measure overview.

Item/statement < -construct Ou.ter
loadings
TS4* <-TS 0.494
TS6* <-TS 0.507
FC2<-FC 0.719
FCl1<-FC 0.728
SI3<-SI 0.730
TS1<-TS 0.737
FC3<-FC 0.793
TS2<-TS 0.795
PE4 < -PE 0.796
TS5 <-TS 0.823
TS3 <-TS 0.826
BL3<-BL 0.827
PE3 <-PE 0.836
EE2 <-EE 0.861
SI1 < -SI 0.865
RP3 < -RP 0.871
BL1<-BL 0.873
PE2 <-PE 0.874
EE1 <-EE 0.894
HM3 <-HM 0.898
BI2 < -BI 0.914
SI2 <-SI 0.914
HMI1 <-HM 0.915
PE1 <-PE 0.915
EE3 <-EE 0.918
RP1<-RP 0.919
BI1 <-BI 0.926
BL2<-BL 0.927
HM2 <-HM 0.932
TT1<-TT 0.933
RP2 < -RP 0.941
TT2<-TT 0.948
BI3 < -BI 0.950
TT3<-TT 0.952
Age < -age 1.000
Gender <- gender 1.000
Ideology <- ideology 1.000
Technology group <- technology group 1.000
BL x technology group - > BL x technology group 1.000
TS x technology group - > TS x technology group 1.000

, Composite Composite Av?rage
Cronbach’s T o variance
reliability reliability

alpha (tho__a) (tho._¢) extracted

- - (AVE)
BI 0.922 0.924 0.951 0.865
BL 0.849 0.854 0.909 0.769
EE 0.871 0.879 0.921 0.794
FC 0.610 0.609 0.791 0.558
HM 0.903 0.910 0.939 0.837
PE 0.878 0.882 0.917 0.734
RP 0.898 0.909 0.936 0.830
SI 0.788 0.814 0.877 0.706
TS 0.839 0.852 0.891 0.672
T 0.939 0.941 0.961 0.892
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TABLE A6: Heterotrait-monotrait ratio (HTMT). TABLE A6: Continued.

Constructs HTMT Constructs HTMT
PE<->BI 0.823 SI<-> gender 0.137
TT <-> PE 0.797 TT<->TS 0.134
FC<->EE 0.771 Technology group <->EE 0.131
TT <-> BI 0.758 PE<-> BL 0.130
HM<-> BI 0.747 EE<-> age 0.125
PE<->EE 0.705 BL<-> BI 0.123
PE<-> HM 0.699 RP <-> age 0.116
TT <->RP 0.680 Ideology <->FC 0.113
SI<->BI 0.643 Technology group <- > SI 0.108
TT <-> HM 0.622 Ideology <- > BI 0.104
SI<->PE 0.615 SI<-> age 0.097
TT<->SI 0.598 Technology group <- >FC 0.095
RP<-> PE 0.572 TS<-> RP 0.087
RP<-> BI 0.548 BL<-> age 0.081
PE<-> FC 0.538 Technology group <->HM 0.078
EE<-> BI 0.520 Technology group <- > BI 0.076
SI<->HM 0.515 Gender <- > age 0.075
HM <-> EE 0.506 Ideology <- > gender 0.075
TS<->BL 0.502 Technology Group <->RP 0.075
FC<-> BI 0.501 TT < -> ideology 0.074
SI<->FC 0.484 TS < -> ideology 0.066
TT <-> FC 0.484 PE <-> age 0.059
HM<-> FC 0.458 Gender <->EE 0.055
TT <-> EE 0.429 HM < -> age 0.054
SI<->EE 0.379 Ideology <->BL 0.050
TS<-> FC 0.377 PE < -> gender 0.050
TS<->EE 0.364 SI <-> ideology 0.049
RP <-> HM 0.357 Ideology <->HM 0.047
Gender <->BL 0.313 HM < -> gender 0.043
RP<-> EE 0.282 RP < -> gender 0.043
SI<->RP 0.281 Technology group <- >ideology 0.042
TS <-> HM 0.272 BI <->age 0.040
TS <-> Gender 0.252 Technology group <->TS 0.038
RP<-> FC 0.232 Technology group <->PE 0.036
TS<->PE 0.232 Gender <->BI 0.034
TS <-> BI 0.204 Technology group <->BL 0.032
HM<-> BL 0.194 TT <-> age 0.027
FC<->BL 0.189 Technology group <- > gender 0.026
TS <-> age 0.183 RP <-> BL 0.023
TS<->SI 0.182 Technology group <->TT 0.022
EE<-> BL 0.171 RP < -> ideology 0.019
TT <-> BL 0.171 TT < -> gender 0.012
Gender <->FC 0.156 Technology group <- >age 0.004
Ideology <->EE 0.147

FC<-> age 0.146

Ideology <- > age 0.145

SI<->BL 0.145

PE < -> ideology 0.138
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TABLE A7: Inner variance inflation factor.
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TABLE A8: R-squared.

Constructs BI R-squared Adjusted R-squared
PE ->BI 3.320 BI 0.691 0.679
TT ->BI 3.181

BL ->BI 2.686

TS ->BI 2.653 TABLE A9: Q-squared.

BL ->EE 2.557

BL - >PE 2.557 Q? predict RMSE MAE
BL x technology group - > BI 2.527 BI 0.021 0.995 0.799
BL x technology group - >EE 2.482

BL x technology group - > PE 2.482

TS ->EE 2.435

TS ->PE 2.435

TS x technology group - > BI 2.404

TS x technology group - > EE 2.359

TS x technology group - >PE 2.359

EE ->BI 2.247

BL ->RP 2.022

BL ->TT 2.022

BL x technology group - > RP 2.021

BL x technology group - >TT 2.021

TS ->HM 1.925

TS x technology group - > HM 1.924

HM ->BI 1.870

RP ->BI 1.846

FC ->BI 1.697

SI ->BI 1.573

Gender - > BI 1.181

Age - >BI 1.095

Ideology - > BI 1.073

Technology group - > BI 1.045

Technology group - > EE 1.003

Technology group - > PE 1.003

Technology group - > HM 1.001

Technology group - > RP 1.001

Technology group - >TT 1.001

Technology group - > FC 1.000

Technology group - > SI 1.000
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TABLE A10: Path coefficient.

Path Hypothesis Original sample Sample mean Standard deviation T-statistics p values
PE ->BI H1 0.289 0.292 0.070 4.146 <0.001
EE ->BI H3 -0.021 -0.018 0.052 0.403 0.687
SI ->BI H5 0.146 0.145 0.035 4.159 <0.001
FC ->BI H7 0.048 0.050 0.040 1.209 0.227
HM ->BI H9 0.290 0.287 0.048 6.044 <0.001
TT ->BI HI11 0.171 0.169 0.059 2.925 0.003
RP ->BI H13 -0.116 -0.118 0.033 3.466 0.001
TG ->BI HI15 —-0.069 —-0.069 0.056 1.228 0.219
TG ->PE H2 —-0.056 -0.054 0.098 0.570 0.568
TG ->EE H4 -0.225 -0.225 0.095 2.377 0.018
TG ->SI Heé -0.191 -0.191 0.097 1.971 0.049
TG ->FC H8 -0.109 -0.111 0.104 1.050 0.294
TG ->HM H10 -0.133 -0.133 0.095 1.396 0.163
TG ->TT H12 -0.006 -0.007 0.099 0.059 0.953
TG ->RP H14 —-0.144 -0.143 0.099 1.452 0.147
BLx TG ->PE H2a 0.067 0.069 0.103 0.652 0.514
BLx TG ->EE H4a 0.048 0.048 0.101 0.480 0.631
BLx TG ->TT Hi2a -0.019 -0.015 0.097 0.201 0.841
BLx TG ->RP H14a -0.160 -0.161 0.101 1.585 0.113
BLx TG ->BI Hl15a 0.046 0.048 0.063 0.732 0.464
TSx TG ->PE H2b —-0.022 -0.020 0.120 0.186 0.852
TS x TG - >EE H4b 0.006 0.006 0.111 0.054 0.957
TS x TG - >HM H10b -0.109 -0.107 0.108 1.008 0.313
TSx TG ->BI H15b —-0.062 —-0.063 0.061 1.017 0.309
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Endnotes
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