PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Abbasi GA, Tiew LY, Tang J, Goh Y-N,
Thurasamy R (2021) The adoption of
cryptocurrency as a disruptive force: Deep
learning-based dual stage structural equation
modelling and artificial neural network analysis.
PLoS ONE 16(3): 0247582. https://doi.org/
10.1371/journal.pone.0247582

Editor: Dejan Dragan, Univerza v Mariboru,
SLOVENIA

Received: November 17,2020
Accepted: February 9, 2021
Published: March 8, 2021

Copyright: © 2021 Abbasi et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

The adoption of cryptocurrency as a
disruptive force: Deep learning-based dual
stage structural equation modelling and
artificial neural network analysis

Ghazanfar Ali Abbasi®'*, Lee Yin Tiew', Jinquan Tang?*, Yen-Nee Goh',
Ramayah Thurasamy®?®

1 Graduate School of Business, Universiti Sains Malaysia, USM, Penang, Malaysia, 2 Newhuadu Business
School, Minjiang University, Fuzhou, Fujian, China, 3 School of Management, Universiti Sains Malaysia,
USM, Penang, Malaysia

* tangjinquan @nbs.edu.cn (JT); ghazanfar.abbasi @ hotmail.co.uk (GAA)

Abstract

In recent years, the growth of cryptocurrency has undergone an enormous increase in cryp-
tocurrency markets all around the world. Sadly, only insignificant heed has been paid to the
unveiling of determinants of cryptocurrency adoption globally, particularly in emerging mar-
kets like Malaysia. The purpose of the study is to examine whether the application of deep
learning-based dual-stage Partial Least Square-Structural Equation Modelling (PLS-SEM)
& Artificial Neural Network (ANN) analysis enable better in-depth research results as com-
pared to single-step PLS-SEM approach and to excavate factors which can predict beha-
vioural intention to adopt cryptocurrency. The Unified Theory of Acceptance and Use of
Technology 2 (UTAUT2) model were extended with the inclusion of trust and personnel
innovativeness. The model was further validated by introducing a new path model compared
to the original UTAUT2 model and the moderating role of personal innovativeness between
performance expectancy and price value, with a sample of 314 respondents. Contrary to
previous technology adoption studies that used PLS-SEM & ANN as single-stage analysis,
this study further enhanced the analysis by applying a deep learning-based dual-stage PLS-
SEM and ANN method. The application of deep learning-based dual-stage PLS-SEM &
ANN analysis is a novel methodological approach, detecting both linear and non-linear
associations among constructs. At the same time, it is regarded as a superior statistical
approach as compared to traditional hybrid shallow SEM & ANN single-stage analysis. Also,
sensitivity analysis provides normalised importance using multi-layer perceptron with the
feed-forward-back-propagation algorithm. Furthermore, the deep learning-based dual-
stage PLS-SEM & ANN revealed that trust proved to be the strongest predictor in driving
user intention. The introduction of this new methodology and the theoretical contribution
opens the vistas of the extant body of knowledge in technology-adoption related literature.
This study also provides theoretical, practical and methodological contributions.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247582 March 8, 2021

1/26


https://orcid.org/0000-0003-0748-8996
https://orcid.org/0000-0002-7580-7058
https://doi.org/10.1371/journal.pone.0247582
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247582&domain=pdf&date_stamp=2021-03-08
https://doi.org/10.1371/journal.pone.0247582
https://doi.org/10.1371/journal.pone.0247582
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Cryptocurrency as a disruptive force

Introduction

The world in the last decade has seen several technological advancements such as electronic
commerce, digital payments and the internet of things (IoT). Reflections of these develop-
ments can be seen in the ways people interact and the way they exchange money [1]. Owing to
the constant trend of change in the last two decades, shifting from paper to virtual currency, a
new form of currency, i.e. cryptocurrency, has taken birth [2]. Mazambani and Mutambara [3]
referred to cryptocurrency as a digital currency that relies on advanced encryption techniques
to perform a range of financial transactions. Cryptocurrency operations are based on block-
chain with a goal to provide security, transparency and anonymity [4, 5]. Furthermore, the use
of cryptocurrency like bitcoins, enables users to move out of the scope of conventional retail
payment methods owing to two key reasons: anonymity and non-dependence on central enti-
ties such as financial institutions [6]. Reduction in transaction time and significantly lower
transactional costs are some of the few benefits that cryptocurrency can bring to potential
users.

Also, the upsurge of cryptocurrency in recent years has contributed to a massive increase in
the cryptocurrency market size [7]. According to Arias-Oliva et al. [8], there are more than
2,000 cryptocurrency traders in the market worldwide. Hilleman and Rauchs [9] narrated that
users who actively use cryptocurrency range from 2.8 to 5.8 million worldwide. The majority
of cryptocurrency users (61%) are from North America and Europe, whereas only 20% of
users are actively using cryptocurrency in the Asia-Pacific region [10]. Researchers have also
posited that there are also some multinational companies which accept cryptocurrency like bit-
coins such as Expedia, AliExpress [11], Wikipedia, Dell and Microsoft [12]. A rise in adoption
of cryptocurrency reflects a positive aspect of demand [13]. There is no doubt that the adop-
tion of cryptocurrency is more progressive in the developed world than emerging markets,
where regulators and policymakers are still hesitant to adopt it [14].

Moreover, there is glaring evidence that the extensive use of digital currencies has the
potential to transform economies, particularly in the developing world [15, 16]. Similarly,
Polasik et al. [12] further stated that the growth in cryptocurrency would also leave its positive
impact on the e-commerce market. Miraz and Ali [17] narrated that the future of cryptocur-
rency looks secured, considering the worldwide rise in popularity regarding the Internet of
Things (IoT). However, the fullest potential of cryptocurrency can only be attained when it has
been extensively adopted [18]. Wealth of academic studies have averred that the extensive use
of cryptocurrency can democratise and alter economies, particularly economies of developing
nations [16]. As online traders have started accepting cryptocurrency as the medium of
exchange, such as AliExpress, Microsoft and many more, its usage in consumers is still very
scarce [5]. Therefore, an in-depth understanding of factors which can stimulate the adoption
of cryptocurrency is pivotal. The plethora of businesses investing in cryptocurrency is an echo
of positive projections of demand [13]. However, without knowing the intention to adopt, all
these investments from businesses could be useless [3]. In the context of Malaysia, even though
the Malaysian government has started to regulate cryptocurrency officially [19], the consumer
adoption of this novel technology remains low and needs further investigation [5].

Therefore, owing to the scarcity of knowledge regarding cryptocurrency adoption, several
researchers have asked for further investigation [3, 5]. In Malaysia, apart from Al-Amri et al.
[5], a study which conducted a systematic literature review on cryptocurrency and highlighted
the need to conduct more empirical studies and explore more about cryptocurrency; studies
focusing on the individual intention to adopt cryptocurrency in Malaysia are almost non-exist.
Moreover, most of the extant literature worldwide also neglects end-user adoption factors, i.e.
individual user level [20, 21] as the development of cryptocurrencies may be contingent on
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elucidating consumer behaviour and the capability to predict the drivers which can stimulate
the adoption process. Thus, it indicates adoption of cryptocurrency globally is still an evolving
subject and scholars are investigating consumer intention as a proxy to their actual behaviour
[15].

Furthermore, unlike a previous research using single stage structural equational modelling
(SEM) [22-24], or logistics regression [25] which could only detect linear and compensatory
associations among variables; it is not considered acceptable to forecast the intricacies affecting
multi-faceted decision-making procedures. Consequently, to exterminate such limitations,
prior studies [26, 27] have employed machine learning techniques such as artificial neural net-
works (ANN) as second stage of investigations entailing a single hidden layer. Moreover, stud-
ies applying SEM & ANN approaches with single hidden layers are not uncommon in
numerous technology adoption studies, e.g. adoption of hybrid vehicles [28], ERP acceptance
[29], wearable heath care technology acceptance [26], cryptocurrency adoption [29], m-health
apps adoption [30], predicting m-government security [31]. In fact, the application of SEM &
ANN in the domain of technology adoption is considered very useful [27]. Huang and Stokes
[32] posited that second stage ANN analysis with single hidden layer is a shallow type of ANN.
However, it is worthy to mention that all of the above-mentioned technology adoption studies
have applied shallow SEM & ANN approaches, therefore, it was recommended to use deep
neural network architecture based dual stage PLS-SEM & ANN approach has been recom-
mended for better results [33, 34]. The application of deep neural network architecture with
two or more hidden layers will enhance the precision of non-linear associations in the model
owing to its deep learning capability [33]. Similarly, deep learning is termed as a new arena
related to machine learning [34].

Thus, in an emerging country like Malaysia, responding to the call for further empirical
researches and improving the existing technology adoption literature exclusively on already
empirically developed cryptocurrency theoretical models, i.e. based on shallow ANN approach
[29]; this study fulfils the research gap and attains both objectives of the study (a- to examine
whether application of deep learning based dual stage PLS-SEM & ANN analysis enables better
in-depth research results as compared to PLS-SEM approach; b- to excavate the factors which
can predict behavioural intention to adopt cryptocurrency). However, this study does not try
to compare the results of deep neural networks results with shallow ANN approach. The aim
of the study is to compare the findings generated, by applying deep neural networks with
PLS-SEM findings. Thus, following the suggestions of [32-34], this study also used deep learn-
ing based of artificial neural network along with PLS-SEM to obtain more precise findings.
Consequently, proposed models from this study can aid technology makers to formulate strat-
egies accordingly. The current study is grounded on Unified Theory of Acceptance and Use of
Technology (UTAUT?2) and extends it by adding personal innovativeness and trust in the orig-
inal model of UTAUT?2. Furthermore, this study also investigates the role of personal innova-
tiveness on performance expectancy and price value.

Literature review

Constructs mapping

To determine the drivers of behavioural intention (BI), one of the most dominant endogenous
variables in the adoption related studies [35], researchers in this study resorted to construct
mapping analysis [15]. The exogenous constructs used in the current study are related to sev-
eral adoption, acceptance and diffusion models and theories, namely the unified theory of
acceptance and use of technology (UTAUT) and extended UTAUT (UTAUT2), theory of
planned behaviour (TPB), innovation diffusion theory (IDT), and technology acceptance
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model (TAM). Scores of prior published empirical studies have applied performance outcome
constructs such as perceived ease of use and perceived usefulness [24, 36] from TAM. Both per-
formance expectancy and effort expectancy, constructs from UTAUT, have been widely applied
by research and considered as the most popular antecedent of behavioural intention [15]. Fur-
thermore, constructs like facilitating conditions and social influence have investigated at rarer
instances [15]. Similarly, constructs like price value [37] and hedonic motivation (HM) [38] are
investigated but not frequently [14]. Apart from the constructs adopted from the above-men-
tioned theories and model, there have been several other constructs which have been adopted
by previous scholars i.e. perceived risk, personal innovativeness and trust [39, 40].

The existing study’s proposed model is grounded on UTAUT?2. Also, the researcher extended
the UTAUT2 model by including both personal innovativeness and trust in the proposed model
[39, 40]. These additional predictors are deemed essential in the context of Malaysia, especially
the inclusion of trust in the proposed model primarily in the context of cryptocurrency riddled
with the concerns of insecurity, risk and anonymity [5, 6] reflects its sheer need and importance.
However, the researchers in this study have not used the construct, i.e. habit, from the original
UTAUT?2 model. Habit was dropped from the proposed research model on the assumption that
as cryptocurrency is in its infancy and still in the process of its developing stage. Moreover,
researchers have averred that personal innovations as a construct, should be included in the
studies on the basis that people who are more innovative are more inclined to take risks in
regards to adopting new and novel technology [41, 42]. Lastly, the researcher also investigated
the moderating role of personal innovativeness between users’ intrinsic motivation on perceived
usefulness (performance expectancy) and price value, represents a worthwhile research as per
the suggestion of Alalwan et al. [43]. To the best of the researchers’ knowledge, no research par-
ticularly in Malaysia has investigated the following relationships in the context of cryptocur-
rency. As shown in Fig 1, performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, price value, trust and personal innovativeness are
used as drivers of consumers behavioural intention to use crypto currency from the perspective
of Malaysia. The development of hypotheses is further discussed in detail.

UTAUT?2 -a progression of technology acceptance theory

Extant literature has seen a plethora of theoretical models exploring consumers usage inten-
tion and actual adoption of technology. One of the earlier theories in this regard was presented
by Davis [44], known as the Technology Acceptance Model and most commonly called TAM.
He concluded that users will adopt a technology if they perceive it easy and useful. The Davis
[44] model consisted of two main elements: perceived usefulness and perceived ease of use,
which have been validated several times by researchers in the domain of information and tech-
nology [24, 36]. However, TAM itself alone was found insufficient to determine the adoption
of new technology as it ignores the impact of social relations [45].

As the world of information and technology progresses, the Unified Theory of Acceptance
and Use of Technology (UTAUT) was introduced by Venkatesh et al. [46], as a new informa-
tion technology-related theory. UTAUT was constructed after the amalgamation of eight dif-
ferent theories, i.e. theory of reasoned action, TAM, theory of planned behaviour, motivational
model, model of PC utilisation (MPCU), combined TAM-theory of planned behaviour, social
cognitive theory, and innovation and diffusion theory (IDT). UTAUT consists of four main
exogenous variables, i.e. effort expectancy, performance expectancy, facilitating conditions
and social influence; and is used to determine behavioural intention. Similarly, both effort
expectancy and performance expectancy are closely associated with the primary constructs of
TAM, i.e. ease of use and usefulness, respectively.
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Fig 1. Proposed research framework.
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There is no doubt that UTAUT model has attained higher explanatory power. However, in
the eyes of critics, it has been postulated that UTAUT oversees specific factors, which resul-
tantly, is considered as incapable of representing the individuals’ intention to adopt a technol-
ogy holistically. Moreover, UTAUT was further criticised by academicians, as the UTAUT
model was deemed fit for the organisation, due to factors being more related to predict
employees’ behavioural intention; and thus making it incapable to gauge consumer-graded
innovations such cryptocurrency. It was then that Venkatesh et al. [47] presented a more con-
sumer-centric model which is an extension of the original model and called it UTAUT?2. This
UTAUT? included the original UTATA constructs; along with-it authors added three addi-
tional variables, i.e. habit, hedonic motivation and price value. In total, seven exogenous con-
structs to determine the behavioural intention of users. These three additional constructs
represent functional, intrinsic and financial benefits [48].

Hypothesis development and conceptual framework
Performance Expectancy (PE)

Performance expectancy can be conceptualised as an extent to which a user can receive bene-
fits and values such as customisation, convenience and lack of effort, by the adoption of a spe-
cific technology [47]. In the extant literature of information technology (IT)/information
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systems (IS), performance expectancy has been the key indicator for driving users’ behaviour
intention and use behaviour [43, 48]. Notably, it has been established that while using new
technology, customers tend to make a cost-benefit rationale valuation [47]. Therefore, espe-
cially in the domain of internet banking, it is stated that additional functions and benefits per-
ceived by users using internet banking, adds to the price value of such technology [46].

Similarly, in the eyes of Rogers [49], an innovation to be adopted had to yield any relative
advantage or benefits to users. As mentioned earlier, these benefits correspond to performance
expectancy. These arguments were further cemented by Ho and Ko [50]; customers perceived
usefulness as positively connected to the bank related self-service technology. Therefore, in the
context of the study, not only performance expectancy will increase the user’s intention to use
cryptocurrency, but it also enhances the price value related to the adoption of cryptocurrency.
Thus, based on the above arguments, the following hypotheses are articulated:

H1: Performance expectancy has a positive and significant effect on intention to adopt
cryptocurrency.

H2: Performance expectancy has a positive and significant effect on price value.

Effort Expectancy (EE)

Effort expectancy, within the context of UTAUT?2, is defined as the degree of ease related to
consumers’ use of new technology [47] which resultantly, shapes a positive perception and
intention towards such innovative medium [37]. Numerous published empirical researches
have posited the importance of effort expectancy [43, 48] or its related factor such as perceived
ease of use [51, 52]; demonstrate a positive effect on users’ intention to use a technology.

In line with the arguments of Davis [44] which stated that besides the benefits and advan-
tages that an individual gets from the usage of a specific technology, users still find themselves
in a mental trade-off process among the efforts needed to apply the technology effectively.
Therefore, it was empirically stated that users have higher performance expectancy if they per-
ceive technology easy to use and subsequently, this affects their intention to adopt [43-45].
This argument was further validated when perceived ease of use was found to be a significant
predictor of, not only Malaysian] students’, intention to use an online library [53]. Neverthe-
less, effort expectancy has also proven to be a key indicator in driving Malaysian continuous
intentions to use e-government. Furthermore, Herrero and San Martin [53] also empirically
stated that effort expectancy has a positive and significant and direct effect on performance
expectancy of users. Therefore, in the context of this study, it is expected that Malaysian users
are more likely to adopt a cryptocurrency, if it is useful and takes less effort to conduct a task.
Consequently, this study articulates the following hypothesis:

H3: Effort expectancy has a positive and significant effect on intention to adopt
cryptocurrency.

H4: Effort expectancy has positive and significant influence on the performance expectancy of
using cryptocurrency.

Social Influence (SI)

Social influence is referred to as a degree of influence that an individual perceives from their
loved ones to use technology [47]. Several scholars have extensively investigated the notion of
social influence and confirmed its influences on determining individuals” intention to use and
adopt diverse types of technological innovations, e.g. internet banking [43], mobile banking
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[37], mobile commerce [48], mobile health adoption [54], mobile wallets [15] and wearable
technologies [55]. For matters of products and services which are new and in their early
stages of development, social influence can play a crucial role, especially where there is lack
of information available on the new technology [56]. As the use of cryptocurrency can be
considered a solo activity, the positive influence (benefits and advantages) of cryptocurrency
from friends or loved ones can influence an individual to adopt such technology. This view
was further validated by the Nseke [57] study, which investigated the role of Bitcoins among
Africans, and empirically supported the role of social influence in stimulating their intention
to use Bitcoin. Therefore, based on the arguments, the researcher articulated the following
hypothesis:

H5: Social influence has a positive and significant effect on intention to adopt cryptocurrency.

Facilitating Conditions (FC)

Facilitating conditions refer to the perception of an individual who believes that for using a
novel technology, the technical infrastructure is already there to facilitate users [47]. Extant lit-
erature is replete with studies which have empirically established that facilitating conditions is
the fundamental driver of users’ intention to adopt a technology [45, 46, 99]. Thus, in the con-
text of our research, facilitating conditions echo the outcome of necessary resources available
(interconnectivity and flexibility of using it on any IT device such as smartphone, tablets and
others) and the essential knowledge needed to perform a transaction through cryptocurrency.
Therefore, based on the above arguments, the current study articulates the following
hypothesis:

Hé: Facilitating conditions have a positive and significant effect on intention to adopt
cryptocurrency.

Hedonic Motivation (HM)

According to Venkatesh et al. [47], hedonic motivation refers to the feelings of joy, amusement
or happiness driven by the usage of a specific technology. These emotions which capture the
hedonic motivation of users, resultantly becomes the substantial cause of individuals accepting
a technology [58, 99]. Besides, captivatingly, cryptocurrency usage could be conceived as part
of contemporary life; resultantly enhancing additional value to the fraction of users who
actively seek innovation and novelty [59]. Furthermore, research has also established that
users who use a technology which provides fun, enjoyment and amusement, are more likely to
use it more effectively. Thus, adding extra value to such technology (e.g. price value, perfor-
mance expectancy). During their research, Alalwan et al. [43] established the empirical results
that if user’s hedonic motivation using internet banking is high, users’ will perceive higher
benefits which will impact their performance expectancy, and simultaneously augment the
price value pertaining to internet banking, as such, leading to the making of the following
hypothesis:

H7: Hedonic motivation has a positive and significant effect on intention to adopt
cryptocurrency.

H8: Hedonic motivation has a positive and significant effect on performance expectancy of
using cryptocurrency.

H9: Hedonic motivation has a positive and significant effect on price value of using
cryptocurrency.
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Price Value (PV)

Price value is conceptualised as the cognitive balance between the fiscal cost and the benefit of
using a technology [47]. Unlike in an organisational setting, the cost of any new technology
usage is borne by the user. Therefore, the user will contemplate the cost-benefit evaluation
before deciding to adopt a technology. The user’s inclination to adopt a technology certainly
increases when the price value surpasses the financial cost [45]. Previous literature has success-
fully demonstrated empirically, the significance of price value on user adoption intention [37,
43]. In the extant literature of marketing, to investigate the perceived value of any products or
services, the balance between the cost/price evaluation is mostly made with the quality of the
product or services acquired, or the benefits perceived by users [37, 43, 99]. Therefore, based
on the above arguments, it hypothesised that:

H10: Price value has a positive and significant effect on intention to use cryptocurrency.

Trust (TR)

According to Koksal and Penez [60], trust is a subjective disposition; and it is referred as an
extent to which a user believes that the service provider (trustee) is safe, and it is secure to
make any transaction with them. Prior research has found trust to be a critical indicator of
behavioural intention to adopt a technology [37, 61, 62]; especially in the mobile banking liter-
ature, where two types of trust have been eminent, namely trust in the technology or the
medium and institutional trust [60]. The later exhibits the trust among the financial service
providers and users, based on their previous experience. In the context of cryptocurrency, this
is not applicable, just as in any novel financial technology. Therefore, based on the above argu-
ment, the following hypothesis is proposed:

H11: Trust has a positive and significant effect on intention to adopt cryptocurrency.

Personal Innovativeness (PI)

As per Rogers [49] innovation diffusion theory, both individual differences and personality char-
acteristics influence people’s adoption of novel, unique and original ideas, as well as objects or
practices. Based on this idea, researchers [42, 63] conceptualised personal innovativeness as the
degree to which an individual believes that he/she is positively inclined towards the use of innova-
tive and novel technologies. According to Agarwal and Prasad [42], personal innovativeness
exhibits the individual’s intrinsic innovative personality-related characteristic, which in view of
Shaw and Sergueeva [48], is a risk-taking trait in an individual. Similarly, individuals who possess
higher risk-tolerance are more likely to attempt to use a new technology since they have more pos-
itive beliefs about technology usage [64]. Overall, individuals with more innovative personalities
are apt to have a higher intention to use new technology [48]. Several empirical studies have estab-
lished a significant relationship between personal innovativeness and behavioural intention [65,
66]. In the context of this study, we posit that the impact of performance expectancy on perceived
value will be moderated positively by personal innovativeness. This means that users who are
extra innovative will try and adopt cryptocurrency usage as new technology in their daily lives,
even when they do not perceive the value to be high (e.g. price value). As proven by earlier litera-
ture that early adopters tend to accept fewer features and embrace more risks. Therefore, based on
the following arguments, this study articulates the following hypotheses:

H12: Personal innovativeness has a positive effect on intention to adopt cryptocurrency.

H13: Personal innovative will positively moderate the relationship between performance
expectancy and price value.
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Research model

This study proposed research model is shown in Fig 1.

Research methodology
Ethical approval

With regard to ethical approval, this study did not seek ethical approval because this study was
observational in nature and no formal approval of the Institutional Review Board of the Local
Ethics Committee was necessary in the absence of the involvement of therapeutic drugs.
Despite these challenges, the study was informed all subjects and participation was entirely vol-
untary. The cover letter of the survey indicated that the confidentiality of all participants will
be preserved along with the details that authors will take this as a consent if the respondents
want to participate in this survey. No juveniles were included in this research. It was under-
taken in the context of the Helsinki declaration.

Data collection

To achieve the aim and objectives of the research, the researchers resorted to online surveys
for data collection. According to Bhattacherjee [67], the use of online survey encompasses
several benefits, i.e. economical, time saving and wider audiences. Also owing to the lack of
sample frame, this study adopted a non-probability purposive sampling method to collect
data. According to Sekaran and Bougie [68], this method is regarded as the most effective
method in order to get views of potential respondents regarding the studied phenomenon.
Data collection took place in 2019, in Malaysia. The link of the online questionnaire was
developed by using google survey forms which were disseminated through the use of social
media, i.e. Facebook. An online survey of 38 questions, excluding demography, had been cat-
egorised into three sections, see Table 1. Section A contained a cover letter explaining the
motive of the study. Section B included respondents’ demographic information, while Sec-
tion C of the online survey included measurement items of each construct used in the study,
see Table 2. Social media was chosen as the medium for data collection owing to its massive
usage among Malaysian citizens. According to Statista [69], the total of Malaysian Facebook
users is expected to grow to 27.34 million in 2025, compared to previous years of 23.0 million
in 2019, and 24.85 million in 2020. From the total 350 collected responses, 36 were discarded
due to incompleteness, leaving researchers with a final 314 responses for further analyses. In
regard to the sample size, Kline [70] postulated that an inadequate sample size might
adversely affect the generalisability of study findings. For the estimation of minimum sample
size, several rules of thumb have been prescribed. Deb and David [71], suggested an item to
respondent to the rule of thumb. In their view, 1:4 and 1:10 (item: response) must be ade-
quate for any research. Given that, a sample size of 152:380 for a study with 38 total items,
must be satisfactory. Hence, in view of the above discussion, this study’s sample size is
acceptable. All the constructs except for the dependent variable of the study, i.e. behavioural
intention was measured on a five-point Likert scale ranging from 5 i.e. strongly agree to 1 i.e.
strongly disagree. Whereas, the seven-point Likert scale was used for dependent variables
ranging from 1 i.e. strongly disagree to 7 i.e. strongly agree. The studied questionnaire was
further validated by academic experts from technology adoption domains as a pre-test. Upon
the request of the academic experts, the questionnaire was pilot tested on a small sample.
Pilot test findings were satisfactory as reliability of all the constructs were found to be more
than 0.70.
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Table 1. Profile of respondents.

Variable Frequency (%)
Nationality

Malaysian 314 100%
Age

18-25 28 8.9%
26-35 180 57.3%
36-45 75 23.9%
46 and above 31 9.9%
Living State

Penang 98 31.2%
Selangor 123 39.2%
Johor 93 29.6%
Gender

Female 139 44.3%
Male 175 55.7%
Marital Status

Single 149 47.5%
Married 165 52.5%
Other 0 0%
Gross Monthly Income

Below RM 2,000 24 7.6%
RM 2,000—RM 5,000 130 41.4%
RM 5,001—RM 10,000 113 36%
RM 10,001 and above 47 15%
Highest Education Level

High School 31 9.9%
Diploma 51 16.2%
Bachelor’s degree 201 64%
Master’s degree 30 9.6%
PhD 1 0.3%

https://doi.org/10.1371/journal.pone.0247582.t001

Table 2. ANOVA: Deviation from linearity.

Sum of Squares df Mean Square F Sig Linear
BI*PE Deviation from Linearity 46.707 15 3.114 2.217 .006 NO
BI"EE Deviation from Linearity 14.234 11 1.294 1.087 371 YES
BI"FC Deviation from Linearity 8.042 15 .536 .627 .852 YES
BI"HM Deviation from Linearity 22.153 11 2.014 1.574 .105 YES
BI"'PV Deviation from Linearity 18.511 11 1.683 2.045 .024 NO
BI*TR Deviation from Linearity 6.847 15 456 .599 .875 YES
BI"PI Deviation from Linearity 28.655 10 2.865 1.375 191 YES
BI*SI Deviation from Linearity 14.234 11 1.294 1.087 371 YES

Note: BI: Behavioural intention; EE: Effort expectancy; pe: performance expectancy; FC: Facilitating condition; HM: Hedonic motivation; pv: price value; TR: Trust; PI:

Personal innovativeness; SI: Social influence.

https:/doi.org/10.1371/journal.pone.0247582.t002
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Data analysis

Contrary to previous empirical studies which had employed shallow ANN approach along with
structural equational modelling [29-31], the current study has adopted the deep leaning dual-
stage SEM-ANN approach to confirm the legitimacy of hypothesised relations in the research
model [33]. This methodology consists of two phases. In the initial phase, PLS-SEM was
adopted to recognise the substantial effects of predictors. In the subsequent phase, researchers
implemented deep ANN architecture to identify the rank of constructs via sensitivity analysis.

PLS-SEM. The proposed research model is tested using the PLS-SEM method. PLS-SEM
is regarded as useful in comparison to covariance-based SEM (CB-SEM), due to several rea-
sons, such as its ability to test complex models [72, 73], handle small samples and non-normal
data (Hair et al. [76], for further details), and is predominantly very useful for testing the mod-
erating effect between constructs [73, 74]. Furthermore, after reviewing the work of Ronko
and Evermann [75], it was suggested that PLS-SEM is more efficient than CB-SEM, particu-
larly in the quest of finding the true model [76]. Analysis via PLS-SEM consists of two compo-
nents: assessment of measurement model and structural model [77-79]. Outer model
measures the reliability and validity, whereas the inner model tests the strength of the associa-
tions among variables [76, 79].

Artificial Neural Network (ANN). Once both the components of PLS-SEM are validated,
artificial neural network (ANN) is employed to assess, complement and authenticate the
PLS-SEM analyses. According to the Henseler et al. [80] research, which is predictive in
nature, the use of ANN will be beneficial. ANN is referred to as a processor which is capable of
accumulating knowledge and to putting it to use. It is known as a computational procedure
that can imitate the method of transferring information in the human brain. Furthermore, it is
regarded as a function approximation tool which is deemed fitting in circumstances where the
nature of the interaction between output(s) and input(s) is nonlinear and complex. According
to Simpson [81], ANN consists of three main mechanisms: network architecture, transfer
function and learning rule. These three components are categorised in the following subsec-
tions, i.e. recurrent network, radian basis and feed-forward network [82]. Feedforward multi-
layer perceptron (MLP) neural network, which consists of several layers, such as input and
output, is most widely applied. Both these input and output layers are connected via hidden
nodes. Weights represent each hidden node. Fundamentally, the input layer contains several
neurons (independent variables) which obtain raw data and passes it to the hidden layers in
the shape of synaptic weights. The output of each hidden layer is reliant on the choice of activa-
tion function, among which the most frequently used is the sigmoidal function [28, 29]. Fur-
thermore, multi-layer neural network models are observed as very complicated and very
powerful, with the capability to resolve intricacies in higher-order models. Thus, the researcher
in this study adopts multi-layer perceptron neural networks to test and train the proposed
research model.

Results

Descriptive results

A total of 350 responses were collected. Out of 350, only 314 were found and deemed fit for
the current study’s descriptive analysis using SPSS. From a sample of 314 respondents, approx-
imately 55.7% were males, and the vast majority had a Bachelor level of education (64%) and
were aged between 26-35 years old (57.3%). In addition, out of the three states, majority of the
participants were from Selangor (39.2%); similarly, most of the respondents also happened to
be married (52.5%) see Table 2.
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Table 3. Ordinary Least Squares (OLS) test.

Common Method Bias (CMB)

To also cater the common method bias (CMB), this study followed the recommendations of Pad-
sakoff et al. [83] by rigorously applying both statistic and procedural remedies. In regard to proce-
dural measures, the researcher strategically employed the application of multi-scale to cater to the
common method variance, as suggested by Podsakoft et al. [83]. Concerning statistical remedies,
this study applied several remedies for rigorous testing. Firstly, Harman single factor test was
used. Findings reveal that the total variance examined by a single factor was found to be 44%
which was less than 50% [83]. Moreover, even though Harman’s single factor analysis is most
commonly applied, researchers have demanded that it is not appropriate to engage with common
method variance [84]. Therefore, following Bagozzi et al. [85], researchers used correlation matrix
to further validate it. As per correlation matrix results, no value was found with more than 0.90
among the constructs; thereby confirming that CMB was not regarded as the major concern.

Linearity test

Researchers also investigated the linearity between the studied constructs by applying the p-
value of the deviation from linearity with ANOVA test in SPSS. The findings from Table 2
clearly illustrates that the studied model has a mix of both non-linear and linear associations
among the target construct and its predictors. For further validation, researchers decided to
conduct Ordinary Least Squares test (OLS) and the findings in Table 3, with the help of p-val-
ues affirms that there are indeed linear relationships.

Assessment of outer model

As the first component of PLS analysis, validation of measurement can be made by assessing
construct reliability (composite reliability-CR), convergent validity (factor loadings and aver-
age variance extracted-AVE) and discriminant validity (hetrotrait-monotrait ratio-HTMT)
[86]. Findings in Table 4 reveal that factor loadings, AVE and CR are more the suggested val-
ues i.e. 0.707, 0.5 and 0.7, respectively [86].

Along with convergent validity and construct reliability, this study also examined discrimi-
nant validity by using HTMT ratios by benchmarking Kline [87] recommendation. Findings
in Table 5 disclose that all the construct HTM values were lower than 0.85 [72], therefore, no
serious concerns were established pertaining to discriminant validity. As such it can be con-
cluded that the measurement model was validated.

Assessment of multi-collinearity

This study also investigated the issue of lateral collinearity. According to Kock and Lynn [88],
although the study has met discriminant validity during the assessment of outer model in

Model Sum of Squares Df Mean Square F Sig
Regression 297.719 1 297.719 200.229 .000°
Residual 463.909 312 1.487

a. Dependent Variable: BI

b. Predictors: (Constant), PE

Regression 495.455
Residual 266.172
a. Dependent Variable: BI

b. Predictors: (Constant), PV

https://doi.org/10.1371/journal.pone.0247582.t003

1 495.455 580.759 .000°
312 .853
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Table 4. Summary of constructs with measurement items.

Construct | Origin Definition Loadings CR AVE

BI Hossain et al. [100] « I intend to use Cryptocurrencies in the future. 0.893 0.926 0.807
« I will always try to use Cryptocurrencies. 0.891
« I plan to continue use Cryptocurrencies frequently. 0.911

PI Hossain et al. [100] « If I hear about a new information technology, I would look for ways to experiment with it. 0.914 0.950 | 0.864
« Among my peers, I am usually the first to try out new information technologies. 0.943
« In general, I am not hesitant to try out new information technologies. 0.931

TR Slade et al. [40] « I trust Cryptocurrencies to be reliable. 0.947 0.978 0.918
« I trust Cryptocurrencies to be secure. 0.951
o I believe Cryptocurrencies are trustworthy. 0.967
« I trust Cryptocurrencies. 0.967

PV Beza et al. [99] « Cryptocurrencies are reasonably priced. 0.89 0.913 0.779
« Cryptocurrencies is good value for the money. 0.854
o At the current price, Cryptocurrencies provides a good value. 0.902

HM Beza et al. [99] « Using Cryptocurrencies is fun. 0.954 0.971 0.919
« Using Cryptocurrencies is enjoyable. 0.965
« Using Cryptocurrencies is very entertaining. 0.956

FC Beza et al. [99] « I have the resources necessary to use Cryptocurrencies. 0.867 0.897 | 0.685
« I have the knowledge necessary to use Cryptocurrencies. 0.843
« Cryptocurrencies is compatible with other technologies I use. 0.814
« I can get help from others when I have difficulties using Cryptocurrencies. 0.785

SI Alalwan et al. [43] « People who are important to me think that I should use Cryptocurrencies. 0.876 0.939 | 0.838
« People who influence my behavioral think that I should use Cryptocurrencies. 0.933
« People whose opinions that I value prefer that I use Cryptocurrencies. 0.936

EE Alalwan et al. [43] « Learning how to use Cryptocurrencies is easy for me. 0.933 0.967 | 0.879
« My interaction with Cryptocurrencies is clear and understandable. 0.93
« I find Cryptocurrencies easy to use. 0.961
« It is easy for me to become skillful at using Cryptocurrencies. 0.926

PE Alalwan et al. [43] « I find Cryptocurrencies useful in my daily life. 0.93 0.961 | 0.861
« Using Cryptocurrencies increases my chances of achieving tasks that are important to me. 0.943
« Using Cryptocurrencies help me accomplish tasks more quickly. 0.93
« Using Cryptocurrencies increase my productivity. 0.908

Note: CR: composite reliability; AVE: average variance extracted. BI: behavioural intention; EE: effort expectancy; PE: performance expectancy; FC: facilitating

conditions; HM: hedonic motivation; PI: personnel innovativeness; PV: price value; SI: social influence; TR: trust.

https:/doi.org/10.1371/journal.pone.0247582.t004

preceding section, lateral collinearity issues can sometimes mislead the researcher; therefore, it
was decided to investigate. Variance inflated factor (VIF) value of 5 or higher shows possible
collinearity matter as suggested by Hair et al. [89]. However, findings in Table 6 shows that

no concerns pertaining to the multi-collinearity was detected as the VIF values were lower

than 5.

Assessment of inner model

Once the measurement model is analysed, to examine the proposed relationships in the stud-

ied model, structural model analyses were conducted. For the validation of the proposed
hypotheses, bootstrapping procedure with 5000 iterations were applied, following suggestions
of Hair et al. [86]. Table 6 reveals the results of hypotheses. Moreover, current study factors
yielded 28.0%, 36.5% and 68.20%, of the variance towards price value, performance expectancy
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Table 5. HTMT values.

BI EE FC HM PE PI PV SI TR

BI

EE 0.79

FC 0.09 0.04

HM 0.68 0.69 0.04

PE 0.62 0.54 0.04 0.61

PI 0.83 0.79 0.08 0.73 0.62

PV 0.59 0.50 0.05 0.50 0.48 0.47

SI 0.72 0.78 0.04 0.68 0.65 0.77 0.44
TR_ 0.83 0.82 0.03 0.71 0.56 0.85 0.51 0.75

Note: BI: behavioural intention; EE: effort expectancy; PE: performance expectancy; FC: facilitating conditions; HM: hedonic motivation; PI: personnel innovativeness;

PV: price value; SI: social influence; TR: trust.

https://doi.org/10.1371/journal.pone.0247582.t005

Table 6. Path coefficients and hypotheses testing.

and behaviour intention, respectively. Following the Cohen [90] guidelines effect size (f*) were
also calculated, see Table 6. Besides, co-efficient of determination (R?) and effect size (%) this
study also calculated predictive relevance (Q?). Findings of this study revealed that the Q*
value for all the endogenous construct were more than zero (BI: 0.509), PE: 0.293) and PV:
0.196) [91]. Furthermore, Fig 2 illustrates that personal innovativeness positively moderates
the relationship between performance expectancy and price value. Besides, as recommended
by Shmueli et al. [92] proposed PLSPredict, this study applies the PLS Predict process to vali-
date further predictive relevance of the study. Findings from Table 7 reveal that our model has
strong predictive power.

Hypothesis Relationship Std Beta T-Value P-Values Decision £ VIF
H1 PE -> BI 0.090 2.083 0.019** Supported 0.014 1.855
H2 PE -> PV 0.213 3.938 0*** Supported 0.038 1.660
H3 EE -> BI 0.170 2.078 0.019** Supported 0.027 3.333
H4 EE -> PE 0.237 3.434 0*** Supported 0.050 1.754
H5 SI-> BI 0.034 0.59 0.278 Not Supported 0.001 2.808
Heé FC -> BI -0.053 1.389 0.083 Not Supported 0.009 1.022
H7 HM -> BI 0.008 0.134 0.447 Not Supported 0.494 2.372
HS8 HM -> PE 0.422 5.955 0*** Supported 0.000 1.754
H9 HM -> PV 0.261 3.367 0*** Supported 0.045 2.091
H10 PV -> BI 0.146 3.408 0*** Supported 0.047 1.417
HI11 TRUST_ -> BI 0.299 3.958 0*** Supported 0.071 3.939
H12 PI-> BI 0.230 2.671 0.004"** Supported 0.098 3.562
Moderating Effect of Personal Innovativeness
H13 Moderating Effect 0.136 2.051 0.02** Supported 0.027°

Note: EE, effort expectancy; FC, facilitating factor; HM, hedonic motivation; PI personal innovativeness; PE, performance expectancy; PV, price value; SI, social

influence; BI, behavioural intention

p<.5
“p<.01
“*p < .001.

" effect size calculated manually.

https://doi.org/10.1371/journal.pone.0247582.t006
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Fig 2. Interaction effect of personal innovativeness on performance expectancy and price value.

https://doi.org/10.1371/journal.pone.0247582.9002

Moderating effect of personal innovativeness

To investigate the moderating effect of personal innovativeness on performance expectancy
and price value, the researcher applied orthogonalizing approach for interaction term which
should be preferred than product indicator and two-stage approach [28]. The result demon-
strated that personal innovativeness positively moderates the relationship (f = 0.115; p < .05),
thus hypothesis H13 was supported. Using the formula mentioned below, the effect size of the
moderating relationship was estimated.

F? = (R? with moderator-R? without moderator) / (1- R* with moderator).

R? values for price value, including the moderator, was 0.28, and the excluding moderator
was 0.26. Thus, these according to the formula, the effect-size values were calculated, i.e. 0.03,
which is considered a small effect [90].

Artificial neural network analysis

ANN analysis was performed through the most extensively used statistical software, i.e. SPSS
23. ANN analysis considers the significant predictors from PLS-SEM results. Owing to several

Table 7. PLS predict.

Items LM PLS LM-PLS Q2 Predict
RMSE RMSE
BI3 0.114 1.12 0.114 0.528
BI1 0.114 0.998 0.114 0.532
BI2 0.115 1.115 0.115 0.464
BI -- 0.612 -- 0.631

Note: LM: Linear model; RMSE: Root Mean square errors; PLS-SEM: Partial least squares-structural equation

modelling.

https://doi.org/10.1371/journal.pone.0247582.t1007
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Synaptic Weight > 0
—— Synaptic Weight < 0

Hidden layer activation function: Sigmoid

Output layer activation function: Sigmoid

Fig 3. Deep ANN model for the intention to adopt cryptocurrency. EE, effort expectancy; PI, personal
innovativeness; PE, performance expectancy; PV, price value; TR, trust.

https://doi.org/10.1371/journal.pone.0247582.9003

endogenous constructs, this study only focuses on the dependent variable of the study, i.e.
behavioural intention (with highest numbers of predictors); hence, there will be only one deep
ANN model (see Fig 3 as an example). The ANN model is made up on one output neuron, i.e.
dependent variable and several input neurons (significant indicators to behavioural intention),
such as effort expectancy, performance expectancy, price value, trust and personal innova-
tiveness. Two-hidden layer deep ANN architecture was employed with an aim to allow deeper
learning to take place for each of the output neuron node [33] instead of single hidden layer
model which are referred as shallow ANN approach. This study uses sigmoid function as the
activation function for both output and hidden neurons. Also, the range for both input and
output neurons are normalised between [0,1] to enhance the performance of the current
model [93]. Furthermore, to avoid the overfitting in ANN models, a ten-fold cross-validation
procedure was applied with a ratio of 10:90 for both testing and training data, respectively. Per-
taining to the accuracy of neural network models, root mean square of errors (RMSE) is rec-
ommended. The RMSE values of ANN model of this study for both training and testing data
(see Table 8) ranges from 0.084 to 0.103 and 0.071 to 0.103, respectively. Owing to the very
minute differences between RMSE values and the standard deviation for both training and
testing data, researchers can predict that the proposed researcher model achieves higher accu-
racy with ANN.

Furthermore, to calculate the relative normalized importance, the mean of each predictor is
used against the highest mean value, expressed in percentage. Table 9 provides the details of
the normalized importance and the mean importance of all the predictors used in ANN
modelling. According to Table 9, the result of the sensitivity analysis displays that trust is the
most vital predictor of behavioural intention to use cryptocurrency, followed by price value
and effort expectancy. Moreover, personal innovativeness was found to be the least predictor
to develop the behaviour intention among Malaysian for the adoption of cryptocurrency
which contradicts results of PLS-SEM significant constructs based on f* values mentioned in
Table 9. Furthermore, in the quest to validate the performance of ANN models, it was sug-
gested by Leong et al. [94] to calculate the goodness of fit which is comparable to R* from PLS
findings. Findings in Table 8 clearly depicts that our proposed research model of the study has
shown higher predictive power as compared to R results based on PLS-SEM; thereby, meeting
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Table 8. RMSE values.

RMSE (Training) (BI) RMSE (Testing) (BI) R® PLS-SEM R>ANN
0.087 0.065 68.20% 74.00%
0.108 0.076
0.093 0.071
0.088 0.070
0.081 0.072
0.093 0.096
0.090 0.075
0.085 0.076
0.086 0.077
0.083 0.065
SD 0.007 0.008
Mean 0.082 0.074

Note: BI, behavioural intention. SD, standard deviation.

https://doi.org/10.1371/journal.pone.0247582.t008

Table 9. Sensitivity analysis.

one of the objectives of the study. The difference of result can be validated by the better predic-
tive accuracy while using deep ANN architecture and also the non-compensatory nature of the
deep learning dual stage hybrid PLS-SEM & ANN method. These results further state that
studied endogenous variables are better explained by ANN analysis in comparison to SEM
analysis. At the same time, researchers opine that the current study outcome is due to the supe-
riority of two-hidden deep learning architecture and its capacity to capture non-linear associa-
tions among the variables.

Discussion

This research sought to inspect the crucial factors that may influence the adoption of crypto-
currency in Malaysia through the modification of the UTAUT?2 with trust and personal inno-
vativeness. The researcher also investigated the role of personal innovativeness between price

Sensitivity Analysis (Importance) PE EE TR PV PI

ANN1 0.227 0.150 0.234 0.283 0.105
ANN2 0.118 0.237 0.281 0.251 0.113
ANN3 0.137 0.180 0.303 0.284 0.096
ANN4 0.163 0.133 0.313 0.290 0.101
ANN5 0.151 0.169 0.317 0.281 0.082
ANNG6 0.115 0.190 0.436 0.200 0.060
ANN7 0.153 0.170 0.314 0.280 0.084
ANNS 0.166 0.189 0.291 0.226 0.128
ANN9 0.160 0.166 0.322 0.284 0.078
ANNI10 0.147 0.169 0.33 0.226 0.124
Mean Relative Importance 0.154 0.175 0.315 0.261 0.097
SD 0.030 0.026 0.048 0.031 0.020
Normalised Relative Importance% 49% 56% 100% 83% 31%
Ranking 4 3 1 2 5

Note: SD, standard deviation. EE, effort expectancy; PI personal innovativeness; PE, performance expectancy; PV, price value; TR, trust.

https://doi.org/10.1371/journal.pone.0247582.t009
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value and performance expectancy. Researchers excluded the construct habit from the original
UTAUT?2 model on the assumption that habit is regarded as the notion of previous actions
and it is regarded as the degree to which an individual is inclined to do a particular behaviour
routinely or repeatedly [47]. In addition, Beh at al. [45] narrated that practice is supposed to be
a precondition of habit formation. As cryptocurrency is in the infancy stage; therefore, habit
construct was dropped from the proposed conceptual model of this study. Theoretically, the
obtained empirical findings contrasted from the original UTAUT2 model. AS per the findings
of this study, all relationship except facilitating condition, hedonic motivation and social influ-
ence (H5, H6 and H7) were found statistically significant. Also, the personal innovativeness as
the moderator was found to have a positive and influence moderating effect between the price
value and performance expectancy.

According to the findings of the study, user’s behavioural intention to use cryptocurrency
was positively influenced by performance expectancy (H1: f = 0.121) and price value (H2: =
0.213). This indicates that Malaysian users are expected to have a stronger intention to adopt
cryptocurrency if they believe that the use of this technology is useful and enables them to
complete a task successfully. Moreover, the results of this study have also strongly supported
the relationship between performance expectancy and price value pertaining to the usage of
cryptocurrency. That is to say that users observe adopting cryptocurrency as a beneficial tech-
nology making a significant impact in their everyday lives with numerous benefits (e.g. conve-
nience, timesaving and efficiency); and also believe that adopting cryptocurrency is more
valuable than the cost paid for this technology. Findings of this research are in line with earlier
related literature, e.g. Alalwan et al. [43] and Beh et al. [45] and Gupta et al. [62]. As expected,
effort expectancy has shown positive and significant influence on users’ behavioural intention
(H3: B =0.170); however, an insignificant effect of it was established on users’ effort expectancy
(H4: B = 0. 237). The results of this study are in line with Beh et al. [45] and Herrero and San
Martin [53]. This highlights that to entice user intention to adopt cryptocurrency, it is insuffi-
cient to advance the performance of the cryptocurrency; instead, it is also vital to make the use
of cryptocurrency easy and hassle-free.

Strangely and contrary to the findings of past studies [56, 57, 65], insignificant relationships
were established between social influence and behavioural intention to adopt cryptocurrency
among Malaysian users’ (H5: B = 0.034). The findings of our study were further reflected in
other papers where there was no effect of social influence on user’s conclusion to embrace a
particular technology (cryptocurrency), as demonstrated in diverse circumstances such as
mobile banking and internet banking [37, 43]. This highlights that opinions from closed and
loved ones, such as family and peers, have no influence on their intention to use cryptocur-
rency. One of the possible explanations for the findings may be that the use of cryptocurrency
for financial matters and the information relating to it, is regarded as a solo act and very pri-
vate to users. Therefore, this limited sharing of information with friends or family, lessens the
impact of a social network. Another explanation behind the results may be that some respon-
dents in our study are early adopters who are considered reluctant to be influenced by the
opinions of others. According to Lipple and Van Rensburg [95], early adopters consumers
tend to be young but with higher education, a similar case was observed in this research with
respondent profiles (18-35 years old: 66.2%; Bachelor’s degree and above: 73.9%).

The results of the study also reveal that facilitating condition has an insignificant effect on
behavioural intention (H6: = -0.053). The findings of this research are in line with Shaw and
Sergueeva [48], Merhi et al [37] and Herrero and San Martin [53]. The explanation behind the
results of this study may be that facilitating conditions pertaining to the use of cryptocurrency
is easily obtainable; a smartphone, tablet or laptop connected to the internet are the tools
required to complete a task. According to Malaysian communications and multimedia
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commission [96], 87.4% of the total population are internet users; similarly, 9 out of 10 people
use the smartphone. Moreover, according to Statista [97], 84.8% of Malaysians aged 18-34 are
smartphone users. Therefore, access of technology to the majority of our study sample is pretty
modest, as they seem to have vast experience with these devices. The researcher posits that
these reasons may have led us to find the insignificant association between the studied
constructs.

Moreover, the results of our study also found insignificant association among behavioural
intention and hedonic motivation (H7: f = 0.008) whereas the direct relationship of hedonic
motivation to performance expectancy (H8: f = 0.422) and price value (H9: p = 0.261) were
found to have significantly positive effect. In relation to the direct relation to behavioural
intention, the result of our study was contrary to the findings of Shaw and Sergueeva [48] and
Beh et al. [45], nonetheless in line with the findings of Merhi et al. [37], Owusu Kwateng et al
[61] and Gupta et al [62]. The possible reason behind this insignificant finding may be due to
the users’ perception of cryptocurrency usage as a beneficial service, as opposed to being a
channel of amusement; a suggestion reinforced by the observed performance expectancy
which in this study, is a significant factor in the Malaysian adult intention to adopt cryptocur-
rency. Furthermore, this research also provided statistical shreds of evidence approving the
significance of hedonic motivation on both performance expectation and price value. These
results indicate that users who perceive using cryptocurrency inclusive of entertainment and
enjoyment, perceive it as highly useful and as having a price value.

Furthermore, the results of the study also exhibit that the direct relationship of price value
(H10: B = 0.146), trust (H11: f = 0.299) and personal innovativeness (H12: B = 0.230) to adopt
cryptocurrency was found to be positively significant. The findings of our study are in line
with Merhi et al. [37], Alawan et al. [43], Farooq et al. [65] and Dutta et al [66]. Trust, in this
study, has proved to be the most potent effect in finding the intention to adopt cryptocurrency.
This indicates that there is a need for adequate safety measures to take steps in future which
can eradicate any risk and threat involved in it, which could inhibit potential future users. In
the extant literature of novel technology, trust has emerged as the most influential factor in
several studies, especially pertaining to mobile/internet banking [37]. Riffai et al [59] further
validated the argument by stating that due to the intricate nature of electronic financial trans-
actions, trust plays a vital role.

According to the results, personal innovativeness as a moderator has worked well in this
study. The path analysis for performance expectancy to price value was moderated signifi-
cantly (H13: B = 0.136); however, the effect was weak as per Cohen’s [90] threshold. Modera-
tion result indicates that innovative users will try use and adopt the use of cryptocurrency even
when do not see the value to be high (e.g. price value).

Contribution to the theory

The findings of the existing research have overwhelmingly advanced the extant literature on
the information system, internet banking and especially to the cryptocurrency-related litera-
ture by enhancing the current body of knowledge concerning such imperative situation of
attention, as well as providing valuable understanding for both academicians and practitioners.
UTAUT?2 was chosen as the appropriate model because it is explicitly suggested to elucidate
the process of adoption novel technologies [47]. Therefore, substantial input was taken by the
existing study as one of the very few studies which have enhanced the validity to investigate
and expound the determinants that can impact the intention to adopt cryptocurrency on
Malaysian customers as a developing country. Notwithstanding that UTAUT2 model has
already a satisfactory view towards adopting new technology, proposing a model which is
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efficient enough to interpret users’ intention towards a sensitive technology like cryptocur-
rency calls for integrating new factors and the modification of the relationship of the original
UTAUT2 model [47].

Therefore, the current study extends the original UTAUT2 model by including constructs
like trust and personal innovativeness; at the same time, the researcher has excluded the con-
struct habit from the proposed model. Consequently, the study results demonstrated that both
trust and personal innovativeness possess a noteworthy effect on users’ intention to adopt
cryptocurrency, especially from the perspective of a developing nation like Malaysia. Pertain-
ing to modification of UTAUT?2 original model, the current study has changed the path for
performance expectancy and hedonic motivation based on Venkatesh et al. [47] arguments
who discussed the influence of financial, intrinsic and functional benefits on users’ behavioural
intention. Thus, this study contributed by following the argument of Venkatesh et al [47], and
validating the suggestion of Alalwan et al. [43] by providing causal relations between perfor-
mance expectancy, price value and hedonic motivation, such as investigating the direct impact
of performance expectancy on price value concurrently investigating the role of hedonic moti-
vation on both performance expectancy and price value. Furthermore, the current research
also augmented the body of existing knowledge by examining the moderating role of perfor-
mance expectancy and price value. The findings of new relationships which did not exist in
earlier literature in the perspective of cryptocurrency adoption enable scholars to have a sound
understanding of factors influencing the adoption of a new technology, particularly in the con-
text of Malaysia.

Lastly, unlike all extant literature which investigated the single stage linear and compensa-
tory associations by using structural equational modelling (SEM) [29, 37, 48, 98] it is not
believed satisfactory to predict the intricacies relating to complicated decision-making process.
Though, to eliminate such limits, researchers [26, 27] have applied ANN as second stage analy-
sis involving of single hidden layer. Huang and Stokes [32] posited that second stage ANN
analysis with single hidden layer is a shallow type of ANN.

Consequently, it was suggested to employ deep ANN architecture with more than one hid-
den layer [34]. Thus, the application of deep ANN architecture with two or more hidden layers
will advance the precision of non-linear relationships in the model owing to its deep learning
capability [33]. Hence, researchers in this study achieved bridging the present research gap by
employing deep learning dual stage approach in order to discover both linear and non-linear
compensatory relationships. Moreover, this study further contributes by applying a dual stage
deep learning PLS-SEM & ANN analysis. The adoption of the deep learning dual stage
approach PLS-SEM & ANN in examining user’s intention to adopt cryptocurrency is believed
to be a novel method since previous research on cryptocurrency adoption, i.e. Shoaib et al.
[29], was undertaken without exploiting second stage analysis, i.e. deep ANN architecture. The
use of artificial intelligence (ANN) and machine learning technique, which is regarded as
robust against the noise in the dataset and is capable of learning from the data, enables the
researcher to obtain better predictions and to detect non-linear associations that have been
ignored in the extant literature.

Additionally, the aforementioned different, fresh, yet useful approach has given robustness
to our proposed research model. This dual stage deep learning method is considered vital
because users’ behaviour intention to adopt cryptocurrency may not be fully explained by the
linear relationships as the decision-making process of humans is already very complex; thus
using linear and compensatory associations may oversimplify the human decision-making
procedure [101]. Therefore, it can be concluded that with the use of artificial intelligence and
expert system of the neural network, the researchers are able to make better predictions and
gain better results. The findings of non-linear associations are a breakthrough in the extant
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literature of cryptocurrency-related literature, particularly in the context of a developing
nation like Malaysia, which may serve as an inspiration for scholars to further follow the sub-
ject matter in future.

Practical implications

From a practical perspective, the statistical evidence gained in this study also has significant
implications. Results of this study will enable service providers to develop strategies which can
encourage the use of cryptocurrency in the daily lives of users by focusing on making the pro-
cess of using cryptocurrency more useful, easy, enjoyable and trustworthy. The implementa-
tion of cryptocurrency technology is not practicable unless customers extensively embrace
such novel technologies as a replacement over other channels. In this regard, local financial
institutions and regulators may both demonstrate the benefits of adopting cryptocurrency to
enhance the adoption rate in country.

Moreover, this empirical study aids in recognising the essential characteristics, conse-
quently, altering the conventional payment method in Malaysia to device appropriate and
effective strategies, both at private and government levels to enhance the adoption of such
innovative and novel technologies. The results of this study have demonstrated that if users
find the technology easy to use and enable users to accomplish the task, the chances for its
adoption and subsequent usage becomes higher. Technology-makers need to pay heed to these
factors so that adoption of this novel technology can provide widespread benefits, especially to
developing economies. At the same time, it is also vital for policymakers to notice the rising
importance and growth of this technology, which is frequently mentioned and prominently
addressed by both by private (venture capitalists) and public sector (government) [7]. This
technology is considered to be a provider of convenient services which are less dependent on
third parties, such as commerce, especially pertaining to its low cost [6].

Limitations and future suggestions

The current has minor limitations. Firstly, the study was cross-sectional, and therefore it is
inept at validating changes in human behaviour over time. Thus, for the future, the researcher
suggests conducting longitudinal studies to comprehend the progressive changes which can
affect a user’s acceptance of cryptocurrency. Second, the study was conducted in Malaysia;
therefore, it cannot be generalised to other countries. The researcher suggests that in future,
cross-cultural studies must be conducted to validate this model further and to see if this model
works in the western context too. Thirdly, future researchers must also examine the post-adop-
tion behaviour of cryptocurrency adopters to uncover the factors which keep stimulating con-
tinuous usage. Lastly, while applying the deep neural networks, future scholars must compare
the findings of ANN with single layer and more than one layer, so as to reach to a consensus
for best architecture.

Conclusion

Without a doubt, the introduction of the new financial market in the form of digital currencies
has transformed the international market space. The aim of this research was to investigate the
factors behind the adoption of cryptocurrency by considering personal innovativeness as a
moderator between performance expectancy and price value. This study also investigated the
moderating role of PI. Findings depict that trust, performance expectancy, price value, effort
expectancy and personal innovativeness have a positive influence on user’s behavioural inten-
tion to adopt cryptocurrency. Also, the results have also shown support to the new relationship
path in comparison to the original model UTAUT2. Furthermore, the researchers found a
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significantly positive effect of personal innovativeness and price value. These findings open the
vistas of knowledge not only theoretically, but also practically, to benefit technology makers
and marketers to recognise the crucial elements which may stimulate individuals to adopt
cryptocurrency for commercial purposes. Thus, creating an urge to coordinate and agglomer-
ate the industry in a way that fosters trust and increases user confidence.
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