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Abstract: This research investigates a broad range of possible factors affecting
the adoption of new technology in the banking industry using adaptive
LASSO and a standard logit model. The research integrated the adoption of
the innovation framework and the technology acceptance theory to develop
a conceptual framework for the analysis. Primary data was collected from
400 bank customers in North Cyprus. Risk perception and other customer-
specific factors such as perceived risk index and negative attitude toward
new technologies index were formulated for the proposed conceptual model.
The findings indicated that individuals with a negative attitude toward new
technology are least likely to adopt internet banking. In addition, the logit
model suggested that age, education level, and general (innate) innovative-
ness significantly impact the adoption of internet banking. However, gender,
income, occupation, perceived risk, familiarity with the internet, and social
inclusion have no significant impact on internet banking adoption in North
Cyprus.

Keywords: E-banking; business technology; internet banking adoption; adap-
tive LASSO method

1 Introduction

The banking industry has become one of the leading sectors to adopt new technologies and
create self-service delivery channels [1]. Internet banking and digital payments were developed as new
financial delivery channels, enabling speedy and flexible transactions [2]. Despite the rise in the number
of internet banking users, banks have faced resistance from many doubtful clients unwilling to embrace
internet banking [3]. Therefore, the banking sector needs to understand the factors determining
whether their customers will adopt internet banking. Taking North Cyprus as a case study, this
research provides essential findings on what determines internet banking adoption and ranks them
according to their significance in customers’ decision making. Despite a small potential market and
the high cost of internet banking in North Cyprus, domestic banks have adopted internet banking
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to respond to the competition stimulated by foreign banks [4]. Although all commercial banks had
adopted internet banking by 2005, its usage remains low among bank customers.

According to previous research, customers’ internet banking adoption may vary depending on
their demographic characteristics, familiarity, personality, and psychological attributes, such as social
influence, risk perception, innovativeness, and attitudes toward new technologies [5–8]. Several theo-
ries have attempted to explain the adoption of new technologies through individuals’ characteristics,
behaviors, beliefs, attitudes, intentions to use the technology, or expected degree of benefits from using
the latest technology. Among them, the innovation diffusion theory (IDT) explores how adoption
decisions are affected by the characteristics of the innovation itself, by individuals’ perceptions of
these characteristics, and by the character of adopters and their social environment [9–11]. According
to [12], the main aspects affecting the adoption of any innovation are relative advantages (economic
gains or perceived convenience), complexity (free of effort to use or try), compatibility (consistency
with past experiences), observability (evaluation of implication), and trialability (tested with earlier
users). IDT is widely used to determine the adoption of new technology and its effects on behavioral
intention to adopt [13–15].

Another widely used theory, the technology acceptance model (TAM), is the most applicable in
technology adoption and use [16]. According to this theory, consumers’ attitudes toward adapting
technological innovations depend on the perceived usefulness and the perceived ease of use. Moreover,
compared with other models, TAM is a superior theory in technology adoption [17,18]. According
to the literature, TAM’s main two constructs often fail to explain or predict customers’ intention to
use technology [19]. To overcome this drawback, some studies have focused on extending TAM by
integrating extra variables to develop its explanatory power [20–22].

This study contributes to the literature by integrating the perceived risk (PR) factor with other
customer-specific factors, namely demography, familiarity with the internet (FI), innovativeness, atti-
tude toward new technologies, and social interaction (SI). The conceptual framework of this research
is based on the integrated models of the adoption of the innovation framework and the extended TAM.
Although TAM uses behavioral intention measures to predict actual use, the current research, unlike
previous studies, uses the actual internet banking adoption behavior (self-reporting usage) instead
of the intentional behavior of internet banking usage (prediction). A principal component analysis
(PCA) is conducted to generate a set of indices and create a parsimonious model to understand better
the factors affecting consumers’ adoption of online banking. The extant research investigates whether
the threat of fraudulent activity can create a negative perception of internet-based services and hence
discourage customers’ adoption and use of internet banking [23–25]. As another contribution to the
literature, the current study investigates how individuals’ decision to adopt internet banking is affected
if they know someone who has been defrauded via internet banking.

Furthermore, we use nonlinear models that outperform linear regression models as they can
generate both nonlinear and linear relationships via logistic functions [26]. To the best of our
knowledge, this is the first study to explore factors driving internet banking adoption in a nonlinear
form based on variable ranking methods. By incorporating a shrinkage methodology, this research
is also unique in dealing with the problem of overfitting in regression analysis. Hence, identifying
the determinants of internet banking adoption, this method also allows us to rank the determinants
according to their order of importance in internet banking adoption.
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2 Literature Review

Following well-known theories in technology adoption, many empirical studies have been con-
ducted to identify the factors affecting the adoption of online banking in diverse country contexts.
The most widely examined factors that impact online banking adoption in the previous literature are
the demographic characteristics of the customers. Although empirical findings and research method-
ologies vary from country to country, these studies show that customers’ demographic characteristics
are essential for understanding the acceptance and adoption of internet banking. For example, [6]
found that gender, education, age, and income significantly impacted electronic banking adoption in
India. However, according to an empirical study conducted by [27], age had a significant influence,
while gender, income, education, and occupation did not significantly influence electronic banking
adoption in Ethiopia. In contrast, using factor and covariance analysis, [7] found that individuals of
all ages were equally interested in internet banking conducted on devices other than cell phones, and
relatively young users were more interested in mobile banking.

Furthermore, the impact of customers’ general (innate) innovativeness (GI) and their attitudes
toward new technologies on the adoption of online banking has gained considerable empirical
support in the previous literature. GI identifies innovativeness as a general personality trait, while
attitude reflects customers’ positive or negative opinions or feelings about new technologies. For
instance, [23] and [28] found that consumer innovativeness directly correlated with the adoption
of internet banking in Spain and Hong Kong, respectively. Similarly, [5], using structural equation
modeling, found that customers’ innate innovativeness was positively related to their technology
readiness and that innovative customers were more inclined to adopt internet banking in Yemen.
Using the same methodology, [29] found that customers’ positive attitudes toward internet banking
positively influenced their behavioral intention to adopt internet banking in India. Similarly, [30]
used the product-indicator approach and found that customers’ openness regarding new technologies
significantly influenced internet banking adoption in the United States.

Compatibility with technologies also plays a vital role in adopting innovations. Previous studies
concluded that individuals with the self-assured skill to use computers and the internet were more likely
to adopt online banking [27,31]. Thus, it is plausible to assume that individuals’ computer literacy
and work- and non-work-related internet experience may lessen the perceived complexity of accessing
online banking. Therefore, customers will have a greater inclination to use innovations. For example,
using binomial logistic regression analysis, [25] found that experience with the internet for work and
shopping was an essential determinant of internet banking adoption in Poland.

Research conducted by [32] and [33] investigated the influence of interpersonal networks, social
media, mass media, and ‘word of mouth’ on users’ attitudes toward the use of mobile banking.
Furthermore, [34] and [35] investigated the impact of social influence on customers’ intention to adopt
online banking. These studies, however, concentrated only on the motivating effects of interpersonal
communications on online banking adoption. Meanwhile, [36] highlighted the importance of psy-
chological determinants in adopting innovation, but this is not discussed or presented in the existing
literature. Tab. 1 summarizes some of the other primary research on internet banking adoption and
its findings and indicates which technology adoption theory was used in each study.
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Table 1: Summary of previous research on internet banking adoption

Theory/Variables Findings References

• IDT Innovativeness plays a prominent role in
influencing the intention to use internet
banking. Risk perception has a significant
negative influence on the adoption of
internet banking.

[23]

• Extended TAM Perceived usefulness, perceived ease of use,
and trust in online banking have significant
direct effects on the intention to use online
banking.

[11]

• Extended TAM Perceived usefulness, perceived ease of use,
perceived security, and social influence
explain 45.1% of the intention to adopt
internet banking.

[37]

• Extended TAM Subjective norm, image, banks’ initiative,
internet banking self-efficacy, internet usage
efficacy, trust, PR, and government support
explain 29.9% of the variance in the actual
usage of internet banking. Perceived
usefulness and perceived ease of use explain
26.5% of the variance in the actual usage of
internet banking.

[38]

• Theory of reasoned action
and technology readiness

Attitude, subjective norm, and technology
readiness have a significant positive effect
on using internet banking. Innovativeness
and skepticism are also statistically
significant. The model explains 63.8% of the
variance in the behavioral intention to use
internet banking.

[5]

• Extended unified theory of
acceptance and use of
technology (UTAUT)

Performance expectancy, effort expectancy,
hedonic motivation, price value, and PR
significantly influence behavioral intention
to use internet banking; social influence
does not significantly impact behavioral
intention. The model explains 64% of
variations in behavioral intention to use
internet banking.

[35]

(Continued)
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Table 1: Continued
Theory/Variables Findings References

• Decomposed theory of
planned behavior

Attitude, perceived behavioral control, and
subjective norm significantly affect
behavioral intention to use internet banking.
The model explains approximately 37% of
the variance in behavioral intention.

[24]

• UTAUT extended by e-service
quality

Assurance is the most influential factor
among all other technology and service
quality factors.

[39]

• TAM extended by consumer
innate innovativeness,
domain-specific innovativeness,
and perceived security risk

Perceived usefulness, ease of use, and
attitude have a significant positive influence
on consumers’ intention to adopt internet
banking.

[40]

• UTAUT extended by
incorporating customer
satisfaction, PR constructs,
cultural moderators of
individualism, and uncertainty
avoidance

Internet banking adoption is positively
influenced by performance expectancy,
effort expectancy, social influence, and
facilitating conditions, while PR has a
negative effect.

[41]

• TAM extended with perceived
web security and internet trust

Attitudes for users are determined by
perceived usefulness, while for non-users,
they are determined by their perceived
usefulness and internet trust.

[42]

3 Sampling and Data Collection

The financial sector of North Cyprus is dominated by its banking sector, while non-bank financial
institutions are underdeveloped. Therefore, most people conduct their financial affairs through banks.
In addition to the Central Bank and the State Development Bank, 21 commercial banks actively
operate in North Cyprus. Of these 21 commercial banks, 15 are privately owned domestic banks, five
are foreign branch banks from Turkey, and one is a state-owned commercial bank. The banking sector
has 221 bank branches and 640 ATMs in major cities and towns. Currently, all commercial banks offer
internet banking services to their customers.

Since the current study aims to explore the factors that affect customers’ adoption of internet
banking, regardless of the characteristics of the internet banking service offered by a particular bank,
it is essential to reduce a possible sampling bias by maintaining the heterogeneity of the respondents.
Hence, the stratified sampling method covers every region in North Cyprus.

The survey questions were designed, and determinant indices generated accordingly based on
the arguments in the extant literature. The questionnaire was divided into four main sections. The
first section consisted of questions that revealed respondents’ demographic characteristics, such as
age, gender, education level, and income. The second section consisted of GI, attitude toward new
technologies, FI, and compatibility with relevant technologies. The third section consisted of questions
on SI. Both internet banking adopters and non-adopters answered the first three sections. The fourth
section involved questions relating to the PR of internet banking usage. This section was further
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divided into two subsections: the first was answered by internet banking adopters, and the second
by non-adopters. Index questions (general personality traits, FI, GI, and PR) were measured on a
five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). All determinants other
than demographic variables were measured using close-ended questions.

A pilot study consisting of ten questionnaires was conducted to eliminate incoherent questions and
‘garden path’ sentences and assure the validity and adequate reliability of the research instrument. A
total of 425 questionnaires were completed face to face with various bank customers in five regions.
The number of surveys conducted in each area was proportional to the population living in these
five respective areas. Out of 425 completed questionnaires, 25 were excluded from the study due to
incomplete and unreliable answers. Thus, a total of 400 responses were valid for further analysis.

The demographic characteristics of the respondents are presented in Tab. 2. Online banking
usage is highest among respondents aged between 26 and 35 who have a master’s level of education.
Moreover, the percentage of actual online banking adoption is higher among male respondents, those
who work in public institutions, and those with a monthly income between 4000 and 6000 Turkish
Lira. Of the 400 respondents, 56.8% are online banking users and 43.2% are not.

Table 2: Distribution of demographic characteristics of the sample (%)

Users Non-users Total

Internet banking 56.75 43.25 100.00
Age
18–25 66.18 33.82 17.00
26–35 67.90 32.10 40.50
36–45 44.16 55.84 19.30
46–55 50.88 49.12 14.20
56–65 27.59 72.41 7.20
66–75 14.29 85.71 1.80
Education
Primary school 20.00 80.00 5.00
Middle school 48.15 51.85 6.80
High school 43.18 56.82 22.00
Bachelor’s 63.35 36.65 40.30
Master’s 70.67 29.33 18.80
Doctorate 58.62 41.38 7.10
Gender
Male 59.31 40.69 51.00
Female 54.08 45.92 49.00
Monthly income (Turkish Lira)
2000–3000 49.72 50.28 44.80
3001–4000 64.77 35.23 22.00
4001–6000 66.37 33.63 19.30
6001–8000 48.15 51.85 6.80
8001–10000 53.85 46.15 3.30
More than 10000 60.00 40.00 3.80

(Continued)
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Table 2: Continued
Users Non-users Total

Occupation
Public 62.56 37.44 45.25
Private 49.72 50.28 54.75

Source: Primary data obtained from field survey.

Although most people use the internet in their workplaces and homes, a relatively small number
of people use internet banking in North Cyprus. As shown in Tab. 3, 93.3% of the sample use the
internet in their workplaces and homes, 73.2% had bought and sold products and services via the
internet, and 75.6% had made airline and hotel reservations online. However, only 56.8% of the sample
use the internet to check their bank accounts. Our research utilized primary data and sophisticated
quantitative methodologies to identify different sets of factors that may impact individuals’ acceptance
and resistance decisions about internet banking usage.

Table 3: Internet usage for different purposes (proportion of respondents agreeing with the statement)

Statements %

I use the internet at my work/home. 93.3
I have bought or sold products/services via the internet. 73.2
I have made airline and hotel reservations through the internet. 75.6
I check my accounts via online banking. 56.8
Source: Primary data obtained from field survey.

4 Model Building and Research Hypotheses

This study combined different methodologies to investigate the factors driving online banking
adoption. First, a new set of indices was created using PCA. PCA is strictly applicable to a set of
measurements that are either quantitative or have an ordinal scale. Hence, it is optimal for index
creation in survey analysis [43]. Before applying PCA, we measured the internal consistency between
Likert questions using Cronbach’s alpha methodology. All indices satisfied the level of reliability.
Results are available from the authors on request. The online banking adoption model was then
developed as follows:

y = F (x1, . . . , x10)

where y as a binary variable denotes the self-reported usage of online banking, and (x1, . . . , x10) sym-
bolizes the vector of independent variables, including demographic variables (age, gender, education
level, occupation, income level) as well as five different generated indices (GI index, negative attitude
toward new technologies (NATNT) index, FI index, PR index, and SI index). The survey questions
were designed and determinant indices generated accordingly, based on the arguments in the extant
literature.
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4.1 GI Index
It is well established in the literature that online banking users tend to be more innovative, relatively

more receptive to new ideas, and more likely to adopt innovations than other members of society
[44–47]. Reference [48] defined these individuals as “risk-tolerant, dynamic, communicative, curious,
venturesome, stimulation seeking, and able to cope with higher levels of uncertainty.” We designed our
survey questions and generated a GI index reflecting customers’ innovativeness as a general personality
trait according to these definitions. Furthermore, innovative individuals are less likely to be affected by
other people’s experiences while making decisions about adopting new technologies [49]. Therefore,
we propose that the relatively more innovative bank customers will be more inclined to use online
banking.

Hypothesis 1: The innovativeness of bank customers is positively related to online banking
adoption.

4.2 NATNT Index
According to TAM, an individual’s attitude or overall feelings toward technology-based innova-

tions are the key determinants of using such innovations [50]. The “perceived usefulness” variable has
tested this argument in previous studies. Perceived usefulness was defined as the degree to which a
person believed the adoption of new technology would enhance or improve their performance [50]. It
has been evidenced that the perception of usefulness is a significant factor in customers’ intention to
adopt internet banking. This study defined “attitude” as customers’ negative perceptions or feelings
toward new technologies. If individuals have a more favorable attitude toward new technologies,
they are more likely to use them than other members of society [27,30]. However, if they deem new
technologies unnecessary or see no benefit in using them, they are less likely to use them [51–53]. Thus,
we expect that if customers deem learning the technologies a waste of time, they will be less likely to
adopt online banking.

Hypothesis 2: NATNT will negatively affect internet banking adoption.

4.3 FI Index
Since online banking is delivered through the medium of the internet, online banking users are

expected to be familiar with the internet for work- and non-work-related activities and compatible
with complementary technologies such as computers and web search engines [25,27,38,54]. It is
plausible to assume that individuals’ computer literacy and FI may lessen the perceived complexity of
accessing online banking. Therefore, customers will have a greater inclination to use such technologies.
Furthermore, we would expect that customers who are familiar with the internet for shopping and
sufficiently experienced in conducting financial transactions will be more likely to adopt online
banking [27]. In an attempt to capture respondents’ familiarity, several variables suggested by [27] and
[55] were constructed. Hence, we propose that FI and complementary technologies and experience
in conducting financial transactions (other than online banking) via the internet positively influence
online banking adoption.

Hypothesis 3: FI and complementary technologies will positively influence online banking
adoption.

4.4 SI Index
Previous studies analyzed the SI construct as a critical determinant of online banking adoption

from interpersonal communications. Suppose individuals’ social environment (friends, relatives, or
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workmates) favorably suggests online banking. In that case, it is expected that the individuals will be
more likely to adopt it to meet the expectations of their ascribed roles. However, most studies failed
to support this argument [6,31,35,38]. Studies in the existing literature excluded those individuals
who pay particular attention to negative information and have a greater propensity to use this
rather than positive information in their decision processes [56]. This could be attributed to the
bad news (negativity) bias: bad news has a greater impact on human behavior and attitude than
neutral and positive news, enabling individuals to notice danger and avoid harm [57]. Thus, we expect
that if individuals know someone who has been defrauded via online banking and are aware of the
consequences through their communications with the online fraud victim, they will worry that the
same may happen to them and, hence, will avoid using online banking.

Hypothesis 4: Customers’ adoption of internet banking will be negatively affected if they know
an internet banking fraud victim through their social contacts.

4.5 PR Index
The extant literature highlights that in online banking adoption, security and privacy issues are

the two main areas perceived as risky by bank customers because lack of security and privacy can
lead to more online fraud that results in monetary loss for bank customers [23,37]. Accordingly, if
customers perceive online banking as risky, they will avoid using it. Thus, the PR index captures
respondents’ PR of online banking usage constructs suggested by [58] and [59]. Furthermore, in line
with the negativity bias, news about online fraud in the media may increase customers’ concerns about
security and privacy issues and monetary loss. For example, risks such as identity fraud are classified as
an avoidance motivation that potentially concerns many users of online financial services [60,61]. Thus,
the influence of news about online fraud on online banking adoption decisions is also incorporated
into the PR index. Therefore, we propose that news about internet fraud will increase customers’ PR
of online banking and discourage them from using it.

Hypothesis 5: Bank customers who are satisfied with internet banking security and the level of
protection of their personal information will adopt internet banking.

4.6 Demographic Characteristics of the Respondents
The relationship between demographic characteristics of bank customers (age, gender, education,

income level, occupation) and their adoption of internet banking has been the subject of numerous
pieces of research in recent years [6,8,62]. In the extant literature, it is often argued that the older the
bank customers, the less likely they are to use internet banking. It is further argued that income and
education level positively impact the acceptance and usage of internet banking. Similarly, gender and
occupation often significantly affect internet banking adoption. Following the earlier research, we
included these demographic characteristics in our model to capture their impact on internet banking
adoption.

Hypothesis 6: The age of bank customers will be negatively related to internet banking
adoption.
Hypothesis 7: The gender of bank customers will be positively related to internet banking
adoption.
Hypothesis 8: The income level of bank customers will be positively related to internet banking
adoption.
Hypothesis 9: The occupation of bank customers will be positively related to internet banking
adoption.
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Hypothesis 10: The level of bank customers’ formal education will be positively related to
internet banking adoption (Fig. 1).

Innovativeness
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internet banking
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Social Contact
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Figure 1: Conceptual model

5 Research Methodology

This research employs the adaptive LASSO (least absolute shrinkage and selection operator)
procedure of [63] to identify the factors that play a significant role in adopting internet banking and to
rank these factors according to their importance. The adaptive LASSO methodology benefits from the
improved variable selections algorithm through the LASSO-Type penalty. This method is built based
on the LASSO framework of [64] and, by using a two-stage procedure, tries to find the optimal subset
model. The LASSO method is regarded as one of the most powerful methods for regularization and
feature selection tasks. To carry out such an important task, a shrinking (regularization) process is
applied that penalizes the coefficients of the regression variables to zero. Following completion of the
shrinking task, those variables that still have a non-zero coefficient become the targets in the feature
selection process. This task is carried out to reduce the estimation error and the tuning parameter (λ),
which attempts to manage the power of the penalty. Coefficients are forced to be zero if λ is sufficiently
large; therefore, dimensionality will be reduced. It can be inferred that the larger λ will lead to a higher
number of coefficients that are shrunk to be exactly equal to zero, and if the λ is equal to zero, an
ordinary least square (OLS) regression will be derived. The advantage of using the LASSO method
is that it can provide adequate predictions through the shrinking and removal of coefficients that can
reduce variance without any substantial increase in bias. In tuning the parameter, as λ increases, the
bias will also rise while the variance decreases. There is a trade-off between these two variables that
needs to be noted. LASSO also improves the interpretation of the model by removing the irrelevant
features. In this process, overfitting is regarded as a reduced variable, and it is the focus of this paper.

Given the binary nature of the response variable in this study, the generalized linear model (GLM)
was also considered. This model originated from the usual linear model, and it captures a different
variety of distributions. The model can be formulated using the following three components: Random
Component yi ∼ Binomial (ni, πi), where ni is the binomial denominator and πi is the probability;
Systematic Component

(
ηi = xT

i β
)
, which is the linear combination of the right-hand-side variables;



CMC, 2022, vol.72, no.3 6177

Link Function, which is the logit function:

ηi = logit (π) = log
(

π

π − 1

)
=

p∑
j=0

βjx(j) (1)

Using the LASSO method, a fixed upper bound on the accumulated absolute values of the model
parameters can be fixed. In the case of GLM, this constraint can also be represented by penalizing the
negative log-likelihood with l1.norm. The negative log-likelihood formula can be represented as:

ρβ (x, y) = −y

(
p∑

j=0

βjx(j)

)
+ log

(
1 + exp

(
p∑

j=0

βjx(j)

))
(2)

The LASSO estimator for a logistic regression model is then defined as:

β̂ (λ) = argminβ

(
n−1

n∑
i=1

ρβ (Xi, Yi) + λ‖β‖1

)
(3)

Given the estimated coefficients from Eq. (3), a consistent variable selection procedure can be
derived using the adaptive LASSO as:

β̂ (λ) = argminβ

(
n−1

n∑
i=1

ρβ (Xi, Yi) + λŵj‖β‖1

)
(4)

where wj is a data-dependent weight vector computed using the OLS estimator. The value of wj tends
to be fairly large if the true value of βj = 0, while it must be insignificant if βj �= 0.

6 Empirical Findings and Discussion

To investigate which factors significantly affect bank customers’ adoption of internet banking,
we used customers’ actual internet banking usage as a dependent variable and utilized adaptive
LASSO with ten determinant variables. These ten determinant variables are age, sex, education level,
occupation, and income level, and the SI, GI, NATNT, FI, and PR indices. The authors developed all
these indices with primary data collected from the respective questions asked in the questionnaire.

Although our main method was the adaptive LASSO model, we also performed the standard logit
model for the sake of comparability. Tab. 4 reports the logit model results (column 2) and the adaptive
LASSO based on the two-stage procedure (column 3).

The findings of the logit model suggest that age, education level, GI index, and NATNT index
significantly impact the adoption of internet banking. However, gender, income, occupation, PR index,
FI index, and SI index have no significant impact on internet banking adoption in North Cyprus. The
logit model results are also in line with the findings of the two-stage hybrid method that indicate the
significance of age, education, GI index, and NATNT index as the determinants of internet banking
adoption.

As shown in Tab. 4, empirical results suggest that the respondents’ age level negatively influences
online banking adoption behavior. This supports our hypothesis that internet banking adoption rates
decrease among respondents as age increases. This finding may suggest that relatively older individuals
have fewer banking transaction needs. It may also indicate that with an increase in age, there may be
a reduction in individuals’ physical and cognitive abilities, such as their clarity of vision, or that they
may have learning difficulties that make it challenging to use information technologies. This finding is
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consistent with earlier studies by [62] and [54], who confirmed that age negatively influences internet
banking adoption in Poland and Ethiopia.

Table 4: Adaptive LASSO results

Independent variables Logit β Two-stage hybrid β

Age 0.01∗∗∗ −0.149
Education 0.04∗∗ 0.101
FI index 0.14 0.048
Gender 0.86 .
GI index 0.08∗ 0.009
Income 0.19 .
Occupation 0.72 .
NATNT index 0.00∗∗∗ −0.847
PR index 0.71 .
SI index 0.55 .
Note: ∗, ∗∗ and ∗∗∗ represent significance at 10%, 5%, and 1%, respectively. The best lambda value is estimated using the grid-search with

the cross-validation method, and it was set to 0.054. The values of logit coefficients symbolize the marginal effect.

Furthermore, the education level of respondents positively influences internet banking adoption
behavior. As the education level of respondents increases, the rate of adoption of internet banking also
increases. As individuals become more educated, their ability to understand complex technologies such
as internet banking increases. Although less educated individuals use computers and mobile phones in
their daily tasks, their ability to understand them decreases as the complexity of technologies increases
[6]. Therefore, this finding may suggest that education reduces the perceived complexity of online
banking usage and hence accelerates online banking adoption. This empirical finding supports our
hypothesis and aligns with earlier study by [65], who observed a positive association between education
and electronic banking adoption.

FI positively relates to online banking adoption behavior, leading to our acceptance hypothesis.
The rate of online banking adoption is higher among respondents familiar with the internet and
with complementary technologies over the internet. Individuals’ related experiences may reduce the
perceived technical complexity of online banking usage; hence, they consider it easy to use and adapt.
This finding is consistent with studies by [6] and [27], who investigated whether FI and compatibility
with complementary technologies positively influence online banking adoption behavior. This finding
also supports the argument of [25], who stated that respondents in Poland who conduct financial
transactions other than online banking over the internet are more inclined to adopt internet banking.

Moreover, GI positively relates to online banking adoption behavior. This finding indicates that
internet banking usage is higher among more innovative individuals, who are more inclined to try out
innovations than other members of society. This positive association is in line with previous studies by
[5,23,28,29], who stated that consumers’ personal or innate innovativeness increases the likelihood of
online banking adoption. Finally, our research results show that the NATNT index negatively relates
to online banking adoption behavior. The findings show that online banking usage is low among
respondents who consider learning new technologies a waste of time. This finding is in line with the
arguments of [30] and [27], who confirmed that individuals’ positive or negative overall feelings or
attitudes toward innovations play a significant role in their adoption decision processes.
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The remaining five determinant variables – gender, occupation, income level, SI index, and PR
index – do not appear to significantly impact internet banking adoption. This result shows that
being male or female, having a low or high income level, or having a specific type of occupation
do not matter when it comes to internet banking usage. Furthermore, knowing someone who has
been defrauded through internet banking, the SI index does not necessarily influence individuals’
decisions regarding internet banking usage. Similarly, bank customers’ risk perception regarding
internet banking, including security concerns or hearing about internet fraud cases through the media
or word of mouth, does not appear to affect their adoption of internet banking.

Given the five significant variables in the above analysis, we sought further insight into the
variables’ comprehensive role and their ranking in online banking adoption. In doing so, we applied
the bagging estimation procedure to our logistic model based on the LASSO method. We performed
our analysis using the available R package (Sparse Learner). The method produces a joint estimation
according to the regularized logistic regression model. It then utilizes a Monte Carlo cross-entropy
algorithm to put together the ranks of a group of base-level LASSO regression models under
consideration via a weighted aggregation to ascertain the optimal base-level model (for more detail,
see [63]).

The result is shown in Fig. 2. Each determinant for internet banking adoption is ranked in order
of importance. The age determinant ranked second, education level third, GI fourth, and FI fifth in
the importance of the ten variables included in our model. The NATNT index had the highest rank,
with a score close to 1, identifying its most significant negative impact on online banking usage in
North Cyprus. This finding may partly explain why the adoption rate of internet banking isrelatively
low in North Cyprus.

Figure 2: Variable importance plot

7 Conclusions and Implications

Over 93% of bank customers residing in North Cyprus have access to the internet, through which
they shop online, book hotels, and buy airplane tickets. However, many bank customers choose not
to use the internet for their banking transactions. According to our sample, while 75.6% of bank
customers use the internet to purchase tickets and book hotels, only 56.8% use internet banking.

The current study used the adaptive LASSO method to identify the determinants of internet
banking adoption and rank them according to their significance level. The results obtained from the
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adaptive LASSO method show that out of ten determinant variables, only five are significantly asso-
ciated with online banking usage in North Cyprus. According to the findings, these five determining
factors are ranked from the most important to the least important: NATNT, age, education level, GI,
and familiarity with new technologies. While education level, familiarity with new technologies, and GI
positively influence online banking adoption, NATNT and age negatively influence it. Our research
shows that NATNT is the most critical determinant that negatively affects bank customers’ decisions
regarding internet banking adoption. An important factor in reducing NATNT could be training and
improving the financial literacy of customers [66].

The current study is, to the best of our knowledge, the first research that integrates customers’
negativity bias as a psychological factor in adopting the online banking framework. A similar study
by [35] also confirmed that individuals’ level of readiness plays a significant role in the acceptance
and adoption of new technologies. Therefore, in their marketing strategies, banks might benefit from
providing technical support and encouragement, particularly to customers who are prejudiced against
internet banking services and older customers whose lack of technical knowledge makes them biased
against internet banking usage. Hence, building a positive attitude toward online banking services
should be the priority for banks in North Cyprus to increase the likelihood that their customers will
adopt internet banking services.

Furthermore, banks could increase internet banking adoption by targeting younger and well-
educated customers who are not currently internet banking users but are potential users. These are the
bank customers most likely to adopt internet banking if they are exposed to banks’ targeted advertising
on the benefits of internet banking. Meanwhile, older and less educated customers could be provided
with technical assistance in the branches, where a designated bank employee could assist them in
opening and using online banking services. According to our findings, GI is the fourth most important
factor that affects online banking adoption. It is mainly argued that customers who adopt online
banking are more innovative than those who do not. Therefore, banks could continuously improve
the features of their existing online banking services to improve the satisfaction and retention of their
current online banking customers and attract potential internet banking users who are looking for
new and innovative ideas in bank services.

Finally, FI and compatibility with relevant technologies is the fifth significant factor that positively
affects online banking adoption. Banks could offer online payment opportunities to make online
shopping payments easier, to capture customers’ attention in this category and persuade them to
adopt internet banking. Based on a country study on North Cyprus, this research contributes to
the literature through its conceptual model, data, and methodology. Future studies could undertake
similar research in different country contexts with larger sample sizes to draw comparisons and
inferences. Furthermore, a similar methodology could investigate the factors influencing the adoption
of the latest financial innovations in various countries.
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