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Abstract

This study investigates how financial literacy and behavioral traits affect the adoption
of electronic payment (ePayment) services in Japan. We construct a financial literacy
index using a representative sample of 25,000 individuals from the Bank of Japan's
2019 Financial Literacy Survey. We then analyze the relationship between this index
and the extensive and intensive usage of two types of payment services: electronic
money (e-money) and mobile payment apps. Using an instrumental variable approach,
we find that higher financial literacy is positively associated with a higher likelihood of
adopting ePayment services. The empirical results suggest that individuals with higher
financial literacy use payment services more frequently. We also find that risk-averse
people are less likely to adopt and use ePayment services, whereas people with herd
behavior tend to adopt and use ePayment services more. Our empirical results also
suggest that the effects of financial literacy on the adoption and use of ePayment differ
among people with different behavioral traits.

Keywords: Financial literacy, Financial literacy heterogeneity, Herd behavior, Risk
aversion, ePayment adoption, ePayment usage, Electronic money, Mobile payment
app, Japan
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Introduction

In recent decades, the progress of financial technology (fintech) has helped consum-
ers access financial markets and services more easily than before (Kou et al. 2021). As a
result, the number of financial products offered has increased, and simultaneously, such
products have become more complicated. The literature shows that adopting fintech
services helps increase financial inclusion and improve consumers’ financial well-being
(Suri 2017). Among fintech services, consumers, firms, and governments commonly use
electronic payment.! Adopting ePayment services helps develop a cashless economy,
reduces business costs for all parties, and increases economic efficiency (Rogoff and

! Electronic payments, or ePayment services, are cashless payment methods (i.e., physical cash or money is not involved
in the payment process) (Ab Hamid and Cheng 2013; Chen et al. 2019; Jeffus et al. 2017). In this manuscript, we focus
on the usage of ePayment services by consumers. Furthermore, although there are several ePayment services, including
credit/debit cards, chip-based electronic money (e-money), and mobile payment apps, we focus on the latter types since
they are regarded as more innovative and more likely to promote financial inclusion.

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.
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Rogoff 2017; Xu et al. 2019). Using ePayment services helps reduce the estimated gross
domestic product (GDP) losses due to the use of cash: 0.12% of the GDP in Germany
(Cabinakova et al. 2017); 0.45% of the GDP in Canada (Kosse et al. 2017); 0.29% of the
GDP in Japan (Fujiki 2022).

While fintech services play an increasingly important role in individuals’ financial
activities, they entail numerous risks, including both traditional financial risks and new
Internet-related risks (Li et al. 2021; Morgan et al. 2019). Thus, to overcome these risks,
consumers should have adequate knowledge to make financial decisions about adopting
and using fintech services. However, among the various studies examining the factors
that affect the adoption of ePayment services (Jack et al. 2013; Afawubo et al. 2020), only
a few have explicitly investigated the role of financial literacy in the adoption of fintech
products (Li et al. 2020; Morgan and Long 2018; Foster and Johansyah 2021). Moreover,
these studies provide mixed empirical results on the role of financial literacy in ePay-
ment and fintech adoption, while others conclude that financial literacy is positively
associated with fintech/ePayment adoption (Morgan and Long 2018; Foster and Johan-
syah 2021), while others find a negative relationship (Li et al. 2020). In addition, previ-
ous studies show that the effect of financial literacy on financial decisions may vary by
sex, rural-urban location, or education level (Xu et al. 2022). Moreover, the relationship
between behavioral traits such as risk aversion or herd behavior and the heterogeneity
of the effects of financial literacy on fintech adoption are yet to be studied. Therefore,
answering questions such as whether the effect of financial literacy differs for individuals
with different behavioral traits may provide empirical evidence to help develop targeted
financial literacy programs.

This study attempts to fill these gaps in the literature by examining the effects of finan-
cial literacy on the adoption and use of ePayment services in Japan. First, we construct
a financial literacy index that reflects financial knowledge, financial behavior, finan-
cial attitudes, and knowledge of the practical management of financial assets. We then
investigate the relationship between this financial literacy index and the extensive and
intensive use of two types of payment services: chip-based electronic money (e-money)?
and mobile payment apps.®> We also examine how two behavioral traits (herd behavior
and risk aversion) may affect the relationship between the financial literacy index and
the adoption and usage of ePayment services. Finally, we use the instrumental variable
(IV) approach to address the potential endogeneity of financial literacy. The Bank of

2 Chip-based electronic money involves using an electronic medium that stores value on a chip. The top-up value for
electronic money is reflected in the chip-based electronic medium. Electronic money can be classified as registered or
unregistered, depending on their record-keeping method. Chip-based electronic money is anticipated to offer faster and
more convenient payment processing than traditional systems (Aggarwal et al. 2020; Arifin 2018).

3 According to the Bank of Japan (2022), e-money in prepaid IC cards was introduced as early as 2001 as a fare collec-
tion system for public transportation. This form of money has gradually become a payment method accepted in many
stores and supermarkets. While Japanese consumers still prefer cash payments (Saito 2021), IC cards such as Suica and
Pasmo are gaining popularity as payment options for transportation fares, in-store purchases, and online transactions.
The statistics from the Bank of Japan (2022) show that (i) in 2021, around 5.74 billion transactions with e-money were
recorded, with a total value of transactions amounted to around 5.97 trillion Japanese Yen; (ii) the number of issued
pre-paid IC cards increased to 470.07 million from 447.86 million in 2020. Regarding mobile payment apps, recent data
shows a growing trend in adopting mobile payment apps, especially apps with QR codes. In 2020, mobile payment apps
accounted for almost 10% of the cashless instruments issued in Japan (Bank of Japan 2022). The transition of the QR
Code Payment Market increased from 304.2 billion Yen in 2018 to 3870.2 billion Yen in 2020 (Yano Research Institute
2020).
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Japan collected the dataset in 2019, with a sample size of 25,000 adults. The sample was
designed to represent the adult Japanese population.

Our empirical results show that higher financial literacy is positively associated with
a higher likelihood of adopting and using both ePayment services. The results also sug-
gest that risk aversion is negatively associated with the adoption and usage of ePayment
services, whereas herd behavior is positively correlated with ePayment adoption and use.
We also find that the effects of financial literacy on the adoption and usage frequency of
ePayment services differ between individuals with and without risk aversion. For those
with herd behavior, higher financial literacy tends to be associated with a lower adoption
rate of mobile payment apps but does not affect e-money adoption.

This study extends the existing literature in several ways. First, it is related to the grow-
ing literature on the role of financial literacy in adopting and using fintech services. To
the best of our knowledge, few studies have examined the effect of financial literacy (or
financial knowledge) on the adoption and use of fintech services (Li et al. 2020; Mor-
gan and Long 2018; Foster and Johansyah 2021), and the results are mixed. For example,
Morgan and Long (2018) find that financial literacy positively correlates with aware-
ness of fintech services in Lao PDR. In addition, Foster and Johansyah (2021) find that
financial literacy positively correlates with adopting chip-based e-money in Indonesia.
By contrast, Li et al. (2020) find a negative relationship between financial knowledge
and ePayment adoption in the US. Our study provides further evidence of the effects of
financial literacy on the adoption and intensity of fintech use.

Second, this study contributes to the literature on consumer adoption of technology.
While previous literature has used several theories of technology adoption, such as the
Diffusion of Innovation (DOI), Technological Adoption Model (TAM), and Unified The-
ory of Acceptance and Usage of Technology (UTAUT?2), none of these models explic-
itly consider the role of financial literacy and behavioral traits.* Moreover, only a limited
number of empirical studies have examined how these two factors affect the adoption of
fintech products (Li et al. 2020). Our study adds to the literature by examining the effects
of financial literacy, risk aversion, and herd behavior in Japan.

Third, our study contributes to the literature on the heterogeneity of the effects of
financial literacy. Specifically, we investigate whether financial literacy affects individuals
with different behavioral traits. While previous literature has demonstrated that behav-
ioral traits and financial literacy play important roles in individuals’ financial decisions
(Almenberg and Dreber 2015; Gathergood and Weber 2017; Grohmann 2018; Hsiao and
Tsai 2018; Van Rooij et al. 2011), only a few studies have examined the heterogeneity
of the effect of financial literacy across individuals with different behavioral traits. For
example, Jiang et al. (2020) show that the effect of financial literacy on financial well-
being is greater among risk-averse individuals. This study extends this strand of the lit-
erature by examining how behavioral traits may affect the relationship between financial
literacy and fintech adoption and use.

* Even though the UTAUT2 model is developed based on the hypothesis that behavioral intention is the underlying
cause that determines the adoption of technological advancement, this model does not explicitly examine the role of
behavior traits.
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Japan is an interesting case study to examine the role of financial literacy and fintech
adoption. On the one hand, as a highly developed economy, Japan has adequate founda-
tions (in terms of financial regulation, financial structure, and technical knowledge) and
policies (e.g., the Japanese government’s recent policy to subsidize cashless payments)
to promote the use of fintech (Fahey 2019). On the other hand, the adoption of fintech
is limited, especially compared to China and South Korea. Ernst and Young (2019) show
that the fintech adoption rate in Japan is low (approximately 34% in 2019 vs. 87% in
China, 67% in South Korea, and 46% in the US). Moreover, the gap in the adoption rate
between Japan and the global average widened from 19 percentage points in 2017 to 26
percentage points in 2019 (Ernst and Young 2019). According to the Central Council
for Financial Services Information (CCFSI; 2016), the financial literacy of the Japanese
population is slightly lower than that of Americans, Germans, and the British. Therefore,
researchers and policymakers want to understand the relationship between financial lit-
eracy and ePayment adoption in Japan.

The remainder of this paper is organized as follows. First, we briefly review the lit-
erature and propose testable hypotheses. "Empirical approach” section presents the
data, empirical approach, and descriptive data. "Estimation results" section presents the
empirical results. Finally, "Discussion and concluding remarks" section discusses the
results and their theoretical, practical, and policy implications.

Literature review and hypothesis development

Financial literacy and ePayment adoption

Previous studies have treated fintech services as technological innovations and analyzed
their adoption using various theories, including the DOI theory (Rogers 2003), Initial
Trust Model (Kim and Prabhakar 2004), TAM (Davis 1989), UTAUT Model (Venkatesh
et al. 2003), and UTAUT2 Model (Venkatesh et al. 2012). Additionally, previous stud-
ies have examined other factors that explain the usage of fintech services. These studies
show that an individual’s perceived usefulness and ease of use, performance expectancy,
perceived risk, perceived trust, and facilitation conditions are major determinants of fin-
tech service adoption (e.g., Laukkanen and Pasanen 2008; Baptista and Oliveira 2016;
Malaquias and Hwang 2016).

Financial literacy may also affect the adoption and use of ePayment services. Given
the increasing responsibilities that consumers need to assume in planning for retirement
and using credit, there is an increasing focus on whether consumers are sufficiently well-
equipped to deal with financial matters. Financial literacy is the knowledge and under-
standing of financial concepts used to make effective financial choices.” Lusardi et al.
(2017) develop a theoretically augmented stochastic life cycle model that endogenizes
the decision to acquire financial literacy. The model predicts that different levels of finan-
cial literacy account for sizable differences in wealth holdings across education groups.
Many studies have empirically shown a strong correlation between financial literacy and
financial behavior, such as daily financial management skills, participation in financial

5 According to OECD/INFE (2016), financial literacy is related to (i) the ability to understand financial concepts so that
financial literacy can be applied in making financial decisions; (ii) the ability to manage personal finances by using finan-
cial literacy to carry out financial activities such as recording income and expenses.; (iii) the ability to make the right
decisions using financial literacy; and (iv) carrying out effective financial planning for future financial needs.
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markets, investing in stocks, and engaging in precautionary savings (Hilgert et al. 2003;
Christelis et al. 2010; van Rooij et al. 2011; de Bassa Scheresberg 2013; Yoshino et al.
2017). Research has corroborated these results in countries, such as Japan (Yoshino
et al. 2017), Cambodia, Laos, Vietnam (Morgan and Long 2019, 2020), and Bangladesh
(Hasan et al. 2021).

Research suggests that high financial literacy motivates individuals to process infor-
mation, set up a business, acquire new financial knowledge, and search for what is avail-
able in the market. These characteristics pave the way for the adoption of new services
such as fintech. Financial literacy affects the adoption of fintech services through two
channels. First, higher financial literacy lowers the information costs incurred owing to
the use of a new financial product. The literature shows that the likelihood of using a
financial product, especially a risky one, is crucially affected by the costs and benefits of
acquiring information (Hsiao and Tsai 2018). Therefore, lowering the cost of acquiring
such information influences the decision to use that product (Vissing-Jorgensen 2003;
Guiso and Jappelli 2005). Second, financial literacy may help mitigate a customer’s risks
when using fintech services. Individuals with higher financial literacy are more likely to
avoid such risks because they have a higher propensity to choose suitable financial prod-
ucts (Agarwal et al. 2020; Gathergood and Weber 2017), detect risky services (Engels
et al. 2020), and detect fraud (Wei et al. 2021). Several studies have examined the effects
of financial literacy on the adoption of fintech services, including ePayment services (Li
et al. 2020; Morgan and Long 2018; Foster and Johansyah 2021; Lo Prete 2022), mobile
money, digital banking (Yates 2020; Frimpong et al. 2022; Chen and Xiang 2021), peer-
to-peer (P2P) lending (Gonzalez 2022), or holding cryptocurrencies (Fujiki 2020). While
some studies argue that individuals with higher financial literacy might recognize the
risks they may incur when using fintech services, they are less likely to adopt fintech
services (Li et al. 2020; Chen and Xiang 2021). In contrast, most studies show a posi-
tive correlation between financial literacy and the adoption and usage of fintech services.
Based on the above analysis, we propose the following hypothesis:

HI1 Individuals with a higher level of financial literacy are more likely to adopt and use
fintech services than those with a lower level of financial literacy.

Financial literacy, behavioral traits, and ePayment adoption and use

The literature shows that behavioral traits play an important role in individuals’ financial
decisions. Risk attitude is an essential factor influencing various personal financial deci-
sions (Snelbecker et al. 1990). Risk attitudes are important in financial planning models
and consumer decision-making frameworks (Han et al. 2019). Ajzen and Fishbein (1975)
posit that risk attitudes affect individuals’ beliefs and, ultimately, influence their deci-
sions. Therefore, individuals with different levels of risk aversion may exhibit different
financial investment behaviors. Previous studies have shown that risk preferences can
influence risky financial decisions, such as participation in stock markets or holdings
of risky assets (Badarinza et al. 2016; Barberis et al. 2006). Therefore, risk preferences
may explain the differences in the uptake of fintech services among individuals. Lin et al.
(2013) examine the online P2P lending market and find a significant positive correlation
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between risk-loving attitudes and Internet financing volume. Similarly, Han et al. (2019)
show that financial knowledge and risk attitudes are strongly associated with participa-
tion in P2P lending in China.

Among risk-averse individuals, those with a higher level of financial literacy may not
be as affected by risk aversion in their decision to adopt fintech services compared with
those with a lower level of financial literacy. Thus, the effect of financial literacy may
be greater among risk-averse individuals. Morgan et al. (2019) argue that fintech ser-
vices entail numerous risks that are more diverse and harder to spot than those associ-
ated with traditional financial products and services. Studies have shown that education
may encourage risk-averse individuals to take risks (Dohmen et al. 2005; Hryshko et al.
2011). Moreover, Jung (2015) argues that higher education might diminish risk aversion
through a better understanding of how to deal with risks. Therefore, we propose the fol-
lowing four hypotheses.

H2a The effect of financial literacy on the adoption of e-money is higher for risk-averse
people.

H2b The effect of financial literacy on the adoption of mobile payment apps is higher
for risk-averse people.

H2c¢ The effect of financial literacy on the usage frequency of e-money is higher for
risk-averse people.

H2d The effect of financial literacy on the usage frequency of mobile payment apps is
higher for risk-averse people.

Herd behavior is another trait widely studied in financial markets, especially in stock
markets. Zhang and Chen (2017) define herding as “individuals doing what other indi-
viduals are doing, even when their information suggests them to do something differ-
ent from the others” Individuals with herd behavior may ignore their viewpoints and
expertise, regardless of whether they are valid, to make decisions consistent with the
herd (Devenow and Welch 1996). In such cases, failure is the result of a mistake made
by the herd rather than one of the herd members (Ahmad and Mahmood 2020). The lit-
erature shows herd effects are strong determinants of portfolio choice and stock market
participation (Hong et al. 2004; Brown et al. 2008; Van Rooij et al. 2011). Since individu-
als with herd behavior tend to ignore their expertise and judgment and follow the herd
in making decisions, the effect of financial literacy on the adoption and usage of fintech
services may differ for individuals with herd behavior, depending on the herd’s decisions.
Widely used fintech services (e.g., e-money) may be adopted by individuals with herd
behavior to the same extent as those without herd behavior. Early adopters can obtain
tips, advice, or information about fintech services. Thus, the effect of financial literacy
may not differ between individuals with and without herd behavior. However, for new
services only adopted by a limited number of people (e.g., mobile payment apps),°® the

¢ As mentioned in Footnote 3, only 10% of all new ePayment instruments issued in 2022 are mobile payment apps.
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adoption is likely to be lower for those with herd behavior. Regarding usage frequency,
whether the effect of financial literacy differs between individuals with and without herd
behavior may depend on the herd size. If a herd is large, financial literacy may not vary
significantly. Therefore, we propose the following hypotheses:

H3a The effect of financial literacy on the adoption of e-money is not different between
individuals with and without herd behavior.

H3b The effect of financial literacy on the adoption of mobile payment apps is lower
among individuals with herd behavior.

H3c The effect of financial literacy on the usage frequency of e-money is not different
among individuals with herd behavior.

H3d The effect of financial literacy on the usage frequency of mobile payment apps is
lower among individuals with herd behavior.

Empirical approach

Data source

The Bank of Japan’s Financial Literacy Survey is an online questionnaire survey con-
ducted to understand the current state of financial literacy, that is, the financial knowl-
edge and financial decision-making skills of individuals aged 18-79 years in Japan,
chosen in proportion to Japan’s current demographic structure (CCFSI 2016, 2019).
The first survey was conducted in 2011 by the CCESI, followed by the second and third
rounds in 2016 and 2019, respectively. Twenty-five thousand individuals participated in
the 2016 and 2019 surveys. This study uses data from the 2019 survey because informa-
tion on fintech usage was available only in this survey.

Questions on financial literacy include true/false questions on “financial knowledge
and financial decision-making skills” and “characteristics of behavior and attitude”
Approximately half of the questions are similar to those in the surveys conducted by the
U.S. Financial Industry Regulatory Authority Investor Education Foundation and the
Organization for Economic Co-operation and Development (OECD; CCFSI 2016, 2019).
Information on sex, age, place of residence, occupation, annual income, and experience
of participating in financial education is collected. Finally, information on using fintech
services and products is also collected.

Empirical approach
To quantify the effect of financial literacy on the decision to adopt ePayment services,
we estimate the following equation:

FT; = Bo + P1FL; + BrBehave; + B3X; + n;, 1)

where the dependent variable FT; indicates whether individual i uses an ePayment ser-
vice (e-money or mobile payment app). FL; is the financial literacy index value of individ-
ual i; Behave; is a set of two behavioral traits (risk-averse or herd behavior) of individual
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i; X; is a vector of the control variables; and 7; is the error term. We use linear probability
regression to estimate Eq. (1) because we use the IV approach, and the linear probability
regression allows us to test the validity of the IVs in a straightforward manner.

We also analyze how financial literacy affects the usage frequency of e-money or
mobile payment apps. As described below, because our dependent variable depicts
the ordering of the usage frequency, we estimate an ordered probit model in which
the dependent variable takes one of the four intensity levels. We assume the existence
of a latent continuous exact variable FT;* that determines the order of the intensity of
using ePayment services. The following equation characterizes the underlying:

FTZ-* = ag + o1 FL; + ayBehave; + azX; + €;, (2)

where FT}* is the observed category of a response corresponding to the ith order of ePay-
ment usage intensity, FL; is the financial literacy index, Behave; is a set of two behavioral
traits of individual i, andX; is a vector of the control variables. All the independent vari-
ables in this equation are the same as those in Eq. (1).

We further examine whether financial literacy mitigates behavioral traits by aug-
menting Egs. (1) and (2) as follows:

FT; = yo + 1 FL; 4+ y2Behave; + y3Behave; x FL; + y4X; + ¢; (3)
and
FT} = 0y + 61FL; + 6,Behave; + 03Behave; * FL; + 0,X; + ;. (4)

Our coefficients of interest in these two equations are y3 and 63 that indicate how
the financial literacy score could change the effects of behavioral traits on the adop-
tion and usage frequency of ePayment services FT; and FT}, respectively. All variables
are measured as previously described.

The coefficient estimates of the financial literacy variable may be biased due to
reverse causality (i.e., using ePayment services may help adopters improve their finan-
cial literacy) and omitted variables, such as unobserved motivations and abilities,
which affect both the adoption of ePayment services and financial literacy. To address
these potential endogeneity problems, we use two I'Vs. First, following Fernandes et al.
(2014) and Murendo and Mutsonziwa (2017), we use the mean financial literacy score
at the prefectural level as the first instrument for individual financial literacy. Second,
we use information from the question “Are you aware of the lowering of the age of
adulthood?” In 2018, the Japanese government approved an amendment to the coun-
try’s civil code, which reduced the age of legal adulthood by two years to 18, effective
April 1, 2022. This change is essential for two reasons. First, it significantly affected
youths, their guardians, and those who cared for them. Second, it changed a law that
had been in effect for more than 140 years. The rationale for using this instrument is
that those aware of this change are more likely to be interested in accumulating socio-
economic knowledge. As improving financial literacy is a form of human capital accu-
mulation (Lusardi and Mitchell 2014), awareness of changes in the age of adulthood
is expected to correlate positively with financial literacy. Simultaneously, this may not
necessarily correlate with adopting and using fintech services. Although this variable
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has not been used in other studies, it aligns with those that instrument financial lit-
eracy by acquiring economic and financial knowledge (Hsiao and Tsai 2018).

Variable construction

There are two independent variables in our analysis. We construct our dependent vari-
ables using information from these questions: “How often do you use e-money?” and
“How often do you use [mobile] payment apps?” The answers to these two questions are
“Almost every day,” “About once a week,” “About once a month,” “I hardly ever use,” and
“I don’t use” The first dependent variable is related to the adoption of ePayment services.
This binary variable takes a value of one if a person uses either e-money or mobile pay-
ment apps at least once a month and zero otherwise. The second dependent variable is
the usage frequency of e-money or mobile payment apps. Using the same information,
we construct the following four levels of intensity of use for each product: (i) daily, (ii)
once a week, (iii) once a month, and (iv) no use.

We use a set of 25 questions from the survey to calculate a financial literacy index. This
set consists of 18 questions on financial transactions; economic and financial knowledge;
and knowledge of wealth-building, insurance, lending, and borrowing. In addition, there
are seven questions on financial decision-making skills, such as household budget man-
agement, life planning skills, and outside expertise.” The financial literacy score is calcu-
lated as the number of correct answers, ranging from 0 to 25. For ease of interpretation,
we calculate the z-score of the financial literacy score.

We examine two types of behavioral traits: risk aversion and herd behavior. For risk
aversion, we use information from the question “Suppose you invested 100,000 yen,
there is an equal probability that you would either gain 20,000 yen or lose 10,000 yen.
What would you do?” People are viewed as risk-averse if they answer “No, I would not
invest” For herd behavior, we use information from the question “How much do you
agree or disagree that the statement “When there are several similar products, I tend
to buy what is recommended as the highest-selling product rather than what I actually
think is a good product’ applies to you personally?” People are considered to have herd
behavior if they answer “Very much agree” or “Somewhat agree” If they answer “Neu-
tral, “Somewhat disagree,” or “Disagree,” they are considered to not have herd behavior.

Xi is a vector of control variables that may influence the adoption of ePayment ser-
vices. The first set of control variables is derived from the implications of the UTAUT2
Model. We control for individuals’ perception of the availability of stores that accept
ePayment services (as a proxy for the facilitation condition), the time to process pay-
ment (as another proxy for the facilitation condition), the perception regarding man-
aging private information and tools to control overpayment (as proxies for perceived
risks), and the perception of cash usage (as a proxy for performance expectancy) based
on their responses to the relevant questions in the survey. We also include individual

7 All the questions used to construct our index are taken from the Bank of Japan’s survey. As explained in "Data source"
section, this index can be considered an extension of the index developed by the OECD/INFE (2016). In addition to the
ten questions found in the OECD/INFE (2016) questionnaire, the Bank of Japan added questions to reflect their concept
of financial literacy, which not only measures individuals’ financial understanding but also their knowledge of practical
management of financial assets (Huston 2010). These added questions relating to literacy about debt and deposits, risk
and insurance, and wealth building. For details, please refer to the Additional file 1: Appendix for the list of questions.
Yoshino et al. (2017) provide a detailed list of questions to construct the financial literacy index and its features.
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characteristics such as age group, sex, level of general education (dummies), financial
education, income (dummies), occupation, and frequency of reading financial and eco-

nomic news.?

Descriptive analysis

Table 1 presents the descriptive statistics of the sample. Owing to missing informa-
tion, our analysis is based on 24,516 observations. The average financial literacy score is
14.1 (standard deviation: 6.9). Approximately 35.8% and 8.0% of the respondents in our
sample use e-money and mobile payment apps, respectively, and 38.0% use at least one
ePayment service. Regarding behavioral traits, 77.3% and 16.7% of the respondents are
classified as risk-averse and exhibiting herd behavior, respectively. Surprisingly, nearly
25% of the respondents are fully satisfied with cash payments. Only 18.5% think that
private information is not secure, and 10% state that tools to prevent the overuse of
ePayment services are lacking. More than 23% of the respondents report that a limited
number of stores accept ePayment services.

Table 2 presents a brief overview of the respondents who use e-money, mobile pay-
ment apps, and at least one ePayment service. On average, their financial literacy is
higher than average. Risk-averse people are less likely to use ePayment services than
non-risk-averse people. However, the difference in the adoption rate is not different
between those with and without herd behavior. It is interesting to note that the pro-
portion of those who claim that the number of stores accepting ePayment services is
limited, it takes more time for payment settlement, and tools to prevent overuse and
protect private information are lacking among ePayment users is slightly higher than
non ePayment users. In addition, the adoption rates among men, younger persons, more
educated persons, and those with higher incomes are higher than those among women,
older persons, less educated persons, and those with lower incomes.

Estimation results

Benchmark estimations

Adoption of ePayment services

Table 3 presents our benchmark results after estimating Eq. (1) using the ordinary least
squares (OLS) method. The dependent variable in columns 1, 2 and 3 show whether
an individual uses e-money, mobile payment apps, and at least one ePayment service,
respectively.” ' Our empirical results show that financial literacy positively correlates
with adopting e-money and mobile payment apps and using at least one ePayment ser-
vice. Specifically, a one-standard-deviation increase in financial literacy is associated
with a 5.3%, 1.2%, and 5.9% higher likelihood of using e-money, mobile payment apps,
and at least one ePayment service, respectively. This result supports H1.

8 The survey does not have continuous data on age and income but rather on age and income groups.

° The results from the probit regression are quantitatively similar to the results from the linear probability regression
estimation. The results are available upon request.

10 \We calculated the financial literacy index using principal component analysis as a robustness check. The estimation
results using this index type are quantitatively similar to those presented in this section. The results are available upon
request.
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Table 1 Descriptive statistics Source: Authors' calculation

Mean sD
Financial literacy score 14.15 6.87
e-money adopter 3578 47.94
AppMoney adopter 797 27.09
ePayment adopter 3796 4853
Risk aversion 77.30 41.89
Herd behavior 16.72 3732
Limited acceptance (of stores) 23.16 4219
Long time for settlement 8.73 28.23
Private information not adequately secure 18.54 38.87
Lack of tools to prevent overuse 10.48 3063
Fully satisfied with cash 24.49 43.01
Male 4945 50.00
Age group
Age <30 (%) 15.03 35.74
Age>30and <40 16.04 36.69
Age >40 and <50 19.10 39.31
Age > 50 and <60 16.12 36.77
Age >60and <70 19.24 3942
Age>70 14.48 35.19
Education
Primary/secondary/others 290 16.78
High school 3241 46.81
Specialized college 11.24 31.59
Junior college/technical college 11.33 31.69
University 38.20 48.59
Graduate school 392 1941
Income (Yen)
No income 3.18 17.56
<2.5ml 15.68 36.36
>2.5mland<5ml 2832 45,06
>5mland<7.5ml 17.32 37.84
>75mland <10 ml 9.84 29.79
>10mland<15ml 538 22.56
>15ml 1.91 13.68
Don't know/don't say 18.37 38.73

The estimation results also indicate that risk aversion is negatively associated with
the likelihood of using e-money, mobile payment apps, and at least one ePayment
service. However, the coefficient of the herd behavior variable is positively correlated
with the likelihood of using mobile payment apps but not with that of using e-money
and at least one ePayment service.

Our estimation results also show that a limited number of stores accepting ePay-
ment services and a long time to process payments are negatively associated with
adopting mobile payment apps. Meanwhile, issues related to risks and risk man-
agement, such as inappropriate securing of private information or a lack of tools to
prevent overuse (of these payments), are negatively correlated with the likelihood of

Page 11 of 30
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Table 2 Statistics of adopters of ePayment services Source: Authors’ calculation

E-money adoption Mobile payment  Adoption of

app adoption at least one
ePayment
service
Mean SD Mean SD Mean SD

Financial literacy 15.69 6.35 15.20 6.58 15.66 6.37
With risk aversion (%) 3343 47.17 6.02 23.79 35.20 47.76
Without risk aversion (%) 43.81 49.62 14.61 3532 47.34 4993
With herd behavior (%) 36.69 48.20 11.79 3225 39.78 48.95
Without herd behavior (%) 35.60 47.88 720 25.86 37.59 4844
Limited acceptance (of stores) (%) 3897 48.77 7.96 27.07 4158 4929
Long time to settle (%) 34.98 47.70 724 2592 37.60 4845
Private information not adequately secure (%) 36.32 4810 2.38 15.23 37.15 4833
Lack of tools to prevent overuse (%) 3455 47.56 5.64 23.08 36.65 48.20
Fully satisfied with cash (%) 2421 42.84 3.88 19.31 25.18 4341
Female (%) 3493 47.68 5.05 21.89 36.51 48.15
Male (%) 36.65 48.19 10.96 31.24 3944 48.87
Age <30 (%) 3193 46.63 11.81 32.28 35.66 4791

Age >30and <40 (%
Age>40and <50 (%
Age >50and <60 (%
Age>60and <70 (%

36.94 48.27 12.30 3284 4043 49.08
39.25 48.84 9.80 29.74 4173 4932
41.62 49.30 7.64 26.57 43.26 49.55

(
(
(
( 36.29 48.09 4.30 20.29 37.52 4842

)
)
)
)

Age >70 (%) 26.75 4427 2.02 14.06 27.30 44.56
Primary/secondary/others (%) 2359 4248 593 23.64 25.10 4339
High school (%) 29.69 45.69 6.28 24.26 31.83 46.58
Specialized college (%) 34,08 4741 7.15 25.77 3643 48.13
Junior college/technical college (%) 36.19 48.06 523 22.26 37.71 4848
University graduate (%) 40.97 4918 10.01 30.02 4325 4954
Graduate school (%) 4837 50.00 13.88 34.59 5163 50.00
No income (%) 21.73 41.27 427 20.23 2299 42.10
<2.5ml (%) 32.05 46.67 6.58 24.80 34.01 47.38
>2.5mland <5 ml (%) 34.67 47.60 722 25.88 37.09 4831
>5mland <7.5 ml (%) 40.24 49.04 9.56 2941 42.71 4947
>7.5mland <10 ml (%) 4443 49.70 11.30 31.67 4740 49.94
>10mland <15 ml (%) 49.37 50.01 13.75 3446 51.75 49.99
>15ml (%) 5241 49.99 16.77 3740 5472 49.83
Don't know/don't say (%) 28.59 4519 5.07 2195 29.94 45.80

adopting both e-money and mobile payment apps. Finally, those fully satisfied with
cash payments are less likely to adopt ePayment services.

Regarding the other control variables, on average, men are less likely than women
to adopt payment services. Individuals’ ages are also correlated with the likelihood of
adopting ePayment services. More specifically, those aged 30-70 years are more likely
to use e-money than those under 30, while the latter are more likely to adopt mobile
payment apps. People over 70 are less likely to adopt e-money and mobile payment apps
than those under 30. The results also suggest that individuals with at least an under-
graduate degree are more likely to adopt e-money. However, the educational level does
not correlate with the likelihood of adopting mobile payment apps. Those with higher
incomes are likely to use e-money or mobile payment apps.
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Table 3 Financial literacy, behavioral traits, and ePayment adoption: OLS estimation Source: Authors’

estimation
Using e-money Using mobile Using either e-money
payment apps or mobile payment
apps
(1) (2) (3)
Financial literacy 0.053%** 0.012%** 0.059%**
[0.004] [0.002] [0.004]
Risk aversion — 0.029%** — 0.034*** — 0.037%**
[0.008] [0.005] [0.008]
Herd behavior 0.003 0.017%** 0.008
[0.008] [0.005] [0.008]
Limited acceptance (at stores) —0.008 — 0.010** —0.008
[0.008] [0.004] [0.008]
Long time for settlement —0.017 —0.013** — 0016
[0.011] [0.006] [0.011]
Private information not adequately secure — 0.0471%** — 0.0671%** — 0.058***
[0.008] [0.004] [0.008]
Lack of tools to prevent overuse — 0.037%** — 0.019%** — 0.039***
[0.010] [0.005] [0.010]
Fully satisfied with cash — 0.078*** — 0.042%** — 0.0971***
[0.008] [0.004] [0.008]
Male — 0.046*** 0.020*** — 0.039%**
[0.008] [0.004] [0.008]
Age group (reference group: <30 years old)
30-40 years old 0.041*** 0.001 0.033***
[0.011] [0.008] [0.012]
40-50 years old 0.050*** — 0.029*** 0.032%**
[0.011] [0.007] [0.012]
50-60 years old 0.070%** — 0.048*** 0.043%**
[0.012] [0.007] [0.012]
60-70 years old 0.041%** — 0.063%** 0012
[0.012] [0.007] [0.012]
> 70 years old — 0.026** — 0.076*** — 0.060***
[0.013] [0.007] [0.013]
Education (reference group: primary and junior high school)
High school — 0.006 — 0.000 —0.003
[0.016] [0.008] [0.016]
Specialized college 0.012 —0.008 0.011
[0.018] [0.009] [0.018]
Junior college/technical college 0.022 —0.002 0.022
[0.018] [0.009] [0.018]
University 0.043*** —0.002 0.039**
[0.016] [0.009] [0.017]
Graduate school 0.0871%** 0.002 0.080%**
[0.022] [0.013] [0.023]
Income (JPY) (reference group: no income)
<2.5ml 0.067*** 0.020** 0.074***
[0.016] [0.008] [0.017]
>25mland <5 ml 0.073%** 0.021** 0.081%**

[0.017] [0.008] [0.017]
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Table 3 (continued)

Using e-money Using mobile Using either e-money
paymentapps  or mobile payment
apps
(1) (2) (3)
>5mland <7.5ml 0.088*** 0.027%** 0.095%**
[0.018] [0.009] [0.018]
>7.5mland <10 ml 0.097*** 0.037%** 0.109***
[0.019] [0.010] [0.019]
>10mland <15 ml 0.116*** 0.052%** 0.124**
[0.021] [0.012] [0.021]
>15ml 0.134%x* 0.065%** 0.144%x*
[0.028] [0.017] [0.028]
Don't report income 0.048%** 0.027%** 0.053%**
[0.016] [0.008] [0.017]
Occupation dummies Yes Yes Yes
Frequency of news acquired dummies Yes Yes Yes
Prefectural dummies Yes Yes Yes
Intercept 0.2771%x* 0.098*** 0.309%**
[0.029] [0.015] [0.029]
N 24,516 24,516 24,516

*, ** *%* |ndicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in brackets

To deal with potential endogeneity problems in financial literacy scores, we use
the IV approach. The estimated results are presented in Table 4. Column 1 presents
the first-stage estimation results, and columns 2—4 show the estimation results using
the IVs. The first-stage results show that all IVs are related to financial literacy, with
statistical significance at the 1% and 5% levels. In all equations, the Anderson Wald
and Cragg—Donald Wald test statistics indicate that our IVs do not suffer from under-
identification or weak instrument problems, respectively. In addition, the Sargan test
indicates that our IVs satisfy the over-identification conditions.

The estimates of the effect of financial literacy are larger than those obtained
from the OLS estimation (Table 3). Specifically, a one-standard-deviation increase
in financial literacy is associated with a 10.8%, 3.1% and 11.7% higher likelihood of
using e-money, mobile payment apps, and at least one ePayment service, respec-
tively. This result is consistent with most studies that use IVs for financial literacy,
such as Bucher-Koenen and Lusardi (2011), Agnew et al. (2013), and Morgan and
Long (2020). According to Lusardi and Mitchell (2014), this downward bias may be
explained by measurement errors when calculating financial literacy. The OLS down-
ward bias may also occur because those affected by the instruments responded better
(van Rooij et al. 2011).

The estimation results obtained from the IV approach also slightly change the relation-
ship between the behavioral trait variables and adopting ePayment services. While risk
aversion is still negatively correlated with adopting ePayment services, herd behavior is
positively correlated with adopting both e-money and mobile payment apps. However,
this result is partly because these two variables correlate with financial literacy, as shown
in column 1.
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Table 4 Financial literacy, behavioral traits and ePayment adoption: IV estimation Source: Authors'
estimation

First stage estimation Using e-money Using mobile Using either e-money
payment apps or mobile payment

apps
(1) (2) (3)
Average financial literacy =~ 0.097***
[0.008]
Awareness of change in ~ 0.618%**
adulthood age [0.014]
Financial literacy 0.108*** 0.0371%** 0.117%x*
[0.012] [0.006] [0.012]
Risk aversion — 0.234%** —0.015* — 0.029%** — 0.022%**
[0.012] [0.008] [0.005] [0.008]
Herd behavior —0.183*** 0.014* 0.021%** 0.020**
[0.014] [0.008] [0.005] [0.009]
Limited acceptance (at 0.132%** — 0.017** — 0.0713%** — 0.017**
stores) [0.012] [0.008] [0.004] [0.008]
Long time for settlement  — 0.171*** —0.007 —0.009 —0.006
[0.018] (0.011] [0.006] [0.011]
Private information not ~ 0.228*** — 0.056*** — 0.065*** — 0.073***
adequately secure 0012) [0.009] [0.004] [0.009]
Lack of tools to prevent  0.069*** — 0.042%** — 0.027*** — 0.045***
overuse [0015] [0.010] [0.005] [0.010]
Fully satisfied with cash ~ — 0.219*** — 0.064*** — 0.037%** — 0.076***
[0.015] [0.009] [0.005] [0.009]
Male 0.062%** — 0.048*** 0.019%** — 0.042%**
[0.013] [0.008] [0.004] [0.008]
Age group (reference group: <30 years old)
30-40 years old — 0034 0.032%** —0.002 0.024**
[0.025] [0.012] [0.008] [0.012]
40-50 years old —0.042 0.035%** — 0.035%** 0.016
[0.031] [0.012] [0.007] [0.012]
50-60 years old —0.052 0.048%** — 0.056*** 0.019
[0.040] [0.013] [0.008] [0.013]
60-70 years old —0.058 0.012 — 0.073*** — 0018
[0.046] [0.013] [0.008] [0.013]
> 70 years old — 0.065 — 0.056*** — 0.086*** — 0.091%**
[0.048] [0.014] [0.008] [0.014]
Education (reference group: primary and junior high school)
High school 0.229%** —0.021 — 0.005 — 0019
[0.029] [0.016] [0.008] [0.017]
Specialized college 0.214%** —0.002 —0.013 — 0.004
[0.031] [0.018] [0.009] [0.018]
Junior college/techni-  0.305*** 0.003 —0.009 0.001
cal college 0032] [0018] 0.009] [0019]
University 0.487%** 0.012 —0.013 0.006
[0.029] [0.017] [0.009] [0.018]
Graduate school 0.664%** 0.040* — 0013 0.036

[0.038] [0.024] [0.014] [0.024]
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Table 4 (continued)

First stage estimation Using e-money Using mobile Using either e-money
payment apps or mobile payment

apps
(1) (2) (3)
Income (JPY) (reference group: no income)
<2.5ml 0.188*** 0.054%** 0.016* 0.059%**
[0.032] [0.017] [0.008] [0.017]
>2.5mland <5 ml 0.280%** 0.053%** 0.014 0.060***
[0.032] [0.017] [0.009] [0.018]
>5mland <7.5ml 0.372%** 0.063*** 0.018* 0.068***
[0.034] [0.019] [0.009] [0.019]
>75mland <10ml  0425*** 0.068*** 0.027** 0.078***
[0.035] [0.020] [0.010] [0.020]
>10mland <15ml  0414*** 0.088*** 0.042%** 0.094***
[0.038] [0.022] [0.012] [0.022]
>15ml 0.354%** 0.109*** 0.057%** 0.118***
[0.050] [0.028] [0.017] [0.028]
Don't reportincome  0.000 0.045%** 0.020** 0.050***
[0.032] [0.016] [0.008] [0.017]
Occupation dummies Yes Yes Yes Yes
Frequency of news Yes Yes Yes Yes
acquired dummies
Prefectural dummies Yes Yes Yes Yes
Intercept — 2.128*** 0.312%** 0.1713%** 0.352%*
[0.094] [0.030] [0.016] [0.031]
Anderson canon. corr. 1653.865 1653.865 1653.865
LM statistic
Cragg-Donald Wald F 1258.159 1258.159 1258.159
statistic
Sargan statistics (p-value) 0.3196 0.3804 0.7757
N 24,516 24,516 24,516 24,516

*,** and *** indicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in brackets

Usage frequency of ePayment services

We further explore the effects of financial literacy and behavioral traits on the usage
frequency of ePayment services. Table 5 presents the marginal effects of financial lit-
eracy, behavioral traits, and other factors on the intensity of using e-money (columns
1-4) and mobile payment apps (columns 5-8). The results are obtained by estimat-
ing the ordered probit regression presented in Eq. (2). We adopt Wooldridge’s (2010)
approach to estimate ordered probit models with endogenous variables. The two IVs
described above are also used. The first-stage regression results are similar to those in
Table 4 (Column 1).

Our estimation results demonstrate that if an individual’s financial literacy increases
by one standard deviation, it is associated with a 2.8%, 3.1%, and 0.4% higher likelihood
of using e-money daily, once a week, and once a month, respectively. Similarly, the like-
lihood of using mobile payment apps daily, once a week, and once a month increases
by 0.3, 0.6, and 0.7 percentage points, respectively. As expected, the likelihood of not
using e-money and mobile payment apps is reduced by 6.4 and 1.5 percentage points,

respectively.
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The estimation results also indicate that risk aversion reduces the likelihood of
e-money use almost daily and once a week by approximately 1.3 and 1.4 percent-
age points, respectively, while increasing the likelihood of not using it by 2.9 percent-
age points. A similar pattern is observed for the likelihood of adopting mobile payment
apps. Herd behavior, however, is not related to the adoption of e-money but is strongly
correlated with the frequent usage of mobile payment apps.

We also find that a limited number of stores accepting ePayment services, a long time
to process payments, insufficient protection of private information, a lack of tools to pre-
vent overuse, and being fully satisfied with cash payments are positively correlated with
the frequent use of e-money. However, a limited number of stores accepting ePayment
services and a lack of tools to prevent overuse do not correlate with the usage frequency
of mobile payment apps.

Concerning age, for using ePayment services daily, once a week, once a month, or never,
middle-aged individuals (aged 40—69 years) are more likely to use e-money than younger
ones but are less likely to use mobile payment apps. Meanwhile, for all three outcomes,
younger people (under 30) tend to use mobile payment apps more than older people. People
in all age groups use mobile payment apps once a week or once a month rather than daily.

Heterogeneous effects of financial literacy by behavioral traits

Table 6 presents our estimation results using Eq. (3). The effects of financial literacy on
those with and without risk aversion and those with and without herd behavior are pre-
sented in Panels A and B, respectively. We use the IV approach to estimate all the specifi-
cations. The first-stage estimation results for Panels A and B are presented in Appendix 1.
In all specifications, the Anderson Wald and Cragg—Donald Wald test statistics indicate
that our IVs do not suffer from under-identification or weak instrument problems. In
addition, the Sargan test indicates that our IVs satisfy the over-identification conditions.

The results in Panel A show that financial literacy is still strongly and positively cor-
related with adopting e-money, mobile payment apps, and at least one ePayment service.
Among those with risk aversion, higher financial literacy is associated with a higher like-
lihood of adopting mobile payment apps but not e-money. However, the results shown in
Panel B provide a slightly different perspective. While we still find that financial literacy
is important in determining one’s decision to adopt any ePayment service, among those
with herd behavior, higher financial literacy is negatively associated with using e-money
but not mobile payment apps.

Table 7 reports our results on the usage frequency of ePayment services. We also use
Wooldridge’s (2010) approach to address the endogeneity of financial literacy in these
estimates. The first-stage results are similar to those in Table 6 and presented in Appen-
dix 1. Panels A and B present the heterogeneous effects of financial literacy on the fre-
quent use of ePayment services based on two behavioral traits: risk aversion and herd
behavior. The results in Panel A show that the effect of financial literacy on the usage
frequency of e-money is greater for risk-averse individuals. However, a higher level of
financial literacy is not correlated with a higher frequency of mobile payment app use
among risk-averse individuals. Meanwhile, risk aversion is negatively correlated with
more frequent usage of both e-money and mobile payment apps. The results also suggest
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Table 6 Heterogeneous effects of financial literacy on ePayment adoption by behavioral traits (IV
estimations) Source: Authors’ estimation

Using e-money Using mobile Using either e-money
payment apps or mobile payment
apps
(1M (2) (3)
Panel A:
Financial literacy 0.107%** 0.039** 0.084%**
[0.030] [0.019] [0.031]
Financial literacy * Risk aversion 0.004 0.0471%** 0.019
[0.016] [0.010] [0.016]
Risk aversion —0.017 — 0.056*** — 0.034%**
[0.013] [0.009] [0.013]
Herd behavior 0014 0.017%* 0.019**
[0.009] [0.005] [0.009]
Other covariates
Anderson canon. corr. LM statistic 440.445 440445 440445
Cragg-Donald Wald F statistic 502.005 502.005 502.005
Sargan statistics (p-value) 03259 0.5525 0.8312
Panel B:
Financial literacy 0.118*** 0.035*** 0.127%**
[0.013] [0.007] [0.013]
Financial literacy * Herd behavior — 0.054* —0.022 —0.057*
[0.030] [0.018] [0.031]
Herd behavior 0.004 0.017%** 0.010
[0.010] [0.005] [0.010]
Risk aversion —0.015% — 0.029%** — 0.0227%**
[0.008] [0.005] [0.008]
Other covariates
Anderson canon. corr. LM statistic 43322 43322 43322
Cragg-Donald Wald F statistic 606.369 606.369 606.369
Sargan statistics (p-value) 0.3124 0.3744 0.7636

*®, ** **#*|ndicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in brackets. Our regressions
also control for occupation, frequency of acquiring news, and prefectural dummies. The first stage estimation results are
presented in Appendix 1

that financial literacy reduces the negative biases caused by risk aversion in the frequent
use of e-money but not in the frequent use of mobile payment apps. The results in Panel
B show that the effect of financial literacy does not differ between those with and with-
out herd behavior in terms of the usage frequency of both ePayment services. However,
those with herd behavior tend to use ePayment services more frequently.

Discussion and concluding remarks

Although rapid developments in fintech are expected to improve financial inclusion and
well-being, these services entail numerous traditional and new Internet-related risks (Li
et al. 2021; Morgan et al. 2019), which require consumers to have the adequate finan-
cial literacy to make decisions about the adoption and use of fintech services. Using a
large dataset collected in a survey by the Bank of Japan covering 25,000 individuals aged
18-79 years, this study investigated the effect of financial literacy on the extensive and
intensive usages of fintech ePayment services. We also examined the heterogeneous
effects of financial literacy on behavioral traits, that is, risk aversion and herd behavior.
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First, financial literacy positively affects the adoption and usage of e-money, mobile
payment apps, and at least one ePayment service. Specifically, a one-standard-devi-
ation increase in financial literacy increases the likelihood of using e-money, mobile
payment apps, and at least one ePayment service by 10.8, 3.1 and 11.7 percentage
points, respectively. A one-standard-deviation increase in financial literacy is also
associated with an increase of 2.8, 3.1 and 0.4 percentage points in the likelihood of
using e-money daily, once a week, and once a month, respectively. The correspond-
ing figure for mobile payment apps are 0.3, 0.6, and 0.7. The results are consistent,
regardless of the estimation method and specifications. These results confirm H1.
These results are consistent with those of previous studies (Hilgert et al. 2003; Chris-
telis et al. 2010; van Rooij et al. 2011; Morgan and Long 2019; Foster and Johansyah
2021; Morgan and Long 2018). However, our findings differ from Li et al’s (2020) and
Chen and Xiang’s (2021) findings. They argue that people with better financial knowl-
edge might recognize the risks involved and be less likely to adopt ePayment services.
While we do not have a clear explanation for this difference, we controlled for risk
behavior-related variables in our estimation. Thus, these two variables capture the
negative relationship between financial knowledge and ePayment adoption.

Second, we find that the effect of financial literacy on the adoption and intensity of
ePayment service usage differs for people with different behavioral traits. More specifi-
cally, we find evidence to confirm H2c, that is, with regard to e-money, financial liter-
acy affects the usage frequency of individuals with and without risk aversion differently.
Nevertheless, the evidence does not support H2a, which states that the effect of financial
literacy on the adoption of e-money differs between individuals with and without risk
aversion, and it could not be confirmed. Meanwhile, the effect of financial literacy on the
adoption of mobile payment apps was greater among risk-averse individuals than among
those without risk aversion. This result confirms H2b. However, our results indicate that
a higher level of financial literacy does not correlate with more frequent use of mobile
payment apps among risk-averse individuals. Thus, H2d could not be confirmed.

The difference in the results for the two types of payment services may be due to
the differences in penetration rates. While e-money has been introduced since the
early 2000s in many forms, including metro and bus cards, with more than 50% of the
Japanese population owning at least one such instrument, mobile payment apps have
recently been introduced (Bank of Japan 2022). Therefore, many people trust e-money
but are still doubtful about mobile payment apps. Since adoption does not ensure fre-
quent use of a product that has been implemented since a long time, such as e-money,
the effect of financial literacy may differ for those with risk aversion. However, financial
literacy may have a negligible effect on newer products, such as mobile payment apps.
Our results further shed light on the mitigating role of financial literacy in reducing risk-
aversion bias. As Jung (2015) argues, higher education may diminish risk aversion by
providing people with a better understanding of risk management.

Third, the effect of financial literacy on e-money adoption does not differ between
individuals with and without herd behavior. However, the effect of financial literacy on
the adoption of mobile payment apps is lower for those with herd behavior. Thus, we
could not confirm H3a, but we could confirm H3b. The different results for e-money
and mobile payment apps may be due to the penetration rates of these two services.
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Individuals with herd behavior may adopt an older service with a high penetration rate,
regardless of their financial literacy. Conversely, for a newer product with a low pen-
etration rate, a higher level of financial literacy may encourage an individual with herd
behavior to deviate from the herd and adopt the new financial product. We also find that
financial literacy has no different effects on the usage frequency of both ePayment ser-
vices; thus, H3c and H3d are not confirmed.

Fourth, behavioral biases affect the adoption of ePayment services. This result is con-
sistent with other studies that show that risk attitudes and herd behavior affect individu-
als’ financial decisions (Badarinza et al. 2016; Barberis et al. 2006; Lin et al. 2013; Hong
et al. 2004). However, the effects of behavioral biases differ by the type of behavioral
trait and type of ePayment service. Risk aversion is negatively correlated with adopting
e-money, mobile payment apps, and at least one ePayment service. Risk aversion hin-
ders the frequent use of both e-money and mobile payment apps. This result is simi-
lar to the effect of risk aversion on risky financial behavior (Lin et al. 2013; Hong et al.
2004). This result also reflects that these ePayment services are still in the early stages,
and thus, many people still perceive that the potential risks are high, discouraging them
from using these services. We also find that herd behavior is positively correlated with
adopting e-money, mobile payment apps, and at least one ePayment service. This result
is consistent with previous studies that show the importance of peers in determining
portfolio choices and stock market participants (Hong et al. 2004; van Rooij et al. 2011).

Fifth, the infrastructure for ePayment adoption and usage plays an important role.
Our results show that having a limited number of stores that accept both e-money and
mobile payment apps hinders the adoption and frequent use of these services. In addi-
tion, the lack of information protection and risk-management tools discourages the
adoption of ePayment services. Our results are consistent with those of other studies
that have used the UTAUT2 Model as an analytical framework, such as Shahzad et al.
(2018), Abbasi et al. (2022) and Picoto and Pinto (2021).

Theoretical, practical, and policy implications

The empirical evidence from this study provides important practical and theoretical
contributions. The findings of this study also provide some theoretical implications for
extending current theories on fintech services. First, they allow us to understand the fac-
tors determining the adoption of fintech products. Previous literature has shown that
perceived usefulness, perceived costs (derived from the TAM), performance expectancy,
perceived risk, perceived trust, and facilitation conditions (derived from the UTAUT2
Model) are important. Our results further confirm that financial literacy strongly affects
the adoption and usage of fintech products regardless of the position of the services in
their life cycles. The potential channels through which financial literacy affects the adop-
tion of fintech products are user perceptions of the usefulness and cost of adopting fin-
tech services. Second, our results add to the current theories on the effects of behavioral
biases on financial decisions in general and the adoption of fintech services in particular.
Existing theories do not consider the behavioral factors that affect the adoption of fin-
tech services, partly because behavioral factors, such as risk aversion, may be related to
the perceived risks or costs of fintech adoption or perceived trust or usefulness, such
as herd behavior. Third, our results also provide some evidence to extend the current
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literature on the heterogeneity of the effects of financial literacy according to individuals’
behavioral traits. Simultaneously, our results also provide some evidence of the moder-
ating role of financial literacy on the effect of behavioral traits on the financial decision-
making process. Fourth, the empirical findings provide further evidence that current
theories on technological adoption can be successfully extended and applied to a new
setting and context, namely, fintech adoption and usage in Japan.

This study has significant implications for fintech developers and financial institu-
tions seeking to provide services via the Internet. These findings highlight the impor-
tance of understanding the factors that shape the fintech service infrastructure. First,
users’ financial literacy must be strengthened to improve the perceived costs, risks, and
usefulness of fintech services. Financial literacy can also help users recognize the ease
of using such services. Second, designing effective campaigns requires consideration of
behavioral biases, including risk aversion, which is a significant barrier to fintech adop-
tion. Strategies should be developed to encourage adoption by addressing these issues.
Third, expanding product coverage with regard to the acceptance of digital transactions
and increasing the number of stores that accept ePayment services are critical factors
in improving the adoption and usage of such services. Fourth, financial institutions and
fintech firms should consider the importance of time and cost when designing payment
processes to make them more convenient for users (Xu et al. 2022; Kou et al. 2021).
They should also publicize less obvious risks and effective approaches to deal with them
to promote the adoption of ePayment services. Fintech firms may also need to design
infrastructures to address risks quickly and efficiently (Kou et al. 2021). Finally, integrat-
ing financial literacy programs into promotional efforts may encourage risk-averse cus-
tomers to use fintech services. By providing information on the advantages of fintech
services over traditional services and how to manage potential risks, users can make
informed decisions about adopting ePayment services.

This study has valuable implications for policymakers seeking to promote the adoption
of ePayment services. First, the findings demonstrate a positive relationship between finan-
cial literacy and fintech adoption. Therefore, policies to improve financial literacy, includ-
ing financial and digital financial education programs, should be implemented in schools
and workplaces. These efforts are critical because financial education indirectly affects fin-
tech adoption and usage through financial literacy (Yoshino et al. 2017). Second, because
fintech adoption and use vary based on factors such as age, sex, education, occupation, and
income, a one-size-fits-all approach to promoting the uptake of fintech services may not be
effective. Policymakers should target different groups using tailored strategies to address
their specific needs. Finally, this study provides insights into how to design appropriate
policies to promote a cashless economy in a cash-loving society such as Japan. Policymak-
ers should consider the factors that motivate people to continue using cash and design
policies to address these issues. For example, policies could be implemented to incentivize
merchants to adopt ePayment systems and encourage consumers to use them. Such initia-
tives could include discounts or other incentives for stores and businesses to use ePayment
systems. In summary, this study’s findings demonstrate the importance of financial liter-
acy, targeted policies, and thoughtful strategies to promote the uptake of fintech services
and the adoption of a cashless economy. Policymakers should consider these factors when
designing policies and programs to encourage the use of fintech services.
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Limitations and future research

Although our study sheds light on the relationship between financial literacy and ePay-
ment adoption, it has some limitations. First, although our measure of financial literacy
is more comprehensive than most current measures in the literature, it lacks indicators
that could be more relevant to digital finance, such as knowledge of digital risks and
ways to control them. Second, owing to data limitations, we could not explore the effects
of the COVID-19 pandemic on the relationship between financial literacy and ePay-
ment services. Third, we could not examine the relationship between financial literacy
and other aspects of fintech besides payment methods. Fourth, our study was limited
to only two behavioral traits—risk aversion and herd behavior—and we could not con-
struct more comprehensive indicators to reflect individuals’ behavioral traits. Therefore,
careful interpretation of our results is required to determine the effects of behavioral
factors. Finally, our study focused on the causal effects of financial literacy on ePayment
adoption and usage in Japan. Future research can extend it to answer other interesting
questions, such as how financial literacy affects payment choice or how cash preference
and credit card ownership affect people’s adoption and usage of ePayment instruments.

Appendix 1
See the Table 8.

Table 8 First stage estimation results Source: Authors'estimation

m vl @3 @

Financial literacy Finacial literacy Financial literacy Finacial literacy

* Risk Aversion * Herd behavior

IV: Average financial literacy 0.069%** — 0.073*** 0.098*** — 0.006
[0.009] [0.014] [0.008] [0.004]

IV: Awareness of changes adult 0.617*** 1.058*** 0.618*** 0.113***

age [0.014] [0.027] [0.014] [0.007]

IV: Average financial literacy * Risk ~ 0.036*** 0.289***

aversion [0.006] [0.008]

IV: Average financial literacy * Herd —0.009 0.127%**

behavior [0.006] [0.006]

Risk aversion — 0.747%** — 3.849%** — 0.234%** — 0.047%**
[0.081] [0.113] [0.012] [0.006]

Herd behavior — 0.183%** — 0.232%** — 0.065 — 1.888***
[0.014] [0.025] [0.089] [0.089]

Limited acceptance (of stores) 0.133%** 0.194%** 0.132%%* 0.020%**
[0.012] [0.021] [0.012] [0.006]

Long time to settle payment — 0.177%** — 0.256*** — 0.170%** —0.015*
[0.018] [0.032] [0.018] [0.009]

Not adequately secure private 0.228*** 0.387%** 0.227%** 0.023%**

information [0.012] [0.022] [0.012] [0.006]

Lack of tools to prevent overuse 0.070*** 0.129*** 0.069*** 0.034***
[0.015] [0.028] [0.015] [0.007]

Fully satisfied with cash — 0.218*** — 0.384*** — 0.219%** —0.014**
[0.015] [0.028] [0.015] [0.007]

Male 0.058%** 0.088*** 0.062%** 0011*

[0.013] [0.024] [0.013] [0.006]
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Table 8 (continued)

(m (2 (3) (4)
Financial literacy Finacial literacy Financial literacy Finacial literacy
* Risk Aversion * Herd behavior
Age group (reference group: <30)
30-40 years —0.036 —0.056 —0.033 — 0012
[0.025] [0.047] [0.025] [0.013]
40-50 —0.043 — 0.065 — 0.041 —0.012
[0.030] [0.056] [0.031] [0.016]
50-60 —0.055 —0.029 —0.052 - 0019
[0.040] [0.073] [0.040] [0.020]
60-70 —0.062 —0.025 —0.058 —0013
[0.046] [0.086] [0.046] [0.023]
>70 —0.068 —0.029 — 0.065 —0.022
[0.048] [0.088] [0.048] [0.023]
Education (reference group: primary and junior high school)
High school 0.229%** 0415%** 0.229%** 0.026
[0.029] [0.057] [0.029] [0.016]
Specialized college 0.214%** 0.449%** 0.214%** 0.024
[0.031] [0.062] [0.031] [0.017]
Junior college/tech college 0.3037*** 0.567%* 0.305%** 0.025
[0.032] [0.062] [0.032] [0.017]
University 0.487*** 0.822%** 0.486*** 0.070***
[0.029] [0.058] [0.029] [0.016]
Graduate school 0.662*** 0.989*** 0.664*** 0.074***
[0.038] [0.073] [0.038] [0.020]
Income (JPY) (reference group: no income)
<2.5ml 0.186*** 0.247%** 0.187*** 0.023
[0.032] [0.062] [0.032] [0.018]
>25mland <5ml 0.281*** 0.433*** 0.279*** 0.045**
[0.033] [0.063] [0.032] [0.018]
>5mland <7.5ml 0.374*** 0.575%** 0.372%** 0.062***
[0.034] [0.065] [0.034] [0.018]
>7.5mland <10 ml 0428%** 0.647%** 0425%** 0.065%**
[0.035] [0.068] [0.035] [0.019]
>10mland <15 ml 0.417%** 0.579%** 0.414%** 0.054%**
[0.038] [0.072] [0.038] [0.021]
>15ml 0.357*** 0.527%** 0.354*** 0.046*
[0.050] [0.089] [0.050] [0.024]
Don't reportincome 0.002 —0.088 0.000 0.008
[0.033] [0.063] [0.032] [0.018]
Other covariates Yes Yes Yes Yes
Intercept — 1.725%%* — 0.953*** — 2.150%** —0.048
[0.112] [0.184] [0.095] [0.045]
N 24,516 24,516 24,516 24,516

*®, ** *x% |ndicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in brackets. In our regressions,
we also control for occupation, frequency of acquiring news, prefectural dummies. Columns 1 and 2 are the first stage
regression results with two endogenous variables of financial literacy and the interaction between financial literacy and risk
aversion while the columns 3 and 4 are the first stage regression results with two endogenous variables of financial literacy
and the interaction between financial literacy and herd behavior
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Abbreviations
E-money  Electronic money
ePayment Electronic payment

fintech Financial technology
GDP Gross domestic product
\% Instrumental variables
OLS Ordinary least square
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