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Abstract

Objective

The aim of this study is to investigate the association between financial literacy and age as
well as gender differences in financial literacy.

Methods

We analyse a sample of 25,000 individuals from ‘The Financial Literacy Survey 2016’ con-
ducted by the Central Council for Financial Services Information (Bank of Japan). The analy-
sis focuses on the relationship of age and financial literacy as well as that of age and self-
rated financial knowledge. To consider factors accounting for gender differences in financial
literacy, we use the Blinder-Oaxaca decomposition method. To further our understanding of
financial literacy, we conduct additional analyses on financial behaviour and attitude.

Results

Although age is associated with increased financial literacy (Men, 3: 0.249, standard error
[SE]: 0.030; Women, 0.354, SE: 0.026), the growth rate decreases among the older respon-
dents (Men, B: -0.002, SE: 0.000; Women, -0.003, SE: 0.000). However, the association
between age and self-rated financial knowledge among men moves in the opposite direction
(Age, B: -0.021, SE: 0.009, Age?, B: 0.000, SE: 0.000). Furthermore, female respondents
are likely to be less financially literate than their male counterparts (B: -0.586, SE: 0.095)
due to gender differences in the distribution of the factors that affect financial literacy (specif-
ically education), their responses to financial literacy, and the interactions of these effects.

In contrast to knowledge-based financial literacy, financial behaviour and attitudes among
women are more preferable to those among men, namely, more premeditated.

Conclusion

Financial literacy increases until about one’s early 60s, after which it declines, while confi-
dence in financial literacy reflects the inverse trend, especially among men. Additionally,
men are more financially literate than women; however, these differences could be mitigated
through education. Meanwhile, financial behaviour and attitudes among men are less
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premeditated. Thus, policies are needed that can help older adults with their financial deci-
sion-making, enhance women’s financial literacy, and improve men’s financial behaviours
and attitudes.

Introduction
Financial literacy in Japan

In many industrialised countries faced with ageing populations, policies that can optimise
costs associated with ageing (i.e. public pensions) have become increasingly important. In this
environment, an individual’s ability to accumulate savings and build assets are fundamental to
living a longer life, occasionally described as ‘the 100-Year Life’.

In Japan, new schemes, such as the Nippon Individual Savings Account (NISA) and the
individual-type defined contribution pension plan (iDeCo), have been created to encourage
individuals to build assets independently. The Financial Service Agency in Japan report that
the number of NISA accounts and the purchase price increased from 7.27 million accounts
and 1 trillion 56 billion JPY, respectively, as of June 2014 to 10.37 million accounts and 8 tril-
lion 37 billion JPY, respectively, as of June 2016 [1]. To take advantage of these schemes, indi-
viduals need financial knowledge and the ability to make financially sound behavioural
choices. However, in Japan, financial literacy is lower than in other industrialised countries
[2]. Since the Japanese have one of the longest average life spans in the world, the financial lit-
eracy of the nation needs to improve to promote proper financial behavioural choices; and
research in this area should be encouraged.

Determinants of financial literacy

Most literature on this topic focuses on the determinants of financial literacy as well as the
association between financial literacy and outcomes related to financial decision making (for a
review: e.g., Lusardi and Mitchell [3]). In particular, there have been many studies on the rela-
tionship between financial literacy and financial behavioural choices. As the studies have
shown, financial literacy is associated with a higher probability of investment in financial
assets [4,5]. Furthermore, such knowledge results in an increased ability to accumulate assets
[6,7], but is also affected by the possession of financial assets and experience related to finance
[8]. Some studies also suggest that those with financial literacy are likely to have retirement
plans [4,5,9,10]. Thus, financial literacy has been shown to be useful for asset accumulation by
influencing proper financial behavioural choices and consumption smoothing at each life
stage.

Globally, there is accumulating evidence on the heterogeneity in financial literacy by age,
gender, education, income, and employment status [3]. Based on a theoretical framework for
financial literacy, optimal paths for financial knowledge are hump shaped over one’s life cycle,
which is supported by empirical findings that financial literacy is the lowest among the young
and those who are older. Disparities in financial literacy by gender (i.e. men are more finan-
cially literate than women) seem ubiquitously present across the world. At least before widow-
hood, a division of labour where wives invest less in education, occupation, and financial
knowledge may partly explain women’s lower financial literacy [11].

Previous research has examined Japanese samples and investigated the association of finan-
cial literacy, individual characteristics, and financial behavioural choices [12-16]. These
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scholars report similar results to studies in other countries: namely, men and those with higher
education and income tend to have higher financial literacy; moreover, financial literacy is
positively correlated with participation in investment activities and retirement plans. In Japan,
the conceptualisation of gender roles has restricted women’s participation in education and
occupation for decades [17]. Although the situation has improved recently, disparities in
higher education and occupation across gender still exist [18]. Therefore, gender inequality in
socioeconomic status may be a significant contributing factor to male-female disparities in
financial literacy, considering that socioeconomic factors, such as education and occupation,
are important determinants of financial literacy [3].

To identify policy implications that can enhance financial literacy, it is essential to gain a
better understanding of those who need support in their financial decision making and how
this can be achieved. Therefore, this paper aims to fill this gap in the research and contribute
to the understanding of financial literacy in Japan by investigating the association between
financial literacy and individual characteristics (i.e. age and gender). To that end, we test three
hypotheses:

Hypothesis 1: Financial literacy increases with age but reaches a peak at some age point.
Hypothesis 2: There are gender gaps in financial literacy.

Hypothesis 3: Gender gaps in financial literacy can be explained partly by factors that are distrib-
uted differently among men and women (e.g. education level and employment).

We extend the existing research findings in the field in two ways. First, we analyse differ-
ences associated with age in terms of financial literacy. As the sample in this study contains
individuals between 18 and 79 years old, we are able to draw associations between how finan-
cial literacy differs with age according to the sample. In Japan today, most financial assets are
owned by seniors. Therefore, it is meaningful to investigate the association of financial literacy
with age. In many previous studies in Japan, only samples of university students or seniors
have been used. Moreover, financial literacy has been measured by few questions, which only
capture a small variation, and determinants of financial literacy have not been well modelled
through regression analysis.

Second, we analyse financial literacy in terms of gender differences. As Lusardi and Mitchell
[3] indicate, the reasons for gender gaps are not explicitly known. Thus, this study examines
gender differences in financial literacy by using a decomposition method.

While studies in Japan [15,16] investigate demographic and socioeconomic determinants
of financial literacy using the same dataset that we use in the current study, we further assess
the discrepancies between objectively measured financial literacy and the self-assessed
financial knowledge as well as factors that contribute to gender differences in financial
literacy.

Methods
Data

Our study uses a sample from The Financial Literacy Survey 2016 conducted by the Central
Council for Financial Services Information (Bank of Japan). The Financial Literacy Survey
2016 was an internet survey conducted in February and March 2016 to investigate the level of
financial literacy among Japanese people. The sample comprises 25,000 individuals between
18 and 79 years old from all prefectures in proportion to the Japanese demographic structure.
Ethical approval was not required since this study was based on secondary analysis of publicly
available data.
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Definitions of variables

Dependent variables. Financial literacy denotes not merely financial understanding (i.e.
financial knowledge and education), but also practical management of financial assets, which
is considered helpful for individuals in accumulating assets [19,20]. A previous study suggests
that there are three important components of financial literacy that focus on understanding
[3]: (1) numeracy, or the capacity to calculate a simple compound interest rate; (2) under-
standing inflation; and (3) knowledge about stocks, stock mutual funds, and risk
diversification.

For our analysis, we measured knowledge-based financial literacy by the number of correct
answers out of 25 questions on the survey (Table 1). The items measure multiple dimensions
of financial literacy as they contain a wide range of topics (e.g. financial knowledge and
norms), including items used in previous studies [3,21,22].

In addition to measuring financial literacy, we assess the association between age and self-
rated financial literacy to evaluate how our definition of financial literacy and self-rated finan-
cial literacy diverge with age, considering that previous literature indicates that people tend to
overestimate their level of financial literacy [3]. Self-rated financial literacy is determined by a
five-point Likert scale from ‘very high’ to ‘very low’ for the question, “‘What level is your general
knowledge about finance compared with others?’

To complement the understanding of financial literacy measured mainly by financial
knowledge, we focus additionally on financial behaviours and attitudes, which can contribute
to positive outcomes of financial literacy [15,23]. Financial behaviour measures people’s action
in a financial transaction, which can be derived from financial knowledge. In contrast, finan-
cial attitude, as asked in the survey, measures the individual’s time preference for the transac-
tion. Those who put too much value on the present and less on the future may suffer from a
shortage of financial assets in the long run due to a lack of appropriate financial planning and
management. Thus, an excessive discount of future benefits can be regarded as a negative in
financial decision making, at least for younger people.

Following the definitions in a previous study [15], we use the following qualitative questions
to measure financial behaviours and attitudes.

Financial behaviour:

1. Before I buy something I carefully consider whether I can afford it.
2. I pay my bills on time.
3. Isetlong term financial goals and strive to achieve them.
4. Tkeep a close personal watch on my financial affairs.
Financial attitude:
1. Ifind it more satisfying to spend money than to save it for the long term.
2. Itend to live for today and let tomorrow take care of itself.

3. IfT had the choice of (1) receiving 100,000 yen now or (2) receiving 110,000 yen in 1 year, I
would choose (1), provided that I can definitely receive the money.

Respondents are asked to rate each item on a five-point Likert scale, where 1 = agree and
5 = disagree. Aggregating the responses, we create scores to measure financial behaviours and
attitudes; these are transformed so that higher values represent more preferable financial
behaviours and attitudes, namely, premeditated financial considerations.
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Table 1. A list of questions to measure knowledge-based financial literacy.

1 | Which of the following statements on household behaviour is inappropriate?

2 | Which of the following statements on family budget management and credit cards is inappropriate?

w

Taro and Hanako are the same age. At age 25 Hanako began saving 100,000 yen per year and continued to save
the same amount annually thereafter. Meanwhile, Taro did not save money at age 25, but began saving 200,000
yen per year at age 50. When they are aged 75, which of them will have more money saved?

What are the so-called three major expenses in life?
Which of the following is inappropriate as an action to take when concluding a contract?
Which of the following is inappropriate as a behaviour to avoid being involved in financial trouble?

Which of the following is inappropriate as an action related to Internet transactions?

[c=BNIN BN Ko WO BTN

Suppose you put 1 million yen into a savings account with a guaranteed interest rate of 2% per year. If no
further deposits or withdrawals are made, how much would be in the account after 1 year, once the interest
payment is made?

9 | Then, how much would be in the account after 5 years?

10 | Imagine that the interest rate on your savings account was 1% per year and inflation was 2% per year. After 1
year, how much would you be able to buy with the money in this account?

11 | High inflation means that the cost of living is increasing rapidly [T or F]

12 | When compared, a 15-year mortgage typically requires higher monthly payments than a 30-year loan, but the
total interest paid over the life of the loan will be less [T or F]

13 | An investment with a high return is likely to be high risk [T or F]
14 | Buying a single company’s stock usually provides a safer return than a stock mutual fund [T or F]
15 | If interest rates rise, what will typically happen to bond prices?

16 | Which of the following is appropriate as an action to take when investing (making deposits, etc.) or borrowing
funds at a time of interest rate rise?

17 | Which of the following statements on the basic function of insurance is appropriate?

18 | When a 50-year-old man reviews his life insurance policy (whole life insurance) after his children have become
financially independent, which of the following statements is appropriate?

19 | Which of the following statements on insurance is inappropriate?
20 | Which of the following statements on mortgages is appropriate?

21 | Suppose you owe 100,000 yen on a loan and the interest rate you are charged is 20% per year compounded
annually. If you didn’t pay anything off, at this interest rate, how many years would it take for the amount you
owe to double?

22 | Which of the following statements on the types of deposits protected up to 10 million yen under Japan’s deposit
insurance system is appropriate?

23 | Which of the following is inappropriate as behaviour or attitude when determining whether to purchase an
unfamiliar financial product?

24 | Which of the following is appropriate as an action to take when considering purchase of a financial product
with a complicated structure?

25 | Which of the following is inappropriate as a consultant office or a system to be used when trouble occurs in
relation to a contract for a financial product?

Table 1 shows a list of questions used in the Financial Literacy Survey 2016 to measure financial literacy. The
information was cited from the web page of The Central Council for Financial Services Information: https://www.
shiruporuto.jp/e/survey/ (accessed: 30 April, 2020).

https://doi.org/10.1371/journal.pone.0259393.t001

Independent variables. The explanatory variables comprise individual demographic and
socioeconomic factors that affect financial literacy: the age of the respondent, the square of the
age, educational attainment, occupation, financial education, household income, and financial
assets: Education is categorised into three groups: high-school graduate or lower; vocational
college, junior college or equivalent; and university graduate or higher. Occupation is divided
into five categories: employee or public official, self-employed, part-time, not employed
(including domestic worker), and others. Financial education is a binary dummy variable,
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which takes a value of one if a respondent has received any financial education (e.g. about life
planning and management of a family budget) and zero otherwise. Household income denotes
the gross annual household income from the previous year, including revenues from all assets.
Household income was not equalised as the information on the number of household mem-
bers was not available. The financial assets refer to the amount of financial assets (e.g. savings
and stock) that a household has at the time of the survey.

Empirical strategy

Financial literacy and individual characteristics. We begin by investigating financial lit-
eracy, self-rated financial literacy, and age to test hypothesis 1. We use the ordinary least
squares method for the analysis of financial literacy and the ordered logistic regression for self-
rated financial literacy.

Gender differences in financial literacy. To test hypotheses 2 and 3 (gender gaps in
financial literacy), we use the Blinder-Oaxaca decomposition [24,25]. The decomposition
model is formulated as follows:

Y, = BX;+e i=1,...,mj=2,.k
j

where Y; denotes the financial literacy of individual i, Xj; represents independent variables (e.g.
age and education) for individual i, and €; is a stochastic disturbance. f; is the parameter to be
estimated.

Assuming E (8;) = §;and E (g;) = 0, the estimations of the subsample means for women and

men, respectively, are:
vE _ F }_(F
Yj - Zjbj j

oM __ MM
Yj - Zjbj XJ
F and M indicate women and men, respectively, and —Y and —X denote the sample means.
Thus, the difference in the sample means of men and women is given by:
vM VE — My M FyYF
YH-YP =24 - b

TR RS ST RS I T N

Here, differences in financial literacy between men and women can be decomposed into
three components: the endowment, coefficient, and interaction effects. The endowment effect
denotes the difference in the distribution between men and women of the explanatory vari-
ables that affect financial literacy, while the coefficient effect refers to the gender difference in
the responses of the explanatory variables to the outcome. The interaction effect captures the
existence of both the endowment and coefficient effects, including differences in the intercept.

To test hypothesis 2, we use the significance of the coefficient of the female dummy variable
in the model testing hypothesis 1. Next, we decompose the gender differences in financial liter-
acy to test hypothesis 3 using the Blinder-Oaxaca decomposition model as shown in Eq (1).

For financial behaviours and attitudes, we adopt the same procedures as the estimates for
financial literacy. To account for the fact that financial knowledge can affect financial behav-
iour and attitude, we include financial literacy as a covariate in the models as well.

We exclude students (n = 1,212) from our analyses, since they may not be financially inde-
pendent. Among the remaining 23,788 respondents, there are some whose educational
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Table 2. Descriptive statistics for complete cases.

N Mean/proportion Standard deviation

Financial literacy 15,228 15.2 6.6
Financial behaviour 15,228 15.6 2.8
Financial attitude 15,228 9.7 2.8
Experience of investment 15,228 0.158 0.365
Age 15,228 50.4 15.5
Male 15,228 0.529 0.499
Occupation Employee/public official 15,228 0.414 0.493

Self-employed 15,228 0.073 0.260

Part-time 15,228 0.132 0.339

Not working 15,228 0.362 0.481

Others 15,228 0.018 0.133
Education High school or lower 15,228 0.342 0.474

Junior college or equivalent 15,228 0.209 0.407

University or higher 15,228 0.449 0.497
Financial education 15,228 0.074 0.262
Household income (10,000 JPY) 15,228 515.293 336.294
Financial assets (10,000 JPY) 15,228 744.065 744.266

Men (n = 8,054) Women (n =7,174) P-value

Age 50.2 50.6 p=0.22
Occupation Employee/public official 0.580 0.229 p<0.01

Self-employed 0.102 0.040

Part-time 0.066 0.207

Not working 0.234 0.506

Others 0.019 0.018
Education High school or lower 0.296 0.395 p<0.01

Junior college 0.124 0.304

University or higher 0.580 0.301
Financial education 0.091 0.055 p<0.01
Household income (10,000 JPY) 540.4 487.1 p<0.01
Financial assets (10,000 JPY) 758.3 728.1 P<0.05

a) Numbers are sample means or proportions.
b) Welch t-test for continuous variables and y? test for categorical variables.

https://doi.org/10.1371/journal.pone.0259393.t1002

attainment is unknown (n = 37), some who did not score their own financial literacy (n =
614), and some who lacked income information (n = 4,204) or financial asset information

(n = 3,705). Thus, the final usable number of complete cases equalled 15,228 individuals.
Table 2 shows the descriptive statistics by gender. The proportions of employees/public offi-
cials and self-employed individuals are higher among men, while the proportions of part-time
workers and those not working are higher among women. Furthermore, more men than
women graduated from university or higher and received financial education.

To address the issue of potential non-response bias, we adopt multiple imputation for miss-
ing variables by the missing at random assumption and predictive mean matching using vari-
ables of financial attitudes, behaviours, and knowledge, adding 20 imputations. All analyses
are performed using Stata version 17.0.
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Table 3. Estimation results for financial literacy by OLS.

(1) All (2) Men (3) Women
Age 0.297** 0.249** 0.354**
(0.020) (0.030) (0.026)
Age’ -0.002** -0.002** -0.003**
(0.000) (0.000) (0.000)
Female -0.586""
(0.095)
Occupation: employee/public official Reference
Self-employed -0.322 -0.275 -0.498
(0.177) (0.215) (0.318)
Part-time -0.331* -0.715** -0.371*
(0.139) (0.252) (0.178)
Not working 0.056 0.350 -0.216
(0.122) (0.208) (0.162)
Others 0.663* 0.475 0.716
(0.286) (0.409) (0.402)
Education: high school or lower Reference
Junior college 0.287* 0.067 0.411**
(0.113) (0.208) (0.135)
University or higher 2.222%* 1.935%* 2.490**
(0.103) (0.146) (0.146)
Financial education 0.820** 0.211 1.751%*
(0.194) (0.271) (0.276)
Household income/100 0.139** 0.157** 0.127**
(0.016) (0.024) (0.021)
Financial assets/100 0.207** 0.203** 0.211**
(0.008) (0.010) (0.011)
Constant 2.611%* 3.798** 0.805
(0.457) (0.718) (0.596)
N 23,788 11,658 12,130
Number of imputations 20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t003

Results
Financial literacy

Table 3 shows the results for financial literacy. Men tended to be more financially literate than
women (f: -0.586, standard error [SE]: 0.095); however, the tendencies between men and
women were similar: age was associated with an increase in financial literacy (Men, f: 0.249,
SE: 0.030; Women, 0.354, SE: 0.026) but the growth rate turned downward among the oldest
respondents (Men, f: -0.002, SE: 0.000; Women, -0.003, SE: 0.000).

Table 4 presents the results of the self-rated financial literacy. While we found similar
results to those for financial literacy, among men, the association with age at the tail end
moved in the opposite direction (Age, B: -0.021, SE: 0.009, Age?, B: 0.000, SE: 0.000), namely,
self-rated financial knowledge increased the most among the older male respondents.
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Table 4. Estimation results for self-rated financial knowledge by ordered logistic regression.

(2) Men (3) Women
Age -0.021* 0.055**
(0.009) (0.009)
Age? 0.000** -0.000**
(0.000) (0.000)
Occupation: employee/public official
Self-employed 0.004 -0.056
(0.061) (0.095)
Part-time -0.348"* -0.287**
(0.075) (0.056)
Not working -0.325* -0.270**
(0.062) (0.051)
Others -0.338* -0.102
(0.134) (0.140)
Education: high school or lower
Junior college -0.021 0.052
(0.059) (0.043)
University or higher 0.347** 0.154**
(0.041) (0.046)
Financial education 0.904** 0.988**
(0.073) (0.089)
Household income/100 0.037** 0.017**
(0.007) (0.006)
Financial assets/100 0.071** 0.075**
(0.003) (0.003)
/cutl -1.601** 0.233
(0.218) (0.196)
/cut2 0.081 1.999**
(0.217) (0.198)
/cut3 2.557** 4.742**
(0.218) (0.203)
/cut4 5.046"" 7.680""
(0.229) (0.236)
N 11,658 12,130
Number of imputations 20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t1004

Fig 1 represents the association of age and financial literacy and age and self-rated financial
knowledge using the previous estimations. The financial literacy trend shows an increase with
age, which peaks when both men and women are in their early 60s. However, self-rated finan-
cial literacy, particularly for men, appears the lowest around age 70 and then begins to increase
among those older than that, in contrast to the trend for the measured financial literacy.

Gender gaps in financial literacy

The results indicate that men are more financially literate than women, with the coefficient of
the female dummy variable significant and negative (Table 1). Thus, the hypothesis that there
are gender gaps in financial literacy is supported.
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Fig 1. Age, financial literacy, and self-rated financial knowledge. This figure presents the relationship of age with financial literacy and self-rated
financial knowledge based on the estimation results in Table 2 for financial literacy. For self-rated financial literacy, we obtain marginal effects of age
and the square of age from ordered logistic regression with the outcomes of self-rated financial knowledge in a three-point Likert scale (very low/low,
fair, and high/very high) for presentation simplicity of the results. The lines show point estimates, with shaded areas representing 95% confidence
intervals, estimated by robust standard errors.

https://doi.org/10.1371/journal.pone.0259393.g001

Table 5 lists the result for the decomposition analysis of the gender gaps in financial literacy.
The observed gender gaps are explained by the differences in the distribution of the explana-
tory variables (64.1%), the responses for the explanatory variables (53.7%), and their interac-
tions (-17.8%). Among endowment effects, which account for the largest contribution among
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Table 5. Decomposition of gender differences in financial literacy.

Financial Literacy Men: 14.719 (0.067) Difference
‘Women: 13.480 (0.060) 1.240°* (0.090)
Endowments Coefficients Interaction
Overall 0.794**(0.073) 0.666**(0.113) -0.220*(0.099)
Attribution 64.1% 53.7% -17.8%
Age -0.192*%(0.073) -5.302*%(2.014) 0.057(0.030)
-24.2% -796.5% -25.8%
Age2 0.157**(0.061) 3.017**(1.130) -0.059(0.031)
19.8% 453.3% 26.9%
Occupation: employee/public official
Self-employed -0.034(0.021) 0.009(0.015) 0.015(0.025)
-4.2% 1.3% -6.6%
Part-time 0.050%(0.024) -0.073(0.064) 0.046(0.041)
6.2% -11.0% -20.9%
Not working 0.058(0.043) 0.288"(0.136) -0.151%(0.071)
7.2% 43.3% 68.3%
Others 0.001(0.002) -0.005(0.011) -0.000(0.001)
0.2% -0.7% 0.2%
Education: high school or lower
Junior college -0.073*%(0.024) -0.106(0.076) 0.061(0.044)
-9.1% -15.9% -27.5%
University or higher 0.676"*(0.043) -0.151*%(0.058) -0.144*%(0.056)
85.1% -22.6% 65.5%
Financial education 0.061**(0.013) -0.084**(0.022) -0.054**(0.016)
7.7% -12.6% 24.6%
Household income/100 0.055**(0.011) 0.139(0.163) 0.012(0.014)
6.9% 20.9% -5.5%
Financial assets/100 0.035(0.023) -0.073(0.108) -0.002(0.003)
4.4% -10.9% 0.9%
Constant 3.005**(0.930)
451.5%
N 23,788 (Men: 11,658, Women: 12,130)

Number of imputations

20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t005

the three different effects, women’s lower financial literacy is explained mainly by the smaller
number of women who graduated with a university degree or higher (85.1%), followed by age,
occupation as a part-time worker, receiving financial education, and income.

Financial behaviours and attitudes

Table 6 shows the results for financial behaviour. Women tend to reflect more preferable

financially behaviour than men (B: 0.329, standard error [SE]: 0.040); however, the tendencies
between men and women are similar: age is associated with a decrease in preferable financial

behaviour (Men, B: -0.045, SE: 0.013; Women, -0.025, SE: 0.012) but the growth rate increases
among the older respondents (Men, B: 0.001, SE: 0.000; Women, 0.000, SE: 0.000).
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Table 6. Estimation results for financial behaviour by OLS.

(1) All (2) Men (3) Women
Age -0.032** -0.045"* -0.025*
(0.009) (0.013) (0.012)
Age? 0.000** 0.001** 0.000*
(0.000) (0.000) (0.000)
Female 0.329"*
(0.040)
Occupation: employee/public official Reference
Self-employed 0.050 0.001 0.133
(0.071) (0.085) (0.132)
Part-time -0.042 -0.150 0.045
(0.060) (0.103) (0.080)
Not working 0.140** -0.015 0.251**
(0.052) (0.084) (0.071)
Others 0.234 0.237 0.240
(0.124) (0.172) (0.178)
Education: high school or lower Reference
Junior college 0.038 0.087 0.020
(0.048) (0.083) (0.061)
University or higher 0.103* 0.070 0.134*
(0.043) (0.059) (0.064)
Financial education 0.252** 0.232* 0.274*
(0.075) (0.094) (0.118)
Financial literacy 0.076"* 0.084** 0.067**
(0.003) (0.004) (0.004)
Household income/100 -0.027** -0.026* -0.033"*
(0.007) (0.010) (0.009)
Financial assets/100 0.057** 0.063** 0.053**
(0.003) (0.005) (0.005)
Constant 14.421** 14.548"* 14.731**
(0.203) (0.308) (0.276)
N 23,788 11,658 12,130
Number of imputations 20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t1006

Table 7 presents the results for financial attitude. Women are less likely than men to place a
larger value on present benefits (B: 0.639, standard error [SE]: 0.039). The association with age
is found only in women (Age, B: 0.035, SE: 0.012; Age?, -0.001, SE: 0.000).

Fig 2 represents the association of age with financial behaviour and attitude using the previ-
ous estimations. In contrast to financial literacy, the preferable financial behaviour trend
shows a U-shaped curve with the lowest value around age 45 and higher values among
women. For financial attitude, it is associated with age only in women, and shows a decrease
with age after around age 35.

Gender gaps in financial behaviours and attitudes

As shown in the results in Tables 6 and 7, we find that financial behaviour and attitude vary
between men and women: In contrast to financial literacy measured by financial knowledge,
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Table 7. Estimation results for financial attitude by OLS.

(1) All (2) Men (3) Women
Age -0.027** -0.013 0.035**
(0.008) (0.012) (0.012)
Age’ 0.000** 0.000 -0.001**
(0.000) (0.000) (0.000)
Female 0.639"*
(0.039)
Occupation: employee/public official Reference
Self-employed 0.278"* 0.308"* -0.320"
(0.069) (0.081) (0.135)
Part-time 0.270** 0.418"* -0.239**
(0.057) (0.097) (0.077)
Not working -0.066 0.112 0.122
(0.050) (0.080) (0.068)
Others -0.158 -0.249 -0.007
(0.128) (0.177) (0.187)
Education: high school or lower Reference
Junior college -0.162%* -0.215** 0.116*
(0.047) (0.079) (0.059)
University or higher -0.175%* -0.184** 0.117
(0.042) (0.057) (0.064)
Financial education 0.147* 0.125 -0.207
(0.073) (0.092) (0.113)
Financial literacy
Household income/100 -0.066"* -0.057** 0.076**
(0.003) (0.004) (0.004)
Financial assets/100 0.024** 0.029** -0.025**
(0.006) (0.009) (0.009)
Constant 7.678** 7.952%* 8.233**
(0.190) (0.280) (0.267)
N 23,788 11,658 12,130
Number of imputations 20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t007

women tend to reflect more preferable financial behaviours and attitudes than men. Conse-
quently, we conducted decomposition analyses for these variables.

Table 8 lists the result for the decomposition analysis of the gender gaps in financial behav-
iour. The observed gender gaps are explained by the differences in the responses for the
explanatory variables (157.4%), and their interactions (-34.6%) while the overall endowment
effects are not significant. Therefore, the unexplained parts are the major reasons for the gen-
der difference. Among endowments effects, financial knowledge and employment status
largely account for the gender difference.

Table 9 lists the result for the decomposition analysis of the gender gaps in financial literacy.
In line with financial attitude, the unexplained parts (i.e. coefficients effects and interaction
effects) largely account for the gender difference.
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Fig 2. Age, financial behaviour, and financial attitude. This figure presents the relationship of age with financial behaviour and attitude based on the
estimation results in Tables 6 and 7. The lines show point estimates, with shaded areas representing 95% confidence intervals estimated by robust
standard errors.

https://doi.org/10.1371/journal.pone.0259393.9002

Robustness check

To check the robustness of our findings, we conduct additional analyses using a different mea-
surement of financial literacy. Here, we define financial literacy by the ’Big 3’ questions [21]
(i.e. No. 8, 10, and 14 in Table 1), which address numeracy, understanding of inflation, and
knowledge about stocks and risk diversification. Although we find similar results to those
from our more detailed measurements, the contribution of the differences in the distribution
of the explanatory variables to gender gap in financial literacy is smaller, which may suggest
that a small variation in the measurement based on only three questions may generate a mea-
surement error (S1 and S2 Tables).

Discussion

The purpose of this study was to investigate gender differences in financial literacy, as well as
the association of financial literacy with individual characteristics (e.g. age and education).
Our findings are twofold:

First, we find an inverse U-shaped relationship between financial literacy and age for both
men and women. However, for self-rated financial knowledge, particularly for men, the
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Table 8. Decomposition of gender differences in financial behaviour.

Financial behaviour Men: 15.343 (0.026) Difference: -0.238"* (0.036)
Women: 15.580 (0.025)
Endowments Coefficients Interaction
Overall 0.054(0.029) -0.374*%(0.046) 0.082*(0.041)
Attribution -22.8% 157.4% -34.6%
Age 0.014(0.008) -0.978(0.846) 0.011(0.010)
25.4% 261.4% 12.8%
Age2 -0.016(0.009) 0.638(0.474) -0.013(0.010)
-29.6% -170.4% -15.2%
Occupation: employee/public official
Self-employed 0.009(0.009) -0.005(0.006) -0.009(0.011)
16.8% 1.4% -11.0%
Part-time -0.006(0.010) -0.042(0.027) 0.026(0.017)
-11.2% 11.1% 31.8%
Not working -0.068**(0.019) -0.137%(0.057) 0.072*(0.030)
-124.6% 36.7% 87.2%
Others 0.000(0.001) -0.000(0.005) -0.000(0.000)
0.8% 0.0% 0.0%
Education: high school or lower
Junior college -0.004(0.011) 0.021(0.032) -0.012(0.018)
-6.7% -5.6% -14.5%
University or higher 0.037%(0.018) -0.018(0.025) -0.017(0.024)
67.4% 4.8% -21.1%
Financial education 0.010%(0.004) -0.002(0.008) -0.001(0.005)
17.7% 0.6% -1.8%
Financial literacy 0.083**(0.008) 0.232**(0.075) 0.021**(0.007)
152.7% -62.1% 26.0%
Household income/100 -0.014**(0.004) 0.033(0.065) 0.003(0.006)
-26.4% -8.8% 3.6%
Financial assets/100 0.010(0.006) 0.068(0.045) 0.002(0.002)
17.7% -18.2% 2.2%
Constant -0.183(0.390)
48.9%
N 23,788 (Men: 11,658, Women: 12,130)
Number of imputations 20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t008

opposite trend was observed: a U-shaped relationship with age was found. This trend is consis-
tent with findings in many other countries [3]. The study indicates that younger and older
people are likely to have lower financial literacy than those middle-aged. A recent study indi-
cates that the decline in crystallised intelligence and fluid intelligence contributes to a corre-
sponding decline in financial literacy [26]. Furthermore, among older people, while financial

literacy declines, self-rated financial literacy remains high. As known as an ‘overconfidence
bias,” the miscalibration of self-assessment is explained by heuristics biases, the probabilistic
mental model, and individual differences [27]. Among older people, self-confidence in finan-
cial management does not decline even though financial literacy drops in alignment with cog-
nitive decline, potentially reflecting beliefs about accumulated experiences or reluctance to
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Table 9. Decomposition of gender differences in financial attitude.

Financial attitude Men: 9.410(0.025) Difference: -0.537**(0.035)
Women: 9.947(0.025)
Endowments Coefficients Interaction
Overall 0.084**(0.028) -0.682**(0.045) 0.060(0.040)
Attribution -15.7% 127.0% -11.3%
Age -0.019*(0.009) -1.120(0.820) 0.012(0.010)
-22.3% 164.3% 19.9%
Age2 0.028%(0.012) 1.021%(0.459) -0.020(0.012)
32.9% -149.8% -33.2%
Occupation: employee/public official
Self-employed -0.022*(0.009) 0.000(0.006) 0.001(0.011)
-25.9% -0.1% 1.4%
Part-time 0.032**(0.010) -0.038(0.026) 0.024(0.016)
38.1% 5.6% 39.7%
Not working -0.033(0.018) -0.121*(0.055) 0.063*(0.029)
-38.9% 17.7% 104.4%
Others -0.000(0.000) 0.005(0.005) 0.000(0.001)
0.0% -0.7% 0.8%
Education: high school or lower
Junior college -0.021%(0.010) 0.031(0.031) -0.018(0.017)
-24.5% -4.6% -29.4%
University or higher 0.032(0.017) 0.019(0.024) 0.018(0.023)
37.9% -2.8% 30.1%
Financial education -0.007(0.004) 0.004(0.008) 0.003(0.005)
-8.6% -0.7% 4.7%
Financial literacy 0.094**(0.008) -0.257"*(0.072) -0.024**(0.007)
111.4% 37.7% -39.1%
Household income/100 -0.011**(0.004) -0.018(0.062) -0.002(0.006)
-13.2% 2.6% -2.6%
Financial assets/100 0.011(0.007) 0.072(0.041) 0.002(0.002)
13.1% -10.6% 3.2%
Constant -0.281(0.378)
41.3%
N 23,788 (Men: 11,658, Women: 12,130)

Number of imputations

20

a) coefficients, and robust standard errors in parentheses.
b) ** p<0.01, * p<0.05.

https://doi.org/10.1371/journal.pone.0259393.t009

accept a decrease in cognitive functioning due to natural aging [28,29]. Although gender dif-
ferences in the accuracy of self-assessment are inconclusive, the fact or stereotype that men are
more financially literate than women may contribute to a larger magnitude of overconfidence

among men [30,31].

Second, gender gaps in financial literacy are driven by differences in the distribution of the
independent variables that impact financial literacy (e.g. education and the amount of financial
assets). Previous research also suggests that women tend to be less financially literate than men
both in the younger and older age groups [3]. This could be perpetuated by an underinvest-
ment in financial literacy for women due to the stereotype that the financial capabilities of
women are low [32] or that men and women acquire financial literacy differently [33].
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However, no explicit reason had been confirmed. As women live longer than men, on average
[34], they have to have a financial plan for managing their longer lives. Thus, strategies are
needed that enhance financial literacy, particularly among women, and support financial deci-
sion making for a lifelong plan.

Our findings suggest that attaining higher education largely accounts for gender differences
in financial literacy. It has been pointed out that those with higher educational are more finan-
cially literate, as financial literacy is affected by skills that those with higher education tend to
possess potentially due to a positive association between financial literacy and cognitive skill
[3]. Other research suggests that higher education is correlated positively with the ability to
process information [35]. Therefore, gender differences could be mitigated through enhanced
educational opportunities, including financial education for women.

However, financial behaviours and attitudes among women were more positive than men
despite the better financial knowledge among men, in line with the previous findings [15].
This could be because the linkage of knowledge with behaviour and attitude is not always evi-
dent [36,37]. In addition, we find that the unexplained parts account for the gender gaps, as
traditionally, women tend to be more risk averse and have the higher propensity to save [38-
41]. Therefore, while enhancing financial knowledge is important, transforming it into actual
behaviour and attitude is also necessary.

Our findings suggest two important policy implications. First, there is a need to support
older adults regarding their financial decision making and for financial education for those
with low financial literacy. If an individual remains confident, even when financial literacy
declines, he/she may choose an inappropriate option or be subject to financial fraud without
sufficient understanding of the option and support from advisors. Therefore, it is crucial that
to provide appropriate assistance, financial planners in charge of support for financial decision
making among individuals understand that preferences, abilities, and natures can change as
people age. Simultaneously, individuals should be made aware that their financial literacy may
decline as they age. Second, financial education and resources that individuals can access easily
are required to ensure that necessary and timely information is available according to each life
stage. These resources should be well organised so that individuals can accumulate knowledge
that can enhance their actual financial behaviours and attitudes.

While our study investigates the determinants of financial literacy in Japan, focusing in par-
ticular on age and gender differences, it has several limitations. First, selection bias may exist,
as the sample of the Financial Literacy Survey 2016 was collected through an internet survey.
Thus, the surveyed sample may include those with higher IT literacy, especially among seniors.
Furthermore, the respondents may be more interested than the general population in topics
related to financial assets and decision making. Thus, the actual distribution of financial liter-
acy among all Japanese people may have a lower mean and decrease more as a consequence of
ageing. In fact, any sample of seniors randomly selected to measure financial literacy may be
biased due to the decline in cognitive functioning. Unbiased methods to measure financial lit-
eracy, financial behaviour, and financial assets among a general sample, particularly among
seniors, should be developed in future studies.

Second, as the Financial Literacy Survey 2016 is cross-sectional, it fails to follow any
changes in financial literacy in the participant associated with ageing, thus, results may be sub-
ject to cohort differences rather than effects of age. Nevertheless, it would be unrealistic to
study individuals from early to later life due to cost and sample attrition. Instead, it would be
helpful to utilise panel data, even considering a relatively short follow-up period, to verify
when and how individuals enhance their financial literacy and financial behavioural choices
for better strategies related to financial asset management.
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Additionally, endogeneity can be problematic in research on financial literacy and financial
behavioural choices: as high financial literacy enables better financial behavioural choices,
individuals might acquire literacy related to financial decision making when they have to make
financial choices [3]. Moreover, unobserved factors, not considered in this study due to data
restriction, may account for financial literacy and generate gender differences in financial liter-
acy. Therefore, a further investigation should focus on: (1) causal impacts of financial literacy
on financial behavioural choices and outcomes of actual asset management; (2) when and how
individuals acquire financial literacy, and whether it improves financial behavioural choices; 3)
if any other factors account for gender differences in financial literacy, behaviours, and atti-
tudes. One previous work found that financial literacy, even among an educated group, was
low [42]. However, concrete evidence for reasons why women are less financially literate than
men seems difficult to find [3]; thus, accumulating such evidence is needed to enhance wom-
en’s financial literacy.

In conclusion, we found an inverse U-shaped relationship between age and financial liter-
acy for both men and women, while the opposite trend appeared for age and self-rated finan-
cial knowledge, particularly among men. Furthermore, men were more financially literate
than women and this difference could be explained by endowment effects, specifically higher
education, coefficient effects, and interaction effects. Due to time and budget constraints, most
studies on this topic utilise observational approaches. Hereafter, intervention studies and evi-
dence-based policymaking will be required to support individuals in financial asset manage-
ment to enable ‘the 100-Year Life’.
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