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Abstract

Our study contributes to a better understanding of the relationship between financial
literacy and households’ investments in risky assets. We estimate a structural equa-
tion model with data from the Panel on Household Finances of the German central
bank. Our results show that although households’ net wealth is the dominant driver
of investments in risky assets, financial literacy plays a remarkable role. Financial
literacy has an indirectly positive influence on participation in the financial market.
The higher the financial literacy, the lower is the risk aversion. The lower the risk
aversion, the higher is the participation in the financial market.

Keywords Financial markets participation - Risky investments - Personal finance -
Household finance

JEL Classification D14 - D81 - D91 - G11 - G41 - G51

1 Introduction

The participation of private households in financial markets is one of the key issues
in the literature on empirical financial markets in general and in the emerging field
of household finance in particular (see Cocco et al. 2005; Campbell 2006; Halko
et al. 2012; Guiso and Sodini 2013; Kaustia et al. 2019; Oehler and Horn 2020).
Studies have postulated theoretically and empirically that financial literacy, or the
lack thereof, is a key driver of whether and to what extent people participate in
financial markets (see Lusardi and Mitchell 2008, 2014; Van Rooij et al. 2011; von
Gaudecker 2015; Chatterjee et al. 2017; Oehler et al. 2018b).
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In this study, we examine the relationship between financial literacy and house-
holds’ investments in risky assets. To do so, we first use a structural equation model
(SEM) that applies the extensive database on the third wave of data from the Panel
on Household Finances (PHF) in 2017 compiled by the German central bank. We
also introduce a set of risky assets as proxies for participation in the financial mar-
ket, such as mutual funds, bonds, publicly traded shares, value of non-self-employ-
ment private business, and other financial assets (e.g., total value of shares in coop-
eratives, precious metals, options, futures) that are unique to the literature.

Our results indicate that households’ net wealth is the dominant factor in driv-
ing the investment in risky assets and participation in the financial market. With a
regression weight of 0.84, which is significant at the one per-mill level, net wealth
is the crucial variable in explaining the extent of participation in financial markets.
These results correspond to other studies on a decreasing relative risk aversion
(DRRA; see, e.g. Cohn et al. 1975; Oehler 1998; Guiso and Sodini 2013; Calvet and
Sodini 2014), the Behavioural Portfolio Theory (BPT; see, e.g., Shefrin and Statman
2000; Das et al. 2010; Statman 2017; Oehler and Horn 2020), and a portfolio hier-
archy of financial needs (Kaustia and Luotonen 2016; Oehler et al. 2018a; Kaustia
et al. 2019).

Furthermore, higher financial literacy does not directly trigger investments in
risky assets but through its influence on risk aversion. The higher the financial liter-
acy, the lower the risk aversion is. Literacy has a regression weight of —0.41 which
is significant at the one-per-mill level.

A household’s risk aversion has a moderate effect on the investments in risky
assets with a regression weight of —0.11 which is significant at the 1% level. Hence,
lower risk aversion triggers higher investments in risk assets. This result is consist-
ent with the literature.

Our study is organized as follows: In the next section, we describe the dataset
with the independent and dependent variables used in the model, including a brief
summary of the related literature and first descriptive evidence. In Sect. 3, we pre-
sent our method for estimating the SEM. In Sect. 4, we present the empirical results.
We discuss our findings and conclude in Sect. 5.

2 Data
2.1 PHF survey data

We use data from the third wave of the Panel on Household Finances (PHF) by
the German central bank (Deutsche Bundesbank). The dataset covers a variety of
financial and behavioral variables at the household level, such as questions about
a household’s wealth as invested in different asset classes and personal data on all
household members. Each household is represented by a financially knowledgeable
person (FKP) who can provide the necessary information about the household and
is assumed to be mainly responsible for the household’s financial decisions (see
von Kalckreuth et al. 2012; PHF Survey Team 2019a, 2019b; Altmann et al. 2020).
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Information about the FKP comprises age, gender, graduation, professional qualifi-
cation, and financial literacy.

The PHF Survey data can be considered as a dataset with only a small meas-
urement error. First, trained interviewers conduct the interviews. These interviews
are face-to-face and computer-aided which should almost eliminate the possibility
of errors during data collection. Second, Deutsche Bundesbank’s comparisons with
external statistics show that the PHF dataset does not suffer from selectivity prob-
lems. Hence, the dataset is representative of German households.

The third wave of the PHF started in March 2017, and the collection process
ended in November 2017. The total number of households that participated was
4962. For the structural equation model (SEM), we divided the variables into two
categories: independent or exogenous variables and dependent or endogenous vari-
ables. An overview of the variables used in the empirical analysis and how they
were measured are presented in Table 1.

Table 2 displays the descriptive statistics.

2.2 Dependent or endogenous variables

We use RiskyAssets (households’ amount of wealth invested in risky assets), FinLit]
and FinLit2 (Financial Literacy), and RiskFin and RiskGen (Risk Aversion) as the
dependent variables.

2.2.1 Participation in the financial market

Following the literature the variable RiskyAssets is measured in Euros and is used
as a proxy for participation in the financial market (Calvet et al. 2007; Halko et al.
2012; Calvet and Sodini 2014; Bucciol et al. 2019). RiskyAssets comprises the fol-
lowing wealth positions of a household (2019b, 4-5): mutual funds, bonds, publicly
traded shares, value of non-self-employment private business, and other financial
assets (survey definition: total value of shares in cooperatives; precious metals;
options; futures; effective pieces of securities which are not held in a securities
account; claims arising from legal proceedings or from an estate extraction rights,
for example, for oil and gas; claims arising from patents and licenses; other securi-
ties in securities account; and market value of certificates in total). Following von
Gaudecker (2015), we exclude households with less than 1000 Euros in risky assets,
which also means that we exclude households that do not invest in risky assets at
all. This restriction decreases the sample from 4962 to 1963 households. There are
three main reasons for this restriction. First, since the majority of households does
not invest in risky assets at all, including these households would skew the results
toward differences between non-investing households and investing households. We,
however, aim to explain differences in the invested wealth among households that
invest in asset markets. Second, including households that invest only tiny fractions
of their wealth in risky assets may contribute to noisy results. Third, by using the
same cut-off value as previous studies, we ensure a better comparability with previ-
ous results (see also, e.g., Oehler and Horn 2019).
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Table 1 Overview and descriptions of variables used in the empirical analysis

Variable Description

Exogenous (independent) Variables
Wealth Status NetW_calc

ddn3001 ddn3001, the calculated net-wealth position, is calculated in Euros: “Total
household assets excluding public and occupational pension wealth
minus household’s total outstanding liabilities.” (PHF Survey Team
2019b, 11)

Level of Education LevEduc

School School is the highest level of school education completed and is deter-
mined by the answer to the question, “What is the highest school degree
that you have?” 1—Lower level secondary school (Hauptschule); 2—
Mid-level secondary school (Realschule); 3—Degree in vocational
school, 10th grade; 4—Secondary school (Fachoberschule) with diploma
permitting admission to university of applied sciences; 5—General or
specific upper level secondary school permitting admission to univer-
sity (Gymnasium or EOS and EOS with training)” (PHF Survey Team
2019b, 30) and 0 otherwise

Profession Profession is the highest level of professional education completed and
is determined by the answer to the question, “Do you have a completed
vocational degree or a university degree? If there are multiple degrees,
please list only the highest one. |—Currently in vocational training or
degree program; 2—Yes, completed work-company training program
(apprenticeship); 3—Yes, completed professional-school vocational
training (vocational school, higher business school); 4—Yes, completed
training at a vocational college, master or technical college, vocational
or specialist academy (with up to 880 h); 5—Yes, bachelor’s degree,
degree from University of Applied Science, engineering college com-
pleted; 6—Yes, diploma—or master’s degree, graduated with training as
teacher or—Yes, completed specialist academy with a long preparation
time of more than 880 h; 7—Yes, received PhD/second dissertation”
(PHF Survey Team 2019b, 31) and 0 otherwise

Financial Satisfaction Status SatFin

dhi0750 dhi0750 is the variable to measure the satisfaction with financial status
(subjective) and is determined by the answer to the question on the
estimate of the wealth distribution position of the household, “Looking
at this net worth, what section of Germany’s wealth distribution do you
think the household is in?”” on a scale from 1 to 10. One is the bottom
10%, 10 is the top 10% of net worth in Germany. (PHF Survey Team
2019a, 42)

Life-Cycle Status Age

2017-year of birth 2017-year of birth is calculated for the variable age (calculated as the
difference between the year of the third wave of the survey (2017; PHF
Survey Team 2019a, 168) and the year of birth)
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Table 1 (continued)

Variable

Description

Patience
zi105

Following the literature (Fey et al 2020, 8), a possible reason why
individuals invest less in risky assets may be a lack of patience because
these investments require a degree of tenacity in order to endure the
ups and downs in the capital market. Zi105 is the variable to measure
patience and is determined by the answer to the question, “How do you
view yourself personally? Are you in general a person who is patient or
do you tend to be impatient? Please use the numbers from O to 10: Zero
means “‘very patient” and 10 means “very impatient”. With the values in
between you can graduate your rating.” (PHF Survey Team 2019a, 121)

Endogenous (dependent) Variables

Financial Market Participation FinMaPar

RiskyAssets

Financial Literacy FinLit
FinLitl

FinLit2

Following the literature, the variable RiskyAssets is measured in Euros and
is used as a proxy for participation in the financial market (Calvet et al.
2007; Halko et al. 2012; Calvet and Sodini 2014; Bucciol et al. 2019).
The variable includes the following wealth positions of a household
as recalculated by the PHF Survey Team (2019b, 4-5): mutual funds,
bonds, publicly traded shares, value of non-self-employment private
business, and other financial assets (survey definition: Total value of
shares in cooperatives; precious metals; options; futures; effective pieces
of securities which are not held in a securities account; claims arising
from legal proceedings or from an estate extraction rights, for example,
for oil and gas, claims arising from patents and licenses; other securities
in securities account; and market value of certificates in total). Follow-
ing von Gaudecker (2015), we exclude households with less than 1000
Euros in risky assets

FinLitl is determined by the answers to four questions which have been
broadly used in the literature and cover knowledge about the effects
of compound interest, inflation, and diversification (the so-called Big
Three, e.g., Lusardi and Mitchell 2008, 2011, and 2014, Bucher-Koenen
et al. 2017, Bucher-Koenen and Knebel 2021, Bucher-Koenen et al.
2021), plus a fourth question on compound interest and debt (PHF
Survey Team 2019a, 164-165)

The literature often codes these variables as indicators (e.g., Van Rooij
et al. 2011). For our analysis we create the variable FinLitl which equals
four if all answers are correct, three if three out of four answers are true,
two if two out of four questions are answered correctly, one if only one
answer is correct, and zero otherwise

FinLit2 is determined by the answer to the question about economic
education in school, “During your schooling or vocational training did
you attend any talks, courses or training sessions on household finances
or asset management?” (PHF Survey Team 2019a, 32). The variable
FinLit2 equals one if one participated and zero otherwise
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Table 1 (continued)

Variable Description
Risk Aversion RiskAv
RiskFin RiskFin is the self-assessment of risk preferences in the financial domain

and is determined by the answer to the question, “If savings or invest-
ment decisions are made in your household, which of the statements best
describes the attitude toward risk?” (PHF Survey Team 2019a, 153) on

a scale from 1 to 4. One means “We take significant risks and want to
generate high returns”, 2 means “We take above-average risks and want
to generate above-average returns”, 3 means ‘“We take average risks and
want to generate average returns”, and 4 means “We are not ready to
take any financial risks”

RiskGen RiskGen is the self-assessment of general risk-taking and is determined
by the answer to the question, “How do you view yourself: Are you in
general a risk-taking person or do you try to avoid risks?” on a scale
from 0 to 10. 0 means that you are “very willing to take risks”, 10 means
that you are “not at all ready to take risks” (the original scale is recoded
to align in the same direction as in the question on risk aversion in the
financial domain)

Table provides an overview of the variables used in the empirical analysis and variable descriptions from
the PHF

2.2.2 Financial literacy

For the definition of financial literacy, we follow the growing strand of litera-
ture that uses the concept of financial capability with the key element of practical
skills (see Bernheim et al. 2001; Dixon 2006; Oehler and Werner 2008; Deepak
et al. 2015; Aubram et al. 2016; Xiao and O’Neill 2016; Oehler et al. 2018b) and
the related concept of financial competencies by the OECD (OECD/INFE 2016).

To measure financial literacy empirically, Lusardi and Mitchell developed
three questions that they used to elicit a survey-based and empirically narrow def-
inition of financial literacy (see Lusardi and Mitchell 2011, 2014; Bucher-Koenen
and Knebel 2021; Bucher-Koenen et al. 2021).

The three questions were on compound interest, inflation, and risk diversifica-
tion. The PHF Survey also follows this measurement of financial literacy. How-
ever, in its third wave, it added a fourth question on compound interest and debt
(PHF Survey Team 2019a, 164-165).

We determine our first variable on financial literacy, FinLitl, with the answers
to these four questions and code the answers as indicator variables (e.g., Van
Rooij et al. 2011). For our analysis we create the variable FinLit/ which equals
four if all answers are correct, three if three out of four answers are correct, two if
two out of four questions are correct, one if only one answer is correct, and zero
otherwise.

Table 3 shows the frequency distribution for FinLitl. Of the households, 55.6%
answered all four questions correctly. This percentage is a good value considering
that the proportion of people in Germany that answer all of the original three ques-
tions correctly varies between 53 and 62% (Bucher-Koenen and Knebel 2021).
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Table2 Summary statistics on participants’ characteristics (N=1963)

Mean Median SD Min Max

Wealth Status NetW_calc in Euros

ddn3001 826,309 478,490 2439,326 0.00 92,691,570
Level of Education LevEduc

School 4.58 5.00 1.61 0.00 6.00

Profession 4.16 5.00 1.99 0.00 7.00
Financial Satisfaction Status SatFin

dhi0750 5.41 5.00 1.94 0.00 10.00
Life-Cycle Status Age

2017-year of birth 59.83 61.00 14.95 19.00 90.00
Patience

zil05 4.79 5.00 2.34 0.00 10.00
Financial Market Participation FinMaPar in Euros

RiskyAssets 112,059 27,000 351,598 1000 6500,000
Financial Literacy FinLit

FinLitl 3.38 4.00 0.84 0.00 4.00

FinLit2 0.35 0.00 0.48 0.00 1.00
Risk Aversion RiskAv

RiskFin 3.43 3.00 .58 1.00 4.00

RiskGen 5.58 5.00 2.07 0.00 10.00

Table displays descriptive statistics of participants’ characteristics. For each variable we provide mean
value (Mean), median value (Median), standard deviation (SD), minimum value (Min), and maximum
value (Max). Example: The mean value of RiskyAssets is 112,059 Euros with a range from 1000 Euros
to 6,500,000 Euros (following von Gaudecker 2015, we exclude households with less than 1000 Euros in
risky assets)

Table 3 Frequency distribution

for FinLitl Frequency Percent
0 27 14
! 42 2.1
2 176 9.0
3 627 31.9
4 1091 55.6
Total 1963 100.0

The PHF Survey enables us to add a second measure of financial literacy: Fin-
Lit2. This variable is determined by the answer to a specific question about eco-
nomic education in school, that is, whether the respondent participated in courses
or training sessions on household finances or asset management (PHF Survey
Team 2019a, 32). The variable FinLit2 equals one if a member of the respective
household participated and zero otherwise. Over one-third of the households par-
ticipated in such courses or training sessions (35.3%).
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26 A.Oehler et al.

2.2.3 Risk aversion

The degree of risk aversion is one of the main determinants of investments in
risky assets and participation in the financial market. Risk aversion is covered
by two different concepts in the financial domain (see Schoemaker 1993; for an
overview of these concepts in different domains and from different research per-
spectives). One strand of literature relies on the neo-classical assumption that the
financial risk of an individual reflects their socioeconomic and sociodemographic
characteristics that mirrors exactly their risk aversion (see, e.g., Pratt 1964;
Arrow 1965). Hence, it can be measured by the self-selected level of financial
risk that is considered objective risk aversion (see Nosic and Weber 2010). Other
studies use the terms risk-taking (Schooley and Worden 1996), observed risk-tak-
ing (Schoemaker 1993), risk tolerance (Wang and Hanna 1997), or relative risk
aversion (Riley and Chow 1992).

Another strand of literature assumes that investment decisions are the result of
a process that is additionally influenced by individuals’ subjective perception, heu-
ristics, and bounded rationality (see, e.g., the survey of Hirshleifer (2015) on the
behavioral aspects of the decision process). Therefore, the investment decisions, and
likewise the measured objective risk aversion, are most likely driven by partially
unobservable factors (see, e.g., Schoemaker 1993). In this framework, researchers
consequently can only measure an individual’s risk aversion by directly asking them
to self-assess their willingness to take financial risk (see, e.g., Chaulk et al. 2003;
Nosic and Weber 2010; Dohmen et al. 2011). Since individuals’ self-assessment
always includes subjective components, it is a subjective risk aversion. Other studies
use the terms such as financial risk aversion (Kaustia and Luotonen 2016) or intrin-
sic attitude toward risk (Schoemaker 1993).

Both concepts undoubtedly have their merits. Since the concepts are not mutu-
ally exclusive, some studies combine both in one framework. For example, Nosic
and Weber (2010) differentiate between subjective and objective risk aversion. To
measure subjective risk aversion, subjects are asked to rate their willingness to take
financial risks on a scale from 1 to 5. Nosic and Weber (2010) find that the answer
to this question is a significant determinant of the objective risk aversion, i.e., the
amount of money a subject invests in stocks (see also Schooley and Worden 1996;
Chaulk et al. 2003; Halko et al. 2012; Kaustia and Luotonen 2016). Oehler et al.
(2018a) conclude from a simultaneous analysis of both measures of risk aversion
in an experimental setting that the subjective risk aversion is a better predictor for
the objective risk aversion than a set of commonly used sociodemographic and eco-
nomic factors such as age or income.

Dohmen et al. (2011) add to this discussion and use a question asking people
about their willingness to take risks “in general”. They find that an experiment that
uses paid lottery choices confirms the behavioral validity of this measure as they
conclude that this question is the best all-round predictor of risky behavior.

Following the main findings of the literature, we use both measures to deter-
mine a household’s subjective risk aversion: the self-assessment of risk aversion
in the financial domain, RiskFin; and the self-assessment of general risk-taking,
RiskGen.
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Table 4 Frequency distribution for RiskFin

RiskFin Frequency Percent

We take significant risks and want to generate high returns 5 0.3

We take above-average risks and want to generate above-average 80 4.1
returns

We take average risks and want to generate average returns 951 48.4

We are not ready to take any financial risks 927 47.2

Total 1963 100.0

Table 5 Frequency distribution RiskGen

. Frequency Percent
for RiskGen
Very willing to take risks 13 0.7
1 21 1.1
2 93 4.7
3 196 10.0
4 279 14.2
5 405 20.6
6 264 134
7 323 16.5
8 223 11.4
9 78 4.0
Not at all ready to take risks 68 3.5
Total 1963 100.0

RiskFin is determined by the answer to the question, “If savings or investment
decisions are made in your household, which of the statements best describes the
attitude toward risk?” (PHF Survey Team 2019a, 153), on a scale from one to four.
One means that “We take significant risks and want to generate high returns”;
two means that “We take above-average risks and want to generate above-average
returns”’; Three means that “We take average risks and want to generate average
returns”; and four means that “We are not ready to take any financial risks”.

RiskGen is determined by the answer to the question, “How do you view your-
self? Are you in general a risk-taking person or do you try to avoid risks?” on a
scale from 0 to 10. Zero means that you are “very willing to take risks”; 10 means
that you are “not at all ready to take risks” (the original scale is recoded to align
in the same direction as in the question on risk aversion in the financial domain).

Table 4 shows the frequency distribution for RiskFin. About half of the house-
holds are absolutely risk averse (47.2%).

Table 5 shows the frequency distribution for RiskGen. The median value is five
and indicates that the general risk aversion is not as high as the risk aversion in the
financial domain.
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2.3 Independent or exogenous variables

We use the variables NetW_calc (Wealth Status), LevEduc (Level of Education),
SatFin (Financial Satisfaction Status), Age (Age), and Patience (Patience) as inde-
pendent variables.

2.3.1 Wealth status

We use the calculated net wealth position that is measured in Euros and that is
derived from the total household assets excluding public and occupational pension
wealth and minus the household’s total outstanding liabilities (variable “ddn3001”,
PHF Survey Team 2019b, 11). Following Calvet and Sodini (2014), Kaustia et al.
(2019), Oehler and Horn (2020), and Fey et al. (2020), we predict that the house-
holds’ net wealth position is a key driver for the extent of participation in risky
assets, and we use it as a proxy for participation in the capital market: the higher the
net wealth, then the higher the amount invested risky assets should be.

Table 6 presents the means of the volume invested in risky assets per quartile of
the net wealth position.

2.3.2 Level of education

According to Guiso and Sodini (2013), Kaustia et al. (2019), Bucher-Koenen et al.
(2021), and Bucher-Koenen and Knebel (2021), the basic and main drivers of finan-
cial literacy are the formal level of education in school and the formal level of pro-
fessional education. Education can affect decision-making in several ways; for exam-
ple, through increasing financial literacy and cognitive skills, or social networks, job
opportunities, and beliefs and attitudes (Kaustia et al. 2019).

We combine the highest level of school education completed and the highest level
of professional education completed in LevEduc. Specifically, we use “dpa0300”
(PHF Survey Team 2019b, 30) for the formal first level of education and “dpa0400”
(PHF Survey Team 2019b, 31) for the formal second level of education.

Table 7 shows the frequency distribution for the level of education in school.

Table 8 shows the frequency distribution for the level of professional education.

Table 6 Means of the volume

X A Net wealth_quart Mean in Euros N

invested in risky assets per

quartile of the net wealth RiskyAssets

position
1 20,241 491
2 42,377 491
3 72,862 491
4 313,168 490
Overall 112,059 1963
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Table7 Frequency dlistrlt?utlon School
for the level of education in
school

Frequency Percent

Lower level secondary school (Hauptschule) 279 14.2
Mid-level secondary school (Realschule) 452 23.0
Degree in vocational school, 10th years 44 22
Secondary school (Fachoberschule) with 211 10.7

diploma permitting admission to university
of applied sciences
General or specific upper level secondary 973 49.6
school permitting admission to univer-
sity (Gymnasium or EOS and EOS with

training)
Other 4 0.2
Total 1963 100.0

2.3.3 Financial satisfaction status

Xiao and O’Neill (2016) finds that financial satisfaction or well-being rises if a
household’s financial situation is above the national average. The PHF Survey pro-
vides a subjective measure of financial satisfaction that captures the self-perceived
overall financial status.

We use SatFin which is determined by the answer to the question, “Looking at
this [your] net worth, what section of Germany’s wealth distribution do you think
the household is in?” on a scale from 1 to 10. One represents the bottom 10%, and
10 represents the top 10% of net worth in Germany (variable “dhi0750”, PHF Sur-
vey Team 2019a, 42).

Following Xiao and O’Neill (2016), we predict that the subjective financial sat-
isfaction, SatFin affects the risk aversion: the higher the satisfaction, then the lower
the risk aversion.

Table 9 shows the mean values of risk aversion in the financial domain, RiskFin,
across the different levels of SatFin. The lowest financial risk aversion is realized
within the upper deciles of SatFin.

2.3.4 Age

Following Guiso and Sodini (2013), human capital is accumulated slowly through
formal education or work experience. Over the life cycle, it reaches its highest level
early in life and then declines as the number of earning years lowers and the flow of
expected income declines. Therefore, we use the variable Age as a proxy for the life-
cycle status.

Moreover, age is negatively related to the sophistication of a household’s finan-
cial decisions (Calvet et al. 2009). Korniotis and Kumar (2011) state that although a
household’s experience regarding investment decisions increases with age, this posi-
tive effect is dominated by adverse effects of cognitive aging, which, overall, leads
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Table 8 Frequency distribution for the level of professional education

Profession Frequency Percent
Currently in vocational training or degree program 10 0.5
Completed work-company training program (apprenticeship) 564 28.7
Completed professional-school vocational training (vocational school, 98 5.0
higher business school)
Completed training at a vocational college, master or technical college, 205 10.4
vocational or specialist academy (with up to 880 h)
Bachelor’s degree, degree from University of Applied Science, 218 11.1
engineering college completed
Diploma- or master’s degree, graduated with training as teacher or 653 33.3
completed specialist academy with a long preparation time of more
than 880 h
PhD/second dissertation 130 6.6
Other 85 43
Total 1963 100.0

to worse investment decisions with increased age. Hence, we predict that financial
literacy will be higher at a lower age.

Age is calculated as the difference between the year of the third wave of the sur-
vey (2017; PHF Survey Team 2019a, 168) and the year of the birth of the FKP.
Some empirical studies have also used the squared age and higher moments of age
(Poterba and Samwick 2001; Ameriks and Zeldes 2004; Cocco et al. 2005; Guiso
and Sodini 2013; Fagereng et al. 2017; Kaustia et al. 2019; Fey et al. 2020). When
we use the age squared, the results of our model differ only marginally. Hence, we
only use Age for a more logical interpretation.

Table 10 shows the mean values of FinLitl in different age groups.

2.3.5 Patience

Following the literature (Fey et al. 2020), a possible reason why individuals invest
less in risky assets may be a lack of patience because these investments require a
degree of tenacity in order to endure the ups and downs in the capital market. In the
PHF Survey, patience is measured by the answer to the question, “How do you view
yourself personally: Are you, in general, a person who is patient, or do you tend to
be impatient? Please use the numbers from O to 10: Zero means “very patient” and
10 means “very impatient” (variable “zi105”, PHF Survey Team 2019a, 121).

@ Springer



Investment in risky assets and participation in the financial... 31

Table.9 Mean values.of risk ) SatFin Mean N % of Total

aversion in the financial domain,

RiskFin, across the different RiskFin

levels of SatFin
0 3.6111 18 0.9
1 3.9032 31 1.6
2 3.6727 55 2.8
3 3.6193 218 11.1
4 3.6118 304 155
5 3.4961 406 20.7
6 3.3142 331 16.9
7 3.2674 344 17.5
8 3.2323 155 79
9 3.0877 57 2.9
10 3.0227 44 2.2
Total 3.4261 1963 100.0

3 Structural equation model

Structural equation modeling is a family of statistical models that seek to explain the
relationships among multiple variables (Hair et al. 2010; Byrne 2016). It requires
the construction of measurement models and structural models. Measurement mod-
els contain both latent variables (unobserved, not measured) and indicator variables
(observed, measured). Structural models depict latent variables and the connections
between them. When the measurement models and the structural model are consid-
ered together, the model is considered to be a structural equation model.

Structural equation modeling has been used in many disciplines and has become
an important analysis method in academic research (e.g., Byrne 2001; Kline 2005;
Savalei and Bentler 2006; Hair et al. 2010). Its multivariate statistical approach
allows for the examination of both the measurement and structural components of a
model by simultaneously testing the relationships among multiple independent and
dependent constructs.

Figure 1 displays an overview of the hypothesized relationships and the expected
effects of the level of education and age on financial literacy; the influences of

Table 10 Mean values of

FinLitl in different age groups Age_groups/year Mean N % of Total
FinLit]
<25 years 3.5238 21 1.1
26 <50 years 3.4922 514 26.2
51 <75 years 3.3799 1087 554
>76 years 3.2141 341 17.4
Total 3.3821 1963 100.0
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financial satisfaction and financial literacy on the risk aversion; and the effects of
patience, net wealth, and risk aversion on participation in the financial market. The
directions of the arrows illustrate the expected influence of the unobserved variables.

Figure 1 displays an overview of the structural model and the hypothesized rela-
tionships and the expected effects of the level of education and age on financial lit-
eracy; the influence of financial satisfaction and financial literacy on the risk aver-
sion; and the effects of patience, net wealth, and risk aversion on participation in the
financial market. The directions of the arrows illustrate the expected influence of the
unobserved variables.

According to our hypotheses, the signs at the arrows indicate whether the effects
are positive (“+”) or negative (“—""). Example: We predict a positive influence of net
wealth on participation which means that households with higher net wealth hold a
higher volume of risky assets as a proxy for that participation.

As discussed in Sect. 2, we predicted the net wealth position, NetW_calc, as the
main driver for participation in the financial market, FinMaPar. FinMaPar is meas-
ured in Euros and includes the wealth invested in mutual funds, bonds, publicly
traded shares, non-self-employment private business, and other financial assets. Fol-
lowing von Gaudecker (2015), we exclude households with FinMaPar < 1000 Euros.
Consistent with the literature, we anticipate a moderate effect of RiskAv on FinMa-
Par. As key factors for RiskAv, we find that FinLit and SatFin both have negative
signs. These signs mean that the more the households demonstrate financial literacy
and the more they are financially satisfied, then the level of risk aversion is lower;
therefore, they will participate more in financial markets. Furthermore, we predict
that financial literacy is the highest in early years of the (adolescent) life cycle and
that more patience leads to higher investments in risky assets.

We use AMOS 28 (Byrne 2016; Arbuckle 2019) to apply the structural equation
model. As widely recommended in the literature, we apply the maximum-likelihood
(ML) method (e.g., Weston and Gore 2006; Weiber and Miihlhaus 2014; Backhaus
et al. 2015). Byrne (2001) notes that the ones assigned to the first of each set of fac-
tor loadings and to the regression coefficients associated with each error term are
imposed automatically by AMOS. Accordingly, they do not estimate these values.

2017-year
of birth

FinLit1
FinLit2

Perceived l =
status
Patience -) - 1 ’

Risky

+ Ty
Wealth @ @ Assets

Fig. 1 Hypotheses in the structural model

Patience
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Byrne (2001) explains that the ones associated with the factor loadings address the
issues of model identification and the scaling of the unobserved factors, while those
associated with the error terms represent values that are considered to be known (see
also Weston and Gore 2006; Backhaus et al. 2015). As recommended in the litera-
ture, we examine the standardized estimates as they are considered most informa-
tive. Because different variables may have different scales, determining which varia-
ble has the greatest effect can only be done by comparing the standardized parameter
estimates (Weston and Gore 2006; Backhaus et al. 2015).

Table 11 gives an overview of the full structural equation model that is divided in
the measurement models by the unobserved variables and the structural model itself.

4 Results

We provide the results of the structural equation model in Table 12.

Figure 2 displays the results for the structural equation model. The exogenous
and endogenous unobserved variables are depicted in ovals. The values presented
at the arrows between the ovals represent the (standardized) path regression coef-
ficients. The rectangles display the manifest (observed) variables with the respective
factor loadings. The correlation coefficients between the exogenous variables are not
shown for a better display of the structure of the model.

The squared multiple correlations (SMC) of the latent endogenous variables are
shown on the right-hand side within the ovals (proportion of explained variance)
and in Panel B of Table 12. Of the variance in FinLit, 46% is explained by the latent
variables, 33% of RiskAv, and 48% of FinMaPar. According to the literature, this is
a substantial value for participation in the financial market and financial literacy, and
a moderate value for risk aversion. Most of the coefficients, i.e., the standardized
regression weights (see also Panel C of Table 12) are above the benchmark of 0.20
and meaningful. For example, net wealth has a large effect on participation (0.84)
and the level of education has a large effect on financial literacy (0.58). Both are
significant at the one-per-mill level. The symbols ***, ** and * denote significance
at the one per mill, 1%, and the 5% level, respectively. The bold arrows represent the
significant regression weights.

The results give support to the hypothesized relationships.

4.1 Financial market participation
The squared multiple correlation (SMC) of FinMaPar is 0.48. This is the proportion
of the variance in participation that the latent exogenous variables of NetW_calc,

Patience, and RiskAV can explain. According to the example in Chin (1998b), these
results show a substantial SMC.
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Table 11 Variables in the

. Variable
structural equation model

Structural Model
Exogenous (unobserved) Variables
LevEduc
Age
SatFin
Patience
NetW_calc
Endogenous (unobserved) Variables
FinLit
RiskAv
FinMaPar
Measurement Models

Manifest (observed) variable i for an exogenous variable:
School, Profession, 2017-year of birth, dhi0750 (perceived
financial status), zi105 (patience), ddn3001 (wealth)

Manifest (observed) variable i for an endogenous variable:
FinLitl, FinLit2, RiskFin, RiskGen, RiskyAssets

Table provides an overview and description of the variables used in
the structural equation model

Within this part of the model, the household’s net wealth position is the main
driver for participation in the financial market with a regression weight of 0.84 that
is significant at the one-per-mill level. The corresponding construct NetW_calc
explains 28 percent (0.532=0.28) of the variance of the variable ddn3001. This sug-
gests the presence of some measurement errors, such as inaccuracies in respondents’
answers, and/or unconsidered variable effects, such as a nonlinearity of the relation
in certain parts of the distribution. Nevertheless, the high regression weight and
level of statistical significance show that the variable is very suitable to explain dif-
ferences in the cross section of our sample. Consistent with the literature, the model
estimation shows a moderate effect (—0.11; significant at the 1% level) of the level
of risk aversion on participation in the financial market. Corresponding to the results
in Fey et al. (2020), the regression weight of Patience has the hypothesized sign but
is not significant.

4.2 Risk aversion

The proportions of the variance in RiskAv that are explained by SatFin and FinLit
amounts to 0.33. According to the example in Chin (1998b), these results show a
moderate SMC.

Within this part of the model, the financial literacy of households’ FKP is the
main driver of RiskAv with a regression weight of —0.41 that is significant at the
one per mill level. With a regression weight of —0.32 that is significant at the one-
per-mill level, SatFin plays a key role, too. These roles mean that the more the
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Fig. 2 Results for the structural equation model

households demonstrate financial literacy and the more they are financially satisfied,
then their level of risk aversion is lower, and, therefore, they participate more in
financial markets.

4.3 Financial literacy

The proportion of the variance in FinLit that is explained by LevEduc and Age
equals 0.46. According to Chin’s (1998b) example, this result is a substantial SMC.

Within this part of the model, LevEduc is the main driver of their financial lit-
eracy with a regression weight of 0.58, which is significant at the one-per-mill level.
With a regression weight of —0.24, which is significant at the one-per-mill level,
Age plays a moderate role. Consistent with the theoretical and empirical literature,
financial literacy is the highest in the early years of the (adolescent) life cycle and
increases with the level of school education completed and the level of professional
education completed.

4.4 Structural model

To evaluate the goodness-of-fit between the hypothesized model and the sam-
ple data, we calculate several fit indexes. As recommended in the literature, we
use the root mean square error of approximation (RMSEA); the standardized root
mean square residual (SRMR); the adjusted goodness-of-fit index (AGFI); and the
Tucker-Lewis index (TLI), the incremental-fit index (IFI), and the comparative-fit
index (CFI) for baseline comparisons between the default model and independence
model (see Browne and Cudeck 1993; Haughton et al. 1997; Hu and Bentler 1999;
Byrne 1989, 2016; MacCallum et al. 1996; Schermelleh-Engel et al. 2003; Weston
and Gore 2006; Hair et al. 2010; Weiber and Miihlhaus 2014; Backhaus et al. 2015).
According to the literature, the two main indexes are the RMSEA and the SRMR.
As an index of fit, RMSEA corrects for a model’s complexity. As a result, when
two models explain the observed data equally well, the simpler model will have the
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more favorable RMSEA value. A RMSEA value of zero indicates that the model
fits the data exactly. Weston and Gore (2006) suggest using the 90% CI (confidence
interval) for the RMSEA that incorporates the sampling error associated with the
estimated RMSEA. The SRMR index is based on covariance residuals in which
smaller values indicate a better fit. The SRMR is a summary of how much difference
exists between the observed data and the model.

As presented in Panel A of Table 12 the RMSEA equals 0.039 (lower 90% con-
fidence estimate: 0.032; upper 90% confidence estimate: 0.047; benchmark for all
three mentioned values <0.06) and the SRMR equals 0.025 (benchmark <0.08), our
model has a very good fit.

We use the software of Preacher and Coffmann (2006) to compute the mini-
mum sample size required to achieve a statistical power of at least 0.80 (Inputs:
a=0.05; degrees of freedom =0.30; desired power=0.80; null RMSEA =0.05; Alt.
RMSEA =0.01). The respective minimum sample size is 366 and, hence, considera-
bly smaller than our sample size of 1,936. A post hoc test for statistical power based
on MacCallum et al. (1996; see also Cohen 1988) shows that our model in combina-
tion with our sample has a high power of less than 0.99 (Inputs: N= 1,936, degrees
of freedom=0.30, a=0.05; null RMSEA =0.05; Alt. RMSEA =0.01).

5 Discussion and conclusion
5.1 Overall discussion

We have applied a structural equation model to analyze to what extent financial
literacy drives households’ investments in risky assets. Our model analyzes the
effects of the level of education and age on financial literacy; the influences of
financial satisfaction and financial literacy on risk aversion; and the effects of
patience, net wealth, and risk aversion on participation in the financial market.

The representation of these relations in a structural equation model is novel
and improves the understanding of the relationship between financial literacy and
participation in the financial market. We are the first to use the extensive dataset
from the third wave of the PHF Survey for this purpose. This dataset is very suit-
able due to its detailed coverage of household characteristics and thorough data
collection and preparation processes. The dataset enables us to interpret partici-
pation in the financial market in a broader sense than in other studies, that is, we
not only focus on participation in the stock market but also on investments in
mutual funds, bonds, publicly traded shares, value of non-self-employment pri-
vate business, and other financial assets.

The limitations of our study are that we do not analyze the efficiency of the
risky investments and that we cannot quantify the influence of financial advice.
The findings of Oehler and Horn (2019) show that older households with a female
FKP and a higher risk aversion have more efficient portfolios. In general, roughly
80% of German households rely on financial advice (Bluethgen et al. 2008) and
almost all households have access to financial advice via their banks. Therefore, it
is unlikely that mere access to financial advice explains the positive relationship
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Table 13 Relationship between the investments in risky assets and the self-assessed risk preferences in
the financial domain

RiskFin Mean in Euros N % of Total

RiskyAssets

We take significant risks and want to generate high returns 48,563 5 0.3

We take above-average risks and want to generate above- 276,890 80 4.1
average returns

We take average risks and want to generate average returns 140,947 951 48.4

We are not ready to take any financial risks 68,542 927 47.2

Overall 112,059 1963 100.0

between households’ net wealth and investments in risky assets. However, it is
more likely that high-net-wealth households receive the advice to invest in risky
assets. Hence, this financial advice might be a further reason for the dominant
role of households’ net wealth as a driver of investments in risky assets.

Although our results show that households’ net wealth is the dominant driver
of investments in risky assets, financial literacy plays a remarkable role. The posi-
tive relation between wealth and participation in the financial market is further
support for a decreasing relative risk aversion (DRRA; see, e.g., Cohn et al. 1975;
Oehler 1998; Guiso and Sodini 2013; Calvet and Sodini 2014), the Behavioural
Portfolio Theory (BPT; see, e.g., Shefrin and Statman 2000; Das et al. 2010; Stat-
man 2017; Oehler and Horn 2020), and a portfolio hierarchy of financial needs
(Kaustia and Luotonen 2016; Oehler et al. 2018b; Kaustia et al. 2019).

Financial literacy has an indirectly positive influence on participation in the
financial market through the households’ risk aversion. The better the financial
literacy, the lower the risk aversion is; and lower risk aversion is associated with
higher investments in risky assets. Both findings logically make sense and are
consistent with the literature. However, the influence of households’ net wealth
is substantially stronger than the influence of the risk aversion (and, therefore,
financial literacy).

5.2 Additional robustness checks

Hence, an additional look at the weaker effect of risk aversion on the investments in
risky assets is worthwhile. As shown in Tables 13 and 14, the relationship between
the investments in risky assets and the self-assessed risk preferences in the finan-
cial domain and, in general, risk-taking looks hump-shaped. The households that
are most risk-averse and are the most at risk in the financial domain invest a lower
amount in risky assets. Thus, this situation may be an explanation for the quite weak
relationship between risk aversion and the participation in the financial market.

Due to the small number of cases of a greater willingness to take risk (N=35 for
significant risks in Table 13 and N=13 and 21 for O and 1 in Table 14), we check
whether these few cases cause the quite weak relationship between risk aversion
and the participation in the financial market. Following other studies which used
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Table 14 Relationship between RiskGen

. . Mean in Euros N % of Total

the investments in risky assets

and the self-assessed risk RiskyAssets

preferences in general risk- . .

taki very willing to take risks 173,520 13 0.7

aking
1 53,792 21 1.1
2 206,738 93 4.7
3 131,558 196 10.0
4 141,559 279 14.2
5 141,831 405 20.6
6 94,680 264 13.4
7 73,739 323 16.4
8 65,454 223 11.4
9 62,125 78 4.0
not at all ready to take risks 93,870 68 35
Overall 112,059 1963  100.0

the PHF Survey dataset and the risk aversion variables (e.g., Oehler and Horn 2019,
2020), we combined categories 1 and 2 for RiskFin and levels O to 2 for RiskGen.
Reestimating the model with these two adjusted variables yields almost no changes
in the results, so that an influence from the low occupation of the categories can
be excluded. In a second robustness check, we checked if classifying households
that answered, "don’t know", "no answer", and "others" as fully risk averse had any
effect on the results. Reestimating the model excluding these cases yields almost no
or marginal changes in the results.

One of the so-called traditional variables used in the theoretical and empirical
studies on participation in the financial market is the households’ income which is
often measured as net income (see, e.g., Kaustia et al. 2019; Fey et al. 2020). In
most of these studies, income is used together with age within models of life-cycle
patterns in households’ portfolios to estimate their human wealth with the result
that human capital declines and becomes a smaller component of households’ total
wealth. Additionally, measurement errors are claimed (Guiso and Sodini 2013; Cal-
vet and Sodini 2014; Fagereng et al. 2017).

Moreover, the income variable is likely to be biased in the case of positive or
negative wealth shocks. For example, households that have inherited a substantial
amount of money or assets but tend to have lower incomes are more likely to behave
like high-asset households than low-income households. On the other hand, house-
holds with high income and low wealth (e.g., shortly after starting a job or getting
divorced) are more likely to behave like households with low wealth by first building
up precautionary liquidity as insurance against income shocks (job loss or similar)
and to be able to cover unexpected expenses.

For these reasons, we do not include income or net income in our structural equa-
tion model. Nevertheless, we consider net income in a robustness check and estimate
our model again (with the quartiles of net income that are calculated from the total
gross income minus total expenditures of the household). The main results differ
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only marginally. The explained variance for FinMaPar is two percentage points
higher and for RiskAv one percentage point higher, while the regression weight of
net income is close to zero (—0.12, not significant).

Another strand in the literature focuses on the question of whether there is a gen-
der effect on participation in the financial market (see Fey et al. 2020 for an over-
view of the literature). Most of the studies conclude that the so-called gender gap
disappears once risk aversion is considered (see, e.g., Halko et al. 2012). Fey et al.
(2020) find from their analysis of the second wave of the PHF Survey that other fac-
tors rather than gender influence the participation in financial markets. They point
out that a raw gender gap is mainly explained by different risk aversion and mon-
etary endowments. As a robustness check, we control for gender effects. Therefore,
we split the sample between female (N=668) and male (N=1295) participants and
estimate separate SEMs. Although the structure of the effect in our model is largely
unchanged for men and women, on principle and compared with the whole sample,
the male (female) sample shows higher (lower) explained variance at 0.69 (0.39) for
FinLit and 0.51 (0.43) for FinMaPar, and lower (higher) explained variance at 0.25
(0.38) for RiskAv. The influence of net wealth is a little bit more dominant for men
(0.92) than women (0.82) compared to the whole sample.

Further, we analyze possible gender differences in financial literacy and risk
aversion. Consistent with the literature (see, e.g., Fey et al. 2020; Bucher-Koenen
et al. 2021; Bucher-Koenen and Knebel 2021), we find that women have a slightly
lower score in FinLit] (women: 3.2, men: 3.5, mean: 3.4) and a slightly higher
risk aversion in the financial domain (women: 3.6, men: 3.4, mean: 3.4).

5.3 Conclusion

Our main findings are as follows. First, households’ net wealth is the dominant
driver of their investments in risky assets. Second, financial literacy has an indi-
rectly positive influence on participation in the financial market. The higher the
financial literacy, the lower is a household’s risk aversion. The lower the risk
aversion, the higher are the households’ investments in risky assets. Although the
PHF Survey allows us to define participation in the financial market in a broader
sense, there are still some possibilities for households to invest in risky assets
such as mutual funds, bonds, publicly traded shares, and precious metals that are
not covered by our approach. These possibilities are whole life insurances and
voluntary retirement plans. The latter products are quite widespread among Ger-
man households. Nevertheless, most households that invest in these products
simultaneously invest in the risky assets that are covered by our approach (Oehler
et al. 2018b). Hence, the effect of this blind spot should be negligible.

Our results provide implications for further research, policymakers, and prac-
titioners. We provide further support for the idea that financial restrictions are the
most important barrier to participation in the financial market. Greater financial
literacy does not necessarily lead to more risky investments. Households’ risky
investments are in line with their risk aversion. The latter is related to financial
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literacy. However, households’ net wealth is far more important for participation
in the financial market than risk aversion. Hence, the (too) low engagement of
households in risky financial markets is not driven by households’ allegedly low
financial literacy but rather by their tight budget (see also Campbell 2006; Viss-
ing-Jorgensen 2002, 2004). When policymakers and academics elaborate on con-
cepts to increase the engagement of households in risky financial markets, they
should be aware of households’ challenging economic situations as a determin-
ing factor. If policymakers and academics only focus on enhancing financial lit-
eracy without considering the households’ financial restrictions, the interventions
would most probably fail. Practitioners such as financial advisors should better
point out to low-net wealth households that participation in the financial market is
already possible and feasible with diversified investments as low as five Dollars/
Euros per month, for example, via robo-advisors in exchange-traded funds (see
D’Acunto and Rossi 2020; Horn and Oehler 2020; Rossi and Utkus 2020; Oehler
et al. 2022).

Author contributions Andreas Oehler developed the idea, performed the statistical analyses, and drafted
the manuscript. Matthias Horn and Stefan Wendt helped to prepare and interpret the data and added revi-
sions to the first draft. All authors discussed the results and contributed to the final manuscript.

Funding Open Access funding enabled and organized by Projekt DEAL. The funding was provided by
Deutsche Bundesbank.

Declarations

Conflict of interest The authors declare no competing interests.

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 material. 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 permis-
sion directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Altmann K, Bernard R, Le Blanc J, Gabor-Toth E, Hebbat M, Kothmayr L, Schmidt T, Tzamourani P,
Werner D, Zhu J (2020) The panel on household finances (PHF): microdata on household wealth in
Germany. Ger Econ Rev 21:373-400

Ameriks J, Zeldes SP (2004) Aging issues in the United States and Japan. Working Paper

Arbuckle JL (2019) IBM® SPSS® Amos™ 26 user’s guide

Arrow KJ (1965) Aspects of the theory of risk-bearing. Yrjé Jahnssonin S#itis, Helsinki

Aubram T, Kovarova-Simecek M, Wanzenried G (2016) Financial literacy, pension planning, and invest-
ment behavior. Working Paper, UAS St. Polten

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Investment in risky assets and participation in the financial... 43

Backhaus K, Erichson B, Weiber R (2015) Fortgeschrittene multivariate analysemethoden. Eine anwend-
ungsorientierte einfiihrung, 3rd edn. Springer, Berlin

Bernheim BD, Garrett DM, Maki DM (2001) Education and saving: The long-term effect of high school
financial curriculum mandates. J Public Econ 80:435—465

Bluethgen R, Gintschel A, Hackethal A, Miiller A (2008) Financial advice and individual investors’ port-
folios. Working Paper

Browne MW, Cudeck R (1993) Alternative ways of assessing equation model fit. In: Bollen KA, Long JS
(eds) Testing structural equation models. Sage, Newbury Park, pp 136-162

Bucciol A, Cavasso B, Zarri L (2019) Can risk-averse households make risky investments? The role of
trust in others. Scand J Econ 121:326-352

Bucher-Koenen T, Knebel C (2021) Finanzwissen und finanzbildung in Deutschland: Was wissen wir
eigentlich? ZEW discussion paper, no. 21-016

Bucher-Koenen T, Lusardi A, Alessie R, van Rooij M (2017) How financially literate are women? An
overview and new insights. J] Consum Aff 51:255-283

Bucher-Koenen T, Alessie R, Lusardi A, van Rooij M (2021) Fearless woman: Financial literacy and
stock market participation. ZEW discussion paper, no. 21-015

Byrne BM (1989) A primer of LISREL: basic applications and programming for confirmatory factor
analytic model. Springer, New York

Byrne BM (2001) Structural equation modeling with AMOS, EQS, and LISREL: comparative approaches
to testing for the factorial validity of a measuring instrument. Int J Test 1:55-86

Byrne BM (2016) Structural equation modeling with AMOS. Basic concepts, applications, and program-
ming, 3rd edn. Taylor and Francis, New York/London

Calvet L, Sodini P (2014) Twin picks: disentangling the determinants of risk-taking in household portfo-
lios. J Finance 69:867-906

Calvet L, Campbell J, Sodini P (2007) Down or out: assessing the welfare costs of household investment
mistakes. J Polit Econ 115:707-747

Calvet L, Campbell J, Sodini P (2009) Measuring the financial sophistication of households. Am Econ
Rev 99:393-398

Campbell J (2006) Household finance. J Finance 61:1553—-1604

Chatterjee S, Fan L, Jacobs B, Haas R (2017) Risk tolerance and goals-based savings behavior of house-
holds: the role of financial literacy. Working Paper

Chaulk B, Johnson PJ, Bulcroft R (2003) Effects of marriage and children on financial risk tolerance: a
synthesis of family development and prospect theory. J Fam Econ Issues 24:257-279

Chin WW (1998a) Issues and opinion on structural equation modeling. Manag Inf Syst Q 22:7-16

Chin WW (1998b) The partial least squares approach for structural equation modeling. In: Marcou-
lides GA (ed) Modern methods for business research. Lawrence Erlbaum Associates, London, pp
295-336

Cocco JF, Gomes FJ, Maenhout PJ (2005) Consumption and portfolio choice over the life cycle. Rev
Financ Stud 18:491-533

Cohen J (1988) Statistical power analysis for the behavioral sciences, 2nd edn. Lawrence Erlbaum, New
Jersey

Cohn RA, Lewellen WG, Lease RC, Schlarbaum GG (1975) Individual investor risk aversion and invest-
ment portfolio composition. Journal of Finance 30:605-620

D’Acunto F, Rossi A (2020) Robo-advising. CESifo working paper No. 8225

Das S, Markowitz H, Scheid J, Statman M (2010) Portfolio optimization with mental accounts. J Financ
Quant Anal 45:311-334

Deepak CA, Singh P, Kumar A (2015) Financial literacy among investors: theory and critical review of
literature. Int J Res Commer Econ Manag 5:99-103

Dixon M (2006) Rethinking financial capability. Lessons from economic psychology and behavioural
finance. Institute for Public Pension Policy Research, York, London

Dohmen T, Falk A, Huffman D, Schupp J, Sunde U, Wagner G (2011) Individual risk attitudes: measure-
ment, determinants, and behavioral consequences. J Eur Econ Assoc 9:522-550

Fagereng A, Gottlieb C, Guiso L (2017) Asset market participation and portfolio choice over the life-
cycle. J Finance 72:705-750

Fey J-C, Lerbs O, Schmidt C, Weber M (2020) Risk attitude and capital market participation: is there a
gender investment gap in Germany? Discussion paper 20-080, ZEW

Guiso L, Sodini P (2013) Household finance: an emerging field. In: Constantinides GM, Harris M, Stulz
RM (eds) Handbook of the economics of finance. Elsevier, Amsterdam, pp 1397-1532

@ Springer



44 A.Oehleretal.

Hair JF, Black W, Babin BJ, Anderson RE (2010) Multivariate data analysis, global ed, 7th edn. Prentice
Hall, Pearson

Halko M-L, Kaustia M, Alanko E (2012) The gender effect in risky asset holdings. J Econ Behav Organ
83:66-81

Haughton DMA, Oud JHL, Jansen RARG (1997) Information and other criteria in structural equation
model selection. Commun Stat Simul Comput 26:1477-1516

Horn M, Oehler A (2020) Automated portfolio rebalancing: automatic erosion of investment perfor-
mance? J] Asset Manag 21:489-505

Hirshleifer D (2015) Behavioral finance. Ann Rev Financ Econ 7:133-159

Hu L, Bentler PM (1999) Cutoff criteria for fit indexes in covariance structure analysis: conventional cri-
teria versus new alternatives. Struct Equ Model 6:1-55

Kaustia M, Luotonen N (2016) What drives the heterogeneity in portfolio choice? The role of institu-
tional, traditional, and behavioral factors. Working paper

Kaustia M, Conlin A, Luotonen N (2019) What drives the heterogeneity in portfolio choice? The role of
institutional, traditional, and behavioral factors Working paper

Kline RB (2005) Principles and practice of structural equation modelling. The Guilford Press, New York

Korniotis G, Kumar A (2011) Do older investors make better investment decisions? Rev Econ Stat
93:244-265

Lusardi A, Mitchell OS (2008) Planning and financial literacy: how do women fare? Am Econ Rev Pap
Proc 98:413-417

Lusardi A, Mitchell OS (2011) Financial literacy around the world: an overview. J Pens Econ Finance
10:497-508

Lusardi A, Mitchell OS (2014) The economic importance of financial literacy: theory and evidence. J
Econ Lit 52:5-44

MacCallum RC, Browne MW, Sugawara HM (1996) Power analysis and determination of sample size for
covariance structure modeling. Psychol Methods 1:130-149

Nosic A, Weber M (2010) How risky do i invest: the role of risk attitudes, risk perceptions and overconfi-
dence. Decis Anal 7:282-301

OECD/INFE (2016) Survey of adult financial literacy competencies, Paris

Oehler A (1998) Decreasing or increasing relative risk aversion? [Abnehmende oder zunehmende relative
risikoaversion?]. Z Bankr Bankwirtsch 10:230-236

Oehler A, Horn M (2019) Does households’ wealth predict the efficiency of their asset mix? Empirical
evidence. Rev Behav Econ 6:249-282

Oehler A, Horn M (2020) Behavioral portfolio theory revisited: lessons learned from the field. Account
Finance 21:1743-1771

Oehler A, Werner C (2008) Saving for retirement: a case for financial education in Germany and UK? An
economic perspective. J Consum Policy 31:253-283

Oehler A, Horn M, Wedlich F (2018a) Young adults’ subjective and objective risk attitude in financial
decision making: evidence from the lab and the field. Rev Behav Finance 10:274-294

Oehler A, Horn M, Wendt S, Reisch LA, Walker TJ (2018b) Young adults and their finances: an interna-
tional comparative study on applied financial literacy. Econ Notes 47:305-330

Oehler A, Horn M, Wendt S (2022) Investor characteristics and their impact on the decision to use a
Robo-advisor. J Financ Serv Res 62:91-125

PHF Survey Team (2019a) phf-codebook-wave3-en-data. Frankfurt

PHF Survey Team (2019b) List of derived variables. Frankfurt

Poterba JM, Samwick AA (2001) Household portfolio allocation over the life cycle. In: Ogura S et al
(eds) Aging issues in the United States and Japan. NBER, New York, pp 65-104

Preacher KJ, Coffman DL (2006) Computing power and minimum sample size for RMSEA [Computer
software]. http://quantpsy.org/

Pratt J (1964) Risk aversion in the small and the large. Econometrica 32(1/2):122-136

Riley WB, Chow KV (1992) Asset allocation and individual risk aversion. Financ Anal J 48:32-37

Rossi AG, Utkus S (2020) Who Benefits from Robo-advising? Evidence from machine learning. Working
paper

Savalei V, Bentler PM (2006) Structural equation modeling. In: Grover R, Vriens M (eds) The handbook
of marketing research: uses, misuses, and future advances. SAGE, Thousand Oaks, pp 330-364

Schermelleh-Engel K, Moosbrugger H, Miiller H (2003) Evaluating the fit of structural equation models:
tests of significance and descriptive goodness-of-fit measures. Methods Psychol Res Online 8:23-74

@ Springer


http://quantpsy.org/

Investment in risky assets and participation in the financial... 45

Schoemaker P (1993) Determinants of risk-taking: behavioral and economic views. J Risk Uncertain
6:49-73

Schooley DK, Worden DD (1996) Risk aversion measures: comparing attitudes and asset allocation.
Financ Serv Rev 5:87-99

Shefrin HM, Statman M (2000) Behavioral portfolio theory. J Financ Quant Anal 35:127-151

Statman M (2017) Finance for normal people: how investors and markets behave. Oxford University
Press, New York

Van Rooij M, Lusardi A, Alessie R (2011) Financial literacy and stock market participation. J Financ
Econ 101:449-472

Vissing-Jgrgensen A (2002) Limited asset market participation and the elasticity of intertemporal substi-
tution. J Polit Econ 110:825-853

Vissing-Jorgensen A (2004) Perspectives on behavioral finance: does “irrationality” disappear with
wealth? Evidence from expectations and actions. NBER Macroecon Annu 18:139-194

Von Gaudecker H-M (2015) How does household portfolio diversification vary with financial literacy and
financial advice? J Finance 52:489-507

Von Kalckreuth U, Eisele M, Le Blanc J, Schmidt T, Zhu J (2012) The PHF: a comprehensive panel sur-
vey on household finances and wealth in Germany. Discussion paper, Deutsche Bundesbank, Frank-
furt am Main

Wang H, Hanna S (1997) Does risk tolerance decrease with age? Financ Couns Plan 8:27-31

Weiber R, Miihlhaus D (2014) Strukturgleichungsmodellierung. Eine anwendungsorientierte einfithrung
in die kausalanalyse mit hilfe von AMOS, SmartPLS und SPSS, 2nd edn. Springer, Berlin

Weston R, Gore PA (2006) A brief guide to structural equation modeling. Couns Psychol 34:719-751

Xiao JJ, O’Neill B (2016) Consumer financial education and financial capability. Int J Consum Stud
40:712-721

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer



	Investment in risky assets and participation in the financial market: does financial literacy matter?
	Abstract
	1 Introduction
	2 Data
	2.1 PHF survey data
	2.2 Dependent or endogenous variables
	2.2.1 Participation in the financial market
	2.2.2 Financial literacy
	2.2.3 Risk aversion

	2.3 Independent or exogenous variables
	2.3.1 Wealth status
	2.3.2 Level of education
	2.3.3 Financial satisfaction status
	2.3.4 Age
	2.3.5 Patience


	3 Structural equation model
	4 Results
	4.1 Financial market participation
	4.2 Risk aversion
	4.3 Financial literacy
	4.4 Structural model

	5 Discussion and conclusion
	5.1 Overall discussion
	5.2 Additional robustness checks
	5.3 Conclusion

	References




