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Abstract: The increasing role of individual investors in supporting the achievement of sustainable
development goals through sustainable investment has gained growing interest from financial
authorities and the research community. Digitalization in the financial sector, e.g., robo-advisors,
enables lay-investors to make sustainable investments in a simple and convenient way. This study
investigates whether investment-related attitudes and demographic profiles are related to robo-
advisor clients’ sustainable investment choices. This paper describes an empirical study that uses a
logistic regression model to investigate sustainable investment preferences at the individual investor
level. Cross-sectional data consisting of 27,771 individual investors in Sweden, Norway, and Finland,
who purchased investment products through a robo-advisor application, are used in this study.
The results suggest that, concerning investment-related attitudes, robo-advisor clients with low-risk
tolerance and a short investment horizon are more likely to choose to become sustainable investors.
Furthermore, sustainable investments are preferred by robo-advisor clients who are less wealthy,
female, and older.

Keywords: sustainable investment; robo-advisor; digital wealth management; risk–return preference;
investment horizon; sociodemographic factors

1. Introduction

The Sustainable Development Goals (SDGs) as part of the United Nations (UN) 2030
agenda have been set as the main priority by UN member states since it was launched in
2015. Initiatives to achieve the SDGs require a substantial amount of financial resources
and investments [1]. Therefore, the role of the financial sector in mobilizing capital toward
more sustainable investments is increasingly important. Sustainable investment, as part
of sustainable finance initiatives, has gained more recognition by financial industry stake-
holders and scholars [2]. It is defined as an investment practice that not only focuses on
financial concerns as a single investment objective, but also aims to contribute to sustain-
able development by incorporating environmental, social, and governance (ESG) aspects
into the investment criteria [3]. Considering the pivotal role of sustainable investment to
accelerate progress toward the SDGs agenda, scholars have undertaken studies to get a
better understanding of its concepts and practices [4]. Within this line of research, scholars
have investigated the performance comparison of sustainability-related funds and regular
mutual funds [5,6], the ethical aspects of sustainable investment [7,8], and the influence of
sustainability considerations on investment decision-making [9,10], among others.

Maximizing the role of the financial sector to support sustainable development has
been of great concern at the European Union (EU) level in the past few years. As part
of the implementation of the 2018 sustainable action plan, the EU established the April
2021 Package [11]. The Commission Delegated Regulation (EU) 2021/1257 of 21 April
2021 [12] requires all firms subject to the Markets in Financial Instruments Directive (MiFID),
including financial firms and advisors, to discuss the client’s sustainability preferences
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when conducting an investment suitability assessment. Moreover, the EU also launched
the Strategy for Financing the Transition to a Sustainable Economy in July 2021 [13]. One
of the formulated strategies is to utilize digital technologies to accelerate the transition of
citizens, investors, and SMEs to sustainability. Nevertheless, one of the biggest challenges
in implementing this policy is the accessibility of retail investors to sustainable investment
products. The lack of availability and limited information prevent a sizable number of
interested retail investors from making sustainable investments [14].

Digitalization in the financial industry enables broadened access to financial services
by reducing transaction costs, increasing transaction speeds, and providing more tailored
services [15]. With the introduction of robo-advisors, financial advisory services are no
exception. Unlike human financial advisors, robo-advisors require little or no human
intervention in constructing investment proposals. Instead, robo-advisors utilize math-
ematical algorithms to automate the portfolio construction process based on the client’s
financial information, investment goals, and degree of risk aversion [16]. Robo-advisors
were developed to serve early investors with a limited budget [17] and little knowledge
of financial market investment [18]. The asset allocation process is designed to be very
simple and easy to understand, due to the characteristics of the mass target market [18]. A
digital application requires users to enter their personal financial information and answer a
questionnaire regarding their risk profile. These data are used as the basis of robo-advisor
algorithms to find the most suitable investment product for users.

Many robo-advisory services also offer sustainable investment as an alternative to
conventional investment products. Robo-advisors can, therefore, potentially be a major
solution to broaden the participation of retail investors in sustainable initiatives. Due to
their wider outreach and market segment, robo-advisors can help to raise awareness of
sustainable investment, particularly among the inexperienced and uninformed investors.
Robo-advisors also make it easier for lay-investors to engage in sustainable investment
by reducing the procedural complexity of making investment decisions. The integration
of digital technologies into financial advisory services through robo-advisors plays a
significant role in promoting sustainable investment, particularly for retail investors. Thus,
it is important to understand the characteristics of robo-advisor clients who are engaged in
sustainable investments to assist robo-advisory service providers in formulating marketing
strategies to promote their sustainable investment products. It would also be beneficial for
authorities to know which group of retail investors should be targeted for education or
campaigns on the importance of sustainable investment.

One of the fast-developing research streams in sustainable finance focuses on explain-
ing the factors that determine individual decisions on sustainable investment. However, the
literature regarding sustainable investment decision making in the robo-advisory context
is still very limited. The robo-advisor setting becomes relevant because digital advisory
services have a unique market segment, lay-investors. An international survey of adult
financial literacy [19] found only 41% of the sample from OECD countries purchased finan-
cial products or services in the past year. This result shows that the majority of individuals
had limited experience in deciding on financial products or services. Lay investors tend to
have unwarranted beliefs in the expertise of professional investors such as banks or other
financial institutions [20]. To promote sustainable investment, [21] suggests that support be
provided through internet platforms, among others, to help investors to choose investment
products that suit their sustainability preferences. Considering the role of digital advisory
services in promoting sustainable investment and the special characteristics of robo-advisor
users, this study aims to fill a gap in sustainable investment research by investigating the
sustainable investment preferences among robo-advisor clients.

A recent publication [22] investigated the impact of sustainable behavior on investment
decisions among robo-advisor clients. The study used questionnaires to investigate whether
clients with sustainable lifestyles show a higher interest in choosing sustainable investments
through robo-advisory services. The results revealed that customers with sustainable
consumption lifestyles are more likely to choose portfolios with a sustainable investment
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strategy. The analysis was based on hypothetical questions about their willingness to invest
in sustainable products, but not based on clients’ actual investment decisions. Our study
bridges this gap by analyzing sustainable investment preferences based on actual data.
While research methods with hypothetical investment opportunities illustrate investors’
attitudes, our research explains investors’ behavior toward sustainable investment.

This study aimed to investigate whether investment-related attitudes and demo-
graphic profiles are related to robo-advisor clients’ sustainable investment choices. The
contribution of this paper is twofold. First, it contributes to the literature on sustainable
investor behavior in digital finance settings. Second, it provides analysis based on actual
data where clients reveal their investment preferences through real investment decisions.
To the best of our knowledge, no previous works have used real investment data in their
studies to examine investors’ behavior toward sustainable financial products, particularly
in the digital advisory context. The analysis was performed using logistic regression esti-
mation and showed that risk preference, investment horizon, and demographic profile are
significant in determining clients’ sustainable investment choices. The results indicated that
clients with low-risk acceptance and short investment horizons are more likely to choose
sustainable investments. Furthermore, robo-advisor clients who decide to be sustainable
investors are typically less wealthy, female, and older.

The remaining part of this paper is organized as follows. The literature review is
contained in Section 2. An overview of the data and research method is provided in
Section 3. Section 4 presents the results and discussion, and Section 5 concludes the paper.

2. Literature Review

The classical theories in economics and finance [23,24] are based on the notion that
investors maximize their utilities by allocating their portfolio based on their preferred
combination of risk and return over a given time horizon. In making sustainable invest-
ments, however, researchers found that investors consider other factors such as social or
environmental motives, in addition to the traditional factors [25,26]. A strand of literature
in sustainable finance uses empirical research to identify sustainable investors’ profiles.
Using a German-speaking investor dataset, [27] concluded that risk, return, and liquidity
preferences influence investors’ decisions in allocating in a socially-responsible way. So-
ciodemographic factors such as gender, age, religion, and political affiliations, were found
to be the determinant factors of socially responsible investment choices [28].

2.1. Behavioral Finance in the Robo-Advisory Setting

This study investigated sustainable investment preferences in the context of robo-
advisory services. The growing importance of robo-advisors has attracted increasing atten-
tion from scholars, particularly within the field of behavioral finance. Previous literature
by [29] compared the performance of investment schemes conducted by robo-advisors and
passive investment by individual investors. The findings showed that investors with lower
income and lower education levels gain the most from robo-advisors’ investment strategies.
A similar argument was proposed by [30]. The study concluded that the simplicity and
automation of robo-advisors assists investors, particularly less-experienced ones, to reduce
the role of emotion in investment decisions. From the risk perspective, a qualitative study
by [31], focusing on financial experts’ point of view, argued that robo-advisory services
have to provide a robust risk profiling model to minimize the behavioral biases, such as de-
cision inertia, of their clients. More specific to sustainable decision making, Ref. [22] found
that digital financial advisors’ clients, who claim to have sustainable consumption behavior,
are more likely to choose sustainable investment proposals instead of conventional ones.

2.2. Risk–Return Preference

Risk–return preference is one of the most significant considerations when individuals
make investment decisions. Following traditional financial concepts, individuals place
their money in sustainable investments if the investments offer at least a similar risk–return
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trade-off as conventional investments. However, with the rising concerns from investors
to be engaged in more impactful investments, the pecuniary motive is no longer the only
consideration when making investment decisions. In general, impact investors are classified
into two groups: financial-first investors and impact-first investors [32]. The main goal of
financial-first investors is to optimize investment returns, but they are also concerned about
the social impact; meanwhile, impact-first investors’ primary objective is to optimize social
impact, but they are also concerned about financial returns. Impact investment introduced
the concept of “blended value creation” that allows investors to generate both financial
returns and social impact [33]. The classification of these two types of investors is based
on their expectations regarding risk, return, and impact. Those who classify themselves
as impact-first investors view their investment as a value creation strategy instead of a
philanthropy action [34]. Financial-first investors can switch to impact-first investors when
they change their strategy from generating market-competitive returns from investment
with social or environmental impact to maximizing social or environmental returns while
achieving the minimum required financial gains [35].

Investors are committed to investing in ethical funds as part of a mixed portfolio
when the funds are making reasonable returns, but investors lose their interest in ethical
investments when the fund’s performance is poor. The findings show that ethical invest-
ment decisions are highly elastic to financial returns [8,32]. Ethical investors generally
invest in a mixed portfolio instead of solely putting their money exclusively in ethical
investments to balance financial and ethical objectives [8]. Unlike investment institutions
and institutional investors, private investors do not believe that socially responsible in-
vestments outperform conventional investments in the long run [36]. As stated in [37],
ethical investors consistently pledge their money to ethical funds even when the funds are
underperformed, which implies that these investors derive their utility from both pecuniary
and non-pecuniary motives.

Risk motive is considered an important factor when making a sustainable decision
only when it involves risky products, such as equities [38]. A study by [39] found that
risk-tolerant investors are concerned more about the financial return of the fund instead of
its environmental aspect. On the contrary, ref. [40] suggested that investors are willing to
receive lower financial returns as long as the investment matches their social preferences.
Moreover, the study also found that investors are willing to pay higher management fees
for socially responsible investments. Ref. [41] analyzed the household preferences for
socially responsible investments (SRIs) and found that investors are willing to pay more
to be SRI investors, and nudges such as gifts or vouchers are not needed. Ref. [25] stated
that investors with higher risk tolerance make smaller investments in socially responsible
banks. Sustainability is closely associated with the environmental and social risks that
could occur in the distant future. Individuals with lower risk tolerance are less willing to
accept this type of uncertainty compared with those with higher risk tolerance. Investing
their money into a sustainable investment might be one of their ways to minimize the
uncertainty. Additionally, risk-averse investors perceived sustainable investment as a less
risky investment [42]. Therefore, this study posits that investors with lower risk tolerance
have a higher likelihood of making more sustainable investments. The hypothesis in this
study was formulated as follows:

Hypothesis 1 (H1). Risk-averse investors are more likely to choose sustainable investments.

2.3. Investment Horizon

In addition to risk-return preference, the investment horizon is one of the main con-
siderations before an individual investor or financial advisor selects the most suitable
investment product. The investment horizon corresponds to how long an investor wants to
place their money in a particular investment or portfolio. A study by [43] concluded that
the investment horizon is an important factor in determining investors’ portfolio alloca-
tions. The investment horizon also defines the attractiveness of the investment strategies of



Sustainability 2022, 14, 12636 5 of 16

individual investors [44]. In addition, investors’ horizons significantly affect the proportion
of equities in their portfolio, and with a longer horizon, the likelihood of investing more in
equities is decreased by a factor of ten [45].

Ref. [46] examined the relationship between the investment behavior of UK institu-
tional investors and corporate social responsibility-related activities. The findings showed
that long-term investors avoid investing their funds in companies with low corporate
social responsibility (CSR) performance. SRI investors are less sensitive to the financial
performance of funds and tend to invest for longer than conventional investors [47]. One
possible explanation is that the availability of alternative investment products that meet
their social preferences is limited. Ref. [48] reported that since the 2014 heatwave in Sweden,
investors have been reallocating to greener investments and expect these investments to
outperform conventional ones in the long run. The sustainability concept is often associ-
ated with a long-term or even intergenerational vision. Climate change risk, for instance,
is traditionally seen as something that will occur in the distant future and distant loca-
tions. Construal Level Theory [49] explains how four dimensions of psychological distance
namely spatial, temporal, social, and uncertainty, can influence an individual’s preference,
prediction, and action. People are more likely to make risky decisions if the consequences
of that action occurs in the distant future. It could be argued that investors with long-term
investment horizons have a stronger preference for sustainable investments because they
generally have a shorter temporal distance from the future. The hypothesis in this study
was formulated as follows:

Hypothesis 2 (H2). Long-term investors are more likely to choose sustainable investments.

2.4. Sociodemographic Characteristics

A large amount of literature provides empirical evidence for the relationship between
sociodemographic characteristics and sustainable investment choices of retail investors.
Sociodemographic factors such as level of income, gender, and age are considered deter-
minants of sustainable investment decisions. Initial studies about the characteristics of
socially responsible consumers by [50,51] revealed that female, young, highly educated,
and medium-to-high-income consumers are more likely to be socially conscious. Ref. [52]
found that consumers who are female, married, and have at least one child have a higher
willingness to pay for environmentally friendly products.

Regarding sustainable investment, female consumers have been found to be more
environmentally conscious compared with their male counterparts [53]. Similar findings
by [54] also mentioned that women tend to hold a larger proportion of socially responsible
shares in their portfolios. A more recent publication by [28] showed that female investors
prefer to invest in stocks with women-friendly labor policies, whereas younger investors
place more emphasis on environmentally friendly stocks. When it comes to age, other
studies by [55,56] revealed that socially responsible investments are more likely to be chosen
by older investors. Investors who are categorized into the “socially responsible saver and
conventional saver based on availability” are dominated by older people compared with
younger people [57]. Furthermore, Ref. [58] surveyed well-informed individual investors
in the U.S. and revealed that female, younger, and less-wealthy investors are more likely to
invest in socially responsible investments. Similarly, Ref. [25] showed that younger, better
educated, and low-wealth investors have more interest in SRI products. Investors with
lower income levels are more exposed to the risk that arises from social and environmental
issues because they have lower financial buffers than their more wealthy counterparts. This
makes them care more about sustainability aspects when making investment decisions.
Wealthy investors, on the contrary, are more willing to sacrifice social considerations to
maximize their financial gains [59]. In regards to gender issues, males and females are
believed to have different cognitive abilities, risk attitudes, and decision-making styles,
which leads to differing moral intensity perceptions [60,61]. Female investors perceived
social consciousness and social action as important factors that determine the success
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of a company [62]. ESG is considered to be relatively new, with the result that younger
generations have a better understanding of the importance of sustainability aspects in their
daily life. The younger generations are concerned more about sustainability when making
purchase decisions [63]. Thus, in this study, the following hypotheses were proposed:

Hypothesis 3 (H3). Less-wealthy investors are more likely to choose sustainable investments.

Hypothesis 4 (H4). Female investors are more likely to choose sustainable investments.

Hypothesis 5 (H5). Younger investors are more likely to choose sustainable investments.

2.5. Variable Operationalization

Based on the literature review and hypotheses development, Table 1 summarizes the
variables included in the analysis.

Table 1. The variables included in the analysis.

Variable Description Symbol

Dependent variable

Sustainable investment choice 0 = No
1 = Yes sustainable

Independent variable

Risk–return preference

1 = Client accepts a low risk of loss in
exchange for a low expected return
2 = Client accepts a moderate risk of loss in
exchange for a moderate expected return
3 = Client accepts a high risk of loss in
exchange for a high expected return

risk

Investment horizon

1 = 3–6 years
2 = 6–10 years
3 = 10–15 years
4 = More than 15 years

horizon

Income Natural logarithm of the client’s monthly
income in Euros lnincome

Gender 0 = Female
1 = Male gender

Age Natural logarithm of the client’s age lnage

3. Materials and Methods
3.1. Data and Estimation Methods

This study used a large data set generated by Nora, a robo-advisory service by Nordea.
Nordea is the largest Nordic retail banking group, present in 20 countries with main loan
portfolios spread across four Nordic countries (Denmark, Finland, Norway, and Sweden).
It currently serves approximately 10 million customers, both private and corporate. The
target group for Nora as a digital advisory service is lay-investors with low-to-moderate
experience in financial investments. Before starting their investment, Nora clients are
required to provide sociodemographic information, investment-related attitudes such as
risk preference and investment horizon, and sustainable investment preferences. The
sampling method was a total population sampling consisting of 27,771 observations of all
Nora clients who registered between December 2017 and June 2021. The data used in this
study covered Sweden, Norway, and Finland. We chose Nordic countries as our sample
because these countries are the top performers in achieving the SDGs target by 2030 [64].

Analysis of the data was carried out using Stata version 13 software. The data were
analyzed using a logistic regression model or logit. The logit model is an estimation method
that can be used to estimate a model where the dependent variable has dichotomous
outcomes [65]. In this study, the outcomes of the dependent variables took the value of 1 if
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the client chose to buy sustainable investment products and 0 if the client decided not to
buy. The independent variables used to explain the dependent variables were risk appetite,
investment horizon, income, gender, age, and country. The probability (Pi) that a client
decided to engage in sustainable investment was estimated by Model 1 as follows:

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5+ (1)

where:

Yi =

[
1, i f chose sustainable investment

0, i f did not choose sustainable investment

]
X1 = risk − return pre f erence

X2 = investment horizon

X3 = lnincome

X4 = gender

X5 = lnage

In the logistic regression model, the probability of choosing sustainable investments
was estimated using a logistic cumulative distributive function of the standard normal
distribution, P, given by:

P =

(
Y =

1
X

)
=

ey

1 + ey (2)

P =

(
Y =

1
X

)
=

ey

1 + ey (3)

The predicted sustainable investment logit model is specified as:

Y = Ln
(

P
1 − P

)
= α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + ε (4)

3.2. Descriptive Statistics

To assist clients in selecting a suitable investment product, the robo-advisor asked
clients to classify their risk tolerance into one of three categories. As shown in Table 2,
the majority of the clients considered themselves as investors with moderate risk–return
preference (65.94%), where the clients accept a moderate risk of loss in exchange for a
moderate expected return. Concerning investment horizons, most clients preferred short-
term (3–6 years) and low-medium-term investments (6–10 years). More than half of clients
earned between EUR 2001 and EUR 4000. The second-largest percentage (39.29%) fell into
the group of clients who earn less than EUR 2000. Most of the clients were male, accounting
for 54.67% of the total sample. The robo-advisory service was designed for the younger and
tech-savvy generation, as shown in Table 2, where clients aged between 26 and 40 years
old dominated the total population. Based on country of residence, 40.86% of the total
population were from Finland, 38.21% from Sweden, and 20.92% from Norway. In the last
stage before providing an investment recommendation, the robo-advisor asked about the
client’s preference for a sustainable investment product. In total, 33.69% of the robo-advisor
clients chose to invest sustainably, and the rest stated that they were not interested in
sustainable investment.
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Table 2. Basic sample characteristics.

Number of Sample %

Risk–return preference
Low risk 1874 6.75

Moderate risk 18,311 65.94
High risk 7586 27.32

Total 27,771
Investment horizon

3–6 years 9741 35.08
6–10 years 8382 30.18
10–15 years 5152 18.55

More than 15 years 4496 16.19
Total 27,771

Income
EUR 2000 or less 10,911 39.29
EUR 2001–4000 15,161 54.59
EUR 4001–6000 1329 4.79

More than EUR 6001 370 1.33
Total 27,771

Gender
Female 12,588 45.33
Male 15,183 54.67
Total 27,771
Age

25 years or less 5173 18.63
26–40 years 12,415 44.70
41–55 years 6888 24.80

More than 55 years 3295 11.86
Total 27,771

Country
Sweden 10,612 38.21
Norway 5811 20.92
Finland 11,348 40.86

Total 27,771
Sustainable investment choice

No 18,414 66.31
Yes 9357 33.69

Total 27,771

Table 3 reports the cross-tabulation statistics of each of the independent variables and
the clients’ preference for sustainable investment. Among all the risk profile categories, the
clients in the low-risk group had the highest participation rate in sustainable investment.
The moderate-risk group came second with 35.59% of all clients in the group, and the lowest
percentage comprised clients with a high-risk profile. The percentage of clients in the four
different types of investment horizon choices who preferred sustainable investment was
quite similar, ranging from 31.83% to 35.96%. The sustainable investment was preferred
mostly by clients within the low- and middle-low-income group, who earned less than EUR
4000 per month. In line with the findings from previous literature about sustainability or
sustainable investment, the percentage of female clients who chose to invest sustainably was
higher than their male counterparts. Moreover, it was shown that sustainable investment
becomes a preferable option for elderly clients aged more than 55 years old. The second
highest percentage was the group of clients aged 26–40 years old. The statistics also
indicated that Sweden was the country with the largest percentage of clients preferring
sustainable investment (39.13%), compared with Finland (38.66%) and Norway (14.06%).
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Table 3. Sustainable investment preference descriptive statistics.

Number Out of the Total Number

SI Non-SI Total

n (%) n n

Risk–return preference
Low risk 759 40.50 1115 1874

Moderate risk 6516 35.59 11,795 18,311
High risk 2082 27.45 5504 7586

Total 9357 18,414 27,771
Investment horizon

3–6 years 3503 35.96 6238 9741
6–10 years 2773 33.08 5609 8382

10–15 years 1640 31.83 3512 5152
More than 15 years 1441 32.05 3055 4496

Total 9357 18,414 27,771
Income

EUR 2000 or less 4187 38.37 6724 10,911
EUR 2001–4000 4737 31.24 10,424 15,161
EUR 4001–6000 323 24.30 1006 1329

More than EUR 6001 110 29.73 260 370
Total 9357 18,414 27,771

Gender
Female 5069 40.19 7529 12,588
Male 4298 28.31 10,885 15,183
Total 9357 18,414 27,771
Age

25 years or less 1598 30.89 3575 5173
26–40 years 4269 34.39 8146 12,415
41–55 years 2299 33.38 4589 6888

More than 55 years 1191 36.15 1191 3295
Total 9357 18,414 27,771

Country
Sweden 4153 39.13 6459 10,612
Norway 817 14.06 4994 5811
Finland 4387 38.66 6961 11,348

Total 9357 18,414 27,771

4. Results and Discussion

Two logistic regression models were run to test the relationship between investment-
related attitudes and sociodemographic attributes in the sustainable investment choices
of robo-advisor clients. Table 4 presents the results of both Model 1, which excluded the
country differences variable, and Model 2, which considered the country effect. The logit
estimation provided a regression coefficient and odds ratio for each independent variable.
The odds ratio showed the likelihood of clients choosing sustainable investment as the
predictor increased. When the odds ratio is less than 1, this indicates that clients are less
likely to invest sustainably as the value of the independent variable increases. An odds
ratio of more than 1 shows that sustainable investment is more likely to be chosen as the
predictor increases.

The risk–return preference was significant at the 1% significance level in both models.
Therefore, we rejected H0 and found that there was a correlation between the risk profile
and sustainable investment preference. In Models 1 and 2, the coefficients of moderate-
and high-risk profiles were negative and the odds ratios were less than 1. In comparison
with risk-averse investors, investors with moderate- and high-risk tolerance were less
likely to choose sustainable investments. Model 1 demonstrated that the moderate-risk
investors had 0.858 times the odds of the low-risk investors choosing sustainable invest-
ments. Meanwhile, the risk-lover group had 35% lower odds of purchasing sustainable
investments than the risk-averse clients. The odds ratios for the moderate- and high-risk
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groups of the clients in Models 1 and 2 were 0.845 and 0.666, respectively. The results sup-
port the hypothesis that clients with low-risk and return preferences have a higher chance
of choosing sustainable investments. As reported by [38,66,67], sustainable investment was
positively valued by the investors and seen as a less-risky investment. This explains the
finding that sustainable investment was preferred by investors with lower risk tolerance.
Further supporting empirical evidence by [25] indicated that risk-tolerant investors have
less interest in depositing their savings in socially responsible banks.

Table 4. Logistic regression estimate results.

Sustainable Investment Choice

No Country Effect With Country Effect

Coefficient Odds Ratio Coefficient Odds Ratio

Risk−return preference
(Low risk = 1)
Moderate risk −0.153 *** 0.858 −0.169 *** 0.845

(0.050) (0.051)
High risk −0.432 *** 0.649 −0.406 *** 0.666

(0.055) (0.056)
Investment horizon (3−6 years = 1)

6−10 years −0.115 *** 0.892 −0.085 *** 0.918
(0.032) (0.033)

10−15 years −0.137 *** 0.872 −0.106 *** 0.899
(0.038) (0.038)

More than 15 years −0.087 ** 0.917 −0.055 0.947
(0.039) (0.040)

Income −0.346 *** 0.707 −0.136 *** 0.873
(0.030) (0.032)

Gender (Male = 1) −0.455 *** 0.634 −0.511 *** 0.599
(0.026) (0.027)

Age 0.334 *** 1.397 0.188 *** 1.207
(0.041) (0.042)

Country (Sweden = 1)
Finland −1.332 *** 0.264

(0.044)
Norway −0.013 0.988

(0.028)

Pseudo R−squared

McFadden R−squared 0.0209 0.0566

Model fitting information

Chi-square 742.76 2008.83
The values in parentheses are standard errors; ** and *** denote significant coefficients at the 5% and 1% levels, respectively.

Moreover, the results confirmed that the investment horizon was statistically signifi-
cant in explaining the clients’ sustainable investment choices. Only in Model 2 was the result
found to be non-significant for the long-term investment horizon category. Clients with
investment horizons ranging from three to six years were more likely to become sustainable
investors compared with the other categories. This result was quite surprising because
sustainability is a concept associated with a long-term focus. A study by [36] concluded
that the intention of private investors to make socially responsible investments is positively
influenced by their beliefs about the long-term returns of said investments. Many studies
in the literature [46,47] have also concluded that sustainable investments are preferred by
investors with long-term investment horizons. Nevertheless, in this robo-advisory context,
the descriptive statistics show that the short-term investment horizon was identified as the
group with the highest percentage of clients choosing a sustainable investment.

Interestingly, the client’s income level was negatively associated with the likelihood
of becoming a sustainable investor. The robo-advisor clients that chose sustainable invest-
ment tended to be in a lower-income bracket than those who did not. The descriptive
statistics also indicate that there is a higher percentage of lower-income clients purchasing
sustainable investments through robo-advisors. This finding is supported by previous
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literature [25], which found that investors with a lower wealth status have higher odds of
choosing a socially responsible investment. However, the result is in contrast to [40], who
found that investors with a higher level of income have higher odds of choosing socially
responsible investments.

As predicted, female robo-advisor clients were more likely to be sustainable investors.
This result confirms the results of [58], which analyzed the demographics of socially
responsible investors in the United States. One possible explanation is that women are
more concerned about the environment than men, as mentioned in [3]. Consistent with
the results found by [2], the sustainable investor segment was made up of older people.
It was also shown in the descriptive statistics that among all age groups, clients aged
more than 55 years old had the highest percentage of group members choosing sustainable
investments. This is in line with [55,56], who revealed that socially responsible investors
are older.

Lastly, we also considered the country effect in Model 2 to see if there is any difference
in the sustainable investment behavior in the three countries. Only Finland was found
to be statistically significant, with a negative coefficient and odds ratio of less than one.
Meanwhile, Norway was found to be insignificant. This indicates that the Finnish clients
were less likely to choose sustainable investment than the Swedish clients.

The goodness of fit of the models is shown by the McFadden pseudo R-squared
values [68]. The pseudo R-squared values for both models were quite low, 2% for Model
1 and 5.7% for Model 2. However, we also ran a classification test on Stata to check
if the models were correctly specified. The results indicate that Model 1 succeeded to
produce accurately 66.20% of the true outcomes and Model 2 was correctly specified at the
66.27% level.

The summary of the hypothesis test results is presented in Table 5. The conclusion is
drawn based on the p-value and the odds ratio.

Table 5. Summary of hypothesis results.

Hypothesis Independent
Variable

Sig.
(p-Value) Result

H1: Risk-averse investors are more likely
to choose sustainable investments.

Risk−return preference
(Low risk = 1) Supported
Moderate risk 0.002
High risk 0.000

H2: Long-term investors are more likely
to choose sustainable investment

Investment horizon
(3−6 years = 1)

Not supported6−10 years 0.000
10−15 years 0.000
More than 15 years 0.003

H3: Less-wealthy investors are more
likely to choose sustainable investments. Income 0.000 Supported

H4: Female investors are more likely to
choose sustainable investments. Gender (Male = 1) 0.000 Supported

H5: Younger investors are more likely to
choose sustainable investments. Age 0.000 Not supported

The robustness test was performed by doing simulations of the four different models.
The results of the robustness test are displayed in Table 6. Model 1 included all of the
independent variables in the regression equation. Meanwhile, model 2 included risk–return
preference and sociodemographic variables, and model 3 consisted of investment horizon
and sociodemographic variables. Model 4 only included sociodemographic variables to test
its impact on sustainable investment choice. Changing the independent variables in each
model still provided consistent results. The independent variables in models 1, 2, 3, and 4
were statistically significant in explaining the sustainable investment choice. The intercept
in all models also showed positive signs with slightly different values. Consistency also
can be found in the McFadden R-squared values in four models. The consistent results in
four different simulation models show that our estimation model is robust.
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Table 6. Robustness test.

Sustainable Investment Choice

Model 1
(All)

Model 2
(Risk)

Model 3
(Horizon)

Model 4
(Control)

Risk−return preference
(Low risk = 1)
Moderate risk −0.153 *** −0.171 ***

(0.050) (0.050)
High risk −0.432 *** −0.456 ***

(0.055) (0.054)
Investment horizon (3−6 years = 1)
6−10 years −0.115 *** −0.126 ***

(0.032) (0.031)
10−15 years −0.137 *** −0.165 ***

(0.038) (0.037)
More than 15 years −0.087 ** −0.132 ***

(0.039) (0.039)
Income −0.346 *** −0.359 *** −0.370 *** −0.389 ***

(0.030) (0.031) (0.031) (0.030)
Gender (Male = 1) −0.455 *** −0.451 *** −0.490 *** −0.485 ***

(0.026) (0.026) (0.026) (0.026)
Age 0.334 *** 0.326 *** 0.321 *** 0.315 ***

(0.041) (0.040) (0.041) (0.040)
Intercept 1.316 *** 1.389 *** 1.362 *** 1.444 ***

(0.228) (0.227) (0.224) (0.223)
McFadden R-Squared 0.020 0.020 0.018 0.017

The values in parentheses are standard errors; ** and *** denote significant coefficients at the 5% and 1% levels, respectively.

5. Conclusions

Defining the right target market is crucial for financial institutions to develop an
effective marketing strategy for their sustainable investment products for retail investors.
Additionally, it is also important for the government and financial authorities to understand
the market segment of sustainable investment products to raise awareness of sustainable
investment for the untouched segments. Lay-investors are more prone to make inappropri-
ate investment decisions because of their lack of knowledge about finance and sustainable
investment. Financial authorities can design educational campaigns targeted to each mar-
ket segment as a means to provide customer protection to lay-investors. Better knowledge
about sustainable investment can help to minimize the barriers to lay-investors who are
interested in sustainable investment but have difficulties in choosing the right products.
This study fills a gap by providing empirical evidence of the determinants of sustainable
investment decisions in digital financial advisory settings. Using a large dataset from
three Nordic countries, this study explored the sustainable investment preferences of robo-
advisor clients. A logistic regression model was used to examine the relationship between
investment-related attitudes and sociodemographic characteristics.

The findings of this study showed that clients with a low-risk appetite and short-term
investment horizon were more likely to engage in sustainable investment. This strengthens
the propositions of [27,39] that highlighted the importance of risk, return, and liquidity
preferences in determining socially responsible investment choices. In terms of socio-
demographic profiles, sustainable investments were preferred by less-wealthy, female,
and older clients. We also included country effects in the second model, and the results
indicated that Swedish clients were more engaged in sustainable investment than clients
from neighboring countries. In relation to gender, our result was in line with previous
studies that reported evidence that women are more engaged in social and environmental
aspects [10,66]. Nevertheless, our study results contradicted to [14] which found that age
and income were positively correlated to the amounts allocated to sustainable investments.

Our findings have several important implications both for policymakers and prac-
titioners. First, our study provides identified investor profiles and their relationship to
sustainability preferences. Policymakers and financial authorities should prioritize ed-
ucational campaigns to foster knowledge among investors with lower engagement in
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sustainable investment. Our results provide information relevant to policymakers to mobi-
lize investors to sustainable investment through digital financial services. Second, from
the practitioners’ point of view, this study assists financial institutions to unlock retail
investment potential by providing the characteristics of investors with a higher likelihood
of choosing a sustainable investment.

This study is not without limitations. First, this study was conducted only in the Nordic
context, limiting the author’s capacity to analyze the behavior of investors from different
backgrounds. Nordic countries are known to be leaders in sustainability movements [69],
whereas many other countries still lag. Second, it is important to note that the sample used
in this study was dominated by younger people, as robo-advisors were designed for the
younger and tech-savvy generation. This leads to a possible bias in the analysis. Lastly,
due to the unavailability of data, this study did not include other variables that might
be relevant, such as financial literacy, digital literacy, and prior knowledge in investment,
in the analysis. Despite of these limitations, this study provides initial findings about
the determinants of sustainable investment behavior among robo-advisor clients. This
study can be extended to a cross-cultural study to investigate where there is any difference
in sustainable investment preference in countries with different levels of sustainability
awareness. It would also be interesting to include financial literacy, prior knowledge
in investment, and digital literacy as additional variables. Since robo-advisors combine
digital and financial products, it is recommended to analyze investors’ preferences from
both perspectives.
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