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Abstract: This paper addresses the unexplained phenomenon of gender differences in entrepreneurial
decision-making, particularly in business sectors involving innovation and risk. Although the topics of risk
attitudes and uncertainty have been studied comprehensively from a gender perspective, research that
combines different forms of uncertainty and links them with women’s entrepreneurial decision-making has
not been done to the best of our knowledge. This paper provides a theoretical framework involving models
on risk, ambiguity, perceptions of risk as in cumulative prospect theory, and asymmetric information. It
unifies and connects these models through specific assumptions on utility functions in the presence of
uncertainty and uses bias discount factors to denote how strongly biases devalue outcomes. Conclusions
from the models indicate that a range of external factors—such as race and access to education and social
networks—may interact with the internal behavioral biases of an entrepreneur, such as overconfidence, risk
appetite, altruism, and trust in others. By detailing and analyzing theoretical gender-type differences and
their effects on entrepreneurial decision-making, we find that traditional one-dimensional gender policies
are not sufficient to address complex gender issues. Rather, we suggest a more multi-dimensional and
holistic policy approach that combines traditional gender policies and policies for long-term sustainability,
encouraging firms to be more socially and environmentally conscious, and demanding less “greedy works”
as Nobel laureate Professor Goldin also argued. It aims to create a new business eco-system that is more
feminine-friendly and balanced, considering gender-type differences and incentive biases to address the
current worldwide gender disparities in entrepreneurship.
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1. Introduction

A pressing issue worldwide is the gender gap in innovation entrepreneurship and the factors that
contribute to its existence (Global Entrepreneurship Monitor, 2018; Shinnar et al., 2018); even in societies
like the USA and the UK with strong gender equality, we still find serious gender disparities in
entrepreneurship in areas like artificial intelligence (Farah, 2023). There are many economic benefits of
increasing women'’s participation in entrepreneurship such as creating employment opportunities, reducing
poverty, and increasing support for family income. It also enhances the economy’s growth in productivity
and sustainability, which are crucial in creating a more affluent society in today’s competitive and
globalized world (Akehurst et al., 2012; World Bank, 2012; Sajjad et al., 2020). According to the report of
the McKinsey Global Institute (2015), by making women equal partners with men, an estimated USD 12
trillion or more could be added to the world’s annual GDP by 2025. This increase in GDP would be due to
the female half of the population being put in a position to develop their full potential of knowledge and
ability to become entrepreneurs, fostering innovation and productivity, which increases overall well-being
(Love etal., 2023).

The gender gap in entrepreneurship has gradually been closing over the past twenty years,
increasing the number of women entrepreneurs; never-the-less, there still are fewer women than men
pursuing entrepreneurship. And those who do are often in the less capital-intensive sectors including
personal services (European Commission, 2016; Priyadarshini and Ramakrishnan, 2016; Cardella et al.,
2020). Moreover, the COVID-19 pandemic has greatly reduced progress in bridging the entrepreneurial
gender gap (OECD, 2021).

The topic of gender-type differences in entrepreneurship — i.e. characteristics typically associated
with and expected of women or men — and recommendations to handle their effects is largely covered in
the existing literature. It is useful to differentiate between gender-type and gender because the expected,
typical characteristics of men and women do not define every man and woman’s actual roles and behaviors.
We start by assuming there is a female population and a male population: the females have a large fraction
of female-gender-type people and a small fraction of male-gender-type people, whereas the males have a
large fraction of male-gender-type people and a small fraction of female-gender-type people. Thus, we
account for the literature showing mixed results for definitive gender differences.

Our research aligns well with the research agenda of Professor Claudia Goldin, the 2023 laureate
for Nobel Prize for Economics, both confirming important results and — in the context of gender and
entrepreneurship — addressing questions not yet answered. Smith (2023) states: “[Professor Goldin’s]
research illustrates how the process of closing the wage gap has been uneven throughout the course of
history, changing in line with social norms and expectations about their career prospects and roles at home”.
Professor Goldin argues that inequalities at home can sustain inequalities at the workplace, which is
confirmed in our model of the choice of leadership in a family firm in Section 3.3.

Regarding ‘greedy jobs’, i.e. highly paid, stressful jobs which require work to be prioritize over all
else, Smith (2023) quotes Professor Goldin saying: “For example, why do women and not men step back
from these higher paid opportunities? [...] and how can we make these ‘greedy jobs’ less demanding,
without making them less productive? That’s the next frontier we have to explore.” Our research supports
the critique by Goldin (2023) of existing policy measures, who said “These responses haven’t worked to
erase the differences in the gender pay gap. And they will never provide a complete solution to gender
inequality, because they treat only the symptoms.” For the context of gender and entrepreneurship, our



policy recommendations address exactly this question to seek complete and balanced solutions to treat the
‘root’ of the symptoms. The answer we arrive at is that traditional one-dimensional gender policies are not
sufficient to address complex gender issues. Rather, we suggest a more multi-dimensional and holistic
policy approach is required, which combines traditional gender policies with policies for long-term
sustainability, encouraging firms to be more socially and environmentally conscious. It aims to create a
new business eco-system that is more feminine-friendly and balanced, considering gender-type differences
and incentive biases to address the current worldwide gender disparities in entrepreneurship.

This paper is inspired by Sent and Staveren’s (2019) survey paper which finds that results on gender
differences are typically mixed, meaning that the extent to which there are differences can vary depending
on the context. Specifically, these are differences in various forms of uncertainty such as risk attitudes, loss
aversion, ambiguity, confidence, degrees of optimism, and more (e.g. Adachi and Hisada, 2017; Bjuggren
and Elert, 2019; Borghans et al., 2009; Brebner, 2003; Chen et al., 2018; Hugelschafer and Achtziger, 2014;
Prasad et al., 2021). There is a general observation, though, that female-type persons are more risk-averse,
emotional, and altruistic, but less confident and trusting in others, than male-type persons (Barett et al.,
1998; Harris and Jenkins, 2006; Hiigelschafer and Achtziger, 2014).

Although a significant amount of literature focuses on such topics, a more comprehensive
theoretical framework for modeling uncertainty and gender-type differences in entrepreneurial decision-
making could put some of the results in perspective and may provide additional insights. Therefore, this
paper provides a broader framework to address the key question of our paper: “Why are there fewer female
entrepreneurs, especially in sectors benefiting from risk-seeking for innovation?” “What causes the gender-
type differences in entrepreneurial decision-making, and what avenues can increase the number of female
entrepreneurs in innovation?” “Are these causes rooted in collective, communal decision-making, or in
individual, agentic decision-making?”. Essentially, we ask: "What kind of business setting do we want to
achieve?” “And if we aim to leave no one behind in positive change, how is the gender dimension currently
missing?” “What are the policy options for addressing this?”

Expected utility, ambiguity theory, prospect theory, and asymmetric information are approaches
used in economics that have relevance for understanding real-life gender differences in entrepreneurial
decision-making, and their multiplicative effects on inequality. Thus, we follow Knight (1921) and take the
perspective of a decision-maker choosing between pursuing entrepreneurship or not. Their decision will
depend on their gender type, which relates to different characteristics that crucially affect the outcomes
under these theories. In doing so, we analyze the effects of internal and external factors and establish a
theoretical framework to address the unexplained phenomena.

There are internal factors and external factors affecting entrepreneurial decision-making. They are
interconnected and reinforce each other but should be distinguished. Internal factors include altruism, trust,
risk appetite, overconfidence, utility functions and indices, reference points, pessimism/optimism, and
individual intertemporal discount factors reflecting patience. External factors include a systemic market
bias discount factor on women’s output/value, capturing the negative environment in which they operate.
They could reflect institutional biases for different genders, races, and cultures, especially in education and
in access to social and professional networks, as well as a lack of legal protection acknowledging the
economic value of their contribution. Such negative external factors may seriously limit and distort the
available choices as well as increase the performance gap between male and female entrepreneurs (Oggero
et al, 2020; Oladipo et al, 2023).



In general, we define internal factors as what is experienced in the decision-makers mind. They are
characteristics of the decision-maker. External factors, on the other hand, are defined as the characteristics
of the environment that the decision-maker operates in, for example of the market or of other relevant
institutions.

Our appropriately simplified theoretical framework focuses on various forms of uncertainty: risk
in expected utility (Savage, 1954; Anscombe and Aumann, 1963); ambiguity as in Choquet expected utility
(Schmeidler, 1989; Mukerji, 1997; Chateaneuf et al., 2007); and the decision-makers individual perception
of risky choices as in prospect theory (Kahneman and Tversky, 1979; Tversky and Kahneman, 1992). The
theoretical framework identifies weights applied in aggregating valuations of the different potential
outcomes of a choice, as a unifying way to identify the differences in how each decision model portrays
uncertainty (Wakker, 2010). Additionally, it uses the certainty equivalent as a benchmark to explore a
counterpart of the risk premium in the form of an “uncertainty premium” and “bias discount factors” as
simple measures of the fractional loss due to various biases. We also provide examples of how the effects
of ambiguity may be misinterpreted to be the effects of cumulative prospect theory, and vice versa.

We limit this paper's definition and scope of uncertainty to facilitate the analysis. The type of
calculable risk we use as the starting point for our analysis is assumed to have the potential to enrich society
with innovations. But it is of the same nature as purchasing lottery tickets, placing bets, or pure gambling.
Therefore, its scope extends to the risks associated with irrational gambles or financial speculations that
have no positive impacts on advancing humanity, as these too are related to entrepreneurship, innovation,
and our main questions. In the spirit of Knight (1921), the discussions in the paper consider the decision-
makers to be entrepreneurs facing Knightian uncertainty in their choices to advance innovations.

We would like to emphasize that the economic agency in our approach not only has calculative and
emotional motives but also affects the individual decision-maker’s subjective context in which decisions
are made. This differs from many experimental settings, such as that of Borghans et al. (2009), in which
factors like ambiguity aversion are tested objectively. In settings where the population sample is not affected
by contextual factors — for example, educational opportunities, gendered institutions, and social settings
relating to network resources — the differences in the economic behavior of men versus women cannot be
fully explained (Sent and Staveren, 2019).

In summary, our research analyzes and provides a deeper understanding of how inequality takes
shape through the multi-layered dimensions of women's innovative entrepreneurship choices in a negatively
biased external environment. Only after clarifying the chain of causes and effects that lead to inequality can
we try to break the vicious circle. The structure of this paper is as follows: in Section 2, we introduce the
theoretical framework of decision-making under uncertainty and how it depicts communal and agentic
behavioral attitudes in entrepreneurs. Gender bias discount factors and two theoretical adverse selection
models are introduced in Section 3, the models relating gender and gender-types to entrepreneurship. In
Section 4, the theoretical insights about risk, uncertainty, and misperceptions are related to a range of
gender-type differences and interactions in entrepreneurial decision-making. The interconnections between
some of the behavioral characteristics are also explored. Section 5 discusses the key implications of our
findings for the gender gap in innovative entrepreneurship. Our final section addresses policy implications
and provides concluding remarks.



2. The Theoretical Framework

The general structure of rational decision-making is: each decision-maker pursues his or her
objectives by using the instruments available to them, subject to institutional and physical constraints they
face, and to the anticipated reactions of the others. We examine decision-making under uncertainty since
we consider Knightian innovative entrepreneurs who are specialists in dealing with uncertainty (Knight,
1921). Here, uncertainty is a lack of knowledge about the probability of a state of nature’s future condition
or what the future outcomes of these states may be (Keynes, 1937; Groot and Thurik, 2018). Knight’s
intuition is captured in Kelsey and Spanjers (2004) using the entrepreneurial sharing rule for partnerships
with ambiguity.

This section aims to introduce and unpack the meaning of uncertainty by discussing the differences
between risk, ambiguity, and misperception. We present the corresponding three approaches of expected
utility, ambiguity, and cumulative prospect theory, in Appendix 1. We analyze how these three approaches
are distinct but also combine to constitute a coherent framework for assessing the gender dimension of
entrepreneurial decision-making. The impact of an external, biased environment, as in, for example,
theories of asymmetric information, is represented through “bias discount factors”, denoting the fractional
devaluation caused by the bias.

We focus on behavioral attitudes toward uncertainty. These include agentic attitudes like
overconfidence and risk appetite, but also communal behavioral attitudes such as trust and altruism. These
different perspectives of uncertainty help us to understand the origins of gender differences in
entrepreneurial decision-making. They also point to avenues that can break barriers and increase the number
of women entrepreneurs in innovation.

2.1 Expected Utility

The Expected Utility approach is where a decision maker behaves as if they evaluate uncertain
prospects and their expected utility values. This expected utility is based on the decision maker’s beliefs
and is obtained from the sum of the utility values of the potential outcomes multiplied by their respective
(subjective) probabilities:

U(X1,....Xs T1,...,ms) = mU(X1) + ...+ s u(xs) = E{u(x)} = EU(X, x)

Here U denotes the expected utility function representing the preference relation for the pairwise
comparison of uncertain prospects (x, z).2 For each state (or potential future scenario) s =1, ..., S, we use
Xs to denote the income (or wealth) that results when state s materializes, and zs to denote the (subjective)
probability with which the decision maker expects state s to occur. Finally, u denotes the von Neumann-
Morgenstern utility index, which denotes the utility u(xs) resulting from an income xs, if and when this
income is obtained.

The Expected Utility approach doesn’t assume that the decision-maker consciously uses the
expected utility equation to evaluate uncertain prospects. Rather, the approach is based on underlying
behavioral assumptions about the decision maker’s pairwise comparisons of uncertain prospects, tailored
around the Sure Thing Principle (Savage, 1954; Abdellaoui and Wakker, 2020) or the Independence Axiom

3 For a comprehensive discussion of the concept of prospects see Wakker (2010, Chapter 1).



(Anscombe and Aumann, 1963). Under the seemingly plausible assumptions on the decision-maker’s
pairwise comparisons of uncertain prospects, it follows by the force of mathematical logic that these
comparisons are as if they result from a suitably specified expected utility function. Thus, for the Expected
Utility approach to hold, it is not assumed that the decision maker is numerate or that they have been
exposed to mathematics or statistics.

The expected utility function reveals the decision-maker's attitude toward risk. This risk attitude is
reflected in the von Neumann-Morgenstern utility index u. Assuming that a higher income results in a
higher value of the u, the decision maker’s risk attitude follows from the curvature of the von Neumann-
Morgenstern utility index. For a strictly concave utility index (i.e. u”’(xs) < 0) the decision maker is risk
averse; for a strictly convex utility index (u”’ > 0) the decision maker is risk seeking; and for a linear utility
index the decision maker is risk neutral (u’> = 0).

A different approach to represent the attitude of a decision-maker towards risk is by comparing
risky prospects to risk-free income. The certainty equivalent of a risky prospect is the risk-free income
which the decision-maker considers to be equally good. That is, it is the risk-free income for which the
decision maker is indifferent between obtaining this risk-free income CEQ and obtaining the risky prospect
(X1,..., Xs; m1,...,ms). Thatis U(CEQ ; 1) = U(X4,...,Xs; m1,...,ms). Or, put differently: u(CEQ) = m u(x1) + ...
+ 7s U(Xs).

Based on the certainty equivalent of a risky prospect, the risk premium of the prospect is defined
as the difference between the expected income of the prospect (El = E{x}= m1x1 + ... + 75 Xs ) and its
certainty equivalent CEQ, that is RP = El — CEQ. Now a decision maker is risk averse regarding a risky
prospect if its risk premium is strictly positive (i.e. RP > 0), risk-seeking concerning the risky prospect if
its risk premium is strictly negative (RP < 0), and risk-neutral concerning the risky prospect if its risk
premium is zero (RP = 0). Intuitively, the risk premium can be interpreted as the monetary value of the
sleepless nights of the decision-maker worrying.

A related way to represent the decision maker’s risk attitude is by use of a “risk discount factor”.
This risk discount factor denotes the rate at which the utility of the decision is “discounted” due to the
presence of risk. For a risky prospect (Xu,..., Xs; 71,...,7s) the decision maker’s risk discount factor DF is
obtained as DF = CEQ / El. For a risk-averse decision maker, DF <1 since CEQ < EI. Similarly, for a risk-
seeking decision maker, DF>1, and for a risk-neutral decision maker DF=1.

The basic concepts of “certainty equivalent,” “risk premium,” and “risk discount factor” can easily
be generalized to broader settings relating to decision-making under uncertainty. This will be done in some
of the sections to follow to facilitate the discussion and comparison of the different forms and settings of
uncertainty addressed in this paper.

The presence of gender biases in decision-making under uncertainty is well established (e.g. Eckel
and Grossman, 2002, 2008). Some of these biases may relate to different parameters in the expected utility
function. But there are different approaches to decision-making under uncertainty that may equally, or at
times even better, explain the gender gap in innovative entrepreneurial behavior regarding phenomena like
differences in risk attitude, overconfidence, trust, and altruism. In the following sections, we summarize a
selection of such theories as the basis for our further discussions.



2.2 Ambiguity

When contrasting risk with ambiguity, Keynes (1937) describes ambiguity as a form of uncertainty
where “there is no scientific basis on which to form any calculable probability whatsoever. We simply do
not know”. In practical situations of uncertainty, we would consider some ambiguity to be present whenever
we do not know “within bounds.” The presence of ambiguity gives rise to incalculable risk. The “risks” in
the situation of uncertainty become incalculable because the probabilities and/or the outcomes are not
known within bounds (see e.g. Knight, 1921; Mukerji 1997; Wakker 2011).

When making decisions in situations of uncertainty, one would want decision-making to be based
on what is known; in this context, any amount of “simply not knowing” creates serious issues. To deal with
decision-making in the presence of ambiguity, we need to find new parameters to describe (the bounds of)
the ambiguity of a situation, as well as its potential impact on decision-makers. In this, Ellsberg (1961)
leads the way in at least three different aspects.

Firstly, the Ellsberg-paradox makes it credible that even rational decision-makers who are familiar
with the Expected Utility approach may make well-considered choices that violate Savage's (1954) Sure
Thing Principle and that are not consistent with the expected utility theory.

Secondly, Ellsberg considers this to be the consequence of a “lack of confidence” in the probability
distribution, represented mathematically by “not knowing within bounds” which probability distribution
applies.

Finally, a decision model is provided that incorporates these effects by extending the expected
utility function to incorporate an aversion to “not knowing.” This is achieved by introducing the decision
maker’s level of confidence y regarding their probability estimate 7z, and the extent of not knowing reflected
in the set of plausible probability distributions I". In the overall evaluation of the situation, the valuation
when “knowing” (with weight y), i.e. the expected utility based on the probability estimate , is combined
with the decision maker’s valuation within the realm of ‘not knowing’ (with weight 1 — y), being the worst
expected utility valuation for any plausible probability distribution p in 7. Thus, 7" can be interpreted to
denote the extent of not knowing, whereas 1 — y can be interpreted to denote the intensity of not knowing.

The resulting utility function proposed by Ellsberg (1961) is as follows:
U, , y, I) =y EU(X, 7) + (1-y) min pin r EU(X, p).

Here x denotes for s=1, ..., S the state contingent incomes x = (Xs,..., Xs). The decision maker’s (Subjective)
probability estimate for the states is denoted by z = (71,...,7s) over states. Furthermore, y with 0 <y <1,
denotes the decision maker’s ‘level of confidence’ in their (subjective) probability estimate z, with 1 —
their lack of confidence. Thus y = 1 denotes full confidence and y = 0 denotes no confidence at all. EU(X,
7) denotes the expected utility function for a von Neumann Morgenstern (VNM) utility index u as seen
before, and EU(x, p) similarly for the probability distribution p. For given state contingent incomes X, the
expression miny in - EU(X, p) denotes the minimum expected utility value obtained for EU(x, p) over all
“plausible” probability distributions p in 7.

Convincing as Ellsberg (1961) is, the proposed utility function is not compatible with the expected
utility function except for the case of “full confidence,” i.e. for y = 1. So, for 0 < y < 1, the seemingly
plausible assumptions of Savage’s (1954) Sure Thing Principle and Anscomb and Aumann’s (1963)
Independence Axiom must be violated. Decades of research followed, analyzing and discussing how to



adapt the axioms to best incorporate Ellsberg’s (1961) insights about ambiguity. Important milestones were
made by Schmeidler (1982, 1989), Gilboa (1987), and Chateauneuf et al. (2007) who in many ways
complete the model. Eichberger and Kelsey (1999) provide an operational simplification in the form of
Ellsberg capacities. Wakker (2010) provides a comprehensive overview of the relevant literature in the
overall framework of decision-making under uncertainty.

For the purpose of this paper, it suffices to consider the most simplified utility function for
ambiguity which still retains its characteristic features: it combines expected utility (weighted with the level
of confidence y) for “knowing” with a combination of the utility derived from “hoping for the best”
(weighted by w), “fearing the worst” (weighted by 1- w), and for “not knowing” (weighted by 1—y). Thus,
its structure is similar in spirit but extends the utility function proposed by Ellsberg (1961). It is in line with
the discussion in Mukerji (1997) and with the utility function used in Spanjers (2008). This utility function
simplifies the general framework of Chateauneuf et al. (2007) by what they call “simple neo-additive
capacities” in the context of Choquet Expected utility. The resulting utility function for ambiguity looks as
follows:

U(x, 7, y, ) = y EU(X, 7) + (1-y) [w MaXsins U(Xs) + (1-w) MiNgins U(Xs)]

As before, x denotes, for s = 1,..., S, the state contingent incomes X = (Xi,..., Xs). The decision maker’s
(subjective) probability estimate for the states is denoted by « = (71,...,7s) and y, with 0 <y <1, denotes the
decision maker’s “level of confidence” in their (subjective) probability estimate z, with 1 — y their lack of
confidence. Furthermore, w with 0 < @ < 1 denotes the decision maker’s level of optimism, and 1 — w the
decision maker’s level of pessimism. Thus @ = 1 denotes full optimism and « = 0 represents full pessimism.
EU(x, =) denotes the expected utility function for a vNM utility index u as before. The expression maXsins
u(xs) denotes the highest utility for any of the state contingent incomes xs with s = 1,..., S and represents
hoping for the best. Similarly, minsins u(xs) denotes the lowest utility for the state contingent incomes x;
with s = 1,..., S and represents fearing the worst.

From the utility function it immediately follows that the weight for each state s=1,..., S equals y
s except for the state with income Xpest in Which the highest utility is obtained and the state xworst Where the
lowest utility is obtained.* The weight for the state s in which xpest is obtained equals y s + (1-y) @, in which
the second term reflects the effect of the decision maker’s “hope.” Similarly, the weight for the state in
which Xworst is Obtained is y s+ (1-y) (1-w), in which the second term reflects the impact of the decision
maker’s “fear”

It should be noted that the states in which a decision-maker who faces ambiguity “hopes for” or
“fears for” depend on the specific state contingent income X = (X1,.. ., Xs) under consideration. As an example,
for the state contingent incomes x = (X1, X2, X3) = (4, 5, 6), the decision maker hopes for state 3, with x3 = 6,
and fears for state 1 with x; = 4. For the state contingent incomes y = (y1, Y2, y3) = (6, 5, 4), on the other
hand, the same decision maker hopes for state 1, with y; = 6, and fears for state 3 with y; = 4. Thus, hope
and fear shift weight (the counterpart of probability mass) to the states with the “best” and “worst” outcomes.

In general, the weights the decision-maker applies to the states s = 1,..., S to evaluate the state
contingent incomes X = (X, ..., Xs), may differ from the weights the same decision-maker applies to evaluate
different state contingent incomes y = (v, ..., ¥s). If the weights are interpreted as subjective probabilities,

4 Assuming that, for x = (x1,..., Xs), the state with the best outcome and the state with the worst outcome are unique
states.



we would be facing a “superstitious” decision maker, who assumes that the ranking of the outcomes over
the different states affects the probabilities with which the states occur.

One may wonder how the intuition of the certainty equivalent CEQ, the risk premium RP, and the
risk discount factor DF can be applied in the presence of ambiguity. For the certainty equivalent CEQ), this
is straightforward because it is based on the same income CEQ being obtained for each state s=1,..., S
and, therefore, both the best case income and the worst case income equal CEQ too. This results in the
certainty equivalent CEQ of (x, x) for the level of confidence y and level of optimism w, being obtained
from U(CEQ; 1, y, @) = U(X, &, y, ®). Or, to put it differently:

U(CEQ) =y EU(x, 7) + (1) [w maXx sins U(Xs) + (1-w) Min sins U(Xs)].

To define the counterpart of the risk premium RP and the risk discount factor DF, we need to combine the
certainty equivalent CEQ with the counterpart of the expected value of the ambiguous income. In the special
case of neo-additive capacities that we consider here (“simple neo-additive capacities” in the terminology
of Chateauneuf et al., 2007), it is natural to use the expected value of the prospect (x, ) for the counterpart
of these benchmarks, for this purpose effectively ignoring the presence of ambiguity. Based on the certainty
equivalent of the ambiguous prospect, the uncertainty premium of the prospect is defined as the difference
between the expected income EI of the prospect and its certainty equivalent CEQ, that is UP = EI — CEQ.
Similar to the case of the risk discount factor, the uncertainty discount factor for an ambiguous prospect
now is obtained as DF = CEQ / El.

One straightforward way to define the ambiguity premium AP of the ambiguous prospect would be
to subtract the risk premium from the uncertainty premium: AP = UP — RP. For the situation with only two
states, the uncertainty premium, the risk premium, and the ambiguity premium can be illustrated in the
well-known diagram for the certainty equivalent and the risk premium, with X1 = Xworst aNd X2 = Xpest. ThiS
approach is followed in Diagram 1.
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Diagram 1: Uncertainty Premium under Ambiguity
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Source: Authors’ illustration.

A different and more general way to illustrate the uncertainty premium and the ambiguity premium
is to focus on the utility component of “not knowing” for (x, ) for the level of confidence y and level of
optimism w:

w Max sinS U(Xs) + (1—6()) mln sinS U(Xs)

The only income levels to occur in this expression are Xworst and Xpest. The utility component of “not knowing”
with weight (1—y) is combined with the expected utility component of “knowing” with weight y as outlined
before. The utility component of “not knowing” can be derived on the vertical axis of the standard type of
diagram, replacing the probability x for x1 by (1-w) and the probability (1-x) for x; by .

The difference between the expected utility component for “knowing” and the utility of “not
knowing” is positive when the former is larger than the latter. In Diagram 1, the utility component of “not
knowing” can now be scaled by (1-y) and subtracted from the expected utility value on the vertical axis.
For this utility value under ambiguity, the associated certainty equivalent can be determined as usual. The
certainty equivalent of the expected utility of the prospect can also be depicted as usual. The difference
between the two now equals the ambiguity premium AP since

AP =UP —-RP = (CEQuncertainy_ E|) _ (CEQrisk _ E|) - CEQuncertainy_ CEQriSk.

This is illustrated in Diagram 2, where the Choquet expected income CE{X; =, y, w} is less than E{x} if »
< m and CE{x; &, y, w} is larger than E{x} if v > m. Since RP{x} is independent both of the level of
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optimism « and of the level of confidence y, the change of these parameters on the ambiguity premium
AP{x; =, y, o} follows directly from their effect on the certainty equivalent CEQ{X; =, y, w}.

Diagram 2: The inverse of the Uncertainty Premium under Ambiguity
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Source: Authors’ illustration.

2.3 Prospect Theory

The Ellsberg Paradox is one of many behavioral biases that describe how real-life decisions may
systematically deviate from the predictions of expected utility theory. Prospect theory provides a
generalization of expected utility which incorporates the most common of these biases (Kahneman and
Tversky 1979; Wakker 2010). The way it values obtained income reflects a dislike of underperformance,
reflecting an emotionally driven misperception. It also incorporates misperceptions of the probabilities.

The structure of the initial standard model of prospect theory, however, creates the counter-intuitive
possibility that a decision-maker may prefer a prospect providing a risk-free income, to a risky prospect
that always increases this income. This property is known as the “violation of in-betweenness” and is
considered a serious flaw in the theory. Cumulative prospect theory (CPT) introduced by Tversky and
Kahneman (1992) convincingly mends the problem of the “violation of in-betweenness” (see also Wakker,
2010, and Kothiyal et al., 2014).

Our discussion of prospect theory starts with its two key building blocks: the value function and
the probability weighting function. The value function v is the counterpart of the vNM utility index u. It
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provides a utility value to the gain or loss of income Ax compared to the decision maker’s reference point
R. The probability weighting function w transforms actual probabilities of the risky prospect (AX, p) into
perceived probabilities w(p).

Since prospect theory is based on gains and losses compared to a reference point, rather than actual
levels of income, and on perceived probabilities rather than actual probabilities, prospect theory can be
interpreted as a decision theory of distorted perceptions, i.e. of misperceptions. This leads to the following
utility function of standard prospect theory:

V(AX, p) := W(P)V(AX1) + ... + W(ps)V(AXs)

where (AX, p) is a prospect with AX = (AXy, ..., Axs) and p = (p, ..., ps). For s=1, ..., S the difference
between the income R of the reference point and the actual income X is denoted by Axs = R — Xs, whereas
ps denotes the probability of state s occurring.

After discussing the value function and the probability weighting function of perceived
probabilities, we turn our attention to the utility function resulting from cumulative prospect theory. It turns
out that the weights applied by cumulative prospect theory may resemble those obtained by Choquet
Expected utility for decision-making under ambiguity (see Wakker, 2010). Reflecting a form of mental
accounting based on the “compartmentalization” of gains and losses, (see also Thaler, 1980; 1999; Tversky
and Kahneman, 1981; and Barberis and Huang, 2001), two Choquet integrals are applied separately: one to
the valuation of gains and the other to the valuation of losses (see Wakker, 2010). We provide simple
numerical examples to illustrate this and use it as a basis for interpreting prospect theory to combine an
emotion-driven value function with knowledge-driven ambiguity.

2.3.1 The Value Function

In prospect theory, the value function is the counterpart of the utility index in expected utility. It
denotes how outcomes are valued, if and when they occur. In the setting we consider, these outcomes are
gains and losses of income compared to a target or reference level. Thus, a change in the reference value
affects the perception of which levels of income are considered gains and losses as well as of the respective
sizes of these perceived gains and losses.

The specific value functions considered by Tversky and Kahneman (1992) for prospects (AX, p)
with AX = (AX4, ..., AXs) and p = (pa, ..., ps) are structured as follows:

V(AXs) = (AXs)* for Axs>0
=— S (AX)” for Ax; <0,
where AXs = R — X; denotes the gain of income in state s=1, ..., S compared to the reference point R. For
this type of value function, the degree of risk aversion is reflected in a, with 0 < a < 1,° and the degree of
loss aversion is denoted by g, with g > 0.

A key feature of this value function is that gains are treated differently from losses. The first part
where Axs > 0 applies for gains is where the value function is concave. The second part where Axs < 0
applies for losses is where the function is convex. Thus, this type of value function represents a situation in
which the decision maker is risk-averse concerning gains and risk-seeking when facing losses. A loss

5 The degree of risk aversion reflected in o corresponds to a constant Arrow-Pratt coefficient of relative risk aversion
of (1-a).
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aversion parameter > 1 causes the slope of the value for losses to be steeper than for gains of the same
size.

Diagram 3 illustrates how a change of reference point affects the implied vNM utility index and
how it affects the local risk attitude. In this example, we compare a prototypical ambitious male-gender-
type decision maker with a high reference point R, and a prototypical less ambitious female-gender-type
decision maker with a lower reference Ry.

Diagram 3: Shift in reference points for opposite risk attitudes
u(x)
A

u(xi‘ﬂ)

u(xf)

Source: Authors’ illustration.

For a given value function v this leads to the vNM utility indeX um(x) = Rm + V(X — Rm) for the more
ambitious male-gender-type, and to the VNM utility index us(x) = Rs + v(X — Ry) for the less ambitious female-
gender-type. The former, un(x), is represented by the solid curve, and the latter, uy(x), by the dashed curve.
For the grey area in Diagram 3, between the reference points Ry and Ry, the male-gender-type implied vNM
utility index um(x) is locally risk-seeking, whereas the female-gender-type implied vVNM utility index us(x)
is locally risk averse. This is easily verified by noting that for the grey shaded area, ux(x) is concave while
um(X) is convex. Since both vVNM utility indices are based on the same value function v, the difference must
be caused by the difference in reference point.

It should be noted that the equations for the utility indexes based on the value function v, are
basically the same, the only difference being that um(x) is shifted to the right and upward compared to ui(x)
due to the change in the reference point for income from R¢ to Rp.
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Diagram 4: Change in the value function due to changes in loss aversion .
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Source: Authors’ illustration.

Diagram 4 illustrates how an initial value function v is affected by changes in the decision maker’s
loss aversion. After a fall in loss aversion, from £ to Siow, We end up with the value function vie.. After an
increase in loss aversion, from S to Snigh. FOr an undistorted perception of the probabilities, w(p) = p, and
potential outcomes x; and x,, Diagram 4 also depicts the associated certainty equivalents of the prospect (x,
X2; P1, P2) under standard prospect theory, with x; < X2 <R, and with expected income E{x}. The certainty
equivalent is the x-value of the right-hand end point of the line segment which denotes the risk premium.

Loss aversion only affects the part of the value function where the reference point is not being met
and the levels of income are perceived as losses. In this part of the diagram, the decision maker is locally
risk-seeking to try to “catch up” to their reference point. This is not affected by the intensity of the risk
aversion as represented by o in the equation of Tversky and Kahneman’s value function. Here, the loss
aversion parameter 8 and the risk aversion parameter a do not affect each other, unlike what is suggested
by Bouchouicha et al. (2019).

2.3.2 The Probability Weighting Function and Cumulative Prospect Theory

A familiar experience of everyday life is that decision-makers tend to have a biased perception of
the probabilities of events. Typically, low-probability events are perceived to be more likely than they
actually are. Similarly, high-probability events tend to be perceived as less likely than they actually are. In
prospect theory, this systematic misperception of the probabilities is reflected in the probability weighting
function w. Thus, the value w(p) denotes the decision maker’s perceived likelihood of an event occurring
with actual probability p.
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Tversky and Kahneman (1992) propose probability weighting functions of the following type:

0 for p=0
w(p) = p*/ [p* + (1-p)*] for 0<p<l1
1 for p=1

Their experimental data suggests the values for a to range from approximately 0.27 to 1, with an average
of about 0.65. The typical shape of the probability weighting function is as in Diagram 5.

Diagram 5: The typical shape of the probability weighting function

Source: (Tversky & Kahneman, 1992).

One of the issues with the probability weighting function is that whereas the actual probabilities over all
outcomes add up to one, this need no longer be the case for the perceived probabilities w(p). Differences in
the sum of the perceived probabilities may now lead to counterintuitive outcomes, like the “violation of in-
betweenness” mentioned above.

Cumulative prospect theory resolves this issue by assuring that the same amount of weighting mass
is assigned, irrespective of the prospect and the probability weighting function under consideration. The
way this is achieved is by assigning separate weighting to losses, AX <0, and to gains, AX > 0, in a way that
ensures the sum of the weights to the losses is equal to one and that the sum of the weights to the gains is
also equal to one. Thus, the total weight assigned under cumulative no longer equals one, as it would for
probabilities, but rather equals two. Because the sum of the weights to losses equals one and the sum of the
weights to gains equals one, the “violation of in-betweenness” — where the prospect’s utility value is less
than that of the highest loss or exceeds that of the highest gain — can no longer occur.

So how are these weights for losses and gains calculated? They are calculated by applying Choquet
integrals to two adequately constructed non-additive probabilities (called “capacities”). These capacities
are obtained by applying the probability weighting function to the “losses” part and the “gains” part,
respectively, of the cumulative probability distribution of the prospect.
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Loosely speaking, the gains are evaluated by applying the “pessimistic”” Choquet integral to the
capacity based on applying the probability weighting function w(p) to the cumulative probability
distribution of the gains of the prospect. The losses, in contrast, are evaluated by applying an “optimistic”
Choquet integral to the capacity based on now applying probability weighting function w(p) to the
cumulative probability distribution of the losses of the prospect capacity (technically speaking, the
“optimistic” Choquet integral applies the standard Choquet integral to what Chateauneuf et al. , 2007, call
the “dual” or “conjugated” capacity of the capacity that is evaluated). For details, please see, for example,
Tversky and Kahneman (1992) or Wakker (2010).

For simplicity, we restrict our attention to the probability weighting functions that lead to weights
that have similar properties as the simple neo-additive capacities we focused on in Section 2.2 for ambiguity.

In part, these probability weighting functions effectively scale the actual probabilities down, with
probability mass “leftover” being automatically assigned to the “no gains, no losses” outcome of zero. A
further reallocation of weighting mass depends on the specifics of weighting function w(p). This further
reallocation adds weighting mass to the largest gain which occurs with a probability larger than zero, the
largest loss which occurs with a probability larger than zero, and the “no gains, no losses” outcome of zero.
It should be noted that the weighting mass “leftover” is fundamentally different from the weights for not
knowing associated with less than full confidence. As before in the case of the value function, the decision
maker’s reference point determines which actual outcomes are perceived as gains and which as losses. A
change in reference point may, therefore, affect whether specific outcomes are evaluated through the
‘optimistic’ Choquet integral or through the ‘pessimistic’ Choquet integral, as used in Agliardi et al. (2022)
to represent different attitudes towards a potential loss in biodiversity.

As an illustration, we consider a specific prospect and show the resulting distribution of cumulative
prospect theory weights for the three different types of weighting functions specified below. In terms of
ambiguity as in Section 2.2, for the standard “pessimistic” Choquet integral, applied for gains, the first type
of weighting function leads to “full pessimism in gains” as is obtained under ambiguity for » = 0 (and,
therefore, to “full optimism in losses” as for w = 1). Similarly, second type of weighting function leads to
“full optimism in gains” as is obtained under ambiguity for w = 1 (and, therefore, to “full pessimism in
losses” as for w = 0). The third weighting function leads to “a mixture of optimism and pessimism in gains”
as is obtained under ambiguity for 0 < @ < 1 (and, therefore to “a mixture of optimism and pessimism in
losses™ as for 1 — w).

The prospect (Ax; p) we consider for the three examples is as follows in Table 1:

Table 1: Numerical example for the three weighting functions

AX -45 -4.0 -3.0 -2.0 0 2 3 4 45
p 0.025 0.05 0.10 0.15 0.25 0.15 0.10 0.05 0.025

Weighting function with full pessimism in gains and full optimism in losses

The first type of weighting function, which leads to full pessimism in gains and full optimism in
losses, is as follows:
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0 for p=0
w(p) = PP for 0<p<l1
1 for p=1

where 0 <y <1 is the scaling down factor, similar to the level of confidence in the context of ambiguity in
Section 2.2.

For the specific case of y = 0.8, the cumulative prospect theory weights are as shown in Table 2.

Table 2: Cumulative prospect theory weights for the first type of weighting function

AX -45 -4.0 -3.0 -1.0 0 1 3 4 45

p 0.025 0.05 0.10 0.20 0.25 0.20 0.10 0.05 0.025
2p 0.05 0.10 0.20 0.40 0.50 0.40 0.20 0.10 0.05
CPT weight 0.02 0.04 0.08 0.16 1.40 0.16 0.08 0.04 0.02

To visualize the shifts in the weights obtained for this type of weighting function, the numbers for 2p and
CPT weight are depicted in Diagram 6. There the small-dashed line with the highest weights is 2p; the
large-dashed line with the second-highest weights is p, and the dashed-dotted-line with the lowest weights
is CPT weight. Diagram 6 displays pessimism in gains by having the “leftover weight” of gains added to
the weight of the lowest gain of zero. It also shows optimism in losses by having the “leftover weight” of
losses added to the weight of the lowest loss of zero.

Diagram 6: The weights of the prospect with full pessimism in gains
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Source: Authors’ illustration.
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Weighting function with full optimism in gains and full pessimism in losses

This second type of weighting function, with “full optimism in gains” and “full pessimism in losses”
is as follows:

0 for p=0
w(p) = (1-7) +yp for O<p<l1
1 for p=1

where 0 <y <1 is the scaling down factor, similar to the level of confidence in the context of ambiguity in
Section 2.2.

For y = 0, this weighting function puts a weight of 1 on the highest gain (in our example Ax = 4.5) and a
further weight of 1 on the highest loss (in our example Ax = -4.5).

For the specific case of y = 0.8, the cumulative prospect theory weights are as shown in Table 3:

Table 3: Cumulative prospect theory weights for the second type of weighting function

AX -4.5 -4.0 -3.0 -1.0 0 1 3 4 4.5

p 0.025 0.05 0.10 0.20 0.25 0.20 0.10 0.05 0.025
2p 0.05 0.10 0.20 0.40 0.50 0.40 0.20 0.10 0.05
CPT weight 0.22 0.04 0.08 0.16 1.00 0.16 0.08 0.04 0.22

To visualize the shifts in the weights obtained for this type of weighting function, the numbers for 2p, for
p, and for CPT weight are depicted in Diagram 7 as in Diagram 6. Here the weight of (1-y) is added to the
highest gain (4.5) and to the largest loss (-4.5). The enhanced weight on “no gains, no losses” (Ax = 0) is
due to the sum of the difference between the weight of the losses (excluding 0) and 1 as well as the
difference of the sum of the weights of the gains (excluding 0) and 1; combined they make up the weight
of “no gains, no losses” (i.e. 0).
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Diagram 7: The weights of the prospects with full optimism in gains and full pessimism in losses
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Source: Authors’ illustration.

Weighting function with a mix of optimism and pessimism in gains and losses

This final type of weighting function has a mix of optimism and pessimism in gains and losses and
is as follows:

0 for p=0
w(p) = 1-p)w +y-p for O<p<1
1 for p=1

where 0 <y <1 is the scaling down factor similar to the level of confidence in the context of ambiguity in
Section 2.2 and reflects the extent of “not knowing.” The parameter 0 < w < 1 is similar to the level of
optimism in the context of ambiguity in Section 2.2. For w = 0, the first type of weighting function with
pessimism in gains and optimism in losses is obtained, for « = 1, the second type of weighting function
with optimism in gains and pessimism in losses arises.

For the specific case of y = 0.8 and w = 0.5, the cumulative prospect theory weights now become
as shown in Table 4:

Table 4: Cumulative prospect theory weights for the third type of weighting function

AX -45 -4.0 -3.0 -1.0 0 1 3 4 4.5

p 0.025 0.05 0.10 0.20 0.25 0.20 0.10 0.05 0.025
2p 0.05 0.10 0.20 0.40 0.50 0.40 0.20 0.10 0.05
CPT weight 0.12 0.04 0.08 0.16 1.20 0.16 0.08 0.04 0.12
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To visualize the shifts in the weights obtained for this type of weighting function, the numbers for 2p, p,
and for CPT weight are depicted in Diagram 8, as in Diagrams 6 and 7 above.

Diagram 8: A mixture of pessimism and optimism in gains and losses
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Source: Authors’ illustration.

Here the weight of (1-y)-w is added to the highest gain (4.5) and the largest loss (-4.5). The weight (1-y)-(1-
®) is added to the “no gains / no losses” (zero) outcome twice (once as a gain and once as a loss), where
the “no gains/no losses” outcome is further enhanced by the difference between the sum of the weight of
the losses (including zero) and one, as well as by the difference of the sum of the weights of the gains
(including zero) and one. For the three types of weighting functions we consider here, these “leftover
weights” are automatically assigned to zero. These leftover weights are different from the weights for not
knowing associated with less than full confidence.

2.3.4. Certainty Equivalent, Premiums, and Discount Factor in Cumulative Prospect Theory

One may wonder how the intuition of the certainty equivalent, the risk premium, and the risk
discount factor can be applied in the presence of cumulative prospect theory. For the certainty equivalent,
this is straightforward because it is based on the prospect which pays a result ACEQ®FT with probability
one. The certainty equivalent of a prospect (AX, p) with AX = (AX, ..., AXs) and p = (pa, ..., Ps) is the risk-
free result ACEQ®PT(Ax, p) that generates the same level of cumulative prospect theory utility as the
prospect. That is, the cumulative prospect theory certainty equivalent ACEQ®PT is such that VCPT(AXx, p) =
VEPT(ACEQC®PT; 1) = v(ACEQC®PT). Although the total weight allocated by cumulative prospect theory is 2
rather than 1 as it would be for probabilities, this is not reflected in the equation for the certainty equivalent.
Whenever ACEQCPT differs from zero it is either less than zero and obtains a “loss weight” of 1, or it is
larger than zero and obtains a “gain weight” of 1. If ACEQ®P™=0, it would receive a weight of 2, being the
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sum of 1+1 from the “loss weight” of 1 and the “gain weight” of 1. But this weight of two would be
multiplied by ACEQC®PT = 0 and would, therefore, lead to the same utility as it would have for a weight of
1. For clarity, we denote the cumulative prospect theory certainty equivalent by CEQ®"" =R + ACEQ®PT(AX,

p).

To define the counterpart of the risk premium and the risk discount factor for cumulative prospect
theory, we need to combine the cumulative prospect theory certainty equivalent, CEQ®"T with the
counterpart of the expected value of the result of the prospect (AX; p), i.e. ER®"" = R + E{Ax}. Based on the
cumulative prospect theory certainty equivalent of the prospect, the cumulative prospect theory uncertainty
premium UPCPT of the prospect is defined as the difference between the expected result of the prospect ER
and its certainty equivalent CEQ®FT, that is UPCPT = ER®PT — CEQC®PT. Similar to the case of the risk discount
factor, the uncertainty discount factor for cumulative prospect theory now is obtained as DF°PT = CEQ®FT
/ ER®PT. This is illustrated in Diagram 9.

Diagram 9: The uncertainty discount factor for cumulative prospect theory
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Source: Authors’ illustration.

3. On Modeling External Factors and Gender ‘Discount’ Factors

In Section 2 we considered internal bias discount factors, denoting the intensity of the devaluing of
outcomes relating to various theories for decision making under uncertainty. We introduced and discussed
the risk discount factor, the ambiguity discount factor, and the cumulative prospect theory discount factor
respectively. One thing these discount factors have in common is that each relates to a taste or bias that is
internal to the decision maker. They are internal factors.

In the current section, on the other hand, we consider factors that are external to the decision maker.
External factors relate to biases in the environment that the decision maker operates in. These can be biases
within markets or institutions or in the more general attitudes of society.

Whereas external factors tend to be related to gender, internal biases tend to be related to gender-
types.
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3.1 Gender ‘Discount’ Factors

The market’s systematic bias against women’s economic value as well as against the individual
patience of female-gender-type entrepreneurs is well known. We propose to model this by extending the
internal discount factors discussed in the previous subsections by an external discount factor which captures
the distortions arising from the biased market.

This external market bias discount factor reflects the attitudes of investors that may prevent
interested individuals from becoming entrepreneurs and create inequalities for different gender-types in
their opportunities to succeed in the available career paths. At its heart, this is an issue of adverse selection,
where investors try to select entrepreneurs with characteristics that they perceive to best “fit” their purpose.
The entrepreneur’s gender is treated as an indication that the person in question is more likely to have
specific gender-type characteristics. Since, as mentioned previously, the male population and female
population consist of both gender-type persons in different proportions, this may lead to unequal of persons
of different gender with the same relevant characteristics. Evaluations based on stereotypes can be
inaccurate and harmful (Cusack, 2013).

As an example, consider the internal intertemporal discount factor, which reflects the
entrepreneur’s patience with respect to future income. This intertemporal discount factor is a similar
indicator of predicting success as grit, i.e. perseverance plus passion, in Duckworth et al. (2007). This
internal intertemporal discount factor is known to the entrepreneur only, i.e. it is private information.
Furthermore, this asymmetry of information arises before any contract is signed or agreement is entered.
Thus, it is a case of “ex-ante” asymmetric information or, as it is better known, of adverse selection. This
ex-ante asymmetry in information may create incentive issues, particularly in conjunction with “ad interim”
asymmetric information problems, known as moral hazard problems. Such moral hazard problems are about
providing incentives for people with known intertemporal discount factors to choose the desired behavior
in situations of asymmetric information. Typically, in such situations, either relevant details of the situation
are only known to the decision maker (“hidden knowledge™), or the decision itself is neither directly nor
indirectly observable by others (“hidden actions™).

Building upon this, we examine how external factors may affect an entrepreneur’s internal
intertemporal discount factor, making the entrepreneur behave less or more patiently. For example, harmful
institutional practices or a lack of opportunities and resources, especially social and professional networks,
may encourage women to behave more cautiously and more patiently, in line with the stereotypical female-
gender-type, which reinforces gender norms and can contribute to gender inequality (Ozkazanc-Pan and
Muntean, 2018). Typically, knowing the right people can greatly expedite entrepreneurial processes,
especially in essential matters like accessing finance and starting projects. In addition, more years of
education contribute to a stronger and more extensive network of connections, which could reduce the
“costs” of women taking on “men’s” roles, since the women would not have to engage in “catch-up
networking” to a greater extent. Education is also seen as a credential in the selection process, causing
unequal opportunities in education leading to further gender disparities.
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3.2 Signaling

To unpack the issue of under-representation of women entrepreneurs, in this section we consider a
selection process similar to that of Spence (1973). The setting is that of external investment in
entrepreneurial firms either controlled by men or by women. Whereas the gender of the person in control
of the firm is observable, the gender-type of this person is not. We now assume that female-gender-type
entrepreneurs have discount factors reflecting patience and that male-gender-type entrepreneurs have
discount factors indicating impatience. Furthermore, we assume that firms controlled by (impatient) male-
gender-type entrepreneurs create more value for the investors than firms controlled by (patient) female-
gender-type entrepreneurs. Since the gender-type is private information to the entrepreneur, firms may
consider offering entrepreneurs the choice from a menu of different conditions for investment in the firm,
in the hope that the different gender-types self-select through their choice of conditions.

To apply the basic principle of Spence’s (1973) signaling model, we consider an offered contract
C that provides women with a male-gender-type with a utility Uy, (C) which exceeds the utility of “outside
option” with the utility U; which they receive if they reject the contract. At the same time, the contract
provides the females with the female-gender-type with a utility Ugy, (C) that is lower than the “outside
option”. Hence, for women with a male-gender-type we have U,y (C) = U, and for women with a female-
gender-type we have Ugy, (C) < U;.

The application of the basic mechanism of Spence’s (1973) signaling model as in Hirshleifer and
Riley (1992), is illustrated in Diagram 10 below.

In Diagram 10, p € [0,1] is the expected return of an entrepreneur’s project/business. Due to the
gender-type discount factor for female-gender-type entrepreneurs, two levels of expected return are
considered: low-return pp for female-gender-type controlled firms and high-return p,, for male-gender-
type controlled firms. The variance of each project is 62 = 1. The degree of absolute risk aversion is
denoted by a. The fraction of the project retained by the entrepreneur is denoted by &, and (1 — ¢) is the
fraction sold to the investor.

The fraction of retained equity ¢ now serves as a costly ‘signal’ of the entrepreneur’s gender-type.
Retaining equity both exposes the entrepreneur to the actual return of the firm and inflicts a loss in the size
of the risk premium. For moderately large fractions of retained equity ¢, i.e. for eice < & <e&icm as in Diagram
10 below, the combination of the low expected revenue from the retained equity for female-gender-type
controlled firms on the retained equity, ¢-pr, and the risk premium due to the retained equity, ¥%2-a-¢?, causes
the female-gender-type entrepreneur’s utility to fall below that of the outside option, U.. For the same level
of retained equity &, however, the utility of the male-gender type entrepreneur remains above the utility of
the outside option, due to the higher the high expected return of male-gender-type controlled firms, since

M > PE.

The horizontal line to the equity price P(pr) represents the incentive compatibility constraints. For
fractions of retained equity & for which the dashed U(e, P(om); F) curve is below the horizontal P(pg) line,
the female-gender-type controlled firms will choose to sell all the equity in their firm at the price P(pf). For
the fractions of retained equity & where the dashed U(e, P(pm); F) curve is above the horizontal P(pf) line,
however, the risk-free payment P(pg) for selling a female-gender-type controlled firm will be less than the
certainty equivalent of the female-gender-type controlled firm for retaining the fraction ¢ of the equity and
selling the rest at the high price P(pwm), that is U(e, P(pm); F). Therefore, female-gender-type controlled
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firms will be better off mimicking the equity selling behavior of male-gender-type controlled firms, and the
incentive compatibility constraint for the female-gender-type controlled firms will be violated.

Diagram 10: Adverse selection and the signaling of high-profit entrepreneurial firms
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Similarly, the fractions of retained equity ¢ where the solid U(e, P(pm); M) curve is below the
horizontal P(pr) line, the certainty equivalent of male-gender-type controlled firms retaining a fraction ¢ of
their equity and selling the rest at the high price P(pwm), will be less than the risk-free income of selling the
entire firm at the low price P(pe). Therefore, male-gender-type controlled firms will be better off mimicking
the equity selling behavior of female-gender-type controlled firms, and the incentive compatibility
constraint for the male-gender-type controlled firms will be violated.

The fractions of retained equity ¢ for which the incentive constraint of both the female-gender-type
controlled firms and the male-gender-type controlled firms are satisfied are compatible with equilibrium.
In Diagram 10, this is the case for fractions of retained equity & in the range from &ice to eicm, Which is
labeled as ‘compatible with equilibrium’.

The version of the signaling model as in Diagram 10 applies when it is not possible or not allowed
by law to take the actual gender of the entrepreneur into account in the investor’s offered contract. If,
however, it is possible to provide different contracts based on the observable gender of the entrepreneur,
the situation becomes more complicated, as we discuss next, and is depicted in Diagram 11.

The offer C offered by the investor may, for example, have the requirement for women to
implement a low-stake trial pilot project T, where women must behave according to the male-gender-type
risk-loving and impatient characteristics. Taking part in this trial leads to additional utility cost of ¢ gy, (T)
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for women with female-gender-type and of ¢, (T) for women with male-gender-type, with
Grw (T) > Py (T). This difference could now result in Ugy, (C) — ¢ppy (T) < U, < Uy (€) — dpa (T)
as required in the signaling model above. For the investor, offering the trial pilot project involves a cost of
¢s(T). We assume the position is only given to women if an investor is willing to incur the screening cost
¢s(T) and some women are willing to incur the additional screening cost ¢, (T) as required as part of
the offered contract C.

This is illustrated in Diagram 11 below, where we assume there is the above-mentioned additional
“cost” ¢ppyy > 0 in the utility of female-type women entrepreneurs to behave as male-type entrepreneurs
and that no such cost applies, ¢, = 0, in the utility of male-type women entrepreneurs. This aligns with
the work by Chadwick and Dawson (2023) in which women may have a conflict in their identity that
negatively impacts their mindset and feelings of authenticity. We also assume that all women have access
to an alternative “outside option” with the utility U, if they reject the contract offered by the investor. This
outside option provides the same utility U, irrespective of the woman’s individual gender-type.

Diagram 11: Different gendered entrepreneurs, bias discount factors, and adverse selection.
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We assume that there is a “cost of failure” ¢ to the investor when giving contracts to men only.
The investor’s “cost of screening” ¢ is total cost to the investor of screening all male-gender-type women,
since the trial project is designed to ensure that it is only worthwhile for male-gender-type women to
participate.

Under scenario 1, ¢ < ¢s, costs to the investor for not awarding contracts to women are less
than the investor’s total costs of screening. As a consequence, the market only offers men opportunities to
become entrepreneurs. If the fraction of males with the female-gender-type is small, all males may be given
the contract since investors would rather have a small number of failures than incur high costs of the
screening process. Under such circumstances, female-gender-type men may become entrepreneurs, whilst
even male-gender-type women will be denied this opportunity.

26


https://docs.google.com/drawings/d/1cvZWyg-ryi-D6jtUGIj0WrhOtNFJ6gKGepXesrU_kX0/edit?usp=sharing

Under scenario 2, the opposite is true and ¢ = ¢, costs to the investor of the failure to offer
contracts to women are greater than or equal to the costs of screening all male-gender-type women. In this
case, the market will offer women the screening option. Then it is up to women whether or not to choose
the “outside option” with Uy . If they do not choose the outside option, they will have utility Ugy, (C) —
Grw (T) and Uy (C€) — ¢ (T) for female-type women and for male-type women, respectively, due to
their additional cost from the trial project, of ¢y, (T) and of ¢y (T). Accepting such offer would not be
attractive to female-gender-type women, but would it be attractive to male gender-type women. Thus, only
male-gender-type women will participate in the low-stakes trial pilot project T.

As a consequence, under both scenarios, the female-gender-type entrepreneurs will all be men, not
women. All men are being offered the opportunity to become entrepreneurs, due to the much higher fraction
of male-gender-types in the male population than in the female population.

Proposition 1: ¢, ¢r, Py and ¢y, represent systematic bias discount factors or biases towards
women. Regardless of the scenarios, there are fewer opportunities for women and only the minority will
accept the offer.

This model shows that the opportunity for male-gender-type women to become entrepreneurs
depends on the cost of failure ¢ that the investor is exposed to if contracts are only offered to men, for a
given total screening costs ¢s. The higher the costs of failure ¢ in giving contracts to only men, the more
likely the threshold is met for the investor to offer women the low stakes trial pilot project T, resulting in
the male-gender-type women choosing to become entrepreneurs, and female-gender-type women choosing
the outside option.

These qualitative results are consistent with intuition. They also reflect the fact that a large disparity
in men versus women entrepreneurs is due to biased societal evaluation metrics depreciating women’s
achievements and outputs, especially when there is a misalignment or distortion of the gender-type discount
factors, like the intertemporal discount factor considered here.

To further this argument, consider a second stage with moral hazard problem in which the principal
P, the investor in the case of entrepreneurship, knows the agent, the entrepreneur, A’s risk characteristics
and, based on this, provides them with incentives to the behavior that is in the best interest of investor. The
“problem” lies in the investor’s inability to obtain information about which state of nature the entrepreneur
faces (in the case of “hidden knowledge”). The investor wants to maximize their profit from the contract
and, therefore, would prefer not to incur costs in compensating for the risk premiums of female-gender-
type entrepreneurs, where this can be avoided.

All in all, there are agency costs for overcoming asymmetric information in the two stages of
adverse selection and moral hazard problems. These costs are integral to understanding the reason behind
a gender-based overall discount factor that favors men and male-gender-type entrepreneurs over women
and female-gender-type entrepreneurs. It puts an additional burden on both male-gender-type and female-
gender-type women entrepreneurs and reduces their opportunities. In our policy implications, we suggest
measures to correct this, for example by prohibiting discrimination based on gender in the contractual
conditions. Such discrimination in the contractual conditions underlies the mechanism of the model in
Diagram 11 and sets it apart from the model in Diagram 10.
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3.3 Adverse Selection: Invisible Women in Family Firms

In this section, we consider the example of a family firm in a traditional society where the husband
is the tie-breaker in decisions when the husband and the wife disagree. We focus on how gender roles and
stereotypes play out in a family firm to influence decision-making. Furthermore, we assume the business
environment is biased against women entrepreneurs as captured by an overall gender discount factor as
discussed in Section 3.1.

As Smith (2023) states: “[Professor Goldin’s] research illustrates how the process of closing the
wage gap has been uneven throughout the course of history, changing in line with social norms and
expectations about their career prospects and roles at home”. Professor Goldin’s argument that inequalities
at home can sustain inequalities at the workplace is confirmed in our model of a family firm which faces
adverse selection regarding its leadership, caused by unequal education opportunities of men and women.

Consider a husband and wife trying to start a family firm: one spouse has to play the “visible” role,
i.e. taking the spotlight, while the other spouse plays the “invisible” role, i.e. doing important tasks in the
background, but not representing the company’s image as the entrepreneur. They must decide together
based on each spouse’s level of talent who will be the visible spouse and who will be the invisible spouse.

The wife knows her talents, but the hushand does not know the talent of his wife unless it is above
a threshold value for women’s entrepreneurial talent to be detected, Ocritca. This threshold value is
determined by society and implemented through the educational system, reflecting unequal chances for
women and men in education and development. The educational system ensures that when a woman’s
entrepreneurial talent is above the threshold this becomes verifiable, e.g. by issuing a degree certificate.
The threshold value for women’s entrepreneurial talent to be detected is what gives rise to the asymmetric
information in the model. For women with entrepreneurial talent below the threshold value, the asymmetry
in information is already present before any decisions on the running of the firm are made, so this is a
situation of adverse selection.

We assume that the level of entrepreneurial talent among women is uniformly (or ‘evenly’)
distributed from 0 (low) to 1 (high). The entrepreneurial talent of the wife is denoted by 6w. We assume the
same uniform level of talent for men and denote the entrepreneurial talent of the husband by 64. The focus
of this model is on how the level of entrepreneurial talent of the wife, 6w, affects the decision of who
becomes the visible spouse.

This model is depicted graphically in Diagram 12 below, for a given level of entrepreneurial talent
6w of the husband. In the diagram the line gu(#) denotes the expected success of the family firm when the
husband runs the firm (“visible man’) and the wife has entrepreneurial talent 6. Similarly, ge(6) denotes the
success of the firm when the wife runs it (“visible woman”).

When the entrepreneurial talent of the wife is above the threshold value, 6w > Oitica, the
entrepreneurial talent of the wife is certified and also known to the husband. So the husband and wife will
agree whether it is in the best interest of the family firm to be run by the husband or by the wife.

Now consider the situation where the entrepreneurial talent of the wife is at or below the threshold
value, i.e. for 6w < Ocriticar. In this case, the wife’s entrepreneurial talent is only known to the wife (it is
‘private information’ of the wife), and only she knows if it is better for the family firm to be run by her or
by her husband.
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Consider the case where the husband is known to be of moderate talent. When the family firm now
is now run by the wife it has greater potential for success when the wife’s talent is high, but it also has
greater potential for failure when the wife’s talent is low. This is why the line ge(8) has a steeper slope than
the line gu(6). The wife recognizes that it would be better for her husband to be the visible spouse if her
own talent Aw is below the value .

The husband only knows the distribution of talent over all women and knows the threshold value
for women’s entrepreneurial talent to become publicly known, criicar. But the husband does not know the
talent of his wife. From the husband’s perspective, the wife’s talent now is uniformly (or ‘evenly’)
distributed between 0 and the threshold value Ocrigca. From the husband’s perspective, the expected success
of the family firm when run by his wife is g*9(Ocritica), Whereas it is q*%w(beriticat) When he runs it. These
two lines are depicted in Diagram 12 too.

The wife will run the family if the wife and husband agree that this is in the best interest of the firm.
When the entrepreneurial talent of the wife Gy is below the threshold value Gcritical, they will agree on this
when both ge(0) > gu(6), i.e. 6w > O (Wife agrees) and q?%(Oeritica) > ™M (Oeriticar) (husband agrees).

Let us now consider the situation depicted in Diagram 12. In the diagram, @critical iS close to 1 and
the intersection of g®9:(6) and g®9.(6) is slightly to the right of it, S0 q*9¢(Ocritica) < G**m(Ocriticar). The wife
will agree to run the firm if her talent is to the right of &e. In the situation depicted in the diagram, this is
the case whenever 6w > G. The husband will agree to his wife running the family firm when either 6y is
to the right of Oqitica and he knows his wife is a highly talented entrepreneur, or q®%(Gcriticat) > 92°1(Geritical),
that is Ocriticar 1S t0 the left of the intersection of these two curves. Since in the diagram, the point of
intersection of the two curves is to the right of critical, the latter condition fails to hold and the husband will
only agree to his wife running the family firm when 6w > Ocritical

Diagram 12: Adverse selection and invisible women
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Source: Authors’ illustration.
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Since here the husband and wife will only agree when 6y is both larger than e and eriticar, and
Ocriticar 1s larger than Oefr, the wife will run the family firm only when 6w exceeds Ocritical, that is when her
entrepreneurial talent exceeds the threshold value for being detected by the educational system. Essentially,
this is why the gender discount factor is embedded the model: the wife’s talents are often unnoticed and
underestimated, so she becomes the invisible wife.

4. Interpreting Behavioral Gender Differences

In the survey paper by Sent and van Staveren (2019), the behavioral economics literature on gender
differences is organized using four key categories: risk appetite; overconfidence; trust; and altruism. In this
section, we will discuss insights of the relevant empirical literature based on these four categories, and
relate them to the decision-theoretic approaches of Section 2, as depicted in the diagram in Appendix 1, and
to the interaction models of Section 3.

4.1 Risk Appetite

One of the fundamental questions we face is how the choices made by female-gender-type
entrepreneurs in the presence of uncertainty differ from those of their male-gender-type counterparts.
Typically, we evaluate the entrepreneurs’ state-dependent outcomes using their beliefs and expectations in
light of their appetite for uncertainty and, more specifically, for risk. Where the uncertainty takes the form
of calculable risk, the entrepreneur’s risk appetite is the tendency for decision-makers to prefer certain (risk-
averse) or uncertain (risk-loving) outcomes, as outlined in Section 2.1. Evidence from empirical studies
suggests that male-gender-types have a stronger appetite for risk than female-gender-types (Harris and
Jenkins, 2006; Eckel and Grossman, 2008; Borghans et al., 2009; Hoang et al., 2019).

But as highlighted in behavioral decision models, calculable risk as discussed is not the only form
uncertainty can take, and the behavior of decision-makers in the presence of uncertainty may differ strongly
from what is suggested by the expected utility approach discussed in Section 2.1.

When considering situations of uncertainty characterized by ambiguity, partial knowledge, and
limited confidence, the approach of Section 2.2 comes to bear. Here the gap in knowledge created by “not
knowing” within bounds opens the door for the emotions of hope and fear to enter the decision-making.
With regards to gender differences, it seems that in the face of ambiguity, female-gender-type decision
makers weigh possible losses more heavily (“fear””) than male-gender-type decision makers, who tend to
strongly emphasize possible gains (“hope™). These differences are most apparent at the plausible extreme
outcomes (Olsen and Cox, 2010).

In Section 2.2. the key aspects of this are captured by means of the level of confidence y (with 0 <
y < 1) and the degree of optimism e (with 0 < w < 1). The “lack of confidence”, 1 — y dictates the extent
of the decision maker’s “not knowing”, whereas the degree of optimism w indicates their balance between
hope and fear where they “do not know”. It is shown how the interaction of the level of confidence and the
degree of optimism impact the uncertainty premium. If y is closer to zero, it allows more room for the
probability estimates of the incomes to be biased by hope and fear through the degree of optimism, w. This
directly affects the value of the uncertainty premium as greater distortions in perception create a greater
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difference from E{x}, which results in a greater uncertainty premium value UP{x; &, y, w}, as discussed in
Section 2.2.

Clearly, it’s important to differentiate between the risk premium, the ambiguity premium, and the
uncertainty premium since they have different causes and respond differently to policy measures. The risk
premium is caused by the risk attitude that arises from the curvature of the von Neumann-Morgenstern
utility index u. The ambiguity premium, on the other hand, is caused by the attitude towards ambiguity,
which arises from the degree of optimism w. The uncertainty premium combines the risk premium and the
ambiguity premium.

Even when considering situations of uncertainty that are fully described by (calculable) risk, the
decision makers’ behavior may be best described by models different from the expected utility, for example
by prospect theory. As discussed in Section 2.3, prospect theory is a theory of misperceptions stemming
from distortions created by emotions like an aversion to losing out compared to an individual reference
point, called “loss aversion™). This loss aversion causes losses (outcomes below the reference point) to hurt
twice as much as gains (outcomes above the reference point) of the same size give pleasure. Furthermore,
the risk attitude of a decision maker following prospect theory depends on whether they are facing potential
losses or potential gains. When facing potential losses, the decision maker is risk-seeking, trying to make
up for the lost ground. When facing gains, however, the decision maker is risk-averse, trying to play it safe
and secure the gain.

A prospect theory decision maker’s appetite for uncertainty, therefore, depends on the intensity of
the uncertainty about gains or losses, as well as on the intensity of their loss aversion. The certainty
equivalent and the uncertainty premium for prospect theory are discussed in Section 2.3.4, as is the
cumulative prospect theory discount factor which indicates the relative disadvantage the mis-perceptions
of cumulative prospect theory cause, compared to the expected result of the prospect.

It may seem reasonable to expect female-gender-type entrepreneurs to have a lower loss aversion
than male-gender-type entrepreneurs. Although this seems hold for some definitions of loss aversion, it is
not confirmed in the empirical literature regarding cumulative prospect theory (see Bouchouicha et al.,
2019). Indeed, Booij et al. (2010) find that what appears to be a stronger risk aversion for women is caused
by women’s probability weighting function “pessimistically” emphasizing bad outcomes, in combination
with a stronger loss aversion (see also Booij and van de Kuilen, 2009). For various reasons, it also seems
reasonable to assume that not only women, but also female-gender-type entrepreneurs have a lower
reference point than men and male-gender-type entrepreneurs (see e.g. Kettlewell et al., 2023). Everything
else being equal, these effects cause female-gender-type entrepreneurs to switch to risk-averse behavior at
lower outcomes than male-gender-type entrepreneurs, creating the impression of a lower risk appetite.

As before, it is important to differentiate between the risk premium, the uncertainty premium under
ambiguity, and the uncertainty premium for cumulative prospect theory. These different premiums have
different causes and respond differently to policy measures. The risk premium is caused by the risk attitude
that arises from the curvature of the von Neumann-Morgenstern utility index u. The uncertainty premium
under ambiguity is affected by the attitude towards ambiguity, which arises from the degree of optimism
w. The uncertainty premium for cumulative prospect theory originates from misperceptions, amongst others
arising from the aversion to losing out.
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4.2 Overconfidence

Typically, overconfidence is considered to overestimate the outcomes one can achieve or of the
likelihood achieving good outcomes. It can be useful in the initial start-up stage of entrepreneurship, but is
also associated with firm failure in later stages of entrepreneurship (Invernizzi et al., 2017; Singh, 2020).
Therefore, overconfidence can mean different things depending on the stage of entrepreneurship, even
within each of the different decision theories discussed in Section 2,

In the context of expected utility as in Section 2.1, overconfidence may best be interpreted as a
misperception of the random variable describing the calculable risk, by assuming better outcomes for the
states of nature, by assuming excessive probabilities of states of nature with “good” outcomes and too low
probabilities for states of nature with “bad” outcomes, or a combination of both. Formally, the random
variable assumed by the decision maker is stochastically dominant of the first order over the actual random
variable. As a consequence, the overconfident decision maker is deluded by thinking the expected utility of
the choice is higher than it actually is. Female-gender-type entrepreneurs are generally considered to be less
overconfident than male-gender-type entrepreneurs. At times this may result in female-gender-type
entrepreneurs being more realistic in their evaluation of projects. However female-gender-type
entrepreneurs who are underconfident may shy away from projects that would have been worth investing
in.

The context of ambiguity as in Section 2.2 allows for two further fundamentally different
interpretations of overconfidence. The description of ambiguity in this section is based on two key
parameters, the level of confidence y the decision maker has in their probability assessment z, and the
degree decision maker’s degree of optimism w, which reflects the balance between them hoping for the
best and fearing the worst when the probability assessment z fails to apply. One interpretation of
overconfidence now is that the level of confidence y would be higher than the objective situation would
justify. A second interpretation of overconfidence is that the decision-maker applies a higher degree of
optimism « than would objectively seem reasonable.

This constellation would lead the female-gender-type entrepreneurs to value projects with uncertain
outcomes lower than their male-gender-type counterparts. As noted above in the context of expected utility,
for the subjective probability estimate, 7, of male-gender-type entrepreneurs uncertain projects tend to be
valued higher than for the subjective probability estimate of female-gender-type entrepreneurs. Furthermore,
female-gender-types are more pessimistic than male-gender-types and, for this reason, also put less
emphasis on the best-case scenario — where their business is successful — too. This aligns with the
narrative from the literature that women tend to be both more emotional than men and more pessimistic,
and that entrepreneurs differentiate between confidence in the risky market and confidence in one’s own
abilities (Barrett et al., 1998; Brebner, 2003; Chen et al., 2018; Felton et al., 2010; Puskar et al., 2014;
Salamouris, 2013).

Research further demonstrates that men are generally more confident than women (Hugelschéfer
and Achtziger, 2014; Sent and Staveren, 2019; Prasad et al., 2021). In the setting of ambiguity as in Section
2.2, this translates to female-gender-type entrepreneurs having a lower degree of optimism  and a lower
level of confidence y, since a lower level of confidence leaves more room for emotions such as hope and
fear to play a role. Clearly, the effect of the difference in the degree of optimism w can be observed even
when both gender-types have the same level of confidence y < 1, or when both gender-types of
entrepreneurs have the same degree of optimism w but different values for the level of confidence y.
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So overconfidence as the combination of the distortion of the probability estimate x as for expected
utility, and of male-gender-type entrepreneurs’ higher level of confidence y and a higher degree of optimism
w, Will mostly combine for male-gender-type entrepreneurs to put a higher on value uncertain projects than
female-gender-type entrepreneurs. As a consequence, female-gender-type entrepreneurs will decline to
develop some projects which male-gender-type entrepreneurs are willing to develop, creating a disparity
between the gender-types, and therefore the genders, of entrepreneurs.

In the context of cumulative prospect theory in Section 2.3, it is natural to interpret overconfidence
as entrepreneurs overestimating their capabilities, being too ambitious, and, therefore, having an
excessively high reference point. In other words, the entrepreneur is overranking his/her performance
relative to others’ performance (Bernoster et al., 2018). Diagram 13 below depicts the value functions of
two entrepreneurs, one who is confidence-neutral and another who is overconfident. It seems reasonable to
assume that also in this interpretation female-gender-type entrepreneurs are less confident and have a lower
reference point than male-gender-type entrepreneurs (Kettlewell et al., 2023).

Diagram 13: Effect of overconfidence on different gender-type entrepreneurs

v(x)

F 3

Source: Authors’ illustration.

Let u denote the extent to which the male-gender-type entrepreneurs are more (over)confidence than
female-gender-type entrepreneurs, measured by the difference in their reference points Ry and Re. The
round-dashed line depicts a female-gender-type entrepreneur’s value function Vg, whereas the long-dashed
line depicts a male-gender-type entrepreneur’s value function V.

As before with risk appetite in Section 4.1, when considering overconfidence, it is important to be
aware of the different interpretations ‘overconfidence’ has in the context of expected utility in Section 2.1,
in the context of ambiguity in Section 2.2, and in the context of cumulative prospect theory in Section 2.3.
As in the case of risk appetite, these different interpretations reflect fundamentally different mechanisms
and respond differently to policy measures.
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4.3 Trust

Trust is understood to be one’s belief in the trustworthiness of others, which can depend on a variety
of signals (Gambetta, 2000; Jordan et al, 2016). Since trust is about beliefs, it can best be understood in the
context of the decision models in Section 2, each of which may provide different insights, even though
there is also an important intertemporal dimension to trust (e.g. social capital as in Spagnolo, 1999; Liu
and Spanjers, 2009).

When considering the expected utility approach as in Section 2.1, one of the key questions is if and
how the decision maker’s risk attitude affects their trust in others in the context of the “trust game”. The
standard trust game, for example in Li et al. (2019, Figure 1), is a game in which the first player called the
“truster” decides between choosing between distrusting or trusting the other player, called the “trustee”. If
the truster chooses to trust the trustee, the trustee chooses between “reciprocate”, “middle”, and “selfish”.
If the truster chooses to not trust the trustee, the interaction ends. In the case of distrust, the resulting payout
is 10 for the truster and 10 for the trustee, respectively, denoted as (10, 10). When the trustee chooses to
trust the trustee, the payouts are (15, 15) if the trustee reciprocates; (10, 18) if the trustee chooses “middle”;
and (8, 22) if the trustee chooses to be selfish.

In the context of expected utility, the key papers of Eckel and Wilson (2004) and Houser et al.
(2010) do not find an impact of the risk attitude on trust. Through this channel, there would be no reason to
expect entrepreneurs of different gender-types to systematically behave differently with respect to trust.

This changes when the effects of ambiguity are taken into account. In the context of the trust game,
the sophisticated analysis of Li et al. (2019) find an impact of the ambiguity attitude on trust: stronger
ambiguity aversion reduces trust. They interpret the deviations from additive subject probability beliefs as
an ambiguity attitude. In the context of the model of ambiguity in Section 2.2, this means that a higher
degree of optimism o tends to increase the decision-maker's trust, whereas a lower degree of optimism
tends to make decision-makers less trustful. In their analysis, the counterpart of the level of confidence y is
not part of the analysis, as implied by Li et al. (2019, Footnote 5).

When applied to the comparison of different gender-type entrepreneurs, the result of Li et al. (2019)
aligns with the established literature. As mentioned in Sections 4.1 and 4.2, female-gender-type
entrepreneurs are less optimistic than male-gender-type entrepreneurs. The result of Li et al. (2019) now
implies that female-gender-type entrepreneurs are less trusting than male-gender-type entrepreneurs. This
is broadly in line with empirical studies, according to which female gender types are less trusting than male-
gender-types (Sent and van Staveren, 2019).

Cumulative prospect theory as in Section 2.3 provides yet another perspective on trust. The issue
of trust in the context of cumulative prospect theory is addressed Nguyen et al. (2016), who find in Result
2 that a strong loss aversion tends to reduce trust, as does a less distortive probability weighting function.

For the prospect in the examples of Section 2.3, the result of Nguyen et al. (2016) on loss
aversion points in the same direction as the result of Li et al. (2019) on ambiguity aversion: lower loss
aversion makes it more attractive for the truster to choose “trust” in the trust game, and the same holds
when the truster has a higher degree of optimism. The counterpart of the less distortive probability
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weighting function reducing trust, that is of a higher level of confidence y reducing trust, is analyzed by
Li et al. (2019).

As in the case of ambiguity, the result of Nguyen et al. (2016) on loss aversion is broadly in line
with the literature on gender and trust. Some results regarding cumulative prospect theory considers
female-gender-type entrepreneurs to be more loss-averse than male-gender-type entrepreneurs (Booij et
al., 2010; but also Bouchouicha et al. 2019) for which the result of Nguyen et al. (2016) implies that
female-gender-type entrepreneurs are less trustful than male-gender-type entrepreneurs, as reported in
Sent and van Staveren (2019).

In the model of asymmetric information in the family firm, in Section 3.3, trust can help achieve
the efficient outcome, as the situation the husband and the wife find themselves in has similarities with
the trust game. The husband can either decide based on his own limited information or leave the decision
of whether he or his wife becomes the visible entrepreneur to his wife, who has full information. The
former is the counterpart of the hushand choosing “distrust” in the trust game, whereas the latter is the
counterpart of choosing “trust”. If the husband chooses to trust his wife, she has the possibility to make
the decision in the best interest of the family firm, to “reciprocate”, or to “selfishly” decide according to
her own personal ambitions. When the husband “trusts” his wife and she “reciprocates”, the outcome will
be based on the wife’s full information and will be in the best interest of the family firm.

4.4 Altruism

At its heart, altruism is about behaving selflessly, either entirely selflessly or selflessly within
bounds. In the case of less than full selflessness the question arises what part of the available resources the
decision maker should allocate altruistically, in what way, and to what purpose. In such situations, as in
Andreoni and Vesterlund (2001), one may end up with some kind of ‘selfish selflessness’. In the context of
entrepreneurship and gender types, it makes sense to consider a decision maker’s degree of altruism as the
extent to which this decision maker takes the external effects of their actions into account, rather than the
utility levels of others (see also Bester and Giith, 1998, and Cason et al. 2022).

When considering differences in levels of altruism between gender types, it is well established in
the literature that women tend to behave more altruistically than men (Mellstrom and Johannesson, 2008).
However, the level of altruism depends on access to resources. According to Andreoni and Vesterlund
(2001), women on average behave more altruistically than men when the costs of behaving altruistically
are high, while men are more altruistic when the costs of being altruistic are low. As an example, such “high
costs of altruism” are like giving proportionally higher tips when the restaurant bill is large, which is
consistent with the work by Parrett (2023).

Many studies suggest that being altruistic towards their management team, relatives, suppliers, and
investors is a critical characteristic of successful leaders and entrepreneurs (e.g. Mallén et al., 2019; Alnajjar
and Hashim, 2020). More generally, being perceived to be altruistic to people with no relation to the firm
can be an important part of socially responsible corporate behavior.

When it comes to receiving altruism, however, according to Urbig et al. (2012), people willing to
exploit opportunities in investment and wage employment are more “entrepreneurially talented”, suggesting
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that start-ups in their early stages face financing constraints and would be more likely to be net recipients
of altruism.

In the setting of the signaling of entrepreneurial skills, as depicted in Diagram 11 in Section 3.2,
one of the potential outcomes is that the only female-gender-type entrepreneurs are male. Investors may
want to mend such situations which put female gender type women at a disadvantage compared to their
male counterparts, as part of their corporate social responsibility. This could be achieved by requiring both
men and women to successfully complete low-stake trial pilot projects to gain access to financial resources,
even when it would be more cost-effective to require such projects only of women. The investors selflessly
incurring the additional screening costs of this measure could, perhaps, be considered an act of altruism.

5. The Vicious Circle of Women Entrepreneurship

In this section, we provide a discursive framework connecting key gender barriers in
entrepreneurship into a five-step “vicious circle of inequality” for women entrepreneurs. We summarize
the insights gained through this vicious circle in seven findings. The five-step vicious circle is illustrated in
Diagram 14 below.

Diagram 14: Barriers to women entrepreneurship: a five-step vicious circle

‘ Five-step vicious cycle ‘

Step 1: biased societal
evaluation metrics depreciate

women’s achievements and
outputs, and tend to overvalue

men’s performance.

Step 5: A biased environment
causes women to lack social
and professional networks,
which is important in
determining the extent to

which they are trusting.

Step 2: Less women are
visibly entreprencurs or
choose to become

Step 4: Risk-averse women entrepreneurs.

become less inclined to be
ambitious towards risks and
change their environments
with systematic discount
factors.

Step 3: Women's reference
points are lowered and men’s
reference points are raised.

Source: Authors’ illustration.
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Step 1: Biased societal evaluation metrics depreciate women’s achievements, and tend to exaggerate men’s
performance.

This step is summarized by the gender discount factor (see Section 3.1). Chamorro-Premuzic (2019)
suggested that if leadership and business-ownership continue to be considered more masculine,
female leaders will be evaluated negatively even when their performance is higher than that of their
male counterparts. The gender discount factor reflects the environment the women entrepreneurs
are in relative to a fair environment, which offers fair assessments, sufficient finance, and equal
education, as well as enables access to networking and positive or negative communities that the
decision-maker identifies with. The contribution of women entrepreneurs is underrepresented and
is devalued in comparison to those of their male counterparts, especially when an evaluator is a
man (Eagly et al., 1992).

Finding 1: The disadvantages decision-makers face in their environment relative to a fair
environment can be summarized in a bias discount factor. The fair environment would offer fair
assessments, sufficient finance, and equal education, as well as enabling access to networking and
positive or negative communities that the decision-maker identifies with.

A higher level of education mitigates the biases in the evaluation of skills and abilities, increasing
the chance that women generate innovations, especially technical-related ones (Fu et al., 2020).
This observation regarding education levels is consistent with the European Commission’s report
(2016) that women are under-represented among the population of entrepreneurs. Women tend to
operate smaller and less dynamic businesses than men and are more likely to operate in non-capital-
intensive sectors including personal services. These sectors often have a lower potential for
generating a high and sustainable income, but may be more successful in “socioemotional career
satisfiers” that are not typical metrics that are factored into the definition of an entrepreneur’s
success (Chadwick and Dawson, 2023; Hechavarria et al., 2017).

Moreover, interesting observations arise on the intersections of gender, education, race, and
immigrant status in technology entrepreneurship. This provokes discussion on a fundamental
guestion in behavioral decision-making: people are hesitant to changes which clash with their
identity, which both prolongs the existence of social discount factors and hinders the victims from
escaping their consequences.

Step 2: Women entrepreneurs are less visible, and fewer women choose to become entrepreneurs.
Here mainly internal factors in decision-making are at play.

Finding 2: The combination of lower confidence and a lower optimism regarding the uncertain
decision to become an entrepreneur, makes female-gender-types less likely to pursue
entrepreneurship, compared to male-gender-types.

Essentially, the uncertainties and mis-perceptions about whether it is possible to prosper as an
entrepreneur makes female-gender-types less likely to become entrepreneurs and, therefore, make
it less likely for women to become entrepreneurs too.

Step 3: The relative lack of female role models lowers women’s aspirations, whereas an abundance of male
role models raises the aspirations of men.

Finding 3: The aspirations can be changed by role models who act as reference points.
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When the majority of entrepreneurial role models are male, men’s reference points and aspiration
levels are raised compared to those of women. As a further consequence, especially in third-world
countries, women may not even consider pursuing entrepreneurship as a plausible future option,
because women rarely succeeded before. This is one of the reasons women in developing countries
are the least likely to become entrepreneurs (Vossenberg, 2013). In sub-Saharan Africa, for
example, women face a range of further institutional obstacles that stop them from participating in
economic activities like entrepreneurship (Ekesinoye and Okolo, 2012).

Step 4: Lower aspirations reduce female entreprencurs’ appetite for uncertainty, increasing the gender
discount factor.

Step 4 is best illustrated by prospect theory’s reference point and value function, although the link
between aspirations and appetite for uncertain projects also applies to other decision theories. For
expected utility it may arise through the subjective probability distribution. For decision making
under ambiguity, it may be caused both by the degree of optimism and by what are perceived to be
the plausible best-case and worst-case outcomes.

Finding 4: Aspirations affect risk attitudes, causing female entrepreneurs to avoid risks that male
entrepreneurs embrace.

The effects outlined in Steps 2 to 4 further decrease the gender discount factor, reflecting the fact
that the external environment becomes even less supportive than it was before, taking the circle to
Step 1 of the next iteration. Alternatively, it may proceed to Step 5.

Step 5: Women are less trustful than men, reducing the quality and effectiveness of their social and
professional networks.

This step can be an alternative to Step 1 and lead back directly into Step 2. It is included in this
“vicious circle” to highlight the role of communal behaviors like trust and altruism. Networking,
for example, plays a crucial role in successful entrepreneurship and growth (Bogren et al., 2013;
Manolova et al., 2017; Neumeyer et al., 2019). This step emphasizes that female entrepreneurs’
lower levels of trust restrict their tendency to cooperate with more trustful male entrepreneurs in
typical repeated Prisoner’s Dilemma situations.

Finding 7: Their stronger loss aversion and their higher pessimism, cause women to be less trustful
than man. Being less trusting reduces the quality and effectiveness of their social and professional
networks.

6. Conclusion and policy implications

This paper addresses the question of why there are fewer female than male entrepreneurs in
innovative sectors from the perspective of microeconomic theories. For decision-making under uncertainty
we use appropriate accessible simplifications of the approaches of expected utility, ambiguity as in Choquet
expected utility, and cumulative prospect theory. For the interactions between decision-makers, we use
signaling and a tailor-made model of adverse selection. For our analysis, we combine gender-types
differences with underlying uncertainty, which explores a new angle in gender and business studies. The
proposed theoretical framework encompasses both internal and external factors that affect decision-making
— such as risk appetite, overconfidence, trust and altruism — and relates them to decision theoretical
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concepts like risk attitudes, levels of confidence, optimism and pessimism, reference points, probability
distortions, and a systemic discount factor reflecting the biased environment. We explore these different
aspects of uncertainty to find ways to unify them, to connect them, and to differentiate between them.
Appendix 2 outlines the theoretical framework and illustrates the interlinkages and connections of these
models through specific aspects of expected utility and bias discount factors.

Our findings contribute to the literature in several ways. First, to the best of our knowledge, this is
the first study that systematically analyzes the gender-type differences in entrepreneurial and innovation
behavior, using a set of uncertainty theories from behavioral economics. Secondly, this paper sheds light
on the roles of the entrepreneur’s environment in shaping the gender-innovation relationship through
education, legal protection acknowledging the economic value of entrepreneurs, access to finance and social
services, and attitude to uncertainties. Thirdly, we use a systemic bias discount factor to capture the
individual proportional disadvantage caused by systematic biases. We analyze the contingent role of such
systematic biases in assessment in the gender-innovation relationship, as a useful first step in our attempt
to understand the gender and gender-type difference in innovative firms managed by female and male
entrepreneurs. Firms managed by women are devalued amongst other due to stereotypes towards women
and female-gender-type characteristics. Lastly, this paper models key barriers to women’s entrepreneurship
that are associated with uncertainties and ambiguity, which are interconnected to become a “vicious circle
of inequality” for women entrepreneurs in innovation.

In terms of policy recommendations, we start with the observation that even in countries with strong
gender equality, such as the USA and the UK, we still find serious gender disparities in entrepreneurship
in technology and high-innovation areas like artificial intelligence (Farah, 2023). It seems that gender
equality is not always sufficient to achieve (approximate) gender parity. In the terminology of our paper, at
times “gender equality” needs to be supplemented by “gender-type equality.” Our results show the impact
of differences in gender-types in creating gender disparities. This suggests that it may not be enough to only
consider gender-related policies, but that to address gender disparities it may be necessary to also consider
measures that overcome gender-type disparities as captured by the gender-type bias discount factors. From
this perspective it may, for example, prove helpful to encourage two separate sustainable channels from
investors to outlets: one focusing on male-gender-type entrepreneurs and another focusing on female-
gender-type entrepreneurs. Thus, we conclude that there needs to be a holistic approach to addressing the
entire “vicious circle” that discourages women from becoming entrepreneurs, requiring measures affecting
the entire range from investors to consumers.

Additionally, we suggest testing the theoretical models proposed in this paper with empirical data
to arrive at a more detailed and tailor-made, holistic policy approach in this context. The study on
entrepreneurial policies conducted by the OECD (2021) is a detailed guide to typical policies. Our study
provides a theoretical basis for many of its policies and beyond its framework. OECD (2021) highlighted
that legislation needs to ensure an unbiased, objective environment through legal protection (addressing
negative impacts from external bias discount factors); promoting profiles of women entrepreneurs through
award programs (addressing low reference points); and building proactive network structures in
entrepreneurship training and mentoring programs especially designed to address behavioral changes
(changing risk attitude, increasing trusting-ness, and addressing low confidence and pessimism).

However, the traditional public policy measures mentioned above, aimed at addressing barriers to
entrepreneurship, may not be effective at reaching potential female entrepreneurs unless they consider
underlying factors in asymmetric information, risk, ambiguity, and perceptions of risk in entrepreneurial
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decision-making, which interact with each other but also with the environment in different contexts. Goldin
(2023) critisized “[,,,] These responses haven’t worked to erase the differences in the gender pay gap. And
they will never provide a complete solution to gender inequality, because they treat only the symptoms.
[...]”. A more nuanced and multi-dimensional approach is required.

Such more effective approach should combine traditional gender policies with policies for long-
term sustainability, encouraging firms to be more socially and environmentally conscious, promoting
compassion and trust, and raising reference points for targeted marginalized groups. It would create a new
business ecosystem that is more balanced and feminine-friendly, addressing gender biases that may not
necessarily be associated with the development of a country or whether there is basic infrastructure to
support entrepreneurs. For example, labels to indicate that a business is socially conscious and empowering
women could be encouraged to nurture female and female-type entrepreneurship via public support and
addressing issues with uncertainty.

Above all, it is necessary to have a multi-dimensional holistic policy framework that supports the
establishment of an ecosystem for female and female-type entrepreneurs in which their style of
entrepreneurship is uplifted. This simultaneously accelerates towards greater equality and sustainability, as
suggested by the way female-type (“feminine”) companies are more socially and environmentally
conscious (Chadwick and Dawson, 2023; Eddleston and Powell, 2008; Hechavarria et al., 2017). We think
that in the context of entrepreneurship this goes a long way to addressing the second question in the quote
from Professor Goldin’s in the introduction of this paper: “[...] why do women and not men step back from
these higher paid opportunities? [...] and how can we make these ‘greedy jobs’ less demanding, without
making them less productive? That’s the next frontier we have to explore.” (Smith, 2023).

To summarize, there is a need for further empirical studies on the contribution of female-type
companies led by women-entrepreneurs. Further theoretical analysis on the implication of a policy
framework that incentivizes gender-type entrepreneurship through a deeper understanding of uncertainty
perspectives is suggested. More research and policy deliberation in these areas would help fill knowledge
gaps and would contribute to addressing fundamental problems that might bring us closer to gender equality
in a sustainable manner in different contexts.
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Appendices

Appendix 1: Conceptual framework on uncertainty towards mapping the gender dimension of
entrepreneurial decision-making
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Appendix 2: Mapping of the theories of uncertainty behind the concepts

Uncertainty

igui Distorting probabili . . o
Ambiguity [ Misperception (prospect theory) ] [ Risk-averseness H Pmm}z;’f;r:&z",:';’;W“n‘

Probabilitiesfoutcomes / VT
. 1 —

unknown {incalculable risk)

Risk premium RP{x} = Efx} -

Value function Probability weighting function Cumulative prospect theory Expected Uility CEqx}

Outcomes (x ..%,) . I T /“'“‘*« |
! CURCS Reference points Small p \ T . o
- (define gains/losses) overweighted, large p \ Convexity of utility index u(x,)
i ! Losses (x.) Gains gix,)
. : ! undenweighted . \ ]
Probability estimates (7., 7.} best case Laoss aversion o
etoonse f=225 iy
"y ; coneave, lincar,
Level of confidence Risk aversion o Bias in pereeption | Uppreip) 1= wip (e ) + comvex
e Probability of prizesp ~ °fprobabilities (L-wtp))¥c,) if ¢, <0 \ e
. Gaios: sk SEOLA | i (e) + wiphic) it sk secking
Level of optimism v(x)=(Ax)" for averse e,=0=c, isk-seeking
e[, > = =
- A:_O Losses: risk [1=wip,)Ivic,) + wipvic,) Ulx e x) = Eg{ulxg)} =mulx ) +.. +
-Bi(-Ax)" for x <0 B o - ife, 0. mu(x)
U0 e X 5 ey W38, ¥) =7 Efu(x)} + wip) =it +H1p)"*
(L) Bl )+ (Lyd (10 ulx, ) l

Expected utility for
investment in others

Ex ante expected
utility versus ex post
expected utility

Trusting in a person is

seen as taking a A
Trust (in other calculable risk . . )
( Overconfidence Risk appetite Altruism
people)
Y
Communal behavioral . . . Communal behavioral
attitude Agentic behavioral attitude attitude

Y

Gender-type differences in
entrepreneurial decision-making

I Y

Source: Authors’ illustration.

42


https://docs.google.com/drawings/d/11b-b4KgEWBKb3QM2qtvdoPY6qBldairpfkTXDZRWck8/edit

References

Abdellaoui, M. and P. Wakker (2020). Savage for Dummies and Experts. Journal of Economic Theory,
186, Article Nr. 104991.

Adachi, T., and T. Hisada (2017). Gender differences in entrepreneurship and intrapreneurship: an
empirical analysis. Small Business Economics, 48(3), 447—486.
http://www.jstor.org/stable/26154737

Agliardi, E., R. Agliardi, and W. Spanjers (2022, 28 June to 01 Jul). The economic value of biodiversity
[Conference presentation]. 27th Annual Conference of the European Association of
Environmental and Resource Economists, Rimini, Italy.

Akehurst, G., E. Simarro, and A. Mas-Tur (2012). Women entrepreneurship in small service firms:
motivations, barriers and performance. The Service Industries Journal, 32(15), 2489-2505.

Alnajjar, M. and J. Hashim (2020). Innovative work behaviour induced by transformational leadership
through altruism. International Journal of Work Innovation, 2(4), 257-283.

Andreoni, J. and L. Vesterlund (2001). Which is the fair sex? Gender differences in altruism. Quarterly
Journal of Economics, 116(1), 293-312. https://doi.org/10.1162/003355301556419

Anscombe, F., and R. Aumann (1963). A Definition of Subjective Probability. Annals of Mathematical
Statistics, 43(1), 199-205.

Barberis, N. and M. Huang (2001). Mental Accounting, Loss Aversion, and Individual Stock Returns. The
Journal of Finance, 56(4), 1247-1292.

Barrett, L., L. Robin, P. Pietromonaco, and K. Eyssell (1998). Are women the “more emotional” sex?
Evidence from emotional experiences in social context. Cognition and Emotion, 12(4), 555-578.
https://doi.org/10.1080/026999398379565.

Bernoster, I., C. Rietveld, R. Thurik, and O. Torrés. (2018). Overconfidence, optimism and
entrepreneurship. Sustainability, 10(7), 2233. https://doi.org/10.3390/su10072233

Bester, H. and W. Guth (1998). Is Altruism Evolutionary Stable? Journal of Economics Behavior and
Organization, 34(2), 193-209.

Bjuggren, C. and N. Elert (2019). Gender differences in optimism. Applied Economics, 51(47), 5160-
5173. https://doi.org/10.1080/00036846.2019.1610714.

Bogren, M., Y. Friedrichs, @. Rennemo, and @. Widding (2013). Networking women entrepreneurs: fruitful
for business growth? International Journal of Gender and Entrepreneurship, 5(1), 60-77.
https://doi.org/10.1108/17566261311305210

Booij, A. and G. van de Kuilen (2009). A parameter-free analysis of the utility of money for the general
population under prospect theory. Journal of Economic Psychology, 30(4), 651-666.
https://doi.org/10.1016/j.joep.2009.05.004

Booij, A., B. van Praag, and G. van de Kuilen (2010). A parametric analysis of prospect theory’s functionals
for the general population. Theory and Decision, 68, 115-148. https://doi.org/10.1007/s11238-009-
9144-4

Borghans, L., B. Golsteyn, J. Heckman, and H. Meijers (2009). Gender Differences in Risk Aversion and
Ambiguity Aversion. Journal of the European Economic Association. 7(2-3), 649-658.
https://www.jstor.org/stable/40282781

Bouchouicha, R., L. Deer, A. Eid, P. McGee, D. Schoch, D. Stojic, J. Ygosse-Battisti, and F. Vieider
(2019). Gender effects for loss aversion: Yes, no, maybe?. Journal of Risk and Uncertainty, 59,
171-184. https://doi.org/10.1007/s11166-019-09315-3.

43


http://www.jstor.org/stable/26154737
https://doi.org/10.1162/003355301556419
https://doi.org/10.1080/026999398379565
https://doi.org/10.3390/su10072233
https://doi.org/10.1080/00036846.2019.1610714
https://doi.org/10.1108/17566261311305210
https://www.sciencedirect.com/science/article/pii/S0167487009000555?via%3Dihub
https://doi.org/10.1007/s11238-009-9144-4
https://doi.org/10.1007/s11238-009-9144-4
https://www.jstor.org/stable/40282781
https://doi.org/10.1007/s11166-019-09315-3

Brebner, J. (2003). Gender and emotions. Personality and Individual Differences, 34(3), 387-394.
https://doi.org/10.1016/S0191-8869(02)00059-4

Cardella, G., B. Hernandez-Sanchez, and J. Sdnchez-Garcia (2020). Women entrepreneurship: A
systematic review to outline the boundaries of scientific literature. Frontiers in Psychology,
11(1557). https://doi.org/10.3389/fpsyq.2020.01557

Cason, T., L. Gangadharan, and P.. Grossman (2022). Gender, Beliefs, and Coordination with
Externalities. Journal of Public Economics, 214, 104744.
https://doi.org/10.1016/j.jpubeco.2022.104744

Chadwick, I. and A. Dawson, (2023). From imposter fears to authenticity: a typology of women
entrepreneurs. Small Business Economics. https://doi.org/10.1007/s11187-023-00795-x

Chamorro-Premuzic, T. (2019). As long as we associate leadership with masculinity, women will be
overlooked, Harvard Business Review. https://hbr.org/2019/03/as-long-as-we-associate-
leadership-with-masculinity-women-will-be-overlooked

Chateauneuf, A., J. Eichberger and S. Grant (2007). Choice under uncertainty with the best and worst in
mind: Neo-additive capacities. Journal of Economic Theory, 137(1), 538-567.

Chen, X., H. Yuan, T. Zheng, Y. Chang, and Y. Luo (2018). Females are more sensitive to opponent’s
emotional feedback: Evidence from event-related potentials. Frontiers in Human Neuroscience,
12. https://doi.org/10.3389/fnhum.2018.00275

Cusack, S. (2013). Gender stereotyping as a human rights violation. Office of the High Commissioner for
Human Rights. https://esem.org.mk/en/pdf/Najznachajni%20vesti/2014/3/Cusack.pdf

Duckworth, A. (2007). Grit: Perseverance and Passion for Long-Term Goals, Journal of Personality and
Social Psychology, 92(6),1087-101, https://d0i.10.1037/0022-3514.92.6.1087

Eagly, A., M. Makhijani, and B. Klonsky (1992). Gender and the evaluation of leaders: A meta-analysis.
Psychological Bulletin, 111(1), 3-22.

Eckel, C.and P. Grossman, (1996). The relative price of fairness: Gender differences in a punishment game.
Journal of Economic Behavior and Organization, 30(2), 143-158.

Eckel, C. and P. Grossman (2002). Sex differences and statistical stereotyping in attitudes towards financial
risk. Evolution and Human Behavior, 23(4), 281-295.

Eckel, C. and P. Grossman (2008). Men, Women, and Risk Aversion. In Handbook of Experimental
Economic Results, Vol. 1, C. Plott and V. Smith (eds.) Elsevier, Amsterdam. Chapter 113, 1061-
1073. https://doi.org/10.1016/S1574-0722(07)00113-8

Eckel, C. and R. Wilson (2004). Is Trust a Risky Decision. Journal of Economic Behavior and Organisation,
54(4), 447-465.

Eddleston, K. and G. Powell (2008). The role of gender identity in explaining sex differences in business
owners’ career satisfier preferences. Journal of Business Venturing, 23(2), 244-256.
https://doi.org/10.1016/j.jbusvent.2006.11.002

Eichberger, J. and D. Kelsey (1999). E-Capacities and the Ellsberg Paradox. Theory and Decision, 46, 107-
138.

Ekesionye, E. and A. Okolo (2012). Women empowerment and participation in economic activities:
Indispensable tools for self-reliance and development of Nigerian society. Educational Research
and Reviews, 7(1), 10-18.

Ellsberg, D. (1961). Risk, Ambiguity, and the Savage Axioms. Quarterly Journal of Economics, 74(4),
643-6609.

44


https://doi.org/10.1016/S0191-8869(02)00059-4
https://doi.org/10.3389/fpsyg.2020.01557
https://doi.org/10.1007/s11187-023-00795-x
https://hbr.org/2019/03/as-long-as-we-associate-leadership-with-masculinity-women-will-be-overlooked
https://hbr.org/2019/03/as-long-as-we-associate-leadership-with-masculinity-women-will-be-overlooked
https://doi.org/10.3389/fnhum.2018.00275
https://esem.org.mk/en/pdf/Najznachajni%20vesti/2014/3/Cusack.pdf
https://doi.10.1037/0022-3514.92.6.1087
https://doi.org/10.1016/S1574-0722(07)00113-8
https://doi.org/10.1016/j.jbusvent.2006.11.002

European Commission, Directorate-General for Employment, Social Affairs and Inclusion, Organisation
for Economic Co-operation and Development, Halabisky, D. (2016). Policy brief on women’s
entrepreneurship, OECD Publishing. https://doi.org/10.2767/50209

Farah, H. (2023). Female founded Al start-ups win just 2% of funding deals in UK. The Guardian, 4"
October 2023. https://www.theguardian.com/technology/2023/oct/04/female-founded-ai-startups-
win-just-2-of-funding-deals-in-uk

Felton, J., B. Gibson and D. Sanbonmatsu (2010). Journal of Behavioral Finance, 4(1), 33-40.
https://doi.org/10.1207/S15427579JPFM0401 05

Fu, X., M. Muchie, and A. Egbetokun (2020). Women entrepreneurs and innovation in Ghana. In
Innovation under the Radar - Part I: The Nature and Sources of Innovation in Africa, X. Fu (ed.)
Cambridge University Press, Cambridge. 152 - 187, Ch.7, DOI:
https://doi.org/10.1017/9781316869482.008

Gambetta, D. (2000). Can we trust trust? Making and Breaking Cooperative Relations, electronic version,
213-237. Oxford University, Oxford.

Gilboa, 1. (1987). Expected utility with purely subjective non-additive probabilities. Journal of
Mathematical Economics, 16(1), 65-88

Global Entrepreneurship Monitor. (2018). Global Report 2017/18.
https://www.gemconsortium.org/report/gem-2017-2018-global-report

Goldin, C. (2023). Gender pay gap? Culprit is ‘greedy work’. The Harvard Gazette, Business and
Economy, https://news.harvard.edu/gazette/story/2023/10/excerpt-from-career-and-family-by-
claudia-goldin/

Groot, K. and R. Thurik (2018). Disentangling risk and uncertainty: When risk-taking measures are not
about risk. Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyq.2018.02194

Harris, C. and M. Jenkins (2006). Gender differences in risk assessment: Why do women take fewer risks
than men? Judgment and Decision Making, 1(1), 48-63.

Hechavarria, D., S. Terjesen, A. Ingram, M. Renko, R. Justo, and A. Elam (2017). Taking care of
business: The impact of culture and gender on entrepreneurs’ blended value creation goals. Small
Business Economics, 48(1), 225-257. https://doi.org/10.1007/s11187-016-9747-4

Hirshleifer, J. and J. Riley (1992). The Analytics of Incentives and Information. Cambridge University
Press, Cambridge, UK.

Hoang, T., C. Nguyen, and H. Tran (2019). Are female CEOs more risk averse than male counterparts?
Evidence from Vietnam. Economic Analysis and Policy, 63, 57-74.
https://doi.org/10.1016/j.eap.2019.05.001.

Houser D., D. Schunk, and J. Winter (2010). Distingishing Trust from Risk: an anatomy of the investment
game. Journal of Economic Behavior and Organization, 74, 72-81.

Hugelschéfer, S. and A. Achtziger (2014). On confident men and rational women: It’s all on your
mind(set). Journal of Economic Psychology, 41, 31-44.
https://doi.org/10.1016/j.joep.2013.04.001

Invernizzi, A., A. Menozzi, D. Passarani, D. Patton, and G. Viglia (2017). Entrepreneurial overconfidence
and its impact upon performance. International Small Business Journal, 35(6), 709-728.
https://doi.org/10.1177/0266242616678445.

Jordan, J., M. Hoffman, M. Nowak, and D. Rand (2016). Uncalculating cooperation is used to signal
trustworthiness. PNAS, 113(31), 8658-8663. https://doi.org/10.1073/pnas.1601280113

45


https://doi.org/10.2767/50209
https://www.theguardian.com/technology/2023/oct/04/female-founded-ai-startups-win-just-2-of-funding-deals-in-uk
https://www.theguardian.com/technology/2023/oct/04/female-founded-ai-startups-win-just-2-of-funding-deals-in-uk
https://doi.org/10.1207/S15427579JPFM0401_05
https://doi.org/10.1017/9781316869482.008
https://www.gemconsortium.org/report/gem-2017-2018-global-report
https://doi.org/10.3389/fpsyg.2018.02194
https://doi.org/10.1007/s11187-016-9747-4
https://doi.org/10.1016/j.eap.2019.05.001
https://doi.org/10.1016/j.joep.2013.04.001
https://doi.org/10.1177/0266242616678445
https://doi.org/10.1073/pnas.1601280113

Kahneman, D. and A. Tversky (1979). Prospect theory: An analysis of decision under risk. Econometrica,
47, 263-291.

Kelsey, D. and W. Spanjers (2004). Ambiguity in Partnerships. The Economic Journal, 114(497), 528-
546.

Kettlewell, N., J. Levy, A. Tymula, and X. Wang. (2023). The gender reference point gap. LCC Working
paper series, 2023-08. Institute for Social Science Research. The University of Queensland.
https://doi.org/10.14264/787065¢

Keynes, J. M. (1937). The general theory of employment. The Quarterly Journal of Economics, 51(2),
209-223. http://www.jstor.org/stable/1882087

Knight, F. (1921). Risk, uncertainty and profit. Boston, NY: Houghton Mifflin Company.

Kothiayl, A., V. Spinu and P. Wakker (2014). An experimental test of prospect theory for predicting
choice under uncertainty. Journal of Risk and Uncertainty, 48, 1-17.

Li, C., U. Turmunkh and P. Wakker (2019). Trust as a Decision under Ambiguity. Experimental
Economics, 22, 51-75.

Liu, W. and W. Spanjers (2009) Social capital and credit constraints in informal finance. International
Journal of Economic Issues, 2(2), 187-207.

Love, I, B. Nikolaev, and C. Dhakal (2023). The well-being of women entrepreneurs: the role of gender
inequality and gender roles. Small Business Economics. https://doi.org/10.1007/s11187-023-
00769-z

Mallén, F., E. Dominguez-Escrig, R. Lapiedra, and R. Chiva. (2019). Does leader humility matter?
Effects on altruism and innovation. Management Decision, 58(5), 967-981.
https://doi.org/10.1108/MD-11-2018-1180

Manolova, T, N. Carter, I. Manev, and B. Gyoshev (2017). The differential effect of men and women
entrepreneurs’ human capital and networking on growth expectancies in Bulgaria.
Entrepreneurship Theory and Practice, 31(3). https://doi.org/10.1111/].1540-6520.2007.00180.x

Mellstrom, C. and M. Johannesson (2008). Crowding out in blood donation: Was Titmuss right? Journal
of the European Economic Association, 6(4), 845-863. https://doi.org/10.1162/JEEA.2008.6.4.845

McKinsey and Company. (2015). The power of parity: How advance women’s equality can add $12
trillion to global growth.

Mukerji, S. (1997). Understanding the nonadditive probability decision model. Economic Theory, 9, 23-
46.

Neumeyer, X., S. Santos, A. Caetano, and P. Kalbfleisch (2019). Entrepreneurship ecosystems and
women entrepreneurs: a social capital and network approach. Small Business Economics, 53,
475-489. https://doi.org/10.1007/s11187-018-9996-5

Nguyen, Q., M. Villeval and H. Xu (2016). Trust under Prospect Theory and Quasi-Hyperbolic
Preferences: A field experiment in Vietham. Economic Development and Cultural Change, 64(3),
545-572.

OECD (2021), Entrepreneurship Policies through a Gender Lens. OECD Studies on SMEs and
Entrepreneurship. OECD Publishing, Paris, https://doi.org/10.1787/71c8f9c9-en.

Oggero, N., M. Rossi, and E. Ughetto, (2020). Entrepreneurial spirits in women and men. The role of
financial literacy and digital skills. Small Business Economics, 55, 313-327.
https://doi.org/10.1007/s11187-019-00299-7

Oladipo, O., K. Platt, and H. Shim, H (2023). Female entrepreneurs managing from home. Small Business
Economics, 61, 447-464. https://doi.org/10.1007/s11187-022-00713-7

46


https://doi.org/10.14264/787065c
http://www.jstor.org/stable/1882087
https://doi.org/10.1007/s11187-023-00769-z
https://doi.org/10.1007/s11187-023-00769-z
https://doi.org/10.1108/MD-11-2018-1180
https://doi.org/10.1111/j.1540-6520.2007.00180.x
https://doi.org/10.1162/JEEA.2008.6.4.845
https://doi.org/10.1007/s11187-018-9996-5
https://doi.org/10.1787/71c8f9c9-en
https://doi.org/10.1007/s11187-019-00299-7
https://doi.org/10.1007/s11187-022-00713-7

Olsen, R. and C. Cox, (2010). The influence of gender on the perception and response to investment risk:
The case of professional investors. Journal of Psychology and Financial Markets, 2(1), 29-36.
https://doi.org/10.1207/S15327760JPFM0201 3

Parratt, M. (2023). Gender Differences in Altruism and the Price of Altruism: evidence from restaurant
tips. Applied Economics Letters, 30(8), 1097-1100.
https://doi.org/10.1080/13504851.2022.2036678

Prasad, S., R. Kiran, and R. Sharma (2021). Behavioural, socio-economic factors, financial literacy and
investment decisions: Are men more rational and women more emotional? The Indian Economic
Journal, 69(1). https://doi.org/10.1177/0019466220987023

Priyadarshini, P. and L. Ramakrishnan (2016). A study on the problems faced by women entrepreneurs in
service sector in Chennai. IUP Journal of Entrepreneurship Development, 13(3), 25-55.

Puskar, K., L. Bernardo, D. Ren, T. Haley, K. Tark, J. Switala, and L. Siemon (2014). Self-esteem and
optimism in rural youth: Gender differences. Contemporary Nurse, 34(2), 190-198.
https://doi.org/10.5172/conu.2010.34.2.190.

Sajjad, M., N. Kaleem, M. Chani, and M. Ahmed (2020). Worldwide role of women entrepreneurs in
economic development. Asia Pacific Journal of Innovation and Entrepreneurship, 14(2), 151-
160. https://www.emerald.com/insight/content/doi/10.1108/APJIE-06-2019-0041/full/html.

Salamouris, I. (2013). How overconfidence influences entrepreneurship. Journal of Innovation and
Entrepreneurship, 2(8). https://doi.org/10.1186/2192-5372-2-8.

Savage, L. (1954). The Foundations of Statistics. John Wiley and Sons, Hoboken, New Jersey, USA.

Schmeidler, D. (1982). Subjective probability without additivity. Working Paper. The Foerder Institute for
Economic Research, Tel Aviv University.

Schmeidler, D. (1989). Subjective Probability and Expected Utility without Additivity. Econometrica,
57(3), 571-587.

Sent, E. and van Staveren, 1. (2019). A feminist review of behavioral economic research on gender
differences. Feminist Economics, 25(2), 1-35. https://doi.org/10.1080/13545701.2018.1532595.

Shinnar, R., D. Hsu, D., B. Powell, and H. Zhou (2018). Entrepreneurial intentions and start-ups: Are
women or men more likely to enact their intentions? International Small Business Journal:
Researching Entrepreneurship, 36(1). https://doi.org/10.1177/0266242617704277

Smith, M. (2023). Nobel Prize-winning Harvard Economist Claudia Goldin: The gender pay gap will
‘never’ close unless this happens. CNBC Make it, 10" October 2023. Nobel Prize winner Claudia
Goldin: The gender pay gap will 'never' close unless this happens (cnbc.com)

Spagnolo, G. (1999). Social relations and cooperation in organizations. Journal of Economic Behavior
and Organization, 31(1), 1-25. https://doi.org/10.1016/S0167-2681(98)00119-X

Spanjers, W. (2008). Central Banks and Ambiguity. International Review of Economic and Finance,
17(1), 85-102.

Spence, M. (1973). Job market signaling. The Quarterly Journal of Economics, 87(3), 355-374.

Thaler, R. (1980). Towards a Positive Theory of Consumer Choice. Journal of Economic Behavior and
Organization, 1, 39-60.

Thaler, R. (1999). Mental Accounting Matters. Journal of Behavioural Decision Making, 12(3), 183-206.

Tversky, A. and D. Kahneman (1981). The Framing of Decisions and the Psychology of Choice. Science
221, 453-458.

Tversky, A. and Kahneman, D. (1992). Advances in prospect theory: Cumulative representation of
uncertainty. Journal of Risk and Uncertainty, 5(4), 297-323.

47


https://doi.org/10.1207/S15327760JPFM0201_3
https://doi.org/10.1080/13504851.2022.2036678
https://doi.org/10.1177/0019466220987023
https://doi.org/10.5172/conu.2010.34.2.190
https://www.emerald.com/insight/content/doi/10.1108/APJIE-06-2019-0041/full/html
https://doi.org/10.1186/2192-5372-2-8
https://doi.org/10.1080/13545701.2018.1532595
https://doi.org/10.1177/0266242617704277
https://www.cnbc.com/2023/10/10/nobel-prize-winner-claudia-goldin-the-gender-pay-gap-will-never-close-unless-this-happens.html
https://www.cnbc.com/2023/10/10/nobel-prize-winner-claudia-goldin-the-gender-pay-gap-will-never-close-unless-this-happens.html
https://doi.org/10.1016/S0167-2681(98)00119-X

Urbig, D., U. Weitzel, S. Rosenkranz, and A. van Witteloostuijn (2012). Exploiting opportunities at all
cost? Entrepreneurial intent and externalities. Journal of Economic Psychology, 33(2), 379-393.
https://doi.org/10.1016/j.joep.2011.03.003.

Vossenberg, S. (2013). Women entrepreneurship promotion in developing countries: What explains the
gender gap in entrepreneurship and how to close it? Maastricht School of Management.

Warneryd, K. (1996). Risk attitudes and risky behavior. Journal of Economic Psychology, 17(6), 749-770.
https://doi.org/10.1016/S0167-4870(96)00034-7

Wakker, P. (2010). Prospect Theory for Risk and Ambiguity. Cambridge University Press, Cambridge,
UK.

Wakker, P. (2011). Jaffray’s Ideas on Ambiguity. Theory and Decision, 71, 11.22.

World Bank. (2012). World Development Report 2012: Gender Equality and Development.
https://openknowledge.worldbank.org/handle/10986/4391.

48


https://doi.org/10.1016/j.joep.2011.03.003
https://doi.org/10.1016/S0167-4870(96)00034-7
https://openknowledge.worldbank.org/handle/10986/4391

	Department of International Development
	TMCD Working Paper Series
	No. 084
	Modeling Uncertainties and Gender Differences in  Entrepreneurial Decision Making
	1. Introduction
	2. The Theoretical Framework
	2.1 Expected Utility
	2.2 Ambiguity
	2.3 Prospect Theory
	2.3.1 The Value Function
	2.3.2 The Probability Weighting Function and Cumulative Prospect Theory


	3. On Modeling External Factors and Gender ‘Discount’ Factors
	3.1 Gender ‘Discount’ Factors
	3.2 Signaling
	3.3 Adverse Selection: Invisible Women in Family Firms

	4. Interpreting Behavioral Gender Differences
	4.1 Risk Appetite
	4.2 Overconfidence
	4.3 Trust
	4.4 Altruism
	5. The Vicious Circle of Women Entrepreneurship

	6. Conclusion and policy implications
	Appendices
	Appendix 1: Conceptual framework on uncertainty towards mapping the gender dimension of entrepreneurial decision-making
	Appendix 2: Mapping of the theories of uncertainty behind the concepts

	References

