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Abstract

Many small businesses decline to invest even when credit is available and expected
returns are high. We show that when investment affects the probability of project success
rather than the payoff conditional on success, risk-averse entrepreneurs rationally choose
zero investment even with unlimited credit. The mechanism does not rely on credit
constraints, fixed costs, any other technological non-convexities, or behavioral elements.
Under probability-based investment technology, the entrepreneur’s expected utility is U-
shaped in investment level, making intermediate investments suboptimal and generating
corner solutions—either zero investment or high investment. Risk-sharing contracts, in
which the lender absorbs a fraction of losses in the failure state, expand participation by
shifting entrepreneurs from the zero-investment corner to the high-investment corner.
The required risk-sharing is increasing in entrepreneur risk aversion. Competitive credit
markets with limited liability do not resolve this participation failure: since lenders
disburse only against verified investment, entrepreneurs cannot exploit limited liability
as partial insurance through excess borrowing, making explicit risk-sharing contracts
necessary. An incentivized experiment with 846 Czech citizens confirms the mechanism:
investment choices are bimodal under probability-based returns but unimodal under

payoff-based returns.
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1 Introduction

We study a specific source of investment non-participation: corner solutions that arise when
small business investment affects the probability of project success, not the payoff condi-
tional on success. We model small business investment as affecting success probability—a
natural formalization for expenditures that reduce failure risk, such as spending on reliabil-
ity, compliance, quality assurance, market validation, or customer relationships. We show
that under probability-based investment technology, risk-averse entrepreneurs may ratio-
nally choose zero investment even when expected returns are positive and credit is available.
The mechanism does not rely on credit constraints, fixed costs, any other technological
non-convexities, or behavioral elements.

To fix ideas, consider a binary lottery with zero expected return. With probability p
the outcome is one dollar, and with probability 1 — p it is zero, where generating success
probability p costs exactly p dollars. Both p = 0 and p = 1 yield degenerate outcomes: the
agent either keeps the dollar or receives it back with certainty. Any intermediate p delivers
the same expected value but with strictly positive variance. Risk aversion therefore implies
a strict preference for the boundaries over any interior investment level. Now consider
two modifications that generate the participation problem. First, suppose the payoff for
success exceeds one dollar, so that expected returns are positive. Second, suppose maximum
investment cannot guarantee success—the probability is capped at p < 1. The agent now
faces a discrete tradeoff: avoid risk entirely (zero investment) or accept risk for positive
expected returns (maximum investment). Resolving this tradeoff requires a specific utility
specification; we use CARA, which delivers closed-form solutions and an exact U-shape. We
show this formally in Section 3.

Which corner is optimal depends on risk aversion. Less risk-averse agents choose high in-
vestment; more risk-averse agents choose zero. If risk aversion declines with wealth, wealthier
agents will be more likely to invest. Importantly, the mechanism operates through differ-
ences in risk preferences rather than wealth itself: two agents with identical risk aversion
would make identical investment choices regardless of their wealth levels. This heterogeneity
makes the mechanism testable. Under an alternative payoff technology, where investment
increases the payoff conditional on success instead of the probability of success, expected
utility is concave and optimal investment varies continuously—no corners arise. By compar-
ing investment behavior under probability-based versus payoff-based technologies, holding
expected returns constant, we can identify whether the structure of returns—not just their
level—determines participation.

Under CARA utility, expected utility is quasi-convex and optimal investment is discon-



tinuous in risk aversion: there exists a unique threshold above which agents choose zero
investment and below which they choose high investment (Propositions 1-2). Under other
specifications the qualitative pattern persists but the exact two-region structure need not
hold (see Section 3.5). When both investment margins are available with equal expected re-
turns, risk-averse agents strictly prefer the probability margin because it compresses outcome
variance (Proposition 4).

We provide a controlled test of these predictions in an incentivized experiment with
846 Czech citizens. Participants face two investment tasks with identical expected returns:
a “probability game” where investment increases success probability, and a “payoff game”
where investment increases the payoff conditional on success. Results confirm the theory.
Investment is bimodal under probability technology (masses at zero and at the high corner)
but unimodal under payoff technology (concentrated at interior levels). The pattern appears
exclusively among more risk-averse, lower-wealth participants—the population for whom the
model predicts non-participation.

Our use of a representative population sample—as opposed to existing entrepreneurs—is
essential to the research question. Studying only current business owners introduces sur-
vivorship bias: entrepreneurs have by definition revealed willingness to bear investment risk.
The relevant population for understanding non-participation includes the many individuals
who, facing similar opportunities, optimally chose not to invest. Our design captures this
full distribution of risk preferences and investment choices.

Competitive credit markets do not resolve this. Risk-averse entrepreneurs would benefit
from insurance against the downside: if they could borrow beyond their investment needs,
limited liability would effectively provide it. Risk-averse entrepreneurs would therefore pre-
fer to finance investment entirely through debt rather than use personal funds, exploiting
limited liability as partial insurance, but in practice lenders disburse only against verified
investment expenditure. This motivates explicit risk-sharing contracts: arrangements in
which the lender absorbs a fraction of failure-state losses in exchange for appropriate com-
pensation. We show that such contracts shift entrepreneurs from the zero-investment corner
to high investment; the required risk-sharing is increasing in risk aversion (Proposition 7).
Incentive constraints limit but do not eliminate the scope for such contracts.

We proceed as follows. Section 2 reviews related literature. Section 3 presents the
theoretical model. Section 4 describes the experimental design and results. Section 5 analyzes

why markets fail and how risk-sharing contracts expand participation. Section 6 concludes.



2 Related Literature

The literature on investment non-participation divides into supply-side and demand-side
explanations. Supply-side work focuses on credit constraints and information frictions that
prevent entrepreneurs from accessing capital. Demand-side work studies how risk preferences
shape entry and investment decisions. Our mechanism is demand-side: non-participation
arises from the interaction of risk aversion with the structure of investment returns, even

when credit is freely available and unlimited.

Credit constraints and discouraged borrowers. A large literature documents and de-
bates the role of liquidity constraints in entrepreneurial entry: Evans and Jovanovic (1989)
estimate a structural model in which wealth relaxes binding constraints, while Hurst and
Lusardi (2004) show that the wealth—entry relationship is flat across most of the distribu-
tion, challenging the credit-constraints interpretation. The canonical model of Stiglitz and
Weiss (1981) shows that asymmetric information can generate equilibrium credit rationing,
while de Meza and Webb (1987) demonstrate that under an alternative adverse selection
structure—where projects differ in expected returns rather than riskiness—the same in-
formational frictions can lead to overinvestment. Subsequent empirical work confirms that
small firms face higher borrowing costs, stricter collateral requirements, and greater rejection
rates than larger counterparts (Berger and Udell, 1998; Petersen and Rajan, 1994; Berger
and Udell, 2006). On the financing side, Robb and Robinson (2014) show that new firms
rely heavily on bank debt and personal commitments rather than outside equity, and Kerr
and Nanda (2015) survey how financing constraints shape innovation and entrepreneurship
more broadly.

These supply-side frictions, however, cannot fully account for the extent of non-
participation. Kon and Storey (2003) formalize “discouraged borrowers”—entrepreneurs who
rationally self-select out of credit markets when application costs are non-trivial—and the
phenomenon appears quantitatively large: discouraged firms outnumber rejected firms two-
to-one in the UK (Freel et al., 2012), a significant fraction would have received credit had
they applied (Cole and Sokolyk, 2016), and causal estimates indicate that discouragement
reduces investment growth by 4.7 percentage points over two years (Ferrando and Mulier,
2022). These findings point to demand-side barriers beyond rationing or application costs,
but existing models do not provide a structural mechanism linking the type of investment
to the decision not to participate. Our model provides one answer: when investment tech-
nology is probability-based and entrepreneurs are sufficiently risk-averse, standard contracts

generate corner solutions at zero investment even when credit is freely available.



Risk preferences and entrepreneurial selection. On the demand side, the relation-
ship between risk preferences and entrepreneurial entry has been studied since Knight (1921)
argued that entrepreneurs bear true uncertainty—risks that cannot be quantified probabilis-
tically. Kihlstrom and Laffont (1979) formalize this idea in a general equilibrium model where
individuals sort into entrepreneurship based on risk tolerance, with more risk-averse agents
choosing wage employment. Empirically, lower risk aversion predicts self-employment entry
(Cramer et al., 2002; Caliendo et al., 2009), though the relationship between risk tolerance
and entrepreneurial survival is non-monotone (Caliendo et al., 2010). This selection puzzle
is compounded by Hamilton (2000), who shows that median self-employment earnings are
lower than wage earnings, implying that non-pecuniary factors or risk considerations must
help explain entry.

A related puzzle concerns portfolio concentration. Entrepreneurs hold highly undiver-
sified portfolios (Moskowitz and Vissing-Jorgensen, 2002), and the resulting risk exposure
is substantial: it crowds out stockholdings (Heaton and Lucas, 2000) and imposes a large
welfare cost on venture-backed founders (Hall and Woodward, 2010). Agency-theoretic incen-
tive effects appear economically significant in explaining these patterns (Bitler et al., 2005).
Whether standard risk aversion is even the relevant preference dimension remains debated:
Koudstaal et al. (2016) find no difference between entrepreneurs and non-entrepreneurs in
incentivized risk tasks, but entrepreneurs exhibit lower loss aversion, while Astebro et al.
(2014) emphasize overconfidence and non-pecuniary benefits as alternative explanations for
entry (see also Camerer and Lovallo, 1999; de Meza and Southey, 1996). In this paper
we study investment decisions of small business owners who allocate funds between a single
risky business and an outside option. In a companion paper we show that the corner solution
result extends to settings where diversification across independent projects is available.

Our framework shows that the type of investment technology—mnot just preferences, con-
straints, or frictions—determines non-participation: the same risk-averse agent who would
invest under payoff-based technology may rationally abstain under probability-based technol-
ogy. Consistent with this, Cooper et al. (1988) document that entrepreneurs perceive their
success probability as high—81% rated their odds at 7 out of 10 or better, and 33% saw
their chances as certain—suggesting that entrepreneurs who do invest perceive themselves
at or near the high-probability corner. Crucially, these entrepreneurs also attribute their
high probability of success directly to their own investment and effort—consistent with our
model’s assumption that investment is the mechanism through which probability is raised,

not an exogenous endowment.



Optimal contracts and debt structure. A classical literature establishes conditions un-
der which debt is the optimal financial contract. Under costly state verification, Townsend
(1979) shows that standard debt minimizes verification costs, and Gale and Hellwig (1985)
provide a complete characterization, showing unique optimality when verification is costly
and the borrower has no initial wealth. Under moral hazard with limited liability, Innes
(1990) shows that debt-like contracts are optimal because concentrating downside exposure
on the entrepreneur preserves implementation incentives. The principle common to both is
due to Holmstrom (1979): optimal incentive contracts tie compensation to signals informa-
tive about the agent’s action, which in binary-outcome settings implies maximum feasible
risk-bearing by the entrepreneur. Empirical work on venture capital contracting documents
the use of convertible securities, staged financing, and contingent control rights to address
both adverse selection and moral hazard (Kaplan and Stromberg, 2003, 2004), with con-
trol allocation depending on project characteristics (Hellmann, 1998) and staged investment
serving as the primary monitoring mechanism (Sahlman, 1990).

This body of work explains debt prevalence and characterizes incentive-optimal contracts,
but it takes the lender’s perspective: the entrepreneur’s willingness to participate is either
assumed or enters as a secondary constraint. Our contribution reverses the emphasis. When
investment affects the probability of success, the participation constraint—mnot the incentive
constraint—becomes binding. The Innes-Holmstrom logic pushes toward maximum downside
exposure to preserve incentives; our analysis shows that risk-sharing is needed to expand
participation. The optimal contract balances these forces, and the balance shifts toward
risk-sharing as risk aversion increases (Section 5).

Two further connections deserve mention. Myers (1977) identifies underinvestment from
debt overhang, where existing leverage causes shareholders to forgo positive-NPV projects
because part of the return accrues to creditors. Stiglitz and Weiss (1981) analyze credit
rationing as an equilibrium outcome of adverse selection and moral hazard. Our mechanism
differs from both: underinvestment arises from the interaction of risk aversion with the
structure of how investment maps into outcomes, not from the distribution of returns between

claimants or from information asymmetries.

3 Theory

3.1 Setup

The formal analysis uses CARA utility u(z) = —e™®, which delivers closed-form solutions.

The qualitative predictions are established formally under CARA; Section 3.5 provides nu-



merical evidence that they extend to CRRA, though not with the exact global U-shape.
An entrepreneur with initial wealth B > 0 considers investing in a project with binary
outcomes: success (payoff H) or failure (payoff L < H). The entrepreneur has CARA utility

A with risk aversion parameter A > 0.

u(x) = —e

We consider two investment technologies:

Probability Technology. Investment increases success probability at cost ¢(p) = ap,
where a¢ > 0 is cost per unit probability. Success probability p € [po, p] is chosen by the
entrepreneur, where py > 0 is the baseline success probability without investment.! The cost
is bounded: o« < H — L ensures positive expected returns at high investment.

Payoff Technology. Investment increases the success payoff. With investment cost
¢ > 0, success payoff becomes H(c) > L where H'(¢) > 0 and H”(c¢) < 0. Success probability

is fixed at p > 0.

3.2 The Probability Model

An expected-utility-maximizing agent may invest in a project with binary outcomes: invest-
ment will be successful and generate a high return H, or it will fail, and generate a low
return, L < H.

In the probability model, the agent controls the project’s probability of success, p € [po, pl,
at a linear cost ¢(p) = ap for some a > 0. Importantly, we assume that p < 1, so that, no
matter how much the agent chooses to invest, they cannot ensure that investment would be
successful. We assume that investment generates a positive expected return for the agent.

That is, pH + (1 — p)L — ap > L for any p > 0, or equivalently, « < H — L.

Proposition 1. The expected utility from investment in the probability model of an agent
with a CARA utility function u(x) = —e™** is quasi-convez in the agent’s level of investment

p: it has no interior maximum, and the global maximum occurs at a corner, p* € {po, p}.

Quasi-convexity means the maximum of U on any subinterval is attained at an end-
point. The function may decrease then increase (which we informally call U-shaped) or be
monotone; in either case the optimal investment is a corner.

The proof (Appendix A) shows that U”(p) > 0 at any interior critical point, which follows

from the constant absolute risk aversion property.

The parameter A > 0 in a CARA utility function describes the agent’s Arrow-Pratt
coefficient of risk aversion. A higher value of A\ indicates a higher degree of risk aversion,

and as A decreases to zero, preferences converge to risk neutrality. It therefore follows that:

!The case py = 0 corresponds to a project that cannot succeed without investment; py > 0 allows for
some baseline probability of success.



Proposition 2. The optimal choice of the level of investment p of an agent with a CARA
utility function with parameter X is discontinuous in A\. There is a threshold level of risk
aversion A° > 0 such that more risk averse agents choose the minimum investment p = po,

and less risk averse agents choose the high investment p = p.

Whether the results described in Propositions 1 and 2 generalize beyond CARA remains
an open question. The economic intuition—that intermediate investment is costly because
it buys variance without eliminating downside risk—does not depend on the specific utility
form. In Section 3.5 we provide a numerical example under CRRA utility that exhibits the
same qualitative pattern: expected utility has two local maxima (one near zero and one near
p), the global optimum is always at a corner, and optimal investment jumps discretely as
the relevant preference parameter varies. We cannot, however, prove this analytically for
the general CRRA case. The exact quasi-convexity of Proposition 1 relies on the constant
absolute risk aversion property; under CRRA the U-shape is approximate rather than exact,
and we offer the numerical example as a demonstration that the key economic features

survive, not as a general proof.

3.3 The Payoff Model

As in the probability model, an expected-utility-maximizing agent may invest in a project
with binary outcomes: investment may succeed and generate a high return, or fail, and
generate a low return.

In the payoff model, the agent controls the project’s return upon success rather than the
probability of success, which we fix at p. As in the probability model, a failed project yields
a payoff of L. A successful project yields a payoff of H(c) > L, where H(c) is assumed to be
increasing and weakly concave in the agent’s cost of investment ¢ > 0. In this version of the
model, the objective of the agent is to choose the cost of investment ¢ to maximize expected

utility, which is not necessarily CARA.

Proposition 3. The agent’s expected utility is concave in the cost of investment c. It follows

that it is inverse U-shaped in c.

As in the probability model, the agent’s choice of level of investment is still decreasing
in its level of risk aversion, but unlike in the probability model it is continuous in the level

of risk aversion.?

ZSpecifically, if {u,} is a sequence of utility functions that converges to a utility function u and {c, } and
¢ are the associated costs of investment, then if w,, exhibits more/less risk aversion than w,; then ¢, is
smaller/larger than ¢,41 and the sequence {¢,} converges to c.



3.4 Probability vs. Payoff

In many situations, an agent faces a binary investment prospect in which they could invest
either to increase the probability of success of a project, or invest to increase the payoff upon
success—or both. Which would the agent prefer?

We consider a hybrid of our probability and payoff models in which the agent’s expected
return from investment is held fixed, regardless of whether the agent invests in probability
or in payoff.

Our agent faces a binary project. The project succeeds with probability p > pg > 0 and
yields H(p), or it fails and yields L, where H(p) > L > 0 for all p > py.

Suppose that the expected return of the project is constant so that pH(p) + (1 — p)L =
C > L for every choice of p € [pg, p|]. The agent chooses whether to invest in the probability

p with the expected payoff upon success of H(p) = —Ci(lpfp)L

, which is decreasing in p, or
invest in the payoff H(p) with a declining probability of success, p.

We compare the p-lottery in which the agent receives H(p) with probability p and L
with probability 1 — p with the p’-lottery, where p > p’ > pg, in which the agent receives
H(p') > H(p) with probability p’ and L with probability 1 — p/. Our assumption that
pH(p)+ (1 —p)L = C > L is fixed implies that these two lotteries return the same expected

income to the agent.

Proposition 4. Suppose thatp > p' > py. A p-lottery that pays H(p) and L with probabilities
p and 1 — p, respectively, generates a higher expected utility for a risk-averse individual than

a p'-lottery that pays H(p') > H(p) and L with probabilities p' and 1 — p’, respectively.

It follows that under the circumstances described in this section, a risk-averse individual

would prefer to invest in the probability of success than invest in the payoff upon success.

3.5 CRRA Utility

Assume a CRRA utility function of the form u(x) = %, defined for z > 0. Setting a =1
so that the cost of probability is simply ¢(p) = p, the expected utility becomes

(B+H-p) 7 -1
1—0

(B+L-p) -1
1—0 '

Ulp) =p +(1—p) (1)

The domain constraint B + L — p > 0 restricts the feasible set: for low-wealth agents,
the effective upper bound on p may bind below p. Figure 1 plots the expected utility for
different levels of wealth, for parameter values 0 =2, H =4, L = 0.3, p = 0.8.
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Figure 1: Left panel: Expected utility as a function of probability for different wealth levels
(0 = 2). The vertical dashed line marks the upper bound p = 0.8; curves are shown in
lighter shade beyond p to indicate the infeasible region. Right panel: Optimal probability
as a function of initial wealth.

The left panel of Figure 1 shows that for agents with relatively low initial wealth (black
curves) the optimum is achieved at p = 0: with little wealth, the domain of feasible proba-
bilities is narrow and the downside cost of investment dominates. For agents with relatively
high initial wealth (blue curves) the optimum is achieved at p. Crucially, for each wealth
level shown, the expected utility function exhibits two local maxima—one near p = 0 and
one near p—with the global optimum jumping discretely between them as wealth increases
(right panel). This is the same qualitative pattern as under CARA: two competing corners
with a discrete switch, rather than a smooth interior optimum. The exact quasi-convexity
of Proposition 1 is an analytical result specific to CARA; we cannot prove an analogous
result for the general CRRA case. The numerical example demonstrates, however, that the
economically important features—two local maxima, pure corner solutions (p* € {0,p}), and
a discrete jump from non-participation to full participation—are not artifacts of the CARA
specification.

The mechanism is the same under both utility specifications. Under probability technol-
ogy, an intermediate investment is costly in two dimensions simultaneously: the agent pays
for probability and bears variance, without eliminating the downside entirely. At the zero
corner, both cost and variance are zero. At the high corner, expected return is highest and
variance, while present, is at its lowest feasible level given p < 1. Intermediate investments
offer neither safety nor the best available expected return, and for a sufficiently risk-averse
agent one of the corners dominates. Under payoff technology the tradeoff is different: higher
investment raises expected return and variance together continuously, producing a smooth

interior optimum in the usual way.
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4 Empirical Examination

We provide a controlled test of the core theoretical mechanism—that probability-based in-
vestment generates corner solutions among risk-averse agents—using an incentivized exper-

iment with a representative sample from the Czech Republic.

4.1 Design

Participants made four incentivized decisions. The first elicited risk preferences using 11
choices between a lottery (50% chance of 1,300 CZK, 50% chance of 0 CZK) and safe op-
tions ranging from 0 to 1,000 CZK (Dohmen et al., 2011). The remaining three decisions
corresponded to investment games.

Reward game (payoff technology): Participants received a 150 CZK endowment and
could invest any amount in 30 CZK increments to increase their potential prize. If successful
(50% probability regardless of the invested amount), the invested amount was tripled.

Probability game (probability technology): Participants received a 150 CZK en-
dowment and could invest any amount in 30 CZK increments to increase the probability of
winning a fixed prize of 270 CZK. Each additional 30 CZK investment increased the success
probability by 16.7%, starting from a 16.7% chance to win (rolling a star on a fair six-sided
die with one star and five empty sides) to an 83.3% chance to win (corresponding to five
stars on the die).

In both games, the expected return to investment is identical. In the reward game,
investing x yields payoff 3x with probability 0.5, implying expected return of 50%. In the
probability game, investing x increases success probability linearly from 16.7% to 83.3% while
the prize remains fixed at 270 CZK. The expected return to each investment increment is
again 50%. Thus the two technologies differ only in how investment affects the outcome
distribution—probability vs. payoff—while expected returns remain constant.

Step-by-step game: Participants made four sequential allocation decisions, each time
choosing to increase either probability or prize. This game provides a test of Proposition 4.

The order of the games was randomized. The comprehension of the respondents was
verified through control questions. One of the payoff-relevant decisions was randomly selected

to determine the amount of money respondents took home.

4.2 Sample

The experiment was conducted in cooperation with IPSOS using 846 participants selected

from a nationally representative sample in the Czech Republic. The sample is 46.7% female,

11



with a mean age of 43.5 years, mean personal income of 19,790 CZK per month, and mean
household income of 35,485 CZK per month, all close to national averages.

Participants are classified as risk-averse if they rated their willingness to take risks below
5 on a 10-point scale (59% of sample based on the general subjective risk measure) or if they
switched to safe option before row 7 in the lottery following Dohmen et al. (2011) (75% of
the sample). Results are robust to either classification. Details about eliciting risk aversion

are developed in more detail in the Appendix C.

4.3 Results

Prediction 1: Bimodal investment under probability technology.

Figure 2 displays investment distributions for higher-risk-aversion, lower-wealth partic-
ipants with full task comprehension. Under probability technology (left), investment is
bimodal with masses at 0 CZK (non-participation) and 120-150 CZK (near-maximum in-
vestment). Under payoff technology (right), investment is unimodal and concentrated at
interior levels (60-120 CZK).

Probability game Reward game
0124 0124
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0 ol —
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Note: Investment distributions for higher-risk-aversion, lower-wealth participants with full comprehension.
Left: probability technology (probability game). Right: payoff technology (reward game). Curves are finite
mixture model fits.

Figure 2: Investment Distributions by Technology Type

Levene’s test rejects equality of variances (p = 0.026): investment under probability

technology is significantly more dispersed, consistent with the theory’s prediction of corner

12



solutions. Note that Levene’s test establishes increased dispersion, not bimodality per se.
Evidence for bimodality comes from finite mixture model estimation (shown as fitted curves
in Figure 2), which identifies two distinct modes in the probability technology distribution

corresponding to non-participation and near-maximum investment.
Prediction 2: Bimodality concentrated among risk-averse participants.

Table 1 reports marginal effects from probit regressions estimating the probability of each
investment level as a function of technology type (probability vs. payoff game). Among risk-
averse participants with full comprehension (column 1), probability technology significantly
increases non-participation (+2.9 pp, p = 0.033) and near-maximum investment (4+4.6 pp
at 120 CZK, p = 0.062 and +8.4 pp at 150 CZK, p = 0.005 ), while reducing intermediate
investment (—7.6 pp at 60 CZK, p = 0.006; —7.2 pp at 90 CZK, p = 0.026). Similar patterns
are found among risk-averse participants with incomplete comprehension (column 3). On
the contrary, we do not observe such differences in investment patterns among risk-neutral

or risk-loving participants with full or incomplete understanding (column 2 and 4).

Table 1: Investment Level by Technology Type

Full Comprehension  Incomplete Comprehension

RA Not RA RA Not RA

(1) (2) (3) (4)
0 CZK (non-participation)  0.029** —0.011 0.018 —0.008
(0.014)  (0.022)  (0.013) (0.018)
30 CZK —0.013 —0.044 —0.015 —0.021
(0.022)  (0.027)  (0.018) (0.022)
60 CZK —0.076***  —0.016 —0.071*** —0.025
(0.028)  (0.031)  (0.023) (0.027)
90 CZK —0.072%*  —0.022 —0.045 —0.008
(0.032)  (0.036)  (0.028) (0.032)
120 CZK 0.046* —0.016  0.059%** —0.012
(0.025)  (0.033)  (0.022) (0.028)
150 CZK (maximum) 0.084*#* — (.109***  (0.054** 0.075%*
(0.030)  (0.035)  (0.024) (0.030)

N 474 366 672 482

Notes: Marginal effects from probit regressions. Dependent variable: indicator for investment level. Indepen-
dent variable: probability technology indicator. Sample: participants with full or incomplete understanding.
RA = risk averse. Clustered standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.

Prediction 3: Preference for probability margin.
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In the step-by-step game, 70.4% of higher-risk-aversion participants allocated resources
predominantly to probability (choosing probability 3-4 times out of 4). Among the highest-
risk-aversion participants, this fraction rises to 72.3%. Only 9.9% allocated predominantly
to payoff. Decision steps are described in Appendix Table 2. These results strongly confirm

Proposition 4.

4.4 Heterogeneity by Wealth

Table 2 reports effects by household income tercile. The pattern of increased non-
participation and reduced intermediate investment appears only in the lowest tercile. Higher-
wealth participants show increased maximum investment under probability technology—
consistent with the theory, since higher wealth reduces effective risk aversion, shifting agents

toward the maximum-investment corner rather than non-participation.

Table 2: Technology Effects by Wealth Level

Low Wealth Medium Wealth High Wealth
(1) (2) (3)

0 CZK (non-participation) 0.074%* 0.030* —0.035
(0.029) (0.017) (0.025)
30 CZK 0.049 —0.061** —0.018
(0.043) (0.028) (0.047)
60 CZK —0.074* —0.091** —0.053
(0.042) (0.046) (0.058)
90 CZK —0.086* 0.010 —0.193**
(0.047) (0.049) (0.077)
120 CZK 0.062 <0.001 —0.105*
(0.041) (0.035) (0.060)
150 CZK (maximum) —0.025 0.111%* 0.193%#*
(0.046) (0.047) (0.064)
N 162 198 114

Notes: Marginal effects from probit regressions on probability technology indicator. Sample: higher-risk-
aversion participants with full comprehension. Selected investment levels shown. Standard errors in paren-
theses. *p < 0.10, **p < 0.05, ***p < 0.01.

4.5 Robustness

Results are robust to: alternative risk-aversion measures (lottery-based vs. self-reported);

inclusion of order effects and demographic controls; exclusion of participants who invested
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identical amounts across games; and restriction to “good” rather than “full” comprehension.

See Appendix C for complete results.

5 Market Failure and Contract Design

The preceding sections establish that probability-based investment generates corner solutions
and document this pattern experimentally. A natural question is whether access to credit
markets resolves the participation problem. This section shows that it does not. We develop
a parsimonious model of credit markets in which, under standard debt, corner solutions
and the associated discontinuity in risk aversion persist. We then characterize a class of
risk-sharing contracts that can expand participation and derive the limits imposed by moral
hazard. The analysis maintains the CARA specification from Section 3 throughout. The

sole exception is Proposition 5, which holds for any strictly concave w.

5.1 Setup

Players. An entrepreneur with initial wealth B > 0 and CARA utility u(z) = —e™%, A > 0;
and one or more risk-neutral, competitive lenders.

Project. The binary-outcome project from Section 3: success yields H, failure yields L
(H > L > 0), and the entrepreneur chooses success probability p € [0, p] at cost ¢(p) = ap,
with o < H — L so that the project has positive expected net return. We set pg = 0: without
investment, the project fails with certainty and the entrepreneur receives L.

Observability. The entrepreneur’s investment level p is observable and contractable.
The lender can verify the investment expenditure ¢(p) = ap and disburse up to that amount.
This is the natural assumption when investment takes the form of verifiable expenditures—
equipment, materials, marketing—rather than unobservable implementation quality. The
distinction between observable investment and unobservable implementation quality becomes
central in Section 5.5.

Contract. Since p is contractable, a contract specifies a loan schedule b(p) € [0, ¢(p)] and
repayment schedules Rg(p) and Rg(p), all conditioned on the verified investment level. Sec-
tions 5.2-5.3 analyze standard debt: the lender claims Rp(p) = min(b(p), L) upon failure—
repayment in full when feasible, seizure of the project’s failure-state cash flow otherwise—
and the success repayment Rg(p) satisfies the break-even condition. Section 5.4 introduces
a richer class of risk-sharing contracts C(¢,r) that allow Rp < L (defined formally therein).

Timing.
1. The lender offers a contract specifying schedules b(-), Rs(-), and Rp(-).
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2. The entrepreneur chooses investment level p, triggering loan disbursement b(p).
3. Nature determines success (probability p) or failure (probability 1 — p).

4. The entrepreneur repays Rs(p) upon success or Rg(p) upon failure.
Constraints.

o Limited liability: Rp(p) < L for all p. The lender’s claim in the failure state cannot
exceed the project’s failure-state cash flow; the entrepreneur’s personal wealth B is

protected.

e Lender break-even: p - Rs(p) + (1 — p) - Rp(p) = b(p). Under competitive lending
(Bertrand), this is a zero-profit condition (r = 0).

Equilibrium. The entrepreneur chooses p to maximize expected utility given the con-
tract schedules. Competitive lenders earn zero expected profit.

State-contingent wealth. Upon success, Wy(p) = B + H — Rs(p); upon failure,
Wr(p) = B+L—Rp(p). Initial wealth B is observable but not contractible. Under CARA, B
enters utility only through the multiplicative constant e=*#, which cancels from all optimality

conditions. Whether B is contractible is therefore irrelevant for the analysis.

5.2 Full Borrowing Dominates

Before analyzing equilibrium investment, we establish that the entrepreneur optimally sets
b(p) = c¢(p)—financing the entire investment through borrowing. The argument is a standard
risk-shifting result: under full borrowing (b = ap) with limited liability binding (b > L), the
entrepreneur’s failure-state wealth is W, = B—personal wealth is fully protected because
the lender absorbs the loss ap — L. Under partial borrowing (b < ap), the entrepreneur
contributes personal funds, yielding W, < B. Since the lender breaks even under either
arrangement, the two financing structures deliver the same expected wealth. Full borrowing
is a mean-preserving contraction of the wealth distribution, strictly preferred by any risk-

averse agent.

Proposition 5. The entrepreneur strictly prefers to finance the entire investment c(p) = ap
through borrowing rather than partial self-financing whenever c(p) > L. This holds for any
strictly concave utility function u, not just CARA.

See Appendix A for the proof. Since b(p) < ¢(p) and full borrowing is strictly preferred,
the optimal loan schedule is b(p) = ¢(p) = ap. We impose this throughout the remainder of
the analysis. The break-even condition simplifies to p - Rs(p) + (1 — p) - Rr(p) = ap, and
limited liability binds whenever ap > L: Rp(p) = L.
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5.3 Corner Solutions Persist with Credit Markets

Under competitive lending with b = ap, the entrepreneur’s expected utility has a piecewise

structure reflecting whether limited liability binds:

p-u(B+H—ap)+(1—p)-w(B+L—ap) ifap<L

Ulp) = 2
v p~u<B+H—L—a+§>+(1—p)'u(B) if ap> L 2

In the first regime (ap < L), full repayment is feasible in both states: Rpr(p) = Rg(p) =
ap. In the second regime (ap > L), limited liability binds: Rg(p) = L, the entrepreneur
retains full wealth B upon failure, and the break-even condition pins down the success-state

repayment as Rg(p) = L+ a — L/p.

Proposition 6. The expected utility function in (2) has no interior maximum in p:
(i) U(p) is continuous on [0, pl], including at the regime boundary p = L/cv.
(i1) U(p) is quasi-convex for ap < L and strictly increasing for ap > L.

(iii) The optimal investment is a corner: p* € {0, p}.

See Appendix A. The intuition is that limited liability provides partial insurance for large
investments: by capping the failure-state repayment at L, it compresses the payoff distri-
bution and makes expected utility strictly increasing in p throughout the high-investment
regime. Combined with quasi-convexity in the low-investment regime and continuity at the

boundary, the global optimum must lie at a corner.

Corollary 1. The discontinuity of Proposition 2 survives: there exists a unique threshold
\° > 0 such that p* = p for X < X° and p* =0 for A > \°.°

Credit markets do not smooth the investment decision. Limited liability alters the payoff
distribution but preserves the fundamental tension: intermediate investment buys variance

without eliminating downside risk.

5.4 Risk-Sharing Contracts

Under standard debt with limited liability binding (ap > L), the lender claims the full failure-

state payoff L and the break-even condition requires a correspondingly higher success-state

3This \° coincides with that of Proposition 2 when ap < L. When ap > L, the threshold is determined
by the two-regime utility in (2) and may differ, though we retain the same notation.
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repayment Rg(p). The entrepreneur therefore bears all consumption risk: the risk-neutral
lender breaks even and passes through the full state-contingent variation. A risk-sharing
contract reduces the failure-state claim below L, compressing the payoff spread Wy — W, at
no expected cost to the risk-neutral lender. For a sufficiently risk-averse entrepreneur, this
compression can make the high-investment corner attractive. This section formalizes the
idea using a class of contracts parameterized by two instruments (Holmstrom, 1979; Innes,
1990; Townsend, 1979).

Contract structure. A risk-sharing contract C(6, r) specifies loan disbursement of ¢(p) =

ap upon verified investment, with state-contingent repayments

Rp(p; 0) = (1 —0)ap (3)
Rs(p; 0,r) = ap (1 +7) + (0, p) (4)

where 6 € [0, 1] is the share of investment cost absorbed by the lender upon failure, » > 0 is
the interest rate, and 7(0, p) is a risk-sharing premium derived from the break-even condition.
At 60 = 0, the formulas yield Rr = Rg = ap; when ap > L, limited liability caps Rp at L,
recovering standard debt (Section 5.3). Positive 6 reduces Rp = (1 — 0)ap below L, relaxing

the limited liability constraint.

Break-even and the premium. A risk-neutral lender breaks even at r = 0 when
p- Rs(p; 0,0) + (1 —p) - Rp(p; ) = ap = 7(0,p) = (1 —p)ba.

The two contract instruments play distinct roles: 6 governs the allocation of risk between
borrower and lender, while r governs the division of surplus. Break-even holds for any 6

when r = 0.

Lender profit. Under the contract C(6, ), the lender’s expected return at investment level
p is:
E[repayment] = ap(1 + pr), Lender profit = ap®r. (5)

Under Bertrand competition, » = 0 and the lender breaks even. Appendix B extends the

analysis to lenders with positive cost of funds r; > 0.

Entrepreneur’s payoffs. The risk-sharing payoffs apply when the contractual failure-
state repayment satisfies limited liability: (1—0)ap < L, i.e., when p < p.(0) = L/[a(1—0)].
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For p > p.(#), limited liability binds at Rr = L and the contract collapses to the standard-
debt regime of Section 5.3. The proof of Proposition 7 handles both regimes explicitly. In

the risk-sharing regime, the entrepreneur’s state-contingent wealth at general r is:

Wy(p; 0,7) = B+ H —alp+ (1 —p)d] — apr (6)
Wi(p; 0) =B+ L—(1-0)ap (7)

The failure-state wealth Wi is independent of r: the interest charge falls entirely on the

success state. The payoff spread is:
Wy —Wy=H—L—af — apr. (8)

At r = 0, equations (6)—(7) reduce to the zero-profit payoffs. The analysis of corner solutions
(Proposition 7) is conducted at r = 0—the competitive equilibrium—where both wealth
functions decrease at the same rate a(1l — 6) in p, enabling the quasi-convexity argument
(Appendix B).

As 0 increases (at fixed r), Wy rises and Wy falls: the lender absorbs more failure-
state loss in exchange for a larger success-state premium. Since the lender is risk-neutral,
this transfer is actuarially fair at » = 0. For the risk-averse entrepreneur, the compressed
payoff distribution makes the high-investment corner increasingly attractive relative to zero

investment.
Proposition 7. For any entrepreneur with CARA wutility and risk aversion A > \°:
(1) Optimal investment remains a corner solution for all 8 € [0,1): p*(6) € {0, p}.

(i) There exists a unique threshold 8*(\) € (0,1) such that p* = 0 for 6§ < 0* and p* =p
for 8 > 6*.

(1ii) 0*(N) is strictly increasing in X: more risk-averse entrepreneurs require greater risk-

sharing.

The proof is in Appendix A. Risk-sharing does not eliminate the corner solution
property—expected utility remains quasi-convex for any # < 1—but it shifts which corner is
optimal. At the threshold 6*(\), the entrepreneur switches discretely from non-participation
to full investment. However, # cannot be set freely: transferring too much risk to the lender

weakens implementation incentives, as the next section shows.
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5.5 Limits to Risk-Sharing: Incentive Constraints

Risk-sharing expands participation, but faces a fundamental limit: transferring too much
risk to the lender weakens the entrepreneur’s incentive to ensure project success (Holmstrom,
1979; Innes, 1990). The resulting tension between participation and incentives determines
the set of entrepreneurs who can be served in equilibrium.

The investment level p and the associated expenditure ¢(p) = ap are observable and
contractable (Section 5.1). Implementation quality is not. The moral hazard problem is
therefore exclusively about implementation quality, not about the investment decision itself.
Since p* € {0,p} and implementation quality is irrelevant when p* = 0 (no project to

implement), the incentive constraint need only be checked at p = p.

Extended timing. We augment the model with a hidden action that occurs after invest-
ment. Once the entrepreneur invests p and the lender verifies the expenditure ¢(p) = ap,

the entrepreneur chooses implementation quality a € {0,1}:*
e Diligent implementation (a = 1): success probability remains p.

e Shirking (a = 0): success probability drops to ps < p; the entrepreneur receives a
private benefit 5 > 0.

Here p, denotes the success probability under poor implementation, distinct from the baseline
lower bound pg in Section 3. This stage is inserted between investment (stage 2) and nature
(stage 3) in the timing of Section 5.1. Project outcomes and investment expenditure are

verifiable; implementation quality is not.

Incentive compatibility. Under contract C(6,0) at p = p, the entrepreneur’s state-
contingent wealth has a piecewise structure reflecting whether risk-sharing is operative.
Define 0. = 1 — L/(ap).” For § < 0., limited liability binds at p = p: the payoffs are
the standard-debt values Wy = B+ H — L —a+ L/p and W, = B, independent of 6—risk-

sharing has no effect until 6 crosses .. For 6 > 6., the risk-sharing contract is operative:
Wy(0) =B+ H—alp+ (1 —p)b), Wp(0) =B+ L—(1-0)ap.

In this regime, as 6 increases, W, rises and Wy falls, compressing the utility spread u(Wy)—

u(Wp). The entrepreneur complies (a = 1) only if the expected utility gain from diligence

4This binary compliance framework follows the canonical formulation in Tirole (2006); see also Holmstrém
(1979) and Innes (1990).

SWhen ap < L, limited liability does not bind under standard debt at full investment: 6, < 0 and the
risk-sharing regime applies for all € [0, 1].
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exceeds the private benefit from shirking:

(p = ps) [w(Wi(0)) — u(WL(0))] = B (9)

This defines an upper bound #(\, 3) on feasible risk-sharing: beyond 0, the payoff spread is
too compressed to deter shirking. We assume [ is small enough that the constraint holds
under standard debt (6 = 0), ensuring a non-empty feasible set. The full derivation appears

in Appendix D.
Proposition 8. The equilibrium outcome depends on the entrepreneur’s risk aversion A:

(i) Low risk aversion (A < X\°): Standard debt suffices. The entrepreneur invests p* = p
without risk-sharing (6 =0).

(ii) Moderate risk aversion (\° < X\ < X): Risk-sharing is necessary and feasible. Par-
ticipation requires 6 > 0*(\); incentive compatibility requires 8 < O(\). The feasible
set [0*(N\), ()] is non-empty, and the entrepreneur invests p* = p under any contract

with 0 in this range.

(iii) High risk aversion (A > X): No incentive-compatible contract satisfies the participation

constraint. The entrepreneur does not invest: p* = 0.

The critical threshold X is defined by 6*(X) = 0(\)—the point where the minimum, risk-sharing

needed for participation exactly equals the maximum risk-sharing consistent with incentives.

See Appendix D for the proof. Without moral hazard (5 = 0), the risk-neutral lender
optimally bears all project risk, and every entrepreneur with A > A° can be served. With
moral hazard (5 > 0), some risk must remain on the entrepreneur to preserve implementation
incentives, creating an upper bound on #. The result nests classical findings: when g — 0,
incentive constraints are slack; when [ is large, only standard debt is incentive-compatible,

recovering Innes (1990).

Equilibrium contract selection. We analyze competitive (Bertrand) lending, the nat-
ural benchmark for the credit market. Multiple lenders compete for the entrepreneur.
Any lender offering » > 0 is undercut by a competitor offering » = 0 with higher 6. At
r = 0, break-even holds for any 6, and the entrepreneur strictly prefers higher 6 (a mean-
preserving contraction at fixed expected wealth). Lenders therefore bid up 6 to the incentive-

compatibility bound #()). The equilibrium contract is C(#(\), 0): zero profit, maximum

feasible risk-sharing.
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The competitive equilibrium pins r = 0, which is precisely the condition under which the
quasi-convexity proof (Proposition 7) applies. All entrepreneurs with A < )\ invest p* = p,
and none with A\ > \ invest. Appendix B shows that all results extend to lenders with
positive cost of funds 7y > 0: under Bertrand competition with cost of funds, the break-
even repayment schedule preserves the equal-slopes property, and the only effect of ry is to

compress the payoff spread, making participation harder.’

Corollary 2. Entrepreneurs with A > X cannot be served under any incentive-compatible
contract. These entrepreneurs rationally choose p* = 0 despite positive expected project re-

turns, available credit, and willingness to participate under sufficiently generous risk-sharing.

This “missing middle”—entrepreneurs too risk-averse for standard debt, yet too risk-
averse even for the maximum incentive-compatible risk-sharing—constitutes the residual
market failure when participation and incentive constraints jointly bind. Its source is not
credit rationing or asymmetric information about project quality, but the interaction of risk
aversion with the structure of investment returns when implementation quality is unverifi-

able.

Corollary 3 (Welfare Gains from Risk-Sharing). For entrepreneurs with \° < X\ < X who

participate under an incentive-compatible contract:
(i) Total surplus increases by p(H — L — «) > 0 relative to non-participation.

(i) Under Bertrand competition (r = 0), the entrepreneur captures the entire surplus gain:
Us(p) > u(B + L).

When a non-participating entrepreneur switches to p* = p, the project’s expected net

return p(H — L — «) > 0 is created; market structure determines its division.

6 Conclusion

We show that when small business investment affects the probability of project success rather
than scaling payoffs, expected utility is U-shaped under CARA utility and optimal invest-
ment is a corner solution—a prediction established analytically under CARA. A numerical

example under CRRA (Section 3.5) exhibits the same qualitative pattern—two local maxima

6Under monopolistic lending, the lender would choose (6,7) jointly to maximize profit ajp? r subject to
participation and IC constraints. This introduces a fixed interest rate r > 0, which breaks the equal-slopes
property needed for quasi-convexity (see Appendix B). Since competitive credit markets are the natural
setting for the participation problem we study, we restrict attention to Bertrand competition throughout.
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and a discrete jump—though we do not have an analytical proof for the general case. Suf-
ficiently risk-averse entrepreneurs rationally choose non-participation even when expected
returns are positive and credit is available.

Experimental evidence confirms the mechanism: investment is bimodal under probability
technology but unimodal under payoff technology, with the pattern concentrated among more
risk-averse, lower-wealth participants. To our knowledge, this is the first direct experimen-
tal test of how the structure of investment returns—as opposed to their level-—determines
participation behavior.

Competitive credit markets do not resolve this problem: since lenders disburse only
against verified investment, entrepreneurs cannot use excess borrowing as implicit insur-
ance, making explicit risk-sharing contracts necessary. Risk-sharing contracts that absorb a
fraction of failure-state losses can shift some non-participating entrepreneurs—specifically,
those with moderately high risk aversion (A between A° and X)—from the zero-investment
corner to high investment. Unlike standard intuitions where insurance smooths investment
toward interior optima, risk-sharing in this framework shifts entrepreneurs discretely be-
tween corner solutions. The required risk-sharing is increasing in risk aversion, and incentive
constraints limit but do not eliminate feasible insurance. Entrepreneurs with very high risk
aversion (A > \) cannot be served under any incentive-compatible contract.

An implication of Propositions 2 and 7 is that, when investment primarily shifts success
probability, interventions reducing borrowing costs without altering failure-state exposure
(e.g., interest subsidies, guarantees that primarily affect pricing, or larger credit lines) need
not increase participation. In contrast, contracts that increase the entrepreneur’s failure-
state payoff—captured in the model by higher 6—can move entrepreneurs with moderately
high risk aversion from the zero-investment corner to the high-investment corner, consistent

with revenue-based, outcome-contingent, or convertible structures.
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Appendices

A  Proofs

Proposition 1 (restated). The expected utility from investment in the probability model of
an agent with a CARA utility function u(z) = —e ?* is quasi-convex in the agent’s level
of ivestment p: it has no interior maximum, and the global maximum occurs at a corner,

p* € {p(hﬁ}
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Proof. We show that if U is increasing at some p, then it is increasing for all p’ > p.” The

agent’s expected utility is equal to
U(p) = —pe M=) — (1 — p)eHEmep)
and its derivative with respect to p is equal to
U'(p) = (14 Aap) X (e M — e M) — haerPe .
Suppose that U is increasing at p, or U'(p) > 0. It follows that

U'(p) = [(2 + Aap) e*P (6_’\L — 6_’\H) — )\(xempe_’\ﬂ
= A [U'(p) + P (e — e )]
> 0,

which implies that U’(p’) > U’(p) for all p’ > p or that U continues to increase throughout

the remainder of its range. |

Proposition 2 (restated). The optimal choice of the level of investment p of an agent with
a CARA utility function with parameter X\ is discontinuous in A. There is a threshold level
of risk aversion \° > 0 such that more risk averse agents choose the minimum investment

P = po, and less risk averse agents choose the high investment p = p.

Proof. Recall that von Neumann-Morgenstern utility functions are only unique up to affine

_efo

transformations. Hence, the utility function u(z) = is equivalent to the utility function

u(z) = 176/\”1, which converges to a linear function as A tends to zero by L'Hopital’s Rule.
This implies that the agent becomes risk neutral and so prefers the lottery (H — ap, L —
ap;p, 1 — p) over the certain outcome L. By continuity, this is also the case for all agents
with small enough level of risk aversion .
An agent prefers the certain outcome L over the lottery (H — ap, L — ap; p, 1 —p) if and
only if
—peMH=ep) _ (] — pye~ALman) o AL

if and only if
pe)\(aerLfH) + (1 _ p)ex\ap > 1.

"Since e~ *? is a common positive factor in U(p) under CARA, it cancels in all comparisons and is

suppressed in the proofs.
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(ap+L=H) tends to zero, but e’ tends to infinity, which implies

As )\ increases to infinity, e*
that the last inequality is satisfied for all \ large enough.

Finally, the fact that an agent with a smaller X is less risk averse than an agent with a
larger X\ implies that any lottery that is preferred over a certain outcome by the former is also
preferred by the latter. It therefore follows that there exists a threshold level of risk aversion
A% > 0 such that more risk averse agents with A > A\° choose the minimal probability p = py,
and less risk averse agents with A < \° choose the maximal probability p = p.

Uniqueness of \° follows from the variation-diminishing property of exponential systems:
D(N\) = g(po, A) — g(p, A) is a sum of four exponential terms with three sign changes in the
coefficient sequence, hence at most three real zeros. Since A = 0 is always a zero and there

is exactly one zero on (—00,0), there is exactly one zero on (0, c0). [
Proposition 3 (restated). The agent’s expected utility is concave in the cost of investment
c. 1t follows that it is inverse U-shaped in c.
Proof. The first and second derivatives of V' (c) are given by

V'(e)=pu'(B+ H(c)—c¢)(H'(¢)—1) — (1 —p)u/(B+ L —c¢)
and
V"(¢) = pu"(B+ H(c) —¢) (H'(¢) —1)* + pu/(B+ H(c) — )H"(¢) + (1 — p)u" (B + L — ¢),
respectively. The conclusion follows from the concavity of the functions u (-) and H (-). W
Proposition 4 (restated). Suppose that p > p' > po. A p-lottery that pays H(p) and L with
probabilities p and 1 — p, respectively, generates a higher expected utility for a risk-averse

individual than a p'-lottery that pays H(p') > H(p) and L with probabilities p’ and 1 — p/,

respectively.
Proof. Follows immediately from the fact that the p-lottery second-order-stochastically-

dominates the p'-lottery. [ |

Proposition 5 (restated). The entrepreneur finances the entire investment c(p) = ap
through a loan, and strictly prefers full borrowing over partial self-financing when c(p) > L.

This result holds for any strictly risk-averse preferences (strictly concave u), not just CARA.
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Proof. Fix an investment level p with ap > L. Consider two financing arrangements for
the same investment.

Option A (full borrowing): The entrepreneur borrows b = ap from a competitive
lender. Upon failure, the entrepreneur’s pledgeable income is L < ap, so limited liability
binds: the failure-state repayment is R4 = L. The lender’s break-even condition p- R4 + (1 —
p)- L = ap determines the success-state repayment R4 = a— (1—p)L/p. The entrepreneur’s

state-contingent wealth is:

Wi=B+H—-Rs=B+H—-L—a+L/p,
Wi =B+ L—-Ri=DB.

Option B (partial self-finance): The entrepreneur borrows b < ap and self-finances
the remainder ap — b from wealth B. If b < L, limited liability does not bind and the lender

sets RY = RZ = b. The entrepreneur’s wealth is:

W8 =B+ H — ap,
WP =B+ L—ap.

If instead b > L, limited liability binds in failure (R2 = L) and break-even gives RE =
(b—(1—p)L)/p. In this case WP = B — (ap — b).
In both sub-cases, W < B = W (since ap — b > 0 or ap > L). Because lenders break

even under both options, expected wealth is the same:
A A _ _ B B
p-Wy+(0—p)- Wy =B+pH+ (1 —p)L—ap=p-Wy+(1-p) W

Option A therefore has strictly higher failure-state wealth and compensatingly lower success-
state wealth relative to Option B, with identical expected wealth. This is a mean-preserving
contraction of the entrepreneur’s wealth lottery. Any strictly risk-averse agent strictly prefers
Option A.

If ap < L, limited liability never binds and the entrepreneur’s wealth is B + H — ap
(success) and B + L — ap (failure) regardless of financing source, so the entrepreneur is
indifferent. [ |

Proposition 6 (restated). The expected utility function in (2) has no interior maximum in
p. Moreover: (i) U(p) is continuous (but not necessarily differentiable) on [0, p], including
at the regime boundary p = L/a. (1) U(p) is U-shaped for ap < L (basic model) and strictly

increasing for ap > L. (iii) The optimal investment is a corner: p* € {0, p}.
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Proof. Part (i) — Continuity: At the boundary p = L/«, the two regimes coincide: in
both cases, success-state payoff is B + H — L and failure-state payoff is B. Hence U(p) is
continuous.

Part (ii) — Shape: For ap < L, the function reduces to our basic model, which is U-
shaped by Proposition 1. For ap > L, we have U(p) = p-u(B—i—H—L—oz—i—%)—F(l—p)-u(B).
For our CARA utility function, u(z) = —e™** and u'(x) = Ae **. So, U’(p) > 0 if and only

if:
)\(H—L—oz+£) >1n<1—|—)\—L).
p p

The conclusion follows from our assumption that H — L > « together with the fact that
x> In(1+ x) for all z > 0.

Part (iii) — Corner optimality: Since U(p) has no interior maximum on [0, L/«)
(U-shaped by Proposition 1) and is strictly increasing on [L/«, p], and U(p) is continuous at
p = L/a, the overall function has no interior maximum on [0, p]. The maximum occurs at a

boundary: p* € {0, p}. [

Proposition 7 (restated). For any entrepreneur with CARA wutility and risk aversion \ >
A°: (i) Optimal investment remains a corner solution for all 8 € [0,1): p*(0) € {0,p}. (i)
There exists a unique threshold 0*(\) € (0,1) such that p* = 0 for 6 < 6* and p* = p for

0 > 0*. (iii) do*/d)\ > 0: more risk-averse entrepreneurs require greater risk-sharing.

Proof. Define p.(0) = L/[a(1 — )], the threshold above which limited liability binds. The
expected utility Uy(p) is piecewise in p.

Part (i) — Corner solutions.

e Risk-sharing regime [0, p.(f)]: The payoffs are Wy = B+ H — alp + (1 — p)f] and
Wy, = B+ L— (1-0)ap, with effective cost parameter o(1 — ) replacing « in the
basic model. The Proposition 1 proof applies with this substitution (it requires only
that the cost parameter be positive, which holds for § < 1): Uy is quasi-convex on this

interval.

e Standard-debt regime (p.(0), p]: Limited liability binds at Rp = L. By Proposi-

tion 6(ii), Uy is strictly increasing.

e Boundary p = p.(0): Both regimes yield the same payoffs (W, = B, Rr = L in both

cases), so Uy is continuous.

Quasi-convex below the threshold, strictly increasing above it, and continuous at the bound-

ary: Uy has no interior maximum on [0, p|, hence p* € {0, p}.
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Parts (ii)—(iii). Define I'(#) = Uy(p) — u(B + L) and 6. = 1 — L/(ap). When ap > L,
0. € (0,1); when ap < L, 0. < 0 and the risk-sharing regime covers all 6.

For 6 < 6.: investment p = p exceeds p.(#), so limited liability binds and the entrepreneur
receives standard-debt payoffs—independent of #. Thus I"is constant on [0, max(0, §..)]. Since
A > A\° implies non-participation under standard debt, I'(6.) = I'(0) < 0.

For # > 6.. the risk-sharing contract is operative at p = p. Since the lender breaks
even (r = 0), expected wealth is unchanged by 6, but higher 6 reduces variance—a mean-
preserving contraction strictly preferred by the risk-averse entrepreneur. Hence I' is strictly
increasing on (0.,1). At0 =1 Wy =B+ H—a, W, =B+ L,and I'(1) =pu(B+ H —
a)—u(B+L)] > 0since H—« > L. By continuity, there exists a unique ¢* € (max(0,0.), 1)
with I'(6*) = 0, confirming 6* € (0, 1).

Comparative static d6*/d\ > 0. By the implicit function theorem applied to I'(6*, \) =

do*  or'/ox
d\ or/o0°

We have 0I'/00 > 0 (shown above). It remains to show OI'/OX < 0. At § = 6*, T' = 0 means
Up+(p) = u(B+L): the entrepreneur is indifferent between the lottery (Wg, Wr; p,1—p) and

the certainty B + L. The certainty equivalent of the lottery is exactly B + L. Now increase
A to A+¢: the agent becomes strictly more risk-averse, and therefore assigns a strictly lower
certainty equivalent to the same lottery (since for CARA utilities, ug = ¢ o u; where ¢ is a
strictly concave transformation when Ay > A;1). Therefore Uy«(p; A +¢) < u(B + L; A +¢),
giving OI'/OX < 0. Together: df*/d\ = —(negative)/(positive) > 0. |

Corollary 3 (restated). For entrepreneurs with \°> < A < X who participate under an
incentive-compatible contract: (i) Total surplus increases by p(H — L — ) > 0 relative to
non-participation. (i) Under Bertrand competition (r = 0), the entrepreneur captures the

entire surplus gain: Uz(p) > u(B + L).

Proof. Part (i): Under non-participation, total surplus is zero. Under the risk-sharing

contract with p* = p, expected net surplus is AS = p(H — L — «) > 0 since H — L > a.
Part (ii): Under Bertrand competition, r is competed to zero and lenders bid up 6 to

the IC upper bound #()\). Since the premium 7 ensures break-even at r = 0 for any 6, the

lender earns zero profit, and the entrepreneur strictly gains: Uz(p) > u(B + L). |
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B Robustness to Positive Cost of Funds

The main text assumes lenders have zero cost of funds (r; = 0). This appendix shows that
all results extend to lenders with positive cost of funds r; > 0. The key property—equal
slopes of Wy and W, in p—is preserved under competitive break-even with cost of funds,
because the financing cost enters the repayment schedule as a constant, not as a p-dependent

term.

B.1 Repayment Schedule with Cost of Funds

Suppose lenders borrow at rate ry > 0. A lender who disburses ap incurs cost ap(l +
rr). Under Bertrand competition, the lender earns zero economic profit, so the break-even

condition at each investment level p is:
p- Rs(p; 0,75) + (1 —=p) - Re(p; 0) = ap(1+ 7). (B.1)
With Rp(p; 0) = (1 — 0)ap (unchanged from the main text), solving for Rg:

p-Rs=ap(l+rs) —(1-p)(1-0)ap
Rs=af[(l+rs) — (1—p)(1—0)]
=aff+r;+p(1—0)]. (B.2)

B.2 State-Contingent Wealth and Equal Slopes

The entrepreneur’s state-contingent wealth under competitive lending with cost of funds r
is:

Wi(ps 0,r7) = B+ H — Rs = B+ H — af — arg — a1 - 0) p, (B.3)

Wi(p;0) = B+L—Rp=B+L—(1-0ap. (B-4)

The critical observation: both wealth functions decrease at the same rate in p:

=—a(l-0)= dLZL. (B.5)

dp

The cost of funds 7; enters Wy as a constant shift —ars, not as a p-dependent term. This
is because competitive break-even adjusts Rg at each p to pass through the financing cost,
and the resulting adjustment ary (obtained by dividing the total cost ap - r by the success
probability p in the break-even condition) does not depend on p.
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Lemma 1 (Quasi-convexity at general ry). Under competitive lending with cost of funds
ry >0, the entrepreneur’s expected utility Up(p) is quasi-convez in p for any 6 € [0,1). The
proof of Proposition 7(i) applies with the substitution o — a(1 — 0), exactly as at ry = 0.

Proof. Since dWy/dp = dW/dp = —a(1 — @) by (B.5), the wealth functions Wy and
Wy, can be written as Wy(p) = H — a(l — 6)p and Wi (p) = L — a(l — ) p where H =
B+ H —abf — ary and L = B + L are constants. This is the same functional form as the
basic model (Proposition 1) with effective cost (1 — 8) and effective payoffs H, L. The
quasi-convexity proof applies verbatim provided H — L > 0, i.e., H — L > alf +ry). O

B.3 Effect of r; on Participation and Incentives

The payoft spread at p = p is:
A(p; 0,r5) =Wy —Wp=H — L—af+ry). (B.6)

Comparing with the r; = 0 spread H — L — af: the cost of funds compresses the spread by

ary. This affects both participation and incentives:

Participation. Higher r; reduces Wy (p) while leaving W, (p) unchanged, so Uy(p) is de-
creasing in ry. The participation threshold 6*(\, ) satisfies Up-(p) = u(B + L).

Proof that 00*/0ry > 0. By the implicit function theorem applied to I'(0*,7¢) = Up-(p; 1) —
u(B+L)=0:

o0 Or'/ory

ory or/o6
We have 0I'/06 > 0 (from the proof of Proposition 7). For the numerator: 0I'/Or; = 0U/0r;.
Since Wy (ry) = B+ H — af — ary — a(l — 0)p and W, is independent of r:

0
ou = pu/(Wy) - (—a) = =dape W7 <0.
Orf lpp
Hence 00" /0r; = —(negative)/(positive) > 0. O

Incentive compatibility. The IC constraint at p = p is:
(0= ps) [w(Wh(0,7y)) — u(WL(0))] = B. (B.7)

Since Wy is decreasing in r while W, is independent of ¢, the spread A = H—L—a(0+7y)

shrinks.
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Proof that 09/0r; < 0. The IC function is ®(0,7;) = (p— ps) e WL (1 — e AMH-L=al0475)))
Differentiating with respect to ry: Wy is independent of r¢, and A = H — L — a(8 + 1y) is
decreasing in ry (0A/0ry = —a). Hence:

0P

8_7’f = —(p—ps) e M hae ™ <0,

By the implicit function theorem: 96/0r; = —(0®/0r;)/(0®/00) = —(negative)/(negative) <
0. [

The feasible set [0*(\,7}), (A, 7f)] shrinks from both sides as r; increases.

The served set. The critical threshold A(r;) where 8*(\,7;) = (), ) satisfies d\/dr; <
0.

Proof that d\/dry < 0. Define h(\,77) = 60*(\,7f) — O(\,75). At X: h()\,7f) = 0. Differenti-
ating: 3

dX  Oh/or

dr;  OhJON
We have Oh/ON = db*/d\ — df/d\ > 0 (since df*/d\ > 0 and df/d\ < 0). For the
numerator: Oh/Ory = 00* /Ory — 90/0r; > 0 (since 90*/Or; > 0 and 90/0r; < 0). Hence
d\/dr; = —(positive) /(positive) < 0. O

For any ry satisfying H — L > (1 + ) (so that positive surplus exists), the qualitative

structure—corner solutions, participation threshold, missing middle—is preserved.

Proposition 9 (Extension to general ry). All results of Section 5.4—Propositions 7 and 8,
Corollaries 2 and 5—hold under competitive lending with cost of funds ry > 0, provided
H —L > a(l+rf). The proofs are identical, with r; entering only through the modified
spread (B.6) and the modified success-state wealth (B.3).

B.4 Contrast with Fixed Interest Rate Markup

The preservation of equal slopes under cost of funds r¢ contrasts sharply with a fixed interest
rate markup r. Under a contract C(6, ) with Rg(p) = ap(1+7)+(1—p)fa (as in monopolistic

lending), the slopes are:

AWy
dp

=—a(l+r—20), dZZ/ZL =—a(l—10).

markup
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The gap ar arises because a fixed r charges interest apr that grows with investment, whereas
competitive break-even adjusts the repayment at each p so that the financing cost enters as
a constant. The quasi-convexity proof requires equal slopes and therefore does not extend

to contracts with fixed r > 0.

C Experiment

In this section, we provide additional details about the experimental design, and offer further
supportive results. In subsection C.1 we (visually) describe four incentivized decisions of our
respondents, provide randomization balance, and describe respondents’ characteristics. In
subsection C.2 we replicate the main results for various subsamples and we look at the

distribution of the investment choices by gender.

C.1 Design, sample descriptive statistics, and randomization bal-

ance

Option A Option B

50% chance of getting 1300 CZK and 50% 100% chance

chance of getting 0 CZK. (sure reward)

1 | 50% chance 1300 CZK and 50% chance 0 CZK. 0 CZK

2 | 50% chance 1300 CZK and 50% chance 0 CZK. 100 CZK
3 | 50% chance 1300 CZK and 50% chance 0 CZK. 200 CZK
4 | 50% chance 1300 CZK and 50% chance 0 CZK. 300 CzK
5 | 50% chance 1300 CZK and 50% chance 0 CZK. 400 CZK
6 | 50% chance 1300 CZK and 50% chance 0 CZK. 500 CZK
7 | 50% chance 1300 CZK and 50% chance 0 CZK. 600 CZK
8 | 50% chance 1300 CZK and 50% chance 0 CZK. 700 CZK
9 | 50% chance 1300 CZK and 50% chance 0 CZK. 800 CZK
10 | 50% chance 1300 CZK and 50% chance 0 CZK. 900 CZK
11 | 50% chance 1300 CZK and 50% chance 0 CZK. 1000 CZK

Table 1: Decision 1: Risk elicitation

Notes: Risk aversion is elicited in two ways. First, we asked the participants "Are you willing to take risks?
Rate your willingness to take risks in general on a 10-point scale from 0 (being completely unwilling to
take risks) to 10 (completely willing to take risks). Select one option.", which is a standard way to elicit
people’s subjective risk aversion. We also asked all participants to look at Table 1 and decide until which
row Option A dominated Option B, or in other words, from which row Option B dominated Option A. For
each individual we then observe a switching point at which risk-free option dominates risky option.

The order of the second and third incentivized decisions was randomized to rule out order
effects. In each investment decisions the participants were endowed with 150 CZK which

they could either keep for themselves or invest (a portion of) it. The participants received
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detailed description of the task followed by an example and a set of four control questions.

The visual guides in Figures 1 and 2 were displayed on the screens in each decision step.

STAR =» Reward = 270 CZK

1-p,% EMPTY SIDE =» Reward=0 CZK

My decision If 1 roll a STAR: If I roll an EMPTY SIDE:
linvest: | | take home | The number of | The chancel | Ireceive | | will go | Ireceive | | will go

for sure: stars on the | get 270 CZK home with: home with:

sides of my die: | is:

0 CZK 150 CZK 1 won't roll 0% 0CZK | 150 CZK 0 CZK 150 CZK
30CzK | 120 cZK % 16,7% 270 CzK | 390 CzK 0 CzK 120 czK
60CZK | 90 CZK * X 333% 270 CZK | 360 CZK 0CZK | 90czK
90CZK | 60 CZK * % % 50 % 270CZK | 330 CZK 0CZK | 60CZK
120CZK | 30 CZK *hKhKhk |667% 270 CZK | 300 CZK 0CZK | 30CZK
150 CZK | 0 CZK Y % % X % | 833% 270 CZK | 270 CZK 0CZK | 0CZK

Figure 1: Decision 2/3: Investment decision in the Probability game

y STAR =» Reward = 3*Investment

\
50% — EMPTY SIDE = Reward = 0 CZK

My decision With 50% chance I roll a star: With 50% chance | roll an empty
side:

linvest: which means | will | | receive: | which means | will | | receive: which means |
surely take home: take home: will take home:

0 CZK 150 CZK 0 CZK 0+ 150 =150 CZK 0 CZK 150 CZK

30 CZK 120 CZK 90 CZK 90 + 120 =210 CZK | 0 CZK 120 CZK

60 CZK 90 CZK 180 CZK 180 + 90 =270 CZK | 0 CZK 90 CZK

90 CZK 60 CZK 270 CZK 270 + 60 =330 CZK | 0 CZK 60CZK

120 CZK | 30 CZK 360 CZK 360 + 30 =390 CZK | 0 CZK 30 CZK

150 CZK | 0 CZK 450 CZK 450 + 0 = 450 CZK 0 CZK 0 CZK

Figure 2: Decision 2/3: Investment decision in the Reward game
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Decision 0 Decision 1 Decision 2 Decision 3 Decision 4
(given) (invest 30 CZK) (invest 30 CZK) (invest 30 CZK) (invest 30 CZK)
(invest 30 CZK)
[1.1.1.1) p=83.3% 270 CZK
p=66.7% 270 CZK | q=16.7% 0 CZK
[1.1.1] q=33.3% 0 CZK p=66.7% 337.5 CZK
p=50.0% 270 CZK g=33.3% 0 CZK
q=50.0% 0 CZK [1.1.1.2] p=62.5% 360 CZK
p=50.0% 360 CZK | q=27.5% 0 CZK
[1.1] q=50.0% 0 CZK p=50.0% 450 CZK
p=33.3% 270 CZK g=50.0% 0 CZK
q=66.7% 0 CZK [1.1.2.1] p=55.6% 405 CZK
p=44.4% 405 CZK | q=44.4% 0 CZK
[1.1.2] q=55.6% 0 CZK p=44.4% 506.3 CZK
p=33.3% 405 CZK g=55.6% 0 CZK
q=66.7% 0 CZK [1.1.2.2] p=41.7% 540 CZK
p=33.3% 540 CZK | q=58.3% 0 CZK
[1] q=66.7% 0 CZK p=33.3% 675 CZK
p=16.7% 270 CZK q=66.7% 0 CZK
g=83.3% 0 CZK [1.2.1.1] p=41.7% 540 CZK
p=33.3% 540 CZK q=58.3% 0 CZK
[1.2.1] q=66.7% 0 CZK p=33.3% 675 CZK
p=25.0% 540 CZK q=66.7% 0 CZK
q=75.0% 0 CZK [1.2.1.2] p=31.3% 720 CZK
p=25.0% 720 CZK | q=68.7% 0 CZK
[1.2] q=75.0% 0 CZK p=25.0% 900 CZK
p=16.7% 540 CZK q=75.0% 0 CZK
q=83.3% 0 CZK [1.2.2.1] p=27.8% 810 CZK
p=22.2% 810 CZK | gq=72.2% 0 CZK
[1.2.2] q=77.8% 0 CZK p=22.2% 1012.5 CZK
p=16.7% 810 CZK q=77.8% 0 CZK
q=83.3% 0 CZK [1.2.2.2] p=20.8% 1080 CZK
p=16.7% 1080 CZK | g=83.3% 0 CZK
q=83.3% 0 CZK p=16.7% 1350 CZK
q=83.3% 0 CZK

Table 2: Decision 4: Investment decisions in the Step-by-step game

In Table 3, we provide descriptive statistics of the participants randomly selected into
playing the reward game first (column 1) compared to those playing the probability game
first (column 2). In column 3, we display mean differences between the two values, and the
p-value as a result of the test testing whether the mean difference equals zero. Except for
two variables (the number of people in the household, and full understanding of the games),

there is no significant difference between the two groups.
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Reward game Probability game p-value

Age 43.469 43.447 0.336
(0.465) (0.465)

Female 0.467 0.467 0.112
(0.017) (0.017)

Number of inhabitants in region 3.17 3.168 0.933
(0.048) (0.048)

Region 107.381 107.388 0.61
(0.153) (0.153)

Highest achieved education 5.492 5.487 0.869
(0.074) (0.074)

Number of people in the household 2.697 2.699 0.062
(0.042) (0.042)

Number of kids in the household 1.547 1.548 0.34
(0.029) (0.029)

Net household income 4.339 4.341 0.866
(0.077) (0.077)

Net personal income 3.644 3.644 0.718
(0.071) (0.071)

Household head (=1 if yes) 0.65 0.65 0.261
(0.016) (0.016)

Smoker (=1 if yes) 0.842 0.843 0.736
(0.043) (0.043)

Attend elections (=1 if yes) 0.736 0.737 0.949
(0.015) (0.015)

Healthy lifestyle (=1 if yes) 3.376 3.376 0.999
(0.037) (0.037)

Interview duration (in sec) 1645.572 1644.626 0.45
(30.71) (30.732)

Marital status 2.333 2.334 0.994
(0.047) (0.047)

Amount expected from the games (CZK) 354.246 354.31 0.962
(26.091) (26.121)

Confidence to get the expected award 5.206 5.207 0.805
(0.094) (0.094)

Employment type 4.351 4.355 0.164
(0.135) (0.136)

Household head’s education 1.994 1.996 0.343
(0.105) (0.105)

Full understanding 0.496 0.497 0.085
(0.017) (0.017)

Risk averse (general RA question) 5.181 5.182 0.902
(0.071) (0.071)

Risk averstion (lottery; Dohmen et al (2011)) 3.965 3.961 0.549
(0.129) (0.129)

Number of observations 846 845

Table 3: Sample descriptive statistics and randomization balance
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Risk Averse Not Risk Averse p-value

Age 41.641 44.768 0.001
(0.703) (0.611)

Female 0.388 0.520 0.000
(0.026) (0.022)

Highest achieved education 5.527 5.466 0.685
(0.120) (0.095)

Number of people in the household 2.724 2.674 0.560
(0.070) (0.053)

Number of kids in the household 1.563 1.534 0.615
(0.044) (0.038)

Net household income 4.569 4.178 0.013
(0.123) (0.099)

Net personal income 3.920 3.456 0.001
(0.117) (0.088)

Household head (=1 if yes) 0.695 0.620 0.023
(0.025) (0.022)

Smoker (=1 if yes) 0.839 0.842 0.974
(0.067) (0.057)

Attend elections (=1 if yes) 0.753 0.726 0.383
(0.023) (0.020)

Healthy lifestyle (=1 if yes) 3.500 3.290 0.005
(0.056) (0.049)

Marital status 2.305 2.354 0.602
(0.073) (0.061)

Amount expected from the games (CZK) 377.227 337.834 0.457
(34.939) (36.863)

Confidence to get the expected award 6.328 4.422 0.000
(0.133) (0.118)

Employment type 4.187 4.452 0.335
(0.204) (0.180)

Household head’s education 1.759 2.150 0.066
(0.160) (0.138)

Number of observations 348 500

Table 4: Comparison of people’s characteristics by risk aversion

In Table 4 we compare the difference between risk averse and not risk averse individuals.
In line with existing literature, we observe that females and older people are significantly
more risk averse. Risk averse participants have significantly lower personal income and live in
a household with significantly lower household income. Risk averse participants do not differ
in terms of highest achieved education, their employment type, marital status or household
composition. While both groups expect on average the same return from the games, risk

averse participants are significantly less confident about winning the awards.

39



C.2 Robustness of the decision patterns

In this subsection, we present supportive evidence to our main results. In Figures 3 and 4 we
show the investment decisions of the lower-income/higher-income risk-averse/not risk-averse
respondents with full and incomplete understanding of the games in the probability and re-
ward game. In both figures, columns divide the participants based on their household income
(the left column represents those with lower household income, below 20,000 CZK; the right
column the participants with higher household income). The rows divide the participants
based on their risk aversion (the first row represents risk-averse individuals, the second row
risk-neutral and risk-loving individuals). Even among people without full understanding the
choices of the lower-income risk-averse individuals are concentrated around extreme values,
while in the reward game they concentrate around middle value, keeping some money un-
touched. Higher-income risk-averse individuals have a higher tendency to invest into higher
values or maximum in the probability game, but the pattern in the return game to invest

some positive amount remains.
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Note: Each histogram shows the distribution of the investment decisions of people with full understanding
in either probability or reward games. In the left column we observe the investment decisions of the lower-
income participants, in the right column the investment decisions of higher-income participants. In each
game, first row represents the decisions of risk-averse participants and the second row the decisions of risk-

neutral and risk-loving participants.

Figure 3: Investment decisions by risk aversion and household income; full understanding
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Note: Each histogram shows the distribution of the investment decisions of people with good understanding
in either probability or reward games. In the left column we observe the investment decisions of the lower-
income participants, in the right column the investment decisions of higher-income participants. In each
game, first row represents the decisions of risk-averse participants and the second row the decisions of risk-
neutral and risk-loving participants.

Figure 4: Investment decisions by risk aversion and household income; good understanding

In Figures 5 up to 7, we look at the investment decisions of the lower-income risk-averse
respondents with full or incomplete understanding, using general question measure of risk
aversion (in Figures 5 and 6) and the lottery measure based on Dohmen et al. (2011) (in
Figure 7). In all figures we are looking at the investment decisions of the same people in two
different games (clean from order effects) and we see similar distribution shifts from a bimodal
distribution in the probability game to a unimodal distribution in the reward game. The
differences are more pronounced, given that we excluded a fraction of respondents who opted
to invest equal amount in all three games (i.e., they invested equal amount in probability,

reward as well as step-by-step game).
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Figure 5: Investment decision of lower-income risk-averse participants with good understand-

ing; excluding non-switchers
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Figure 6: Investment decision of lower-income risk-averse participants with full understand-

ing; excluding non-switchers
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Figure 7: Investment decision of lower-income risk-averse participants with full understand-
ing excluding non-switchers, risk aversion measure based on Dohmen et al. (2011)

In Table 5, we report marginal effects from probit regressions for the subsample of partic-
ipants who fully understood the games. Model 2 controls for the order of the games, Model
3 additionally controls for household income, and Model 4 includes all available covariates.
The results follow patterns similar to those in the main specification.

Table 6 reports marginal effects from probit regressions estimated with and without
covariates (Simple vs. Covar columns). In Model 5, risk aversion is defined using the general
self-reported risk preference measure. In Model 6, risk aversion is defined using the lottery-
based elicitation following Dohmen et al. (2011). In Model 7, the sample is restricted to

highly risk-averse participants identified using the lottery-based measure in Dohmen et al.

(2011).
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Model 2 Model 3 Model 4

RA  NotRA RA  NotRA RA  Not RA
Invested 0 CZK  0.0292 -0.0108 0.0249 -0.0106 0.0185 -0.0037
(0.014)  (0.022)  (0.013)  (0.021)  (0.009)  (0.014)
Invested 30 CZK ~ -0.0118  -0.0431 -0.0132 -0.0390 -0.0123 -0.0389
(0.022)  (0.026)  (0.022)  (0.025)  (0.021)  (0.021)
Invested 60 CZK ~ -0.0744 -0.0164 -0.0746 -0.0133 -0.0688 -0.0073
(0.027)  (0.031)  (0.027)  (0.031)  (0.025)  (0.027)
Invested 90 CZK ~ -0.0714 -0.0224 -0.0721 -0.0220 -0.0755 -0.0240
(0.032)  (0.037)  (0.032)  (0.037)  (0.034)  (0.039)
Invested 120 CZK ~ 0.0465 -0.0162 0.0465 -0.0156 0.0462  -0.0154
(0.025)  (0.033)  (0.025)  (0.033)  (0.024)  (0.033)
Invested 150 CZK ~ 0.0848 0.1091 0.0842 0.1111 0.0861 0.1261
(0.030)  (0.035)  (0.030)  (0.035)  (0.030)  (0.037)

n 474 366 474 366 474 366

Note: RA stands for risk averse. Marginal effects from probit regressions comparing propensity to invest
particular amount in the probability technology compared to the payoff technology. The numbers in brackets
are standard errors. In Model 2 we also control for the order of the games, in model 3 we control for the
order and household income, and in model 4 controls for all covariates. Participants with full understanding.

Table 5: Differences in investment probabilities between the two games, by different covari-
ates

Model 5 Model 6 Model 7

Simple Covar Simple Covar Simple Covar
Invested 0 CZK 0.0295 0.0187  0.0167 0.0124 0.0343 0.0225
(0.014) (0.009) (0.014) (0.011) (0.020) (0.015)
Invested 30 CZK -0.0127  -0.0121  -0.0250  -0.0273  -0.0147  -0.0170
(0.021) (0.021) (0.019) (0.017) (0.026) (0.022)
Invested 60 CZK  -0.0759 -0.0690 -0.0667 -0.0625 -0.0686 -0.0614
(0.028) (0.025) (0.023) (0.022) (0.028) (0.026)
Invested 90 CZK  -0.0717 -0.0745 -0.0472 -0.0492 -0.0196  -0.0200
(0.032) (0.033) (0.026) (0.027) (0.034) (0.036)
Invested 120 CZK  0.0464  0.0457  0.0083 0.0074 -0.0049  -0.0010
(0.025) (0.024) (0.022) (0.021) (0.029) (0.024)
Invested 150 CZK  0.0844 0.0851 0.1139 0.1150 0.0735 0.0747
(0.030) (0.030) (0.024) (0.024) (0.030) (0.030)
n 474 474 720 718 408 406

Note: The estimated coefficients represent the marginal values and measure how much more likely are people
invest in the amount if they play probability game compared to the return game. The numbers in brackets
are standard errors. In Model 5 we use risk aversion measure based on the general risk aversion question, in
Model 6 we use risk aversion measure inspired by Dohmen et al. (2011), and in Model 7 we look at the very
risk averse based on the Dohmen et al. (2011) measure. Regressions in columns titled Simple control for the
treatment dummy only, regressions in columns titled Covar control also for other covariates.

Table 6: Differences in investment probabilities between the two games, by various measures
of risk aversion.
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Conditional marginal effect

Full sample Full understanding RA, full understanding

.21

Propensity to choose probability over payoff technology
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Note: The figures present the differences in likelihoods to select probability over payoff technology by in-
vestment choices. Estimated coefficients are marginal effects calculated after multinomial probit using full
sample, sample with respondents with full understanding, and risk-averse respondents with full understand-
ing. Marginal effects from multinomial probit regressions. Points represent differences in likelihoods of
selecting probability technology over payoff technology, by investment choice. We used the full sample in the
left figure, sample of participants with full understanding in the middle figure, and risk-averse participants
with full understanding in the right figure)

Figure 8: Differences in likelihoods to choose probability over payoff technology

We conduct several tests that compare the distributions of investment choices across tech-
nologies. First, we run Kolmogorov—Smirnov test on jittered data on investment decisions
(adding uniformly distributed noise of £0.01 to break ties). We reject the null hypothesis
that the samples are drawn from the same underlying distribution (p<0.001). We also run
Pearson 2 test (Pearson x? (5) = 16.17, p = 0.006) which rejects equality of the investment
distributions across technologies. The difference arises from increased mass at the bound-
aries of the choice set under probability technology, consistent with the model’s prediction of
corner solutions. Relative to the payoff technology, the probability technology shifts choices
toward minimum or maximum investment levels. In particular, the share of risk-averse re-
spondents with full understanding choosing the maximum investment (150) increases from
12.1% to 25.5%, choosing the minimum investment (0) increases from 3.4% to 8.1%, while
intermediate investment levels such as 60 (22.8% to 10.7%) and 90 (32.9% to 21.5%) become
significantly less common.

We also report a set of Hartigan’s dip tests (summarised in Table 7 which rejects the
null hypothesis of unimodality for probability technology (p<0.01), indicating that the dis-

tribution of investment choices exhibits multiple modes. Hartigan’s dip test also rejects
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unimodality for the payoff technology, which is not surprising given that the investment
variable takes a small number of discrete values. The core theoretical support comes from
the location of the dominant peak. Probability technology shifts low-income participants
toward minimum investment, high-income participants toward maximum investment, and
middle-income participants toward polarization, whereas payoff technology yields one dom-
inant peak centered around 90 CZK for participants from all income groups. Overall, the
results support the idea that probability technology leads respondents to concentrate more

mass in the corners of the investment distribution.

n dip 9] low high mean
low income 265 0.092 0.000 -0.009 0.010 -0.001

< medium income 357 0.127 0.000 89.990  90.010  90.000
& high income 223 0.126 0.000 149.990 150.010 150.000
full sample 845 0.117 0.000 149.990 150.010 150.000
low income 266 0.098 0.000 59.991  90.010  75.001
&’é medium income 357 0.101 0.000 89.990 90.010  90.000
E high income 223 0.103 0.000 89.990  90.010  90.000

full sample 846 0.100 0.000 89.990  90.010  90.000

Note: The table reports the results of Hartigan’s dip tests. The upper panel corresponds to the probability
technology and the lower panel to the payoff technology. Tests are conducted for the full sample and for
subsamples defined by household income. The p-values (all < 0.001) reject the null hypothesis of unimodality.
The columns Low, High, and Mean indicate the estimated modal interval and its midpoint, which describe
the location of the dominant peak of the distribution. Under probability technology, the dominant peak is at
0 CZK for low-income participants and at 150 CZK for high-income participants. By contrast, under payoff
technology the dominant peak is consistently around 90 CZK across income groups.

Table 7: Hartigan’s dip tests

46



Kernel density estimate: by gender
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Note: Smoothed density function of the distribution of investment choices of females and males in the
probability game, estimated using a Gaussian kernel.

Figure 9: Comparison of density functions of the distribution of investment choices, by
gender

D Incentive Constraints and Optimal Contract Charac-
terization

This appendix provides the formal derivation of the incentive compatibility constraint and

the characterization of optimal contracts stated in Proposition 8.

D.1 Information Structure

We maintain the following assumptions about observability:

e Observable and verifiable: Project outcome (success or failure), the entrepreneur’s
investment level p and associated expenditure ¢(p) = ap, and the entrepreneur’s re-

payments Rg(p) and Rp(p).

e Observable but not verifiable: The entrepreneur’s implementation quality—
whether the entrepreneur diligently executes the investment plan or shirks. While
the lender may observe warning signs (missed meetings, delayed milestones), these

signals are too noisy or too costly to verify in court to serve as contractual conditions.
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e Unobservable: The entrepreneur’s private benefit from shirking (.

e Observable but not contractible: The entrepreneur’s risk aversion A. The contract

characterization is for a given A; the lender treats it as known.

The friction is that while the lender can verify that funds were spent on the project, the
lender cannot verify the quality of implementation. This is the standard moral hazard setting
of Holmstrom (1979): the entrepreneur takes a hidden action that affects the probability

distribution of outcomes.

D.2 Binary Compliance Model

We model the implementation decision as a binary choice rather than a continuous action
variable.® After receiving the loan and committing funds to the project, the entrepreneur

chooses between two actions:

e Comply (a = 1): Implement the project diligently. Success probability is p, the
maximum achievable given investment level. The entrepreneur receives no private

benefit beyond project returns.

e Shirk (a = 0): Implement poorly, cut corners, or divert attention to other activities.

Success probability drops to ps < p. The entrepreneur receives a private benefit 5 > 0.

We deliberately keep the moral hazard specification general. The private benefit 5 repre-
sents the net gain to the entrepreneur from any deviation from deploying the invested funds
in the way that maximizes the project’s success probability—whether that means redirecting
part of the budget to private uses, substituting cheaper inputs, or any other departure that
benefits the entrepreneur at the expense of project quality. The parameter is reduced-form:
it captures the full range of such deviations without committing to a specific microstructure,
so that the results apply across agency problems. The binary structure avoids the need
to specify a continuous action-cost function while preserving the essential tradeoff between
insurance and incentives.

We measure § in utility units: it represents the total utility gain from shirking, net of
any change in expected project returns. Unlike the participation conditions, where initial
wealth B cancels under CARA, the incentive compatibility constraint (D.2) depends on B
through the factor e =% in the utility spread. The analysis is therefore conducted for a given
(B, \) pair.

8This follows the canonical formulation in Tirole (2006); see also Holmstrém (1979) and Innes (1990).
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D.3 Incentive Compatibility Constraint

Under contract C(0,0) at p = p, the entrepreneur’s state-contingent wealth has a piecewise
structure. Define 6. = 1— L/(ap). For 6 < 0., limited liability binds and the payoffs are the

standard-debt values:
Wil =B+H—-L—a+L/p, W = B,
independent of 6. For 6 > 6., the risk-sharing contract is operative:

Wy(0) =B+ H—a[p+ (1 —p)l (success)
Wy @)=B+L—(1-60)ap (failure)

At 0 = 0., both expressions coincide: Wy (6.) = Wi and Wi (6,) = B.

The entrepreneur complies if and only if:
pru(Wy)+ (1 —p) - u(Wg) > ps - u(Wg) + (1 — ps) - u(Wr) + 8 (D.1)

The left-hand side is expected utility under compliance; the right-hand side is expected
utility under shirking plus the private benefit. Rearranging:

(P — ps) [u(Wgy) —u(WL)] > 5 (D.2)

The term u(Wy) — u(Wy) is the utility spread between success and failure states. Con-
dition (D.2) states that incentive compatibility requires the utility spread, weighted by the
probability differential (p — ps), to exceed the private benefit from shirking. For 6 < 6., the

utility spread is constant at the standard-debt level; for 6 > 6., it decreases as 6 increases.

D.4 The Upper Bound on Risk-Sharing

The utility spread in (D.2) has a piecewise structure in 6:

e For § < 6, the utility spread is constant at the standard-debt level u(W5d) — u(W3d),
independent of 6.

e For 0 > 0.: risk-sharing is operative. Wy, (0) rises, Wy (0) falls, and the spread Wy (0) —
Wi (0) = H— L — af shrinks.

The IC constraint can bind only in the operative regime. At some critical § > 6., the

utility spread becomes too small to satisfy (D.2), and the entrepreneur would shirk.
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Proposition 10. For an entrepreneur with CARA utility u(x) = —e™** and risk aversion

A>0:

(i) The incentive compatibility constraint (D.2) defines an upper bound O(X\,3) < 1 on

feasible risk-sharing, where 0 = min(fe0r, 1).

(ii) The 100t O, is the unique solution on (6., (H — L)/a) to:
(5 ) WO (1 ) g 03

When B is small enough that ®(1) > 3, full risk-sharing is incentive-compatible: 6 = 1.

(iii) Comparative statics (under the regularity condition \Wp(0) > 1, and when 6 < 1):
00/08 < 0 (higher private benefit tightens IC); 90/0N < 0 (more risk-averse en-
trepreneurs have tighter 1C); 00/0(H — L) > 0 (larger project spread relazes IC).

Proof. For 6 > 0., the risk-sharing payoffs apply. Under CARA utility, u(Wy) — u(Wy) =

e MWL (1 — e ?29) where Ag = Wy — Wy = H—L—af >0 for § < (H — L)/a. Define

D(0) = (p— ps) - e MWLO (1 — e ANH=L=00)) for § € [, (H — L)/a). We show ®'(6) < 0:
Since Wi(0) = B+ L — (1 — 0)ap, we have dW/df = ap > 0, so e W2 is decreasing

in #. The term (1 — e~ *#=L=a9)) i5 also decreasing in #. Differentiating directly:
'(0) = (p—ps) - e M ad [—p(1 — e A0) — e A]

Since p > 0, (1 — e *2¢) > 0, and e™*2¢ > 0, the bracketed expression is unambiguously
negative. Hence ®'(6) < 0.

Since ®(0.) > 0 (IC satisfied under standard debt, by assumption) and ®(f) — 0 as
0 — (H — L)/a, there exists a unique root 8y € (0., (H — L)/a) satisfying ®(f,001) = 3.
Since (H — L)/a > 1, this root may exceed 1. The effective upper bound is # = min (6o, 1).
When ®(1) > g—i.e., the utility spread at § = 1 is large enough to deter shirking—full risk-
sharing is incentive-compatible.

For 6 < 6.: the utility spread is constant at the standard-debt value ®(6,), so the IC
constraint does not bind in this region (since ®(6.) > /3 by assumption).

The comparative statics apply to G, (and hence to § whenever 6 < 1):

For 00,001/03 < 0: follows from the implicit function theorem since ®'(#) < 0.

For 00,01 /OX < 0: by the implicit function theorem, 96/9\ = —(0®/ON)/(0®/50). Since
®'(f) < 0 (shown above), we need 9®/0X\ > 0. Differentiating ®(0) = (p — p,) e (1 —
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e~?A9) with respect to \:

Z—f =(p—ps) e Mt [_WL(l - efmg) + Ay 67”‘)]-

For 0®/O\ > 0, we need Age ¢ > W (1 —e29). Setting x = A\Ay > 0, this is equivalent

to:

> AWy
et —1

Since z/(e* — 1) < 1 for all x > 0, a sufficient condition for the opposite sign is AW > 1,
giving 0®/0X < 0. When AW}, > 1 (which holds whenever B+ L > 1/A + ap): 0®/0X <0,
so 00/0\ = —(negative)/(negative) < 0.

For 00,0t /O(H — L) > 0: a larger project spread increases ® for any 6, shifting the curve

up and increasing 6,00t [ |

The sign 90/0\ < 0 means that more risk-averse entrepreneurs face tighter incentive
constraints, not looser ones. CARA utility compresses utility differences at higher A: an
entrepreneur with high \ experiences a smaller utility spread between success and failure for
any given wealth spread, making it harder to satisfy IC. The entrepreneurs who most need
risk-sharing (high A) are the ones for whom the least risk-sharing is incentive-compatible.
Proposition 8 (restated). The equilibrium outcome depends on the entrepreneur’s risk
aversion \: (i) Low risk aversion (A < \°): Standard debt suffices. The entrepreneur invests
p* = p without risk-sharing (0 =0). (it) Moderate risk aversion (A° < X < 5\) Risk-sharing
is necessary and feasible. Participation requires 0 > 0*(\); incentive compatibility requires
0 < O(N\). The feasible set [0*(N\), O(N\)] is non-empty, and the entrepreneur invests p* = p
under any contract with 0 in this range. (i) High risk aversion (A > \): No incentive-
compatible contract satisfies the participation constraint. The entrepreneur does not invest:
p* = 0. The critical threshold X is defined by 6*(\) = O(\)—the point where the minimum
risk-sharing needed for participation exactly equals the mazimum risk-sharing consistent with

mcentives.

Proof. From Proposition 7, participation requires 8 > 6*(\) for A > \°, with d6*/d\ > 0.
From Proposition 10, incentive compatibility requires # < #(\), with df/d\ < 0 (under the
regularity condition AW > 1).

Eristence. At A = \°, the participation threshold satisfies #*(\°) < 6. < 0(X\°) (the last
inequality follows from the assumption that IC holds under standard debt), so 8*(\°) < 0(X°).
As A — oo: 6%(A
while 9(\) — 6,
enough, 6*(\) >

~—

— 1 (the lottery’s certainty equivalent falls below B + L for any 0 < 1),

—~

as A — oo, ®(0) — 0 for all @ > 0., so IC fails). In particular, for A large
(A). By continuity, there exists A > A° such that #*(\) = 6()).

D
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Uniqueness. Define h(\) = 6*(\) — 0(\). Since df*/d\ > 0 and df/d\ < 0, we have
R'(X) > 0: h is strictly increasing. A strictly increasing function crosses zero at most once.
Since h(A\°) < 0 and h()\) > 0 for X large, there is exactly one crossing. Hence X is unique.

For A < \?: PC is slack at # = 0, and IC is satisfied at # = 0. Standard debt is optimal.

For \° < X\ < \: The feasible set is [6*()\), 8(\)] # 0. Under Bertrand competition, r = 0
and lenders bid up to 6 = #()\), the maximum incentive-compatible risk-sharing.

For A > \: The feasible set is empty since 6*(\) > #()). No contract can simultaneously
satisfy PC and IC. |

D.5 Graphical Illustration

Figure 10 illustrates the three regions. The participation threshold #*()\) is increasing in
risk aversion (more risk-averse entrepreneurs require more insurance to participate). The
incentive threshold §()) is decreasing in risk aversion (more risk-averse entrepreneurs have
smaller utility spreads, tightening IC). The intersection defines ), beyond which no feasible

contract exists.

No feasible
contract

Standard
debt

Feasible
contracts

0 2\° by

Figure 10: Contract Regions by Risk Aversion. The blue curve 6*(\) shows the minimum risk-
sharing needed for participation; the red curve #(\) shows the maximum risk-sharing con-
sistent with incentives. The shaded region is the feasible contract space. Region I (A < A%):
standard debt suffices. Region IT (A < A\ < 5\) risk-sharing contracts expand participation.
Region III (A > 5\) no incentive-compatible contract induces participation.

When 3 — 0 (negligible private benefit from shirking), 6,00t — (H — L)/a > 1,50 0 = 1
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and A\ — oo: all entrepreneurs can be served with full risk-sharing. When £ is large, 6 is small
and approaches zero; in the limit, only standard debt is incentive-compatible, recovering the
Innes (1990) result that debt is optimal under moral hazard with limited liability. Our
analysis nests both cases and characterizes the intermediate region where participation and

incentive constraints jointly bind.
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