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Abstract

We experimentally implement security-bid auctions, which are used around the world

to sell projects that generate large future cash flows that are stochastic. Buyers make

bids with debt and equity, linking payments to the project’s ex-post revenue. Contrary to

the theoretical predictions, we find that debt auctions generate more revenue than equity

auctions. This is explained by overbidding in debt auctions. Furthermore, we find that

second-price equity auctions generate slightly more surplus than other treatments and

that noisy bidding has differential effects depending on the format. We also implement

informal auctions and find that buyers use equity more often than theory predicts and

that sellers successfully choose dominant bids.
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1 Introduction

Security-bid auctions are used extensively around the world to allocate the rights to control

projects (assets) that generate future cash-flow streams. For instance, governments use them

to sell oil, gas, timber, and spectrum leases, and to allocate “build-operate-transfer” (BOT)

contracts in public infrastructure; corporations use them to organize the market for takeovers

and to finance capital ventures; and, finally, individuals use them to sell the rights to publishing

books and to set legal fees in lead plaintiff class-action suits. The distinctive feature of all these

auctions is that the future revenue of the auctioned project can be verified ex-post, and, thus,

can be contracted upon to securitize the seller’s payment.

The way in which these auctions are organized can be both formal or informal. In the former,

the seller commits to sell the project using a predetermined auction format and security design;

whereas in the latter buyers can choose their securities freely to signal their types and the seller

allocates the project to the buyer that made the most attractive bid ex-post. The securities

most commonly used in both types of auctions are the so-called “standard securities”, among

which are equity and debt. When a seller runs an auction in equity, each bid corresponds to a

“fraction or share” over the future project’s revenue. In turn, when the auction is run in debt,

each bid corresponds to a “default level” that acts as a threshold such that if the project’s

revenue falls below the default level, the seller retains the entire revenue, otherwise, it only

retains the default level.

While the theoretical literature on these auctions is extensive, there are few empirical studies

exploring their characteristics. These auctions are large and complex, and buyers must usually

complete due diligence to simply make bids. Moreover, details on bids and valuations are

sensitive because they can reveal crucial information about firms to their competitors. Thus,

data on these auctions is normally restricted and there has been little systematic empirical

analysis comparing selling mechanisms.

In this paper, we propose an experimental approach to evaluate how buyers behave when

they face different selling mechanisms that vary in several dimensions. First, conditional on

the mechanism being formal, we consider two auction formats: a first- and a second-price

auction, and two different ordered sets of securities: debt and equity. The exogenous variation

in the design allows us to disentangle how the auction formats and the securities used impact

buyers’ bidding behaviour and the auction’s revenue and efficiency. As such, we go beyond the
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experimental analysis of cash auctions that only tests the behavioural consistency of buyers

across formats. Second, we implement an informal mechanism in which buyers can choose

to submit their bids using either debt or equity (but not combinations thereof). Here, a

third subject—acting as the seller—must choose which bid wins the auction. As in first-price

auctions, the winner’s payments are based on the winner’s bid. In such mechanisms, there is

not a clear-cut way to order bids when they are made using different securities. Thus, the

seller must form beliefs about the revenue generated by each bid and choose the one with the

highest value, which leads buyers to engage in a signaling game. We can test whether—and

how—buyers engage in this type of behavior. Furthermore, unlike in formal auctions, where the

allocation rule is predetermined, in informal auctions we can also evaluate the seller’s decision

making in the face of complex bids, a feature that is novel in the experimental auction literature.

Our empirical results do not coincide with the main predictions of the theoretical literature

on security-bid auctions. Contrary to these predictions, we find that debt auctions raise more

revenue than equity auctions. This is largely explained by the fact that buyers in debt auctions

overbid relative to equilibrium predictions. The differences in efficiency between treatments

are much smaller than the differences in revenue. Finally, we find that subjects in informal

auctions make their bids using equity more often than debt, but otherwise conform closely to

equilibrium predictions. The revenue raised by informal auctions is the lowest among the selling

mechanisms studied, which is consistent with the prediction of the theoretical literature under

risk-neutral buyers.

A motivating example The reason for which a security-bid auction might be preferred by

a seller in formal mechanisms can be illustrated with a simple example introduced by Hansen

(1985) and replicated by DeMarzo et al. (2005). Consider a second-price auction in which two

buyers, Alice and Bob, compete for a project. The project requires an initial non-contractible

investment of $1M, which can be interpreted as the minimum upfront cash required by the

seller. Alice expects that if she undertakes the project, it will yield her a net present value

(NPV) of $4M, whereas Bob expects a NPV of $3M. We assume that both valuations are

common knowledge to buyers. If the auction is run in cash, the weakly dominant strategy for

both buyers is to bid their reservation value. As a result, Alice bids $3M and Bob bids $2M.

Therefore, Alice wins the auction and pays Bob’s bid of $2M. Now, suppose that instead of
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bidding in cash, both buyers compete by offering an equity over the project’s NPV. In this case,

bidding their reservation value is also a weakly dominant strategy for both buyers. Thus, Alice

makes an equity bid of 3{4 and Bob makes an equity bid of 2{3. As a result, Alice wins the

auction and pays according to Bob’s bid, generating a revenue of 2{3ˆ $4M “ $2.67M ą $2M.

The reason why equity yields a higher revenue is because although the price is determined

by the type of the losing buyer, the payment is determined using the winning buyer’s type,

creating greater linkage.1

Background In our economic setting, two buyers make bids to control the rights to a project

with stochastic revenue. The project yields either a low payoff or a high payoff, and each

buyer independently knows their personal likelihood of receiving the high payoff (i.e., they

have independent and private values for the project). We consider five types of auctions: (1)

first-price debt auctions, (2) first-price equity auctions, (3) second-price debt auctions, (4)

second-price equity auctions, and (5) informal auctions. The first four types of auctions are

formal mechanisms because the format and security design are predetermined: the rules of

the auction dictate the security that bids are made in, which buyer wins the project, and the

“price” that must be paid. The last type of auction is informal because buyers can freely choose

between debt and equity to express their bids and the seller is not bound by any rule when

choosing the winner.

Equity and debt are natural securities to study because they are ubiquitous in practical ap-

plications. For example, equities are used around the world to sell natural resources, whereas

debts are used in BOT contracts and takeover operations. Additionally, both securities have

clear theoretical predictions regarding revenue and efficiency that can be tested in the labora-

tory. Specifically, under equity, the first- and second-price auction satisfy revenue equivalence,

whereas under debt, the second-price auction yields a greater expected revenue than the first-

price. Moreover, the revenue under the second-price debt auction is lower than the revenue

under any equity auction.

The reason auctions using equity yield greater revenue than those using debt is that the

former create a greater linkage between the winning buyer’s underlying value and the seller’s

payment. Following DeMarzo et al. (2005)—henceforth DKS—we say that equity is steeper

1The same intuition holds for debt, but to illustrate its superiority over cash it would be necessary to use
the full distribution of revenue’s project (not only its NPV) because debt is non-linear.
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than debt, meaning that the slope of the payment, as a function of revenue, at the point

where the two securities yield the same expected payment is higher for equity than debt. This

allows equity to extract higher surplus from buyers with higher signals. Moreover, as shown by

Fioriti and Hernandez-Chanto (2021)—henceforth FHC—equity also provides greater insurance

to risk-averse buyers, since it asks for lower payments when revenue is low and for higher

payments when revenue is high. This insurance is relatively more valuable to more-risk-averse

buyers, which makes them more aggressive, reinforcing the higher surplus extraction exhibited

by equity.

Informal auctions are another type of security-bid auction and are used extensively in

takeover operations. In 2022 alone, the value of mergers and acquisitions amounted to $4.1

trillion worldwide and many of these operations were conducted through auctions. This type

of auction is arguably more complex than its formal counterparts because buyers can initiate

the auction and can freely choose which securities they bid with, forcing the seller to form

beliefs about buyers’ types and leading to several adverse selection intricacies (Hansen, 1987;

Fishman, 1989; Eckbo et al., 1990). DKS shows that in the signaling equilibrium of this game

under risk-neutral buyers, all buyers must choose the flatter security (which in our case is debt)

to express their bids, while FHC claims that when buyers are risk-averse, they may separate

themselves in securities according to their risk preferences.

The types of auctions that we study here are sufficiently rich to study the tradeoffs en-

tailed by each security design in formats whose equilibria vary in their cognitive demands. For

instance, the second-price auctions (under both securities) have an equilibrium in dominant

strategies, whereas the first-price auctions (under both securities) have a Bayesian equilibrium.

The informal auction involves multiple steps and may feature equilibria in which buyers pool

within a particular security or separate based on risk preferences, as discussed above.

Experimental design Because our main interest is to analyze whether individuals under-

stand the intrinsic features of surplus extraction and insurance embedded in each security

design, we construct the simplest environment in which these properties are relevant. Subjects

act as buyers bidding for the rights to implement a risky project. All subjects are given an

endowment, but the winner of the auction must invest that endowment in the project.2 The

2Essentially, the winner of the auction surrenders her endowment and is given back a lottery whose payoffs
depend on the “price” at which she got the project. In the case of the first-price auction, the price is equal to
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project then generates either high or low revenue. Buyers’ private valuations are simply signals

indicating the likelihood that the project generates high revenue. The endowment, the project’s

revenue, and all payments are made with experimental points.

As discussed above, we implement five treatments: (1) first-price debt auctions, (2) first-

price equity auctions, (3) second-price debt auctions, (4) second-price equity auctions, and (5)

informal auctions. In all treatments, two subjects are randomly matched in each round to take

on the role of buyers. In informal auctions, a third subject takes on the role of the seller to

choose the winner of each auction after observing buyers’ submitted bids. This is the minimal

competition environment that we need to evaluate the performance of securities across formats.

We use a between-subjects design, with one treatment per experimental session.

In all treatments, subjects play 20 rounds of auctions. In each auction, the buyers receive

their private signals (drawn from a uniform distribution on the unit interval) and make bids.

This is followed either by the rules determining the winner (for formal auctions) or a third

subject choosing the winning bid (for informal auctions). At the end of each round, all subjects

involved in the auction are informed of who won and all bids that were made.

After completing the auctions, all subjects participate in 10 rounds of the Andreoni and

Harbaugh (2009) risk elicitation task. This allows us to connect bidding behavior to risk

attitudes, which the theoretical literature identifies as an important factor in buyers’ valuations

for these risky projects. Subjects complete the experiment with a short survey.

Findings We obtain mixed results relative to the extant theoretical predictions about rev-

enue and surplus generated by these auctions. Contrary to most theoretical predictions, debt

auctions (in both formats) generate the highest revenue. They are followed by first-price equity

auctions. Second-price equity auctions and informal auctions generate the lowest revenue. All

auctions exhibit some inefficient allocations, but the differences in efficiency between treatments

are small relative to overall surplus.

We find significant overbidding relative to the risk-neutral Nash equilibrium (RNNE) in debt

auctions. This is part of what leads to higher revenue for debt auctions than equity auctions.

However, the rate at which subjects make dominated bids is not differentially higher for the

debt treatments: the overbidding that is more prevalent in the debt treatments is consistent

with risk loving preferences (although we stress that we do not believe that risk preferences

the winner’s security-bid, whereas in the second-price auction it is equal to the second-highest security-bid.
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explain the differences between treatments). Overbidding decreases with experience and is

correlated with some subject characteristics such as their quiz score and confidence, but it is

not correlated with their choices in the Andreoni-Harbaugh task.

In our informal auctions treatment, we again find patterns that are only consistent with

some theoretical results. Subjects make their bids using equity more often than with debt,

which contradicts the theoretical prediction under risk neutrality that all bids should be made

using debt. Average bids are close to the equilibrium bids of the first-price formal auctions

for the respective securities. The subjects who act as sellers overwhelmingly choose the better

bid when one bid dominates the other. We find these results remarkable because the cognitive

demands of the informal auction are arguably higher than those of formal auctions.

Organization of the paper Section 2 discusses the related literature. Section 3 introduces

the theoretical model and gives experimental hypotheses. Section 4 describes the experimental

design. Section 5 presents the main results regarding buyers’ and sellers’ behavior and auctions’

revenue and efficiency under all treatments. Section 6 discusses how the results we present

on overbidding relate to previous explanations for overbidding in cash auctions, and what

the implications are for the design of security-bid auctions. Finally, Section 7 presents some

concluding remarks.

2 Related Literature

There is a growing theoretical literature studying auctions with contingent payments. Early

work by Hansen (1985) showed that a second-price equity auction yields greater expected

revenue for the seller than cash auctions. This was extended by Riley (1988) and Rhodes-

Kropf and Viswanathan (2000) to auctions that combine cash and equity. DKS extends these

analyses further to general securities and introduces the notion of steepness as a partial order to

compare securities. They show that steeper securities yield the seller a greater expected revenue

because the winner’s payment is tied more tightly to her true project’s valuation. FHC show

that steeper securities also provide higher insurance to risk-averse buyers, making them more

aggressive. This reinforces the sellers’ incentives to choose steeper securities. Nonetheless,

other works find the opposite effect of steeper securities on expected revenue under richer

environments such as adverse selection (Che and Kim, 2010; Liu and Bernhardt, 2019), moral
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hazard (Kogan and Morgan, 2010), competing sellers (Gorbenko and Malenko, 2011), and

negative externalities (Hernandez-Chanto and Fioriti, 2019).

Although the properties of securities auctions have been extensively explored, empirical

evidence examining these properties is limited due to the difficulty of testing these results in

the field. The notable exception is the empirical analysis of oil auctions—e.g. Kong (2021)

and Bhattacharya et al. (2022). The experimental approach provides a complement to this

literature because it allows us to observe individuals’ choices in controlled environments. Thus,

we can directly observe the effects of counterfactual selling mechanisms on buyers’ and sellers’

behavior without concerns about complementarities between projects, common values, repeated

game incentives, or other omitted variables.

The only other experimental analyses of auctions with securities that we are aware of are

Kogan and Morgan (2010) and Bajoori et al. (2022), which is contemporaneous to our work.

Kogan and Morgan (2010) analyzes a situation where two entrepreneurs must compete for

a package of funds provided by an investor by bidding in either equity or debt. The salient

characteristic is that once the project is allocated to the winner, she can exercise effort to

increase the value of the project. The returns to effort are fixed and only affect profits if the

project is successful. Thus, this is a setting with moral hazard, and the authors’ interest is to

analyze the extraction-incentives tradeoff implicitly entailed in the equity-debt choice: equity

is more extractive but induces agents to exert less effort, whereas debt does the opposite. To

do so, they conduct an ascending English auction and allow subjects to choose whether they

pay a cost to “exert effort.” Unlike Kogan and Morgan (2010), we abstract from moral hazard

considerations, but consider both first and second-price auctions, along with informal auctions.

Using sealed bid auctions allows us to observe all bids and to make comparisons across auction

formats.3

Bajoori et al. (2022) studies first- and second-price auctions using cash and equity with a

sample of online subjects from Prolific. Signals take one of four values, and subjects make bids

for a single repetition of the game using the strategy method. The results show that first-price

equity auctions raise the most revenue, but both cash auction formats raise more revenue than

second-price equities auctions. This paper differs from Bajoori et al. (2022) in a number of

3Although second-price auctions are strategically equivalent to English auctions, they are not obviously
strategy-proof (Li, 2017). Thus, the more complex format plus the security design may increase the cognitive
demands of playing the game on buyers.
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ways. First, we consider an informal mechanism in addition to formal auctions. Second, we

compare auctions using two different types of securities rather than comparing cash auctions

to securities auctions. Third, we use a richer signal space but only allow for revenue to take

one of two values. Fourth, we conduct our experiment in the laboratory and allow subjects

to gain experience with their treatment format and security. Our results are substantively

different from those of Bajoori et al. (2022). While they find that equity auctions outperform

cash auctions in terms of revenue (the steeper security dominates), we find that debt auctions

outperform cash auctions (the flatter security dominates). Furthermore, in our data, the most

prevalent feature of the data is overbidding (consistent with previous experimental work with

cash auctions), while underbidding is more prevalent in Bajoori et al. (2022).

In addition to contributing to the nascent literature of experimental security-bid auctions, we

also add to the discussion about auctions of objects with contingent valuations, as in Ngangoué

and Schotter (2019). They consider both common value auctions (CV) and common probability

(CP) auctions. In CV auctions, the potential value of the object is uncertain, while in CP

auctions the probability of achieving known values is uncertain. The authors compare the

auctions experimentally, finding overbidding in CV auctions but bidding close to the RNNE in

CP auctions. As in CP auctions, the subjects in our security-bid auctions receive signals about

the likelihood of high revenue, but this likelihood is independent across subjects (i.e. this is an

IPV setting). Instead, we add to this literature by allowing for payments that are contingent

on the payoff of the asset.

We revisit the literature on overbidding in cash auctions in Section 6.1 to determine whether

the postulated theories in those models can explain the behavior exhibited by subjects across

treatments in our experiments. We consider variations to buyers’ preferences such as risk

aversion, spiteful bidding, joy of winning, regret, and probability weighting. While bidding

behavior appears to be noisy, we discuss why quantal response equilibrium does not match

the patterns we see in our data. We discuss other alternative equilibrium concepts such as

cursed equilibrium, impulse balance equilibrium, and level-k reasoning. Finally, we examine

explanations that involve misperceptions on the part of subjects.
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3 Theoretical predictions and hypotheses

In this section, we discuss the theoretical results that are relevant to our experimental design.

We present the simplest possible environment that captures the main features of security-bid

auctions in a transparent way.

There is a risk-neutral seller interested in allocating an indivisible project between two

buyers. The seller uses either a formal first- or second-price auction or an informal auction.

The seller announces the chosen mechanism and commits to it.

Any buyer needs to make a non-contractible investment of κ “ 2000 to implement the

project. This investment can be thought of as the opportunity cost of the funds diverted from

buyers’ portfolios, and is common knowledge to all buyers. If buyer i acquires the project

and makes the required investment, the project yields a stochastic and contractible revenue

of Zi P Z fi tzL, zHu. Here, zL “ 2000 refers to the revenue that the project yields in the

low state of the world and zH “ 6000 refers to the revenue in the high state. The project is

useless if it is undertaken by the seller, but because the lowest possible revenue is equal to the

implementation cost, it is valuable for all buyers with a strictly positive likelihood of receiving

the high revenue.

Each buyer i receives a private signal pi P r0, 1s that corresponds to the probability of being

in the high state. Hence, the distribution of Zi conditional on the buyer’s signal is Bernoulli

with parameter pi. Signals are drawn independently from a uniform distribution, which is

common knowledge.

Securities Bids are expressed by derivative securities in which the underlying asset is the

project’s revenue Z. A security is a function that maps Z to payments to the seller. We focus

on two types of securities, presented below.

• Debt: When the buyer wins the auction at a “price” of d, she retains all revenue above

d. That is, the payment to the seller for any revenue z is Dpz, dq “ mintz, du.

• Equity: When the buyer wins the auction at a “price” of e, she retains a proportion 1´ e

of the revenue. That is, the payment to the seller for any revenue z is Epz, eq “ ez.

A graphical representation of these securities and how they map revenue to payments can be

found in Figure 1.
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Figure 1: Example payments from the winner to the seller for debt and equity.

Debt and equity auctions share characteristics with many types of auctions that are used

in practice. For instance, in the US, the local governments of Arizona, Louisiana, New Mexico,

and Texas, among others, use fixed-equity auctions to allocate the rights to exploit their fields.

In these auctions, the seller fixes an equity rate and buyers compete for the rights of the field

via a cash auction. Although these states share the selling mechanism, the equity rates display

variation: in Texas the rate is fixed at 25%, whereas in Colorado and New Mexico it varies

between 18.75% and 20%, and in Louisiana it varies between 20% and 25%. Meanwhile, many

sellers opt to use “stapled finance” in takeover operations. Stapled finance refers to a loan, in

terms of debt or other securities, “stapled” onto an offering by the investment bank advising

the seller in a takeover operation. The figure is available to whoever wins, but the winner is

under no obligation to accept the loan offer. Stapled finance has been increasingly used in the

US and Europe because, as shown by the empirical evidence, it increases the competition and

the final price paid to the seller (Povel and Singh, 2010).

Selling mechanisms We analyze selling mechanisms based both on formal and informal

auctions. In formal auctions, the auction format (first- or second-price) and security design

(debt or equity) are predetermined. Hence, buyers are unable to make bids in any security

other than the one that the rules specify.

Conversely, in informal auctions the buyer is not restricted to making bids exclusively from
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Figure 2: Timing for formal and informal auctions.

a particular ordered set. Instead, they are allowed to choose whether to bid with debt or with

equity, but not from both. In that sense, as DKS points out, the “security design is in the

hands of the buyers” rather than in the seller’s. Once buyers submit their bids, the seller

updates his beliefs over buyers’ signals and chooses the most attractive bid ex-post. Hence,

in this environment, the choices of securities by buyers play the additional role of serving as

a signaling device about their types. As such, informal auctions can be thought as first-price

scoring auctions, in which the score of each bid is determined by the seller’s beliefs and buyers

pay their security bid.

Timing Figure 2 depicts the timeline in formal and informal auctions. In formal auctions,

buyers learn their signals about the stochastic revenue of the project. Then, they submit their

bids from the ordered set of securities used by the seller to run the auction. Using such bids, the

seller determines the winner following the rules of the auction’s format (e.g., first- or second-

price). Finally, payments are made according to the security-bid submitted and payoffs are

realized. In informal auctions, the fundamental difference comes from steps 2 and 3. In step

2, buyers freely choose a security from the available menu of securities (debt or equity, but

not combination of them), and in step 3 the seller chooses the best bid according to his beliefs

about buyers’ signals.
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3.1 Behavior in Second-Price Auctions

In a second-price auction, the winner is the buyer who submits the highest bid, and the

final price paid corresponds to the second-highest bid.

As in second-price auctions using cash, buyers have a weakly dominant strategy to submit

a bid such that they are indifferent between losing the auction and winning at a price equal to

their bid. In fact, DKS shows that the unique symmetric equilibrium is for buyers to bid in

this way. In the case of equity, this implies that the equilibrium bidding function e˚
2ppq satisfies

0 “ p1 ´ e˚
2ppqqrpzH ` p1 ´ pqzLs ´ κ. (1)

The left-hand side of equation (1) reflects that the buyer receives payoffs of zero conditional on

losing the auction, and the right-hand side gives the expected payoffs of the buyer if they won

at a price of e˚
2ppq. A similar computation can be carried out for second-price debt auctions.

This leads us to our first prediction for the experimental data.

Hypothesis 1. In second-price auctions using debt, buyers will bid according to

d˚
2ppq “

$

’

&

’

%

4000p if p ď 1
2

6000 ´ 2000
p

otherwise

,

while in second-price auctions using equity, buyers will bid according to

e˚
2ppq “

2p

2p ` 1
.

3.2 Behavior in First-Price Auctions

In the first-price auction, the buyer that submits the highest security-bid is selected as the

winner and pays her bid. We focus on symmetric and monotone equilibria of these games. For

instance, given and equilibrium bidding function of e˚
1ppq in the first-price equity auction, the

buyer’s maximization problem can be stated as

max
ePr0,1s

F pe˚´1
1 peqqrp1 ´ eqppzH ` p1 ´ pqzLq ´ κs. (2)

12



The first term in (2) is the probability of winning the auction with a bid of e, while the second

term corresponds to the buyer’s expected payoff conditional on winning. Equilibrium requires

that the solution of the problem in (2) is e˚
1ppq, implying that the equilibrium bids will be the

solution to a differential equation. A similar exercise can be carried out for first-price debt

auctions. This gives us predictions for bidding in first-price auctions for both securities.4

Hypothesis 2. In first-price auctions using debt, buyers will bid according to

d˚
1ppq “ 2000p,

while in first-price auctions using equity, buyers will bid according to

e˚
1ppq “

p ´ 0.5 lnp2p ` 1q

p
.

3.3 Behavior in Informal Auctions

In informal auctions, buyers are not required to make bids from a specific ordered set. Thus,

sellers are forced to form beliefs about the revenue generated by each bid to select the winner.

Buyers anticipate this and understand the selection of security has not only an effect regarding

the extraction and insurance, but also plays the additional role of being a signaling channel,

leading them to engage in a signaling game.

To analyze informal auctions, we focus on symmetric pure strategy equilibria in which buyers

can choose a security-bid from either debt or equity. Thus, a buyer’s strategy maps their signal

to a choice of an ordered set of securities and a bid within that set. Given a profile of bids,

the seller forms posterior beliefs about the signal that the buyer received, following the Bayes’

rule whenever possible, and selects a winner. In any equilibrium of this game, the seller must

be selecting the bid with the highest expected payoffs given his beliefs, and the buyers must

choose securities and make bids that maximize their payoffs given all other strategies.

DKS argues that the seller’s beliefs will depend crucially on the type of security that the

buyer chooses. Specifically, in our setting, buyers with higher signals will have a relatively

stronger preference for debt over equity, because equity leads to higher payments in the high

state.5 Thus, if the seller observes that one buyer deviates to debt, such a deviation must come

4We confirm that these bidding strategies form an equilibrium in Appendix A.1.
5This is related to the fact that equity is “steeper” than debt.
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from a high-signal buyer. Nonetheless, a low-signal buyer can anticipate this and mimic the

deviation of the high-signal buyer. Under risk neutrality, this reasoning unravels, resulting in

both types of buyer choosing debt. Because the seller will choose the highest bid in equilibrium

and the winning buyer must pay their bid, the equilibrium outcome is equivalent to that of a

first-price debt auction.

Hypothesis 3. In informal auctions under risk neutrality, buyers will choose debt and the

equilibrium will be equivalent to that of a first-price debt auction.

FHC, on the other hand, argues that when buyers have heterogeneous risk aversion (param-

eterized by the different concavities of their utility functions), the auctions will not unravel in

this way. This result stems from the fact that if a high-signal buyer is also highly risk-averse,

then she would not necessarily deviate to choose a flatter security because, although it extracts

less surplus ex-post, it provides lower insurance. Hence, a sufficiently risk-averse buyer would

prefer to choose a steeper security.

Hypothesis 4. In informal auctions, more risk averse buyers will make bids using equity while

less risk averse buyers will make bids using debt.

3.4 Revenue and Efficiency

A core focus of the literature on auctions with securities has been the revenue comparisons

between different securities and selling mechanisms. Early work by Hansen (1985), Riley (1988),

and Rhodes-Kropf and Viswanathan (2000) showed that auctions using equity could be superior

to standard cash-bid auctions. This result was later generalized by DKS to standard securities

that satisfy two-sided limited liability. Because we can compute explicit equilibria for our

parametric model, we can generate clear predictions for the revenue rankings of the security

designs and auction formats.6 The hypotheses that we present are about interim revenue and

surplus, meaning that they are about expected revenue and surplus conditional on the allocation

of the project (but not conditional on the realization of the project’s revenue).

6With the parametric assumptions we have made, the predicted revenues are approximately: 1722.9 (for
first- and second-price equity), 1363.7 (for second-price debt), and 1333.3 (for first-price debt and informal
auctions). The computation of these values can be found in Appendix A.2.
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Hypothesis 5. First- and second-price equity auctions generate the highest revenue. First-price

debt auctions and informal auctions generate the lowest revenue. Second-price debt auctions

generate intermediate revenue.

It is important to note that while the parametric nature of our model allows us to give point

predictions for revenue, the ranking implied by these predictions is much more general. This

ranking follows the results of DKS, which characterizes securities in terms of what they call

steepness. A security is steeper than another if the seller’s expected payment has a “greater

slope” under the steeper security, starting at the signal level at which both securities yield the

same expected payment. From Figure 1, it can be seen that equity is steeper than debt. DKS

shows that under fairly general conditions, steeper securities generate higher revenue.7

The theoretical results from the securities auction literature also provide strong predictions

about the relative efficiency of the auction formats. In the equilibria described above, bidding

strategies are increasing in the buyers’ private signals. Thus, the project is always assigned to

the buyer with the highest chance of generating the high revenue.

Hypothesis 6. All auctions are efficient.

The equilibria we describe above rely on the buyers’ risk neutrality. However, because the

project is inherently risky, risk preferences are expected to play an important role in bidding

behavior. When buyers are risk-averse, they shave their bids relative to what they would have

bid had they been risk neutral. This behavior is more pronounced when buyers are more risk-

averse. Hence, with heterogeneous risk aversion, a more risk-averse buyer with a high signal

could bid lower than a less risk-averse buyer with a lower signal. In this case, the formal auction

mechanisms studied here are not necessarily interim efficient.

FHC show that, when buyers are risk-averse, equity provides buyers with more insurance

than debt. This is because they smooth payoffs across realizations, asking for lower payments

in the low state and for higher payments under the high state. The insurance effect is more

7Another notable feature of these auctions is that the celebrated Revenue Equivalence Theorem, introduced
by Myerson (1981) for cash auctions, holds for auctions under equity but not under debt. The reason is that the
family of equity is closed under convex combinations, and, hence, any convex combination of equity securities
generates an equity security. This implies that the problem buyers face in the second-price auction, where they
must choose a random bid, can be expressed as choosing a deterministic bid from the equity convex hull—which
is, precisely, constituted of equity. Hence, both problems are isomorphic. Meanwhile, the family of debt is
sub-convex; that is, a convex combination of debt securities generates a security that is steeper than debt.
Hence, in this case, buyers are implicitly choosing bids from an instrument that is steeper than debt in the
second-price auction.
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valuable for more risk-averse buyers, making them relatively more aggressive. The increase in

aggressiveness makes the handicap of risk-averse levels on bids be less severe, increasing the

allocative efficiency of the auction.

Hypothesis 7. A second-price auction under equity is weakly more allocatively efficient than

a second-price auction under debt.

4 Experimental Design

The experiment consisted of 16 sessions conducted at the University of Queensland Be-

havioural Economics Science Cluster (BESC) between August 2021 and April 2022. Subjects

were recruited using Sona Systems, and a total of 215 subjects participated. Demographic

summary statistics can be found in Appendix Table 7. No subject appeared in more than one

session. The experiments were completed in-person through computer terminals, and all exper-

iments were coded using oTree (Chen et al., 2016). Screenshots for all parts of the experiment

and for all treatments can be found in Appendix E.

The experiment used a between-subjects design, with five different treatments. As discussed

above, the treatments were (1) first-price debt auctions, (2) first-price equity auctions, (3)

second-price debt auctions, (4) second-price equity auctions, and (5) informal auctions.8 Two

subjects acted as buyers in each formal auction. In the informal auctions, two subjects acted

as buyers, one subject acted as the seller, and roles were fixed across rounds.

All sessions had the same structure. Subjects were first brought into a lab and directed to

their terminal. They were given the opportunity to read a participant information sheet and to

sign a consent form. Subjects were presented with instructions, including auction instructions

and examples that were specific to their treatment, then took a quiz. They then participated

in 20 rounds of auctions. After the auctions, subjects were read the instructions for a risk

elicitation task and then completed 10 rounds of that task. After all subjects had completed all

tasks, subjects completed a short survey, payments were made, and subjects left the laboratory.

Each subject participated in 20 rounds of auctions. They were randomly assigned a new

partner in each round. On each bidding page, subjects were informed of the likelihood that

8The number of subjects participating in each of these treatments was 38, 40, 40, 40, and 57 respectively.
Each formal auction had three sessions, while there were four sessions of the informal auction. Sessions in the
formal treatments varied in size from 10 to 16 subjects. Sessions in the informal treatment varied in size from
9 to 21 subjects.
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their project would have high revenue. Furthermore, on all bidding pages, subjects were given

the same interactive feature that they were given on the examples page, allowing them to easily

identify the consequences of their bid.

In the formal auctions, subjects then needed to type in their bid (an integer from 0 to

6000 points in the debt auctions or an integer from 0 to 100 percent in equity auctions). An

example bidding page can be found in Figure 3. After both players in a group made their bid,

subjects were shown the results of the auction. Winners were told the other player’s bid and

their likelihood of receiving each potential outcome, but the realization of the outcome was not

revealed to them.9 Losers were told the other player’s bid, the payoffs they would receive, and

the potential payoffs of the winner. However, the loser was not told the likelihood that the

winner would receive the high revenue (i.e. the winner’s private valuation) or the realization of

the revenue. An example of the results page for an auction winner can be found in Figure 4.

Bid
If you win, the likelihood that the project's revenue will be 6000 is 61%. That means that the likelihood that the project's revenue will

be 2000 is 39%.

Please make your bid now. It may be between 0 and 6000 points, inclusive. Note that this round can be chosen as the round that

counts.

Bid:

2100

Next

Your Hypothetical Bid: Other Player's Hypothetical Bid:

2050 1250

Chance

61.00 %61.00 %  61.00 %

39.00 %39.00 %  39.00 %

Outcome in Points

3 9503 950  3 950

00  0

2 0002 000  2 000
3 9503 950  3 950

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

59.559.5  59.5

2020  20

4040  40

59.559.5  59.5

2020  20

4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 3: Bidding page for a first-price debt auction

9Theoretically speaking, whether or not the realization of the project’s outcome is revealed should not
have any effect on subjects’ subsequent behavior, since it cannot reveal anything about the other player’s
signal because the probability of the project having high revenue was different for each individual. Thus, this
additional information should not affect the buyer’s risk preferences for subsequent lotteries because only one
round is paid at random. However, as is common in most experiments involving decision making under risk,
the lottery outcome is not realized until the end of the experiment.
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Results
You won the auction! Your bid was 2100 points while the second highest bid was 400 points. That means that if this round is chosen

for payment, you will have a 61% chance of receiving 3900 points and a 39% chance of receiving 0 points. The other player will

receive 2000 points.

Next

Figure 4: Results page after winning a first-price debt auction

In the informal auctions, buyers both chose their security and made their bid on the same

page. Once both buyers made their bid, the seller was informed of the two bids that were made

and was given a graphical display representing the potential payoffs that would arise from each

bid. The seller then selected which buyer is the winner. The bidding page and seller’s choice

page for informal auctions can be found in Figures 5 and 6, respectively. As in the formal

auctions, both buyers are informed of the bids that were made and who won. The seller is

reminded of who they selected to win the auction, the payoffs they could receive as a result of

the auction, and the fact that the probability of receiving the high payoff is unknown to them.

After completing the auctions, all subjects participated in 10 rounds of an individual choice

task. The task, first developed in Andreoni and Harbaugh (2009), is a risk elicitation task that

allows for the evaluation of subjects’ attitudes towards both monetary prizes and probabilities

of receiving those prizes (Breig and Feldman, 2021). In each task, subjects are asked to trade

off between the size of a price and the likelihood of receiving that price using a linear budget.

Subjects faced five unique budgets in a random order and then faced the same five budgets in

newly randomized order. The five budgets that subjects faced can be found in Figure 7.10

Upon the completion of all tasks, the computer randomly selected a single round for each

subject from either the auctions or the Andreoni-Harbaugh tasks to be the one that counts.

The subject was told which round was selected as well as the potential outcomes and associated

probabilities. After being presented this information subjects were informed of the results of any

randomization and their total payments. They then completed a survey involving demographic

questions, experiment feedback, and a cognitive reflection test (Frederick, 2005).

In addition to any earnings from the round selected for payment, all subjects were paid a

$20 completion fee. Sessions lasted one and a half to two hours. Payments ranged from $22 to

10In addition to the measuring risk preferences directly, these 10 tasks allow for the a rich set of revealed
preference measures. While they are not the focus of our analysis, we discuss these measurements and how they
are releated to behavior in the experiment in Appendix B.
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Bid
If you win, the likelihood that the project's revenue will be 6000 is 40%. That means that the likelihood that the project's revenue will

be 2000 is 60%.

Please make your bid now. It may be in the form of either debt or equity. Debt bids may be between 0 and 6000, inclusive. Equity

bids may be between 0 and 100 (%), inclusive. Note that this round can be chosen as the round that counts.

Please choose the security type you will bid with and enter your bid.

Bid type:

Equity

Bid amount:

31

Next

You can use the sliders below to help choose your bid type and amount. Move each slider for the comparison charts to become

visible.

Hypothetical equity bid: Hypothetical debt bid:

20 450

Chance if Winner

40.00 %40.00 %  40.00 %

60.00 %60.00 %  60.00 %

Your Outcomes for Equity Bid
 (Points)

4 8004 800  4 800

1 6001 600  1 600
2 0002 000  2 0004 8004 800  4 800

1 6001 600  1 600 2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Your Outcomes for Debt Bid
 (Points)

5 5505 550  5 550

1 5501 550  1 550
2 0002 000  2 000

5 5505 550  5 550

1 5501 550  1 550
2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Figure 5: Bidding page for an informal auction

$110, and the average total payment was $48.47.

We preregistered the experiment in the American Economic Association’s RCT Registry

(AEARCTR-0009157). This registration occurred after the informal auction treatment was

completed, but before any sessions of the formal auction treatments. We completed power

calculations based on the empirical outcomes from the informal auctions (details can be found

in the pre-analysis plan published on the AEA RCT Registry).

5 Results

5.1 Revenue and Efficiency

In this section, we compare the results on revenue and efficiency obtained in the experimental

auctions vis-à-vis the corresponding theoretical predictions. From a given auction, the revenue
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Choose
The bidders in this auction have made the following bids. Please review the bids and choose the winner of the auction.

Bidder Bid Type Bid

1 Equity 31

2 Debt 1400

The payoffs you will receive if you select Bidder 1 or Bidder 2 as the winner are shown in the diagrams below.

Important: You do not know the chance of receiving the different payoffs.

Important: The chances of receiving the high and low payoff may be different for each bidder.

Please choose which bidder is the winner of the auction. Note that this round may be chosen as the round that counts.

Win choice:

1

Next

Your Payoffs if Bidder 1 is
 Winner

1 8601 860  1 860

620620  6201 8601 860  1 860

620620  620

High Revenue Low Revenue
0

2k

4k

6k

Your Payoffs if Bidder 2 is
 Winner

1 4001 400  1 400 1 4001 400  1 400

1 4001 400  1 400 1 4001 400  1 400

High Revenue Low Revenue
0

2k

4k

6k

Figure 6: Seller’s choice page for an informal auction

and efficiency measures are conditional on the winning buyer’s signal; thus, they are computed

from an interim perspective. Additionally, to compute the measure of efficiency we look at

the potential surplus, i.e., the surplus produced in case the project were implemented by the

highest-signal buyer. We then take the average of both measures across auctions within each

treatment.

Before stating our results about the allocation of surplus formally, we summarize them

graphically with Figure 8, which shows the predicted and realized average distribution of surplus

across treatments. One can immediately see that there are large differences between treatments

and that the differences do not necessarily reflect the theoretical predictions. With the exception

of the second-price auction under equity, all mechanisms exhibit a higher expected revenue than

their theoretical counterparts. Moreover, the differences in revenue are more pronounced in debt

than in equity auctions. In fact, the greatest revenue excess is produced under the first-price

debt treatment, whereas the lowest is obtained under informal auctions. All treatments display
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Figure 7: Budgets from the Andreoni-Harbaugh task

allocative inefficiency, computed as the difference between the actual and potential surplus in

each auction. This feature, along with the results on revenue discussed above, implies that

buyer’s surplus is lower than in theory for all mechanisms—with the exception of the second-

price equity auction. Notably, this treatment is the one that generates the lowest efficiency

loss.

Our first result is about the revenue raised within each treatment and relates to Hypothesis

5.

Result 1. First- and second-price debt auctions raise the highest revenue. First-price equity

auctions raise the second highest revenue. Second-price equity auctions and informal auctions

raise the lowest revenue.

The evidence for Result 1 is presented in Table 1, which presents the regression results using

interim revenue as the dependent variable. The null hypothesis that all treatment coefficients

are equal to zero is rejected at the 1% level for all specifications. In column (1), the independent

variables are dummies representing the treatments, with the first-price debt treatment being the

omitted treatment. This column shows that, in terms of raw averages, first-price debt auctions

raised the highest revenue, followed by second-price debt, first-price equity, second-price equity,

and informal auctions.

Columns (2) and (3) of Table 1 control for potential surplus and round, respectively.11 When

11Potential surplus is equivalent to the maximum of the two buyers’ signals multiplied by 4000. Because this
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Figure 8: Comparison of average levels revenue and allocative efficiency in all selling mecha-
nisms. For each treatment, theoretical predictions of risk-neutral Nash equilibria are on the
left and empirical realizations are on the right.

controlling for potential surplus, the difference between the revenue raised by first- and second-

price debt gets smaller and becomes insignificant. The coefficient on round demonstrates that

revenue decreases as subjects gain more experience, a point that will be explored further in

Section 5.2.

Column (4) is our preferred specification and is our main evidence for Result 1.12 The

differences described in the result are statistically and economically significant. The implied

gap between the revenue raised by first-price debt auctions and informal auctions is over 30% of

the potential surplus generated by these auctions. Thus, we can conclusively reject Hypothesis

5.

Our next result is about the surplus generated by each treatment and relates to Hypotheses

6 and 7.

Result 2. Second-price equity auctions generate the highest surplus. All other types of auction

generate surplus similar to each other.

The evidence for Result 2 is presented in Table 2. The null hypothesis that all treatment

coefficients are equal to zero is rejected at the 1% level for the specifications in columns (2)-(4),

is a random variable drawn independently of the treatment, potential surplus should be uncorrelated with the
treatment dummies. However, the fact that coefficients and patterns of significance change between columns
(1) and (2) demonstrates that in our sample, potential surplus happens to be correlated with the treatments.
This is shown explicitly in Appendix Table 16.

12The specification used in column (4) of Table 1 and column (4) of Table 2 were registered as the primary
focus of our analysis in our pre-analysis plan.
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Table 1: Interim revenue

(1) (2) (3) (4)
Revenue Revenue Revenue Revenue

1PE -333.9˚˚˚ -307.6˚˚˚ -307.7˚˚˚ -307.7˚˚˚

(79.6) (63.5) (62.7) (62.9)
2PD -167.5˚˚ -73.8 -74.2 -74.0

(75.2) (64.7) (64.4) (64.7)
2PE -867.9˚˚˚ -827.2˚˚˚ -827.5˚˚˚ -827.4˚˚˚

(77.5) (66.0) (65.6) (65.8)
Informal -884.5˚˚˚ -837.2˚˚˚ -837.4˚˚˚ -837.3˚˚˚

(70.1) (61.6) (60.8) (60.9)
Potential Surplus 0.65˚˚˚ 0.64˚˚˚ 0.64˚˚˚

(0.022) (0.022) (0.022)
Round -15.8˚˚˚

(3.61)
Constant 2283.2˚˚˚ 552.4˚˚˚ 727.6˚˚˚ 856.2˚˚˚

(49.6) (72.7) (82.8) (118.7)

Round FE No No No Yes
Observations 1960 1960 1960 1960

Notes: Linear regression with robust standard errors. Significance indicated
by: *** pă0.01, ** pă0.05, * pă0.1.

but not for the specification in column (1) (p-value 0.15). While the difference between second-

price equity and the other treatments is not significant in raw averages, this difference does

become significant at the 5% level when controlling for potential surplus. Column (3) shows

that while surplus does increase on average with subjects gaining more experience, the increase

is economically small and insignificant.

Our preferred specification is again presented in column (4). Here, we find that when

controlling for potential surplus and round fixed effects, second-price equity auctions generate

higher surplus than the other treatments, whose revenue are not in general distinguishable

from each other. The fact that the auctions are not allocatively efficient contradicts Hypoth-

esis 6. The efficiency ranking of second-price equity over second-price debt is consistent with

Hypothesis 7, but the difference is only significant at the 10% level (p “ 0.056).

Because the results for revenue and efficiency are in stark contrast to the theoretical predic-

tions about them, we further explore the source of these results in Figure 9. The first (leftmost)

point of the lines in panels (a) and (b) of the figure show the realized revenue and efficiency,

respectively, for each of the treatments. The second point carries out a “rematching” procedure,
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Table 2: Surplus

(1) (2) (3) (4)
Surplus Surplus Surplus Surplus

1PE -67.1 -27.4 -27.4 -27.5
(78.7) (44.9) (44.8) (44.6)

2PD -106.7 34.6 34.7 34.5
(78.6) (40.8) (40.9) (40.7)

2PE 43.7 104.9˚˚˚ 105.0˚˚˚ 104.9˚˚˚

(76.8) (39.8) (39.8) (39.8)
Informal -123.5 -52.2 -52.1 -52.2

(79.6) (46.5) (46.5) (46.4)
Potential Surplus 0.97˚˚˚ 0.97˚˚˚ 0.97˚˚˚

(0.012) (0.012) (0.012)
Round 3.79

(2.37)
Constant 2393.0˚˚˚ -216.3˚˚˚ -258.2˚˚˚ -243.2˚˚˚

(55.6) (40.5) (48.3) (72.8)

Round FE No No No Yes
Observations 1960 1960 1960 1960

Notes: Linear regression with robust standard errors. Significance indicated
by: *** pă0.01, ** pă0.05, * pă0.1.

in which each bid from a formal auction is put up against every other bid from that formal

auction, then average revenue and surplus are computed. The next three points average all

bids that received signals within particular windows and then compute average revenue and

surplus based on these average bids.13 In this way, we are able to compute the counterfactual

revenue and efficiency if subjects bid according to the average rather than noisy bids around

that average.

Result 3. Averaging bids by signal increases the revenue of second-price auctions but decreases

the revenue of first-price auctions.

The evidence for Result 3 can be found in Panel (a) of figure 9. Computing revenue based on

average bids significantly increases the revenue raised by second-price auctions, and decreases

the revenue raised by first-price auctions. In fact, the effect is strong enough that it overturns

13For instance, consider the bids for “Average Window 1” and consider the signal of 13%. To compute the
average bid for a signal of 13%, we take the average of all bids within 1 unit from 13% (i.e. all bids from buyers
who received signals of 12%, 13%, or 14%). We do this for each potential signal. We then create artificial
auctions in which the average bid for signal of 0% is put up against the average bid for 1%, 2%, etc., and
compute the overall average revenue and surplus from this exercise. Because no subjects received a signal of 37
in the second-price debt treatment, we replace the average window 0 with average window 1 for that signal.
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Figure 9: Average surplus and revenue after rematching and averaging. “Realized” refers to the
data from the experiment. “Rematched” gives average revenue and surplus after rematching
every bid against every other bid from the same treatment. For the averaged numbers, bids
are averaged within a particular window and then each average bid is matched against each
other average bid from the same treatment. “Average Window 0” shows the results from
averaging of all bids that received a particular signal, “Average Window 1” shows the results
from averaging all bids within one percentage point of a signal, and “Average Window 2” shows
the results from averaging all bids within two percentage points of a signal. Reducing decision
noise (but retaining average bidding functions) leads to lower revenue in first-price auctions,
higher revenue in second-price auctions, and higher surplus in all auctions.
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the ranking presented in Result 1, and instead leads to second-price debt auctions raising the

maximal revenue. The fact that averaging in this way favors second-price auctions and disfavors

first-price auctions is intuitive. Fixing average bids, adding noise to an auction with two buyers

tends to increase the highest-order statistic and decrease the second-highest-order statistic.

Thus, averaging bids by signal tends to decrease the realized price and revenue in first-price

auctions while increasing the realized price and revenue in second-price auctions.

Result 4. Misallocation is primarily due to noisy bidding rather than non-monotonic average

bids.

The previously discussed pattern of noisy bidding also has a significant affect on efficiency.

When bids are noisy, sometimes buyers with lower signals make higher bids than those with

higher signals. This decreases surplus because the project is being allocated to the buyer

with a lower private valuation. When noise is decreased by averaging bids over a sufficiently

wide window, the total surplus of all treatments is essentially the same and approaches the

theoretically predicted surplus of 2667.

5.2 Bidding in Formal Auctions

In this section, we investigate the distinctive features in buyers’ behavior that lead to the

results in revenue and efficiency found in all formal selling mechanisms. Hypotheses 1 and 2

state the Nash equilibrium bidding strategies for these settings.

Result 5. In formal auctions, subjects overbid on average for all signals in both first- and

second-price debt auctions. Subjects overbid on average for extreme signals (both high and low)

for both first- and second-price equity auctions.

Figure 10 compares the theoretical Nash equilibrium bidding function under risk neutrality

to bids from the experiment. Bids are averaged within windows of 5 signals (0-4, 5-9, etc.)

and presented with 95% confidence intervals for the average. It is immediately apparent that

in debt auctions there is substantial overbidding under both formats—the risk neutral Nash

equilibrium is outside of the confidence interval for the average bid for each of the ranges of

signals. In equity auctions, there is similar overbidding for low and high signals, but average
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Figure 10: Average bids conditional on signal in formal auctions. Bids are averaged in windows
of 5 units and presented with 95% confidence intervals. Equilibrium bidding functions are
shown in blue.

bids are either close to or below the Nash equilibrium for intermediate signals.14 Hence, the

security design is more important than the auction format for overbidding.

Since overbidding is the main driver of the empirical revenue ranking obtained in the pre-

vious section, it is worth inspecting this overbidding more closely. Figure 11 classifies each bid

14We further analyze how the level of the buyer’s signal affects overbidding nonlinearly in Appendix Table
8, which shows regression results of the level of overbidding (bid minus equilibrium bid) on signal and signal
squared with subject fixed effects. We find that, broadly speaking, over bidding is positive for low signals,
decreases for intermediate signals, and increases again for high signals. This parabolic overbidding pattern in
the second-price debt and equity auctions is consistent with the results in FHC, since buyers shave their bids
relative to the equilibrium when the signals are close to 0.5—i.e., when the variance of the project’s revenue is
maximal.
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into one of four categories. A bid is classified as “Dominated” if it could lead to a lottery that is

first-order stochastically dominated by the buyer’s outside option (this occurs when the bid is

strictly higher than 4000 in debt auctions or 66% in equity auctions). A bid is classified as “RA

Unrationalizable” if it is not Dominated and if there are no beliefs under which the bid would

be undominated for a risk neutral or risk averse buyer.15 A bid is classified as an “Overbid” if

it is not Dominated or RA Unrationalizable but it is strictly higher than the Nash equilibrium

bid. Otherwise, we classify the bid as an “Underbid.”

Figure 11 demonstrates that the larger size of average overbidding that we see within debt

auctions is not due to bids that are Dominated: the rate of Dominated bids is higher in second-

price auctions than in first-price auctions, but within formats the rates are similar across

securities. Thus, the difference between securities is coming from bids in debt auctions that are

high, but not so high that a risk-loving buyer would not make them.

Result 6. In formal auctions, overbidding decreases with experience in all treatments except

the second-price debt.

The link between experience and overbidding is presented in Figure 12. While all treat-

ments start out with overbidding rates that are higher than 50%, for all treatments other than

second-price debt, this rate decreases with experience. We complete this analysis formally in

Appendix Table 9 to confirm the result and find that the coefficient on experience is negative

and significant for first-price debt, first-price equity, and second-price equity, but positive and

insignificant for second-price debt. In the three treatments with decreasing overbidding, the co-

efficients imply overbidding rates of near 50% by the end of the experiment, which is consistent

with approximate equilibrium behavior.

We now consider the extent to which overbidding is explained by subjects’ individual char-

acteristics. As a first step, it is useful to note that overbidding rates (i.e. the proportion of bids

that are strictly higher than an appropriate cutoff) vary across subject and are not always equal

to zero or one. This can be seen in Appendix Figures 19, 20, and 21, which show rates of bids

15This is equivalent to not being Dominated but being strictly higher than the second-price Nash equilibrium
bid for the given security. It is straightforward to see this for second-price auctions. For first-price auctions, any
bid x between the Nash equilibrium bid of the first-price auction and the Nash equilibrium bid of the second-
price auction is rationalizable by beliefs that place probability one on a bid one unit below x. Bids above the
second-price Nash equilibrium are not rationalizable for risk averse buyers in this way because winning at a
price above the Nash equilibrium bid leads to a lottery with an expected value that is lower than the buyer’s
certain outside option.
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greater than the Nash equilibrium, rates of bids greater than the second-price Nash equilib-

rium, and rates of bids that are first-order stochastically dominated for each of the treatments,

respectively. Because these rates are not equal to zero or one, individual characteristics and

the treatments can only partially explain overbidding.

Result 7. Overbidding is uncorrelated with measured risk aversion, negatively correlated with

quiz and CRT scores, and positively correlated with confidence about the experiment.

The relationship between overbidding and subject characteristics is shown in Table 3, in

which we regress binary indicators for overbidding on observable characteristics.16 The depen-

dent variables in the regressions represented in columns (1), (2), and (3) are binary indicators

for bidding higher than the Nash equilibrium, bidding higher than second-price Nash equilib-

rium, and making stochastically dominated bids, respectively. Here, we confirm the previously

observed relationships between these overbidding rates, treatment, and experience.

The first surprising feature of Table 3 is that our measure of risk aversion does not have

a statistically significant relationship with overbidding.17 This is contrary to our a priori

intuition: the project that the buyers are bidding for is inherently stochastic, and it should

be less valuable for more risk averse subjects. However, this may not be surprising given the

lack of correlation across risk aversion tasks that has previously been found in the experimental

literature. We explore this further in Appendix Tables 11 and 12, in which we apply the

“obviously related instrumental variable” approach proposed in Gillen et al. (2019) to both the

average choice and a nonlinear transformation thereof from the Andreoni-Harbaugh task. This

approach uses instrumental variables to account for the potential attenuation bias that arises as

a result of measurement error in the risk elicitation task. Even with this alternative approach

we still do not find a significant correlation between overbidding and measured risk aversion.

While subjects’ measured risk aversion does not predict overbidding, several of their other

observed characteristics do. Cognitive measures such as the quiz score (the proportion of

questions that were correct, ranging from 0 to 1) and the cognitive reflection test (ranging

from 0 to 3) proposed in Frederick (2005) are negatively correlated with overbidding, implying

16The results are replicated using logistic regressions in Appendix Table 10 with patterns of significance
generally unchanged.

17The variable “Average RA” in the regression is defined as the average choice for the Andreoni-Harbaugh
risk aversion tasks that the subject completed. This number can range from 0 to 100, with a choice of 50
representing risk neutrality and choices greater than 50 representing risk aversion. We report additional results
using a nonlinear transformation of this average (computing a CRRA ρ parameter) in Appendix Table 12.
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Table 3: Overbidding by subject characteristics

(1) (2) (3)
Binary Overbid RN Unrationalizable Dominated

1PE -0.15˚˚ -0.14˚˚˚ 0.016
(0.059) (0.052) (0.025)

2PD 0.17˚˚˚ 0.51˚˚˚ 0.28˚˚˚

(0.049) (0.048) (0.033)
2PE -0.17˚˚˚ 0.17˚˚˚ 0.24˚˚˚

(0.054) (0.053) (0.031)
Round -0.0071˚˚˚ -0.0063˚˚˚ -0.0037˚˚˚

(0.0018) (0.0017) (0.0012)
Average RA 0.00015 -0.00025 0.0010

(0.0014) (0.0013) (0.00088)
CRT Score -0.057˚˚˚ -0.059˚˚˚ -0.013

(0.017) (0.015) (0.010)
Quiz Score -0.31˚˚˚ -0.35˚˚˚ -0.14˚˚˚

(0.079) (0.083) (0.048)
Confidence 0.027˚˚ 0.027˚˚ 0.0025

(0.011) (0.010) (0.0069)
Female 0.0096 0.0045 0.0078

(0.041) (0.039) (0.027)
English -0.043 -0.0015 0.016

(0.038) (0.034) (0.024)
Economics -0.0063 -0.027 -0.020

(0.045) (0.039) (0.027)
Age 0.0014 0.0063 0.0014

(0.0042) (0.0040) (0.0029)
Constant 0.81˚˚˚ 0.41˚˚˚ 0.078

(0.17) (0.15) (0.10)

Observations 3160 3160 3160

Notes: Linear regression with standard errors clustered at the subject level. Sig-
nificance indicated by: *** pă0.01, ** pă0.05, * pă0.1.

that subjects who better understand the rules of the mechanism are less likely to overbid.

Meanwhile, subjects who reported having higher confidence (ranging from 1 to 10) about the

how well they understood the tasks were more likely to overbid relative to the Nash equilibrium

and to make unrationalizable bids, but were no more likely to make dominated bids. We also

control for other demographic variables such as gender, first language, whether the subject was

majoring in economics, and age. We find no evidence that any of these traits are correlated

with overbidding. In Appendix B we extend these results to control for the revealed preference

indices we measure from the Andreoni-Harbaugh task. We find that while these measures are
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Figure 13: Buyer security choice by signal. Security choices are pooled in windows of 5 signals.

jointly statistically significant, the individual indices are rarely significant and are difficult to

interpret.

5.3 Buyer Behavior in Informal Auctions

We now turn to the analysis of buyer behavior in informal auctions. In these auctions,

buyers choose both the type of security they will make a bid with and the value of that bid.

Our first results are about the choice of security in informal auctions and relate to Hypothe-

ses 3 and 4.

Result 8. In informal auctions, buyers choose to make bids with equity more often than with

debt.

The evidence for Result 8 can be found in Figure 13. The figure shows that buyers choose

debt roughly 30´40% of the time across signals, and thus clearly rejects the claim of Hypothesis

3 that buyers always choose debt, instead favoring Hypothesis 4.

Result 9. In informal auctions, buyers’ signal and measured risk aversion are only weakly

correlated with their choice of security.

Table 4 presents regression analysis showing the relationship between subject characteristics
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and security choice.18 Given that only 38 subjects acted as buyers in the informal auctions, we

interpret these results with caution.19

Table 4: Security choice by subject characteristics

(1) (2)
Debt Debt

Signal -0.00100 -0.0010
(0.00088) (0.00089)

Round 0.0036 0.0036
(0.0041) (0.0042)

Average RA -0.0035
(0.0026)

CRT Score 0.016
(0.050)

Quiz Score -0.13
(0.25)

Confidence 0.030
(0.042)

Female 0.027
(0.094)

English 0.18˚˚

(0.069)
Economics -0.077

(0.081)
Age 0.0048

(0.0064)
Constant 0.35˚˚˚ 0.24

(0.063) (0.31)

Observations 760 760

Notes: Linear regression with standard er-
rors clustered at the subject level. Signifi-
cance indicated by: *** pă0.01, ** pă0.05,
* pă0.1.

We find a negative but insignificant relationship between the subject’s signal and their like-

lihood of choosing debt. The estimated relationship suggests that increasing the likelihood that

the project generates high revenue from 0 to 100 percent decreases the likelihood of choosing to

bid with debt by 10 percentage points. While the relationship is not significant, we note that

this is contrary to the logic presented in DKS and discussed in Section 3.3, which argued that

18These results are replicated using logistic regressions in Appendix Table 13 with patterns of significance
generally unchanged.

19We report a histogram of the rate of choosing equity at the subject level in Figure 22.
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buyers will make bids with debt to signal that they have a high valuation.

Similar to the above analysis of overbidding, we find little relationship between our measure

of risk aversion and the type of security that the subject chooses. This is surprising because,

as noted in FHC, equity inherently provides more insurance than debt. We again provide

additional evidence for the link between choices and risk aversion in Appendix Tables 14 and

15. The relationship between security choice and average choice in the Andreoni-Harbaugh

task is not significant in any specification, but we do find some evidence that a higher CRRA

risk aversion parameter, which we compute as a nonlinear transformation of the average choice

in the Andreoni-Harbaugh task, is negatively correlated with choosing debt. Thus, there is

(limited) evidence supporting Hypothesis 4.

The only relationship in Table 4 that is statistically significant is the positive correlation

between selecting debt and speaking English as a first language. One (speculative) explanation

is that our instructions for debt bids were relatively harder to understand for those for whom

English is not a first language.

Result 10. Average bids in the informal auction are close to the equilibrium bids of the asso-

ciated formal auction.

Figure 14 reports average bids from informal auctions and compares them with the equi-

librium predictions from a first-price formal auction. We again average bids in windows of

five signals and present 95% confidence intervals. The main observation is that the empirical

average of the bids in this treatment are lower and closer to the equilibrium values than the

ones obtained in the formal treatments for both security designs. The improvement in fitting

equilibrium bids is especially remarkable for debt.

One potential explanation for this arguably more reasonable bidding pattern is a selection

effect. In the formal auctions, subjects are required to make bids with a particular security

whether or not they like or understand it. It may be the case that those subjects that would

be overbidding in debt auctions simply choose to bid using equity. However, we see from

Table 4 that there is limited selection by observable characteristics into bidding with debt.

Furthermore, if selection were a significant driver of the decrease in overbidding in debt we

might expect that the correlates of overbidding found in 3 would predict security selection, but

that does not seem to be the case.
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Figure 14: Average bids conditional on signal in informal auctions. Bids are averaged in
windows of 5 units and presented with 95% confidence intervals. Equilibrium bidding functions
from the first-price formal auctions are shown in blue.

5.4 Seller Behavior in Informal Auctions

One of the distinctive characteristics of the informal auctions treatment is that the winner’s

selection is not based on a predetermined rule. Thus, we can evaluate the quality of seller’s

decision making when facing security bids.

Result 11. In the informal auction when the seller is faced with two bids using the same

security, they choose the highest bid.

Figure 15 displays seller choices for the sample of auctions in which buyers choose the same

security to express their bids: Panel 15a shows the sample for debt and Panel 15b shows the

sample for equity. In both figures, the x axis corresponds to the higher bid; thus, all points

lie below the 45-degree line by construction. Blue points correspond to those cases in which

the seller chooses the highest index in the corresponding ordered set, whereas the red points

correspond to the cases where the lowest ones were chosen. Under both securities, sellers

overwhelmingly choose the bid with the highest index. This seems intuitive and suggests that

sellers do not believe that bids are non-monotonic in the signal.

Result 12. In the informal auction when the seller is faced with two bids using different secu-

rities, one of which dominating the other, they choose the dominant bid.
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Figure 15: Seller behavior when facing two bids from the same security.

In contrast, Figure 16 shows the seller’s selection when he faces bids from different set of

securities. While it can be difficult to rank bids made with different securities, in some case

the ranking should be obvious. For instance, if one buyer makes an equity bid of 40% (giving a

minimum payment of 800 points) and the other buyer makes a debt bid of 600 points, the seller

should always choose the equity bid. Figure 16 demonstrates that this is generally the case.

For bidding pairs that are between the purple line and the y axis, the highest possible equity

payment is lower than the lowest possible debt payment. For bidding pairs that are below the

yellow line, the highest possible debt payment is lower than the lowest equity payment. In the

figure, a red dot corresponds to the case where the seller chooses the bid in debt, whereas a

blue dot corresponds to a case where the seller chooses the equity bid. It is immediate to see

that in the domination regions, the seller almost always chooses correctly. Moreover, in the

ambiguous region, sellers do not seem to have a strong preference for either type of security.

The only identifiable pattern is a smooth gradient shifting from the choice of one security to

the other.
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Figure 16: Seller behavior when facing two bids from different securities.

6 Discussion

6.1 Behavioral Models of Overbidding

To better understand the factors driving overbidding in our experiment, we turn to behav-

ioral explanations that have been presented in the experimental literature. We consider what

these models of bidding imply for security-bid auctions and determine whether such models (or

any combination thereof) can explain behavior across treatments in our experiment. That is,

we ask whether previously proposed models can explain our data holding the model and any

parameters fixed across treatments. The main patterns we seek to explain are (1) overbidding

for all signals in first- and second-price debt auctions, (2) overbidding for low and high sig-

nals in first- and second-price equity auctions, (3) bidding close to or below equilibrium for

intermediate signals in first- and second-price equity auctions.

First, we note that if non-standard utility functions were the main driver of overbidding,

we should not expect to see overbidding change with experience. However, the decrease in

overbidding with experience is documented in Result 6. Thus, preference-based explanations

can at best partially explain overbidding.

One explanation for overbidding in first-price auctions that has been thoroughly studied in

the experimental literature is subjects’ risk aversion. Early work showed that risk aversion can
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lead to overbidding relative to the risk-neutral Nash equilibrium (Cox et al., 1988). However,

later work showed that in some cases, there is still overbidding in auctions where risk aversion

should lead to underbidding (Kagel and Levin, 1993; Cason, 1995). More recently, Goeree

et al. (2002) showed that risk aversion, when combined with quantal response equilibrium, can

explain the data from discrete first-price auctions. In our experiment, the object for which

subjects bid for are lotteries. Thus, in our second-price auctions, risk aversion should lower

bids relative to the RNNE. Furthermore, the large number of bids that cannot be rationalized

by any beliefs for a risk-neutral or risk-averse decision maker (see Figure 11) should make one

skeptical that risk aversion is an important driver of overbidding in this setting. In any case,

Table 3 shows that risk aversion (as measured by the Andreoni-Harbaugh task) is uncorrelated

with overbidding.

The apparently noisy bidding discussed in Section 5.1 suggests that models allowing for

mistakes, such as McKelvey and Palfrey’s (1995) quantal response equilibrium (QRE) may

be useful to organize the data. QRE has been successfully used to explain bidding behavior,

including overbidding, in experimental auctions (Goeree et al., 2002; Bajari and Hortacsu,

2005; Camerer et al., 2016). In Appendix C, we investigate how well logit QRE can explain

our results. We find that QRE cannot explain the patterns of average bids that we observe.

While QRE does lead to overbidding for most parameter values, it does not explain the level of

overbidding that we observe for high signals in both second-price treatments. Furthermore, the

average bidding functions in quantal response equilibria are generally flatter than those that

we observe in our data. We also estimate the QRE parameter λ, which captures how noisy

decision-making is, using the methods proposed in Camerer et al. (2016). We can reject the null

hypothesis that a single logit QRE parameter can explain the data from all four treatments.

This is primarily due to the difference between the parameter estimated for second-price equity

and the other three treatments.

Many papers have proposed preferences that are “non-standard” as a source of overbidding

in auctions. Morgan et al. (2003) proposes a model of spite as a driver of overbidding in

second-price auctions and compares it to joy of winning. Andreoni et al. (2007), Cooper and

Fang (2008), and Kirchkamp and Mill (2021) present experimental evidence in favor of spite

as a significant determinant of overbidding. There are several reasons why spite alone cannot

explain the data from our experiment. First, spite is generally presented as an explanation
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for overbidding in second-price auctions, so it does not explain our overbidding in first-price

debt auctions. Second, spite generally leads to overbidding for low signals (so that the buyer

can lower the payoff of their opponent when they do not expect to win). Figure 10 shows

substantial overbidding even for very high signals when the buyer should reasonably expect

to win. Finally, it us unclear why spite should lead to overbidding for intermediate signals in

second-price debt auctions, but does not lead to overbidding for intermediate signals for second-

price equity auctions. Another non-standard model that has been used to explain overbidding is

regret theory, but this should not lead to overbidding in second-price auctions or to substantial

overbidding for low signals (Filiz-Ozbay and Ozbay, 2007).

Probability weighting is another important behavioral model that is relevant when studying

auctions (Quiggin, 1982; Tversky and Kahneman, 1992). Probability weighting admits a wide

variety of implications for bidding behavior. Armantier and Treich (2009a) shows that “star-

shaped” probability weighting functions lead to overbidding, but Keskin (2016) shows that the

most commonly used “inverse S-shaped” probability weighting functions lead to underbidding

for low valuations and overbidding for high valuations. The introduction of probability weight-

ing into our setting involves additional difficulties, because the object subjects are bidding

for is itself a lottery. Thus, the auction forms a compound lottery and probability weighting

can affect bids even in the second-price format. However, there is reason to be skeptical that

probability weighting is the main driver behind bidding patterns in our auction. First, there is

no probability weighting function that can rationalize overbidding in the second-price auctions

for high signals. Because weighting functions are bounded above by one, buyers should not

exceed a bid of 4000 in debt auctions or 66% in equity auctions. Second, it would require

extreme overweighting of low probabilities to generate the overbidding seen for low signals in

the second-price debt treatment.

Some authors have proposed other variations in the concept of equilibrium to explain pat-

terns of overbidding. Eyster and Rabin (2005) formalizes the concept of “cursed equilibrium”

to explain overbidding in common-value auctions, but this explanation applies only to settings

where players’ private information should affect each others’ valuations (thus, it cannot ex-

plain overbidding in the private value auctions we study in this paper). Ockenfels and Selten

(2005) introduce the concept of “impulse balance equilibrium” in which a buyer bids to balance

upwards and downwards impulses. This is extended in Pezanis-Christou and Wu (2019) to
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the concept of “naive impulse balance equilibrium.” But both of these concepts predict no

overbidding in second price auctions and thus cannot explain the overbidding in our second-

price debt treatment. Following Stahl and Wilson (1994), Nagel (1995), and Stahl and Wilson

(1995), Crawford and Iriberri (2007) uses “level-k” thinking to explain behavior in auctions.

The naivete of L0 agents can be expressed by assuming either a uniform-random or a truthful

behavior. In either case, this would lead to average bids that are equal to or below equilibrium

bids for the highest signals in second-price auctions. Figure 10 shows that this is not borne out

by the data.

It may be the case that subjects’ misperceptions about the game or their competition leads

to overbidding. Armantier and Treich (2009b) states that overbidding in first-price auctions

is a consequence of the fact that people underestimate their probability of winning. However,

this does not explain our overbidding in second-price auctions, which have a dominant strategy.

Georganas et al. (2017) presents a model in which buyers both misperceive the distribution of

bids and believe that they will pay a fraction of the realized price. Such a model allows for

overbidding in both first- and second-price auctions, but does not explain the difference between

overbidding in equity and debt.

Finally, we discuss whether some combination of non-classical explanations can explain the

data. The idea that subjects have a “joy of winning” is a fairly parsimonious justification

that explains most overbidding, including for both low signals in first-price auctions and high

signals in second-price auctions. However, joy of winning would also lead to overbidding for

intermediate signals in equity auctions. Some models such as risk aversion or (pessimistic)

probability weighting would predict lower valuations for those intermediate signals, but the

negative effect on bids should be stronger for debt auctions than for equity auctions because

debt auctions tend to have lower payments in the bad state. Thus, even the combination of

these features with joy of winning does not explain the data, and we remain puzzled about

exactly what existing models can explain our results.

6.2 Implications for Security-Bid Auction Design

The literature on security-bid auctions has clear theoretical predictions in environments

where buyers are risk-neutral, implementation costs are fixed, there are no moral hazard incen-

tives, and there are no externalities. The main takeaway is that sellers must use securities that
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are tied more tightly to buyers’ valuations (i.e., steeper securities) if they want to maximize

revenue (DeMarzo et al., 2005). Additionally, the literature shows that the auction format has

a lower effect on revenue relative to the security design. Nonetheless, for this result to hold

buyers need to understand that, aside from accounting for the strategic uncertainty entailed by

the auction game, steeper securities extract more interim surplus but provide more insurance.

When buyers fail to fully internalize this and depart from the Nash equilibrium, a pattern of

overbidding and noisy bidding emerge, distorting the results over revenue.

First, as shown in Result 3, the auction format can affect revenue differently in the presence

of noisy bidding: it negatively affects the second-price auction and positively the first-price

auction, because it increases the variance of the bid distribution. Then, if this effect is substan-

tial, flatter securities under a first-price auction could potentially perform better than steeper

securities under a second-price auction. Furthermore, noisy bidding diminishes the value of

steepness because it decreases the likelihood that the buyer with the highest bid is also the one

whose project will generate the highest revenue. This challenges the view that steeper securities

unequivocally yield a higher expected revenue, regardless of the auction format.

Second, Results 5 and 6 show that overbidding is a persistent across securities and formats,

being more prominent under debt than under equity. Interestingly, the differences in overbid-

ding cannot be explained by an easy measure of naivete from buyers’ perspective. For instance,

the fraction of dominated bids is roughly the same across securities, conditional on the format.

This suggests that the complexity of the security design, along with the bounded rationality

of buyers, play a fundamental role to explain these patterns. This observation is important,

because although in real-life these auctions will be played by sophisticated buyers, the way they

would engage in deep hierarchies of beliefs to determine their optimal behavior would matter

more depending on the security design used by the seller. This is perhaps an explanation of

why more complex securities such as convertible debt or levered equity are less used in practice

in favor of equity and combinations of cash and equity (Skrzypacz, 2013).

With respect to informal auctions, the security-bid literature is less clear. On the one hand,

DKS argues that under risk neutrality, the only signaling equilibrium that survives is a pooling

equilibrium in which all buyers submit bids using the flattest security. Nonetheless, this result

is not in line with the empirical evidence or the early literature on signaling equilibrium in
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takeover informal auctions (Hansen, 1987; Fishman, 1989; Eckbo et al., 1990).20 On the other

hand, FHC argues it is not true that buyers with high valuations are always eager to choose

a flatter security if they were risk-averse, since in such a case they would forgo the insurance

provided by steeper securities. Our results conclusively reject the hypothesis from DKS, while

only offering a lukewarm support to the hypothesis from FHC. This suggests that in informal

auctions there are other factors, perhaps related to the intrinsic strategic uncertainty of the

game, that deserve to be explored more deeply from a theoretical and empirical perspective.

Moreover, our results indicate that new behavioral models of overbidding are needed for

securities auctions. While some of our results may be a result of our sample being primarily

made up of university undergraduates, there is substantial and growing evidence that even

experienced professionals are subject to behavioral biases (see Malmendier (2018) and the

citations therein for many examples). If this is the case, then it will be valuable to determine

which biases are relevant for securities auctions and how they affect the design of optimal

auctions.

Finally, our experimental design offers the advantage of comparability in terms of formal vs

informal mechanisms, auction formats, and security designs. As such, it offers a unified frame-

work to simultaneously test many of the theoretical predictions in the security-bid literature.

Hence, the mixed results we obtain are a call for the necessity of increasing the experimental

and empirical analysis of such noteworthy—yet not very well analyzed—allocation mechanisms

in future research.

7 Conclusion

Our paper provides a unified experimental framework to study formal and informal security-

bid auctions under debt and equity. This type of auctions has the feature that the final payment

to the seller is contingent on the realization of the project (asset) being auctioned, and, thus,

can be contracted upon it. Unlike standard cash auctions in which buyers learn their valuation

at the time to submit their bids, in these auctions buyers receive a signal about the potential

realization of the project. Hence, buyers essentially bid for a lottery whose final prizes depend

20For instance, Fishman (1989) shows that initial buyers use flatter securities (or cash) as a preemptive
strategy, with the idea that only buyers with high valuation would choose the flatter security, since steeper
securities are less costly for low-valuation buyers.
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on the security design and the auction format utilized by the seller.

We find that when the seller commits to sell the project using a first- or a second-price

auction (i.e., following a formal auction) buyers overbid in debt under all signals, while they

overbid in equity under low and high signals but underbid for intermediate signals—i.e., the sig-

nals for which the project is more risky. The prominent overbidding in debt makes the auctions

under this security deliver the highest expected revenue to the seller despite being “flatter”

than equity, contradicting the results predicted by theory. We find that this overbidding pat-

tern decreases with experience, except in the second-price debt auction, and is less present in

buyers that understand better the structure of the security—i.e., those with high scores in the

quiz and the cognitive reflection test. Interestingly, the overbidding across securities is similar,

conditional on the format, if we look at the rate at which buyers submit ex-post dominated

bids. The main differences in overbidding come from bids that are higher than what the RNNE

would prescribe, but consistent with bids that could have been chosen by risk-loving buyers.

We also find that the effect of noisy overbidding affects both auction formats by increasing

the variance of bids: it increases the revenue in first-price auction while decreases it in the

second-price auction. This has an implication for how formal mechanisms are ranked, since

first-price auction under flatter securities like debt can yield a higher revenue than a second-

price auction under a steeper security like equity.

We also analyze buyers’ and sellers’ behaviors in informal auctions. Here, the seller does

not commit to use a predefined format to allocate the project, and, hence, buyers can freely

choose any security to express their bids. This implies that the security design is on the hands

of the buyers, who may use it to signal their types to the seller. We showed that buyers

behave closely to the RNNE equilibrium of their respective chosen security, despite not being

“forced” to bid under that security, and that sellers successfully choose dominant bids whenever

they are faced with them. The last two observations are remarkable because informal auctions

entail a game that arguably has higher cognitive demands than the one in formal auctions.

Nonetheless, despite their higher rational consistency, informal auctions experimentally yield

the lowest expected revenue across our treatments.

Our paper presented a thorough analysis of experimental security-bid auctions, which al-

lowed us to test agents’ behavior across selling mechanisms, formats, and securities. Some of the

theoretical predictions are confirmed, while others are challenged. For some others we remain
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puzzled about which drivers can explain our results. We interpret the latter as an indication

that more empirical and experimental analysis are needed to understand better these complex

auctions that allocate millions of dollars every year around the world.
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Appendices

A Theoretical equilibrium outcomes

A.1 First-price equilibria

Here, we confirm that the bidding strategies that we state in Hypothesis 2 form an equilib-

rium.

First, consider the first-price debt auction and suppose that the other buyer is bidding

according to

d1,´ipp´iq “ 2000p´i.

Then, given a signal of pi, the expected payoffs of making a bid d ď 2000 are

ˆ

1 ´
d

2000

˙

p6000pi ` 2000p1 ´ piq ´ 2000 ´ dq.

First order conditions give

ˆ

d˚
1

2000

˙

p´1q `

ˆ

1

2000

˙

p6000pi ` 2000p1 ´ piq ´ 2000 ´ d˚
1q “ 0,

which simplifies to d˚
1 “ 2000pi and confirms that the proposed strategy profile is an equilibrium.

Next, consider the first-price equity auction and suppose that the other buyer is bidding

according to

e1,´ipp´iq “
p´i ´ 0.5 lnp2p´i ` 1q

p´i

.

We can define p´ipeq as the inverse of this bidding function, so that given a signal of pi, the

expected payoffs of making a bid of e are

p´ipeqrp1 ´ eqp6000pi ` 2000p1 ´ piqq ´ 2000s.
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Given that

p1
´ipeq “

2pp´ipeqq2p1 ` 2p´ipeqq

p1 ` 2p´ipeqq lnp2p´ipeq ` 1q ´ 2p´ipeq
,

the first order conditions of the buyer’s problem can be written as

2pp´ipe
˚qq2p1 ` 2p´ipe

˚qq

p1 ` 2p´ipe˚qq lnp2p´ipe˚q ` 1q ´ 2p´ipe˚q
rp1 ´ e˚

qp6000pi ` 2000p1 ´ piqq ´ 2000s

“ p´ipe
˚
qp6000pi ` 2000p1 ´ piqq.

Thus, for the proposed strategy profile to be an equilibrium, it must be the case that

„

2p2i p1 ` 2piq

p1 ` 2piq lnp2pi ` 1q ´ 2pi

ȷ „ˆ

1 ´
pi ´ 0.5 lnp2pi ` 1q

pi

˙

p6000pi ` 2000p1 ´ piqq ´ 2000

ȷ

“ pip6000pi ` 2000p1 ´ piqq

which one can check always holds. Thus, the proposed strategy profile is an equilibrium.

A.2 Equilibrium Surplus Distribution

The equilibria described in Hypotheses 1 and 2 are all increasing and symmetric. Thus,

these equilibria are efficient and expected total surplus is

ErTotal Surpluss “

1
ż

0

r6000p ` 2000p1 ´ pq ´ 2000sp2pqdp “
8000

3
.

Using the bidding functions found in the hypotheses, we can compute expected revenue for the

risk-neutral Nash equilibrium for each of the treatments (note that the the predicted revenue

for informal auctions is the same as that of first-price debt auctions).

ErRevenue|First-price Debts “

1
ż

0

p2000pqp2pqdp

“
4000

3
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ErRevenue|First-price Equitys “

1
ż

0

ˆ

p ´ 0.5 lnp2p ` 1q

p

˙

p6000p ` 2000p1 ´ pqqp2pqdp

“
20000

3
´ 4500 lnp3q

« 1722.9

ErRevenue|Second-price Debts “

1
2

ż

0

»

–

p2
ż

0

p4000p1q

ˆ

1

p2

˙

dp1

fi

fl p2p2qdp2

`

1
ż

1
2

»

—

–

1
2

ż

0

p4000p1q

ˆ

1

p2

˙

dp1

fi

ffi

fl

p2p2qdp2

`

1
ż

1
2

»

—

–

p2
ż

1
2

„ˆ

6000 ´
2000

p1

˙

p2 ` 2000p1 ´ p2q

ȷ ˆ

1

p2

˙

dp1

fi

ffi

fl

p2p2qdp2

“
500

3
` 500 `

6250

3
´ 2000 lnp2q

“2750 ´ 2000 lnp2q

«1363.7

ErRevenue|Second-price Equitys “

1
ż

0

»

–

p2
ż

0

2p1
2p1 ` 1

r6000p2 ` 2000p1 ´ p2qs

ˆ

1

p2

˙

dp1

fi

fl p2p2qdp2

“
20000

3
´ 4500 lnp3q

« 1722.9

Expected buyer surplus is given by total surplus minus revenue, so we have

ErBuyer Surplus|First-price Debts “
8000

3
´

4000

3

“
4000

3
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ErBuyer Surplus|First-price Equitys “
8000

3
´

ˆ

20000

3
´ 4500 lnp3q

˙

“ 4500 lnp3q ´ 4000

ErBuyer Surplus|Second-price Debts “
8000

3
´ p2750 ´ 2000 lnp2qq

“ 2000 lnp2q ´
250

3

ErBuyer Surplus|Second-price Equitys “
8000

3
´

ˆ

20000

3
´ 4500 lnp3q

˙

“ 4500 lnp3q ´ 4000
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B Revealed Preference Results

In this section, we report results related to revealed preference measures that we derive from

subjects’ choices in the Andreoni-Harbaugh task. We first discuss the measurements that we

make and then show how those measurements correlate with behavior in auctions.

The first class of indices that we discuss are Critical Cost Efficiency Indices (CCEIs). A

CCEI is an index between 0 and 1 that is meant to capture how close a set of choices is to being

rationalized by some model. The original CCEI proposed in Afriat (1973) is a measure of how

close a set of decisions is to being rationalized by a strictly monotonic utility function. Formally,

a set of choices has a CCEI of e if e is the highest number such that there exists a utility function

that assigns higher utility to each choice than it does to all options in the budget scaled by a

factor of e. One can further define CCEIs for specific families of utility functions, measuring

how close a set of choices is to being rationalized by some member of that family. Breig and

Feldman (2021) uses intuitions from Polisson et al. (2020) to show how to calculate CCEI

indices for utility functions respecting first-order stochastic dominance, probability-weighting

utility functions, and expected utility functions using the Andreoni-Harbaugh task.

The second class of indices that we discuss are Houtman-Maks Indices (HMIs) (Houtman

and Maks, 1985). The classic HMI measures the proportion of choices from a data set that

can be rationalized by a strictly monotonic utility function. Breig and Feldman (2022) extend

this index within the context of the Androeni-Harbaugh task to show how to compute the

proportion of choices that are consistent with expected utility and concave expected utility.

Figure 17 reports the distributions of the indices for all 215 subjects in our experiment.

While the specific quantitative results differ from previous work (as is to be expected, given

different budgets and different numbers of choices), the qualitative patterns are very similar.

Considering CCEI indices, the CCEI index for models respecting first-order stochastic domi-

nance is much lower than the classic index, and the index for expected utility is much lower

than that for probability weighting. The results using HMI indices match those of Breig and

Feldman (2022), with significant gaps between each of the indices. As discussed in Breig and

Feldman (2022), the HMI CEU index is particularly low because being consistent with concave

expected utility requires that the exact same choice be made for all budgets with the same max-

imal prize. Because subjects choose from each budget twice in this experiment, even minimal

decision noise leads to indices below 0.5
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Figure 17: Distributions of revealed preference indices

In Table 5, we present the empirical relationship between the measured revealed preference

indices and overbidding in formal auctions, still controlling for the treatment variables and

subject characteristics from Table 3. We caution that the individual coefficients can be difficult

to interpret due to the high correlation and similar interpretations of the variables. However,

we conduct F-tests for whether the measures as a whole are significantly correlated with bidding

behavior, and we find that the relationship is significant for overbidding at the 5% level and

for making dominated bids at the 1% level.
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Table 5: Overbidding by Revealed Preference Indices

(1) (2) (3)
Binary Overbid RN Unrationalizable Dominated

HMI -0.42 -0.40 -0.31
(0.32) (0.29) (0.24)

HMI EU 0.072 0.024 -0.19
(0.21) (0.18) (0.12)

HMI CEU 0.013 -0.011 -0.013
(0.17) (0.17) (0.13)

CCEI 0.20 0.32 0.44˚

(0.31) (0.32) (0.25)
CCEI FOSD 3.35˚ -0.81 -1.62

(1.81) (3.23) (1.99)
CCEI PW -4.30˚˚ 0.48 1.07

(1.92) (3.25) (2.00)
CCEI EU 0.92˚ 0.15 0.44

(0.52) (0.46) (0.28)

Other Controls Yes Yes Yes
F-test p-value .046 .142 .009
Observations 3160 3160 3160

Notes: Linear regression with standard errors clustered at the subject level. “Other
Controls” refers to all independent variables used in Table 3, including treatment
variables. The “F-test p-value” refers to the p-value arising from the F- test that
coefficients on all seven revealed preference indices are zero. Significance indicated
by: *** pă0.01, ** pă0.05, * pă0.1.
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C Quantal Response Equilibrium

In this section, we discuss how our results relate to the logit formulation of Quantal Response

Equilibrium (QRE) (McKelvey and Palfrey, 1995). We take two complementary approaches

to establish this relationship. First, we estimate the quantal response noise parameters that

best fit the data from our experiments. With this, we can statistically test whether the data

across all four treatments is likely to have been generated by a single QRE noise parameter.

Second, using the structure of the formal auctions, we compute quantal response equilibria for

various parameters and for each game. We generate average bidding functions based on these

equilibria and compare them to our empirical average bidding functions.

In a quantal response equilibrium, decision-makers know the distribution of actions that

they will face in a game, but do not always make choices that maximize their payoffs. Instead,

they randomize in a way that makes choices leading to higher payoffs more likely than choices

leading to lower payoffs. In particular, decision-makers choose as if the utility they receive

from each option is equal to the numerical payoff from that option plus a random draw from

an extreme value distribution.

To formalize the application of QRE to the formal auctions presented in this paper, we

need some additional notation. For each treatment k P t1PE, 1PE, 2PD, 2PEu, we define the

set of possible bids as Bk. Thus, B1PD “ B2PD “ t0, 0.5, 1, . . . , 59.5, 60u and B1PE “ B2PE “

t0, 0.01, 0.02, . . . , 0.99, 1u.21,22 We refer to a bid from buyer i as bi and their private signal as

pi. With these definitions, the probability that buyer i bids b is

P pbi “ b|piq “
exp pλErukpb, piq|pisq

ř

b1PBk

exp pλErukpb1, piq|pisq
(3)

where Erukpb, piq|pis is the expected payoff for buyer i when they make bid b in treatment k.

21The QRE noise parameter is not invariant to the scale of payoffs, so in order to allow for comparison to
other results, in this section we state both payoffs and debt bids in terms of Australian dollars rather than
experimental points.

22While B1PE and B2PE correctly represent the choices available to subjects in our experiment, subjects in
the two debt treatments could make bids with any integer between 0 and 6000. We focus on bids made with
multiples of 50 in order to simplify the analysis. The vast majority («85%) of bids were already made in these
multiples of 50, but for our empirical analysis, we round all bids to the nearest multiple of 50.
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For instance, in the case of first-price debt auctions, we have

Eru1PDpb, piq|pis “ rPpbj ă bq ` 0.5Ppbj “ bqs pp1 ´ piqmaxt20 ´ b, 0u ` pip60 ´ bqq

` rPpb ă bjq ` 0.5Ppbj “ bqs p20q.

For this to be an equilibrium, we require that beliefs match the equilibrium distribution of bids,

so

Ppbj ă bq “

ż

«

ÿ

b1:b1ăb

P pbi “ b1
|piq

ff

fppiqdpi.

The parameter λ in equation (3) captures the amount of noise in buyers’ bids. We estimate

the best fit for λ within each treatment and then jointly for all treatments in Section C.1.

We then show average bidding functions under QRE (computed using a fixed-point algorithm)

across treatments and for various values of λ in Section C.2.

C.1 Estimation of Quantal Response Equilibrium Parameters

In this section, we estimate the QRE λ parameter that best fits the distribution of bids in our

formal auction treatments. We follow Camerer et al. (2016) in using the intuition from Bajari

and Hortacsu (2005) to estimate these parameters. In particular, under the assumption that

subjects are playing a QRE for some λ, then the empirical distribution of bids is a consistent

estimator for the equilibrium distribution of bids. We can then use this empirical distribution

to compute subjects’ expected payoffs from each potential bid, allowing us to estimate the

maximum likelihood estimator for λ.

In what follows, we describe the procedure to estimate the QRE parameters in detail.

Throughout, we use k to refer to treatment (1PD, 1PE, 2PD, or 2PE), i to refer to subject,

and t to refer to round.

1. Given Nk, the number of subjects in treatment k, compute the empirical probability mass

function f̂kpbq for all b P Bk:

f̂k
pbq “

ř

i,t

1pbk,i,t “ bq

20Nk
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2. Define expected payoffs for bid b under signal p as

û1PDpb, piq “

»

–

ÿ

tb1PB1PD:b1ăbu

f̂ 1PD
pb1

q ` 0.5f̂ 1PD
pbq

fi

fl pp1 ´ piqmaxp20 ´ b, 0q ` pip60 ´ bqq

`

»

–

ÿ

tb1PB1PD:băb1u

f̂ 1PD
pb1

q ` 0.5f̂ 1PD
pbq

fi

fl p20q

û1PEpb, piq “

»

–

ÿ

tb1PB1PE:b1ăbu

f̂ 1PE
pb1

q ` 0.5f̂ 1PE
pbq

fi

fl p1 ´ bq pp1 ´ piqp20q ` pip60qq

`

»

–

ÿ

tb1PB1PE:băb1u

f̂ 1PE
pb1

q ` 0.5f̂ 1PE
pbq

fi

fl p20q

û2PDpb, piq “
ÿ

tb1PB2PD:b1ăbu

f̂ 2PD
pb1

q pp1 ´ piqmaxp20 ´ b1, 0q ` pip60 ´ b1
qq

` f̂ 2PD
pbq r0.5 pp1 ´ piqmaxp20 ´ b, 0q ` pip60 ´ bqq ` 0.5p20qs

`

»

–

ÿ

tb1PB2PD:b1ąbu

f̂ 2PD
pb1

q

fi

fl p20q

û2PEpb, piq “
ÿ

tb1PB2PE:b1ăbu

f̂ 2PE
pb1

qp1 ´ b1
q pp1 ´ piqp20q ` pip60qq

` f̂ 2PE
pbq r0.5p1 ´ bq pp1 ´ piqp20q ` pip60qq ` 0.5p20qs

`

»

–

ÿ

tb1PB2PE:b1ąbu

f̂ 2PE
pb1

q

fi

fl p20q

3. Conditional on the QRE parameter λ and signal p, define choice probabilities for each

treatment k and each bid b P Bk as

Pkpb; p, λq “
exppλûkpb, pqq

ř

b1PBk

exppλûkpb1, pqq

4. Solve for the maximum likelihood estimator for each treatment, as well as the pooled
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estimator:

λ̂k “ argmax
λ

ÿ

i,t

ln
´

Pk

´

b̂k,i,t; pk,i,t, λ
¯¯

λ̂Pooled “ argmax
λ

ÿ

k,i,t

ln
´

Pk

´

b̂k,i,t; pk,i,t, λ
¯¯

Carrying out this process gives us the estimates that we report in Table 6. We compute

confidence intervals by inverting the likelihood ratio test. We find that the estimated values of

λ for the first-price debt, first-price equity, second-price treatments and the pooled estimate are

quite close to each other. However, λ2PE is roughly three times the size of the other estimates.

A likelihood ratio test rejects equality of the parameter λ across all four treatments with p-value

less than 0.01.

Table 6: Quantal Response Equilibrium Estimates

1PD 1PE 2PD 2PE Pooled

λ̂ 0.129 0.136 0.144 0.427 0.145
Confidence Interval [0.115,0.142] [0.12,0.151] [0.118,0.171] [0.368,0.489] [0.135,0.154]

Bidders 38 40 40 40 158
Observations 760 800 800 800 3160
Log Likelihood -3397 -3464 -3770 -3541 -14230

C.2 Computation of Quantal Response Equilibria

In this section, we report the results of computing bidding probabilities for various QRE

parameters in each game. We compute these probabilities iteratively. For each value of λ, we

initialize bidding probabilities to be uniform over all bids.23 With this distribution and for each

signal, we compute the expected payoff for each potential bid. We then update the bidding

probabilities by plugging the expected payoffs and λ into Equation 3. This process is iterated

until the bidding functions reach a fixed point.

Figure 18 shows the average bidding functions generated by QRE equilibria for various

values of λ. For λ near zero, bidding probabilities are close to uniform across all possible bids,

leading to average bids that are near 3000 in debt auctions and 0.5 in equity auctions. As λ

23In this section we again restrict all debt bids to be made in multiples of 50.
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Figure 18: Average bidding functions based on Quantal Response Equilibria for various param-
eters and for each type of formal auction. The QRE are presented alongside the Nash Equilibria
and the empirical averages for bids conditional on signal, as in Figure 10.

increases, the average bidding functions generally get closer to the Nash Equilibrium bidding

functions (although this is not uniformly the case).

While there are some interesting similarities between the average bidding functions implied

by QRE and our empirical average bids, the overall patterns do not seem to match. QRE’s noisy

bidding combined with the fact that all bids are bounded below by zero leads to overbidding

for low signals, as we find in our data. However, we find that no value of λ can match the

overbidding that we observe for high signals across treatments. In fact, for many values of λ,

QRE leads to underbidding for high signals relative to the RNNE.
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D Additional Results

Table 7: Summary Statistics

Mean Std. Dev.
CRT Score 1.45 1.14
Female 0.60 0.49
Age 22.76 4.27
English 0.41 0.49
Economics 0.33 0.47
Subjects 215.00

Table 8: Overbidding

(1) (2) (3) (4)
Overbid Overbid Overbid Overbid

Signal -11.3 -0.0039˚˚˚ -26.7˚˚˚ -0.0095˚˚˚

(6.93) (0.00091) (7.61) (0.0012)
Signal Squared 0.17˚˚˚ 0.000038˚˚˚ 0.19˚˚ 0.00011˚˚˚

(0.061) (0.0000096) (0.077) (0.000012)
Constant 790.3˚˚˚ 0.10˚˚˚ 1885.7˚˚˚ 0.13˚˚˚

(192.1) (0.026) (206.0) (0.034)

Treatment 1PD 1PE 2PD 2PE
Subject FE Yes Yes Yes Yes
Observations 760 800 800 800

Notes: Linear regression with standard errors clustered at the subject level.
The dependent variable is the subject’s bid minus the RNNE bid. Significance
indicated by: *** pă0.01, ** pă0.05, * pă0.1.
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Figure 19: Subject-Level Overbidding Rates by Treatment
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Figure 20: Subject-Level Unrationalizable Rates by Treatment
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Figure 21: Subject-Level Dominated Rates by Treatment
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Table 9: Overbidding

(1) (2) (3) (4)
Binary Overbid Binary Overbid Binary Overbid Binary Overbid

Round -0.010˚˚˚ -0.015˚˚˚ 0.0036 -0.0067˚˚

(0.0039) (0.0031) (0.0034) (0.0031)
Constant 0.79˚˚˚ 0.67˚˚˚ 0.78˚˚˚ 0.56˚˚˚

(0.057) (0.051) (0.052) (0.044)

Treatment 1PD 1PE 2PD 2PE
Subject FE Yes Yes Yes Yes
Observations 760 800 800 800

Notes: Linear regression with standard errors clustered at the subject level. The dependent variable
is the subject’s bid minus the RNNE bid. Significance indicated by: *** pă0.01, ** pă0.05, * pă0.1.
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Table 10: Overbidding by subject characteristics (Logit)

(1) (2) (3)
Binary Overbid RN Unrationalizable Dominated

1PE -0.66˚˚ -0.80˚˚˚ 0.49
(0.27) (0.29) (0.51)

2PD 0.98˚˚˚ 2.52˚˚˚ 2.66˚˚˚

(0.29) (0.29) (0.35)
2PE -0.75˚˚˚ 0.78˚˚˚ 2.47˚˚˚

(0.24) (0.25) (0.35)
Round -0.035˚˚˚ -0.035˚˚˚ -0.030˚˚˚

(0.0087) (0.0100) (0.0099)
Average RA 0.0011 -0.0014 0.0091

(0.0067) (0.0071) (0.0070)
CRT Score -0.27˚˚˚ -0.33˚˚˚ -0.086

(0.083) (0.087) (0.090)
Quiz Score -1.57˚˚˚ -1.83˚˚˚ -1.24˚˚˚

(0.43) (0.46) (0.40)
Confidence 0.13˚˚ 0.16˚˚˚ 0.040

(0.053) (0.058) (0.052)
Female 0.040 0.019 0.056

(0.20) (0.21) (0.22)
English -0.18 -0.018 0.11

(0.18) (0.19) (0.20)
Economics -0.013 -0.15 -0.26

(0.22) (0.22) (0.22)
Age 0.0047 0.030 0.021

(0.021) (0.023) (0.027)
Constant 1.47˚ -0.35 -3.43˚˚˚

(0.80) (0.85) (0.93)

Observations 3160 3160 3160

Notes: Logistic regression with standard errors clustered at the subject level.
Significance indicated by: *** pă0.01, ** pă0.05, * pă0.1.
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Table 11: Overbidding by Subject Characteristics

(1) (2) (3)
Binary Overbid Binary Overbid Binary Overbid

Average RA 0.00015
(0.0014)

Average RA (round 1-5) 0.00090
(0.0015)

Average RA (round 6-10) -0.00086
(0.0017)

Instrumented RA 0.00020
(0.0018)

Other Controls Yes Yes Yes
ORIV No No Yes
Observations 3160 3160 6320

Notes: Linear regression with standard errors clustered at the subject level. “Other Controls”
refers to all variables included in Table 3. Significance indicated by: *** pă0.01, ** pă0.05, *
pă0.1.

Table 12: Overbidding by Subject Characteristics

(1) (2) (3)
Binary Overbid Binary Overbid Binary Overbid

CRRA ρ 0.010
(0.026)

CRRA ρ (round 1-5) -0.026˚

(0.015)
CRRA ρ (round 6-10) 0.037

(0.023)
Instrumented CRRA ρ 0.0084

(0.033)

Other Controls Yes Yes Yes
ORIV No No Yes
Observations 3160 3160 6320

Notes: Linear regression with standard errors clustered at the subject level. “Other Controls”
refers to all variables included in Table 3. Significance indicated by: *** pă0.01, ** pă0.05,
* pă0.1.
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Table 13: Security choice by subject characteristics

(1) (2)
Debt Debt

Signal -0.0044 -0.0048
(0.0039) (0.0041)

Round 0.016 0.017
(0.018) (0.019)

Average RA -0.016
(0.013)

CRT Score 0.080
(0.24)

Quiz Score -0.65
(1.17)

Confidence 0.13
(0.20)

Female 0.13
(0.43)

English 0.80˚˚

(0.33)
Economics -0.36

(0.38)
Age 0.018

(0.031)
Constant -0.61˚˚ -1.01

(0.28) (1.47)

Observations 760 760

Notes: Logistic regression with standard
errors clustered at the subject level. Sig-
nificance indicated by: *** pă0.01, **
pă0.05, * pă0.1.
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Table 14: Security Choice by Subject Characteristics

(1) (2) (3)
Debt Debt Debt

Average RA -0.0035
(0.0026)

Average RA (round 1-5) -0.0028
(0.0038)

Average RA (round 6-10) -0.00047
(0.0048)

Instrumented RA -0.0048
(0.0032)

Other Controls Yes Yes Yes
ORIV No No Yes
Observations 760 760 1520

Notes: Linear regression with standard errors clustered at the subject
level. “Other Controls” refers to all variables included in Table 4.
Significance indicated by: *** pă0.01, ** pă0.05, * pă0.1.

Table 15: Security Choice by Subject Characteristics

(1) (2) (3)
Debt Debt Debt

CRRA ρ -0.11˚

(0.062)
CRRA ρ (round 1-5) -0.030

(0.057)
CRRA ρ (round 6-10) -0.091

(0.15)
Instrumented CRRA ρ -0.17˚˚

(0.082)

Other Controls Yes Yes Yes
ORIV No No Yes
Observations 760 760 1520

Notes: Linear regression with standard errors clustered at the
subject level. “Other Controls” refers to all variables included
in Table 4. Significance indicated by: *** pă0.01, ** pă0.05,
* pă0.1.

68



Table 16: Potential Surplus

(1) (2) (3)
Potential Surplus Potential Surplus Potential Surplus

1PE -40.8 -40.8 -40.8
(67.8) (67.7) (67.8)

2PD -145.3˚˚ -145.3˚˚ -145.3˚˚

(67.1) (67.0) (66.9)
2PE -62.9 -62.9 -62.9

(65.3) (65.2) (65.5)
Informal -73.4 -73.4 -73.4

(68.6) (68.6) (68.7)
Round -5.69

(3.73)
Constant 2682.9˚˚˚ 2742.7˚˚˚ 2714.0˚˚˚

(46.9) (60.4) (103.7)

Round FE No No Yes
Observations 1960 1960 1960

Notes: Linear regression with robust standard errors. Significance indicated by: ***
pă0.01, ** pă0.05, * pă0.1.
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E Experimental Screenshots

Below we copy screenshots of what subjects saw in the experiment.

Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

Thank you for participating in this study. This study is about decision-making. It should take about 120 minutes, and you will be paid

based on your earnings from the experiment. The money you earn will be paid either in cash at the end of the study or electronically

within a few days of the end of the study.

Please do not use any electronic devices or talk with other participants during this study.

There will be no deception in this study. Every game or decision you make will be carried out exactly as they are described in the

instructions. Anything else would violate the human ethics protocol under which we run the study (UQ Human Research Ethics

Approval 2021/HE000019).

The study will have two parts. In each part, you will make decisions which will affect the amount of money you earn. Part 1 of the

study consists of games that you will play with other randomly selected players. The players that you are paired with in a round are

independent of who you play with in any other round. In Part 2, you will make decisions individually and no other participant can

affect your earnings.

If you have questions at any point, please raise your hand and we will answer your questions privately.

Next

Figure 23: Initial instructions for all formal auctions.

Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

Thank you for participating in this study. This study is about decision-making. It should take about 120 minutes, and you will be paid

based on your earnings from the experiment. The money you earn will be paid either in cash at the end of the study or electronically

within a few days of the end of the study.

Please do not use any electronic devices or talk with other participants during this study.

There will be no deception in this study. Every game or decision you make will be carried out exactly as they are described in the

instructions. Anything else would violate the human ethics protocol under which we run the study (UQ Human Research Ethics

Approval 2021/HE001827).

The study will have two parts. In each part, you will make decisions which will affect the amount of money you earn. Part 1 of the

study consists of games that you will play with other randomly selected players. The players that you are paired with in a round are

independent of who you play with in any other round. In Part 2, you will make decisions individually and no other participant can

affect your earnings.

If you have questions at any point, please raise your hand and we will answer your questions privately.

Next

Figure 24: Initial instructions for informal auctions.
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Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this study, you will receive points based on the choices you and other participants make. Your dollar earnings at the end of the

study will depend on how many points you receive. You will receive $20 for completing the experiment. You will be paid $2 for

each question about the instructions you answer correctly. You will be paid an additional $1 for each 100 points you receive.

At the end of the study, we will select one round at random to be the one that counts. Your points will be determined based on the

outcome of that round. Each round is equally likely to be chosen. Because each round may be the one that counts, it is in your best

interest to make each choice as if it were going to be implemented.

Important: The amount of points you receive determines how much you are paid at the end of the experiment. It is in your best

interest to maximise the number of points you receive in each task.

Next
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Figure 25: Payment explanation for all formal auctions.

Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this study, you will receive points based on the choices you and other participants make. Your dollar earnings at the end of the

study will depend on how many points you receive. You will receive $20 for completing the experiment. You will be paid $1 for

each question about the instructions you answer correctly. You will be paid an additional $1 for each 100 points you receive.

At the end of the study, we will select one round at random to be the one that counts. Your points will be determined based on the

outcome of that round. Each round is equally likely to be chosen. Because each round may be the one that counts, it is in your best

interest to make each choice as if it were going to be implemented.

Important: The amount of points you receive determines how much you are paid at the end of the experiment. It is in your best

interest to maximise the number of points you receive in each task.
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Figure 26: Payment explanation for informal auctions.
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Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will participate in 20 rounds of auctions. Each auction begins with the computer randomly pairing

you with another participant. The player that you are paired with in a round is selected independently of who you play with in any

other round. You will not know the player you are paired with.

Before each round, you will be provided with 2000 points.

In each auction you will bid for the opportunity to make a risky investment. The cost of making the investment is the 2000 points that

you are provided with at the beginning of the round. However, this investment generates revenue. The revenue of the investment is

either 2000 points or 6000 points. Each bidder has a different likelihood of the investment having a revenue of 6000 points, and the

likelihoods are uniformly distributed between 0 out of 100 and 100 out of 100. If you do not win the auction, you will keep the 2000

points you were initially provided with.

Important: The bids in this auction will be slightly different to auctions you may have seen before. Both players will make their bids

in terms of points . The winner will be the player with the highest bid, and the "price" will be equal to the winner's bid. If the revenue

is higher than the price, then the winner will pay the price. If the revenue is lower than the price, then the winner pays all of

the revenue. If both players make the same bid, the winner is chosen randomly and the price is equal to their bid.

For instance, suppose that Player 1 bids 3500 while Player 2 bids 4500. Then Player 1 loses the auction and keeps the 2000 points

they were provided with. Player 2 invests their 2000 points and must make a payment depending on the revenue of the investment.

Because the winner's bid is higher than 2000, if the revenue is 2000 points, the winner pays 2000 points. If the revenue is instead

6000 points, the winner pays 4500 points.

The next page contains a few more examples to familiarize you with how this works. Take your time and make sure you understand

how it works. After the examples, there will be a short quiz about the rules of this game. You will earn $2 for each question you

answer correctly.

Next

Figure 27: Auction instructions for the first-price debt treatment

Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will participate in 20 rounds of auctions. Each auction begins with the computer randomly pairing

you with another participant. The player that you are paired with in a round is selected independently of who you play with in any

other round. You will not know the player you are paired with.

Before each round, you will be provided with 2000 points.

In each auction you will bid for the opportunity to make a risky investment. The cost of making the investment is the 2000 points that

you are provided with at the beginning of the round. However, this investment generates revenue. The revenue of the investment is

either 2000 points or 6000 points. Each bidder has a different likelihood of the investment having a revenue of 6000 points, and the

likelihoods are uniformly distributed between 0 out of 100 and 100 out of 100. If you do not win the auction, you will keep the 2000

points you were initially provided with.

Important: The bids in this auction will be slightly different to auctions you may have seen before. Both players will make their bids

in terms of percentages . The winner will be the player with the highest bid, and the "price" will be equal to the winner's bid.

However, the amount the winner pays may depend on the revenue that the investment generates. The winner pays a percentage of

their revenue equal to the price. If both players make the same bid, the winner is chosen randomly and the price is equal to their

bid.

For instance, suppose that Player 1 bids 20% while Player 2 bids 45%. Then Player 1 loses the auction and keeps the 2000 points

they were provided with. Player 2 invests their 2000 points, but receives (1 - 0.45) × 6000 = 3300 points if the revenue is high and (1

- 0.45) × 2000 = 1100 points if the revenue is low.

The next page contains a few more examples to familiarize you with how this works. Take your time and make sure you understand

how it works. After the examples, there will be a short quiz about the rules of this game. You will earn $2 for each question you

answer correctly.

Next

Figure 28: Auction instructions for the first-price equity treatment.

72



Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will participate in 20 rounds of auctions. Each auction begins with the computer randomly pairing

you with another participant. The player that you are paired with in a round is selected independently of who you play with in any

other round. You will not know the player you are paired with.

Before each round, you will be provided with 2000 points.

In each auction you will bid for the opportunity to make a risky investment. The cost of making the investment is the 2000 points that

you are provided with at the beginning of the round. However, this investment generates revenue. The revenue of the investment is

either 2000 points or 6000 points. Each bidder has a different likelihood of the investment having a revenue of 6000 points, and the

likelihoods are uniformly distributed between 0 out of 100 and 100 out of 100. If you do not win the auction, you will keep the 2000

points you were initially provided with.

Important: The bids in this auction will be slightly different to auctions you may have seen before. Both players will make their bids

in terms of points . The winner will be the player with the highest bid, and the "price" will be equal to the loser's bid. If the revenue

is higher than the price, then the winner will pay the price. If the revenue is lower than the price, then the winner pays all of

the revenue. If both players make the same bid, the winner is chosen randomly and the price is equal to their bid.

For instance, suppose that Player 1 bids 3500 while Player 2 bids 4500. Then Player 1 loses the auction and keeps the 2000 points

they were provided with. Player 2 invests their 2000 points and must make a payment depending on the revenue of the investment.

Because the loser's bid is higher than 2000, if the revenue is 2000 points, the winner pays 2000 points. If the revenue is instead

6000 points, the winner pays 3500 points.

The next page contains a few more examples to familiarize you with how this works. Take your time and make sure you understand

how it works. After the examples, there will be a short quiz about the rules of this game. You will earn $2 for each question you

answer correctly.

Next

Figure 29: Auction instructions for the second-price debt treatment.

Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will participate in 20 rounds of auctions. Each auction begins with the computer randomly pairing

you with another participant. The player that you are paired with in a round is selected independently of who you play with in any

other round. You will not know the player you are paired with.

Before each round, you will be provided with 2000 points.

In each auction you will bid for the opportunity to make a risky investment. The cost of making the investment is the 2000 points that

you are provided with at the beginning of the round. However, this investment generates revenue. The revenue of the investment is

either 2000 points or 6000 points. Each bidder has a different likelihood of the investment having a revenue of 6000 points, and the

likelihoods are uniformly distributed between 0 out of 100 and 100 out of 100. If you do not win the auction, you will keep the 2000

points you were initially provided with.

Important: The bids in this auction will be slightly different to auctions you may have seen before. Both players will make their bids

in terms of percentages . The winner will be the player with the highest bid, and the "price" will be equal to the loser's bid. However,

the amount the winner pays may depend on the revenue that the investment generates. The winner pays a percentage of their

revenue equal to the price. If both players make the same bid, the winner is chosen randomly and the price is equal to their bid.

For instance, suppose that Player 1 bids 20% while Player 2 bids 45%. Then Player 1 loses the auction and keeps the 2000 points

they were provided with. Player 2 invests their 2000 points, but receives (1 - 0.2) × 6000 = 4800 points if the revenue is high and (1 -

0.2) × 2000 = 1600 points if the revenue is low.

The next page contains a few more examples to familiarize you with how this works. Take your time and make sure you understand

how it works. After the examples, there will be a short quiz about the rules of this game. You will earn $2 for each question you

answer correctly.

Next

Figure 30: Auction instructions for the second-price equity treatment.
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Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will participate in 20 rounds of auctions. Each auction begins with the computer randomly pairing

you with another two participants. The players that you are paired with in a round are selected independently of who you play with in

any other round. You will not know the players you are paired with. Each auction stands alone — your choices in one round do not

affect the outcome of subsequent rounds.

You will be randomly assigned the role of either a bidder or a seller at the start of the experiment. You will remain in this role

throughout the experiment.

Before each auction, players who are bidders will be provided with 2000 points.

In each auction, bidders will bid for the opportunity to make a risky investment. The cost of making the investment is the 2000 points

that bidders are provided with before each auction. This investment generates revenue. The revenue from the investment is either

2000 points or 6000 points. Each bidder has a different likelihood of the investment having a revenue of 6000 points, and the

likelihoods are uniformly distributed between 0% and 100%. If you do not win the auction, you will keep the 2000 points you

were initially provided with, and this will be your payoff for the round.

Important: The bids in this auction will be slightly different to auctions you may have seen before. Bidders will make their bids in

terms of equity percentages or debt payments. The winning bid of each auction will be chosen by the player acting as the seller.

The "price" will be equal to the winner's bid.

The amount the winner pays and seller receives may depend on the bid type and revenue that the investment generates.

The bidder chooses whether to submit a debt or equity bid.

Equity Bids: If the winner bids with equity, the winner pays a percentage of their revenue equal to the price (their bid). The

bidder receives either (1 - Bid %) × 6000 or (1 - Bid %) × 2000 points as their payoff. The seller receives either (Bid %) × 6000 or

(Bid %) × 2000 points as their payoff.

Debt Bids: If the winner bids with debt, the winner pays a fixed amount of revenue equal to the price (their bid) before receiving

any revenue earned over their bid. Thus, the bidder either receives (6000 - Bid) or (2000 - Bid) points as their payoff. The bidder

cannot receive less than 0 points. The seller receives the price as their guaranteed payoff.

In each auction, the seller will choose which bid is the winner.

The next page contains examples to familiarize you with how this works. Take your time and make sure you understand how it works.

We will not begin until everybody completes these examples.

Very Important: For each auction, the sliders are tools to help you decide the bid you like the best. Therefore, it is in your best

interest to move them around to help you determine which bid you like better.

Next

Figure 31: Auction instructions for the informal treatment.

74



Examples
Example 1: Alice and Bob participate in this type of auction. Alice finds out that her project has a 53% chance of generating a high

revenue, while Bob finds out that his project has an 81% chance of generating the high revenue. 

Alice bids 1000 points and Bob bids 1800 points. Then Alice loses the auction and is guaranteed a payoff of 2000 points. 

Bob wins the auction and has an 81% chance of receiving 6000 - 1800 = 4200 points and a 19% chance of receiving 2000 - 1800 =

200 points.

Example 2: Carmen and Daron participate in this type of auction. Carmen finds out that her project has a 42% chance of generating

a high revenue, while Daron finds out that his project has an 55% chance of generating the high revenue. 

Carmen bids 2400 points and Daron bids 2200 points. Then Daron loses the auction and is guaranteed a payoff of 2000 points. 

Carmen wins the auction and has a 42% chance of receiving 6000 - 2400 = 3600 points, but because Carmen's bid is higher than

2000, Carmen has a 58% chance of receiving 0 points.

Compare bids: The interactive figure below will help show you what your payoffs will be conditional on your and your and the other

player's bids. Once you move a slider, the diagram will show you the likelihood of winning the auction with high revenue, the

likelihood of winning the auction with low revenue, and the likelihood of losing the auction. It will also show you the number of points

and the final dollar outcomes associated with each of these outcomes. Try out different bids to make sure you understand the

consequences of your choices.

For instance, suppose that if you win, the likelihood that the project's revenue will be 6000 is 9%. That means that the likelihood that

the project's revenue will be 2000 is 91%.

Your Bid: Other Player's bid:

When you are ready to continue, press next and you will begin the quiz.

Next

2050 1100

Chance

9.00 %9.00 %  9.00 %

91.00 %91.00 %  91.00 %

Outcome in Points

3 9503 950  3 950

00  0

2 0002 000  2 000
3 9503 950  3 950

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

59.559.5  59.5

2020  20

4040  40

59.559.5  59.5

2020  20

4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 32: Examples for the first-price debt treatment.
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Examples
Example 1: Alice and Bob participate in this type of auction. Alice finds out that her project has a 53% chance of generating a high

revenue, while Bob finds out that his project has an 81% chance of generating the high revenue. 

Alice bids 30% and Bob bids 43%. Then Alice loses the auction and is guaranteed a payoff of 2000 points. 

Bob wins the auction and has an 81% chance of receiving (1 - 0.43) × 6000 = 3420 points and a 19% chance of receiving (1 - 0.43) ×

2000 = 1140 points.

Example 2: Carmen and Daron participate in this type of auction. Carmen finds out that her project has a 42% chance of generating

a high revenue, while Daron finds out that his project has an 55% chance of generating the high revenue. 

Carmen bids 27% and Daron bids 22%. Then Daron loses the auction and is guaranteed a payoff of 2000 points. 

Carmen wins the auction and has a 42% chance of receiving (1 - 0.27) × 6000 = 4380 points and a 58% chance of receiving (1 -

0.27) × 2000 = 1460 points.

Compare bids: The interactive figure below will help show you what your payoffs will be conditional on your and your and the other

player's bids. Once you move a slider, the diagram will show you the likelihood of winning the auction with high revenue, the

likelihood of winning the auction with low revenue, and the likelihood of losing the auction. It will also show you the number of points

and the final dollar outcomes associated with each of these outcomes. Try out different bids to make sure you understand the

consequences of your choices.

For instance, suppose that if you win, the likelihood that the project's revenue will be 6000 is 2%. That means that the likelihood that

the project's revenue will be 2000 is 98%.

Your Bid: Other Player's bid:

When you are ready to continue, press next and you will begin the quiz.

Next

21 16

Chance

2.00 %2.00 %  2.00 %

98.00 %98.00 %  98.00 %

Outcome in Points

4 7404 740  4 740

1 5801 580  1 580
2 0002 000  2 0004 7404 740  4 740

1 5801 580  1 580 2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

67.467.4  67.4

35.835.8  35.8
4040  40

67.467.4  67.4

35.835.8  35.8 4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 33: Examples for the first-price equity treatment.
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Examples
Example 1: Alice and Bob participate in this type of auction. Alice finds out that her project has a 53% chance of generating a high

revenue, while Bob finds out that his project has an 81% chance of generating the high revenue. 

Alice bids 1000 points and Bob bids 1800 points. Then Alice loses the auction and is guaranteed a payoff of 2000 points. 

Bob wins the auction and has an 81% chance of receiving 6000 - 1000 = 5000 points and a 19% chance of receiving 2000 - 1000 =

1000 points.

Example 2: Carmen and Daron participate in this type of auction. Carmen finds out that her project has a 42% chance of generating

a high revenue, while Daron finds out that his project has an 55% chance of generating the high revenue. 

Carmen bids 2400 points and Daron bids 2200 points. Then Daron loses the auction and is guaranteed a payoff of 2000 points. 

Carmen wins the auction and has a 42% chance of receiving 6000 - 2200 = 3800 points, but because Daron's bid is higher than

2000, Carmen has a 58% chance of receiving 0 points.

Compare bids: The interactive figure below will help show you what your payoffs will be conditional on your and your and the other

player's bids. Once you move a slider, the diagram will show you the likelihood of winning the auction with high revenue, the

likelihood of winning the auction with low revenue, and the likelihood of losing the auction. It will also show you the number of points

and the final dollar outcomes associated with each of these outcomes. Try out different bids to make sure you understand the

consequences of your choices.

For instance, suppose that if you win, the likelihood that the project's revenue will be 6000 is 74%. That means that the likelihood

that the project's revenue will be 2000 is 26%.

Your Bid: Other Player's bid:

When you are ready to continue, press next and you will begin the quiz.

Next

1300 2050

Chance

100.00 %100.00 %  100.00 %

Outcome in Points

3 9503 950  3 950

00  0

2 0002 000  2 000
3 9503 950  3 950

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

59.559.5  59.5

2020  20

4040  40

59.559.5  59.5

2020  20

4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 34: Examples for the second-price debt treatment.
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Examples
Example 1: Alice and Bob participate in this type of auction. Alice finds out that her project has a 53% chance of generating a high

revenue, while Bob finds out that his project has an 81% chance of generating the high revenue. 

Alice bids 30% and Bob bids 43%. Then Alice loses the auction and is guaranteed a payoff of 2000 points. 

Bob wins the auction and has an 81% chance of receiving (1 - 0.3) × 4200 = 3420 points and a 19% chance of receiving (1 - 0.3) ×

2000 = 1400 points.

Example 2: Carmen and Daron participate in this type of auction. Carmen finds out that her project has a 42% chance of generating

a high revenue, while Daron finds out that his project has an 55% chance of generating the high revenue. 

Carmen bids 27% and Daron bids 22%. Then Daron loses the auction and is guaranteed a payoff of 2000 points. 

Carmen wins the auction and has a 42% chance of receiving (1 - 0.22) × 6000 = 4680 points and a 58% chance of receiving (1 -

0.22) × 2000 = 1560 points.

Compare bids: The interactive figure below will help show you what your payoffs will be conditional on your and your and the other

player's bids. Once you move a slider, the diagram will show you the likelihood of winning the auction with high revenue, the

likelihood of winning the auction with low revenue, and the likelihood of losing the auction. It will also show you the number of points

and the final dollar outcomes associated with each of these outcomes. Try out different bids to make sure you understand the

consequences of your choices.

For instance, suppose that if you win, the likelihood that the project's revenue will be 6000 is 62%. That means that the likelihood

that the project's revenue will be 2000 is 38%.

Your Bid: Other Player's bid:

When you are ready to continue, press next and you will begin the quiz.

Next

39 15

Chance

62.00 %62.00 %  62.00 %

38.00 %38.00 %  38.00 %

Outcome in Points

5 1005 100  5 100

1 7001 700  1 700
2 0002 000  2 000

5 1005 100  5 100

1 7001 700  1 700 2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

7171  71

3737  37 4040  40

7171  71

3737  37 4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 35: Examples for the second-price equity treatment.
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Examples
Example 1: Aditya, Bridget, and Callum participate in this type of auction. Aditya and Bridget are bidders, and Callum is a seller.

Aditya finds out that his project has a 53% chance of generating the high revenue, while Bridget finds out that her project has an

81% chance of generating the high revenue. Both bid with equity. Aditya bids 27% and Bridget bids 30%. The seller (Callum) then

chooses the winner without knowing the high revenue chances of each of the bidders.

In this example, we will say that Callum chooses Bridget as the winner. Aditya loses the auction and is guaranteed a payoff of 2000

points. Bridget wins the auction and has an 81% chance of receiving (1 - 0.3) × 6000 = 4200 points and a 19% chance of receiving (1

- 0.3) × 2000 = 1400 points. This means that Callum has an 81% chance of receiving 0.3 × 6000 = 1800 points and a 19% chance of

receiving 0.3 × 2000 = 600 points.

Example 2: Declan, Edward, and George participate in this type of auction. Declan finds out that his project has a 42% chance of

generating the high revenue, while Edward finds out that his project has a 55% chance of generating the high revenue. Both bid with

debt. Declan bids 1800 points and Edward bids 1500 points. The seller (George) then chooses the winner without knowing the high

revenue chances of each of the bidders.

In this example, we will say that George chooses Declan as the winner. Edward loses the auction and is guaranteed a payoff of 2000

points. Declan wins the auction and has a 42% chance of receiving 6000 - 1800 = 4200 points and a 58% chance of receiving 2000

- 1800 = 200 points. Players cannot receive negative points. As George has selected a debt bid as the winner, he is guaranteed to

receive 1800 points as his payoff.

Example 3: Maja, Nicole, and Tom participate in this type of auction. Maja finds out that her project has a 40% chance of generating

the high revenue, while Nicole finds out that her project has a 50% chance of generating the high revenue. Maja makes an equity bid

of 45%, and Nicole makes a debt bid of 1800. The seller (Tom) then chooses the winner without knowing the high revenue chances

of each of the bidders.

Tom's preferences will determine his choice between a debt and equity bid. If Tom chooses Maja as the winner, he has a 40% chance

of receiving 0.45 × 6000 = 2700 points and a 60% chance of receiving 0.45 × 2000 = 900 points. If Tom chooses Nicole as the

winner, he will receive a guaranteed 1800 points.

Important: In every auction, the seller does not know the percentage chances of the bidders' revenue being high or low.

Try it out: For each auction, players will be given an interactive figure that will help show what their payoffs will be, conditional on

their choices. Below are the diagrams displayed to bidders in each auction. Once you move a slider, the diagram will show you the

likelihood of winning the auction with high revenue, and the likelihood of winning the auction with low revenue. It will also show you

the number of points you stand to receive under a debt or equity bid of different values. Try out different bids below to make sure

you understand the consequences of your choices.

For instance, suppose that if you win, the likelihood that the project's revenue will be 6000 is 19%. That means that the likelihood

that the project's revenue will be 2000 is 81%.

Example hypothetical equity bid: Example hypothetical debt bid:

When you are ready to continue, press next to answer some questions to test your understanding.

Next

30 1500

Chance if Winner

19.00 %19.00 %  19.00 %

81.00 %81.00 %  81.00 %

Outcomes for Equity Bid
 (Points)

4 2004 200  4 200

1 4001 400  1 400

2 0002 000  2 000
4 2004 200  4 200

1 4001 400  1 400
2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcomes for Debt Bid (Points)

4 5004 500  4 500

500500  500

2 0002 000  2 0004 5004 500  4 500

500500  500

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Figure 36: Examples for the informal treatment.
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Quiz
You will now be given a series of questions to check your understanding of the instructions and examples. You will be paid $2 for

each answer you get correct.

How is the auction winner decided?

Another player chooses the winner.

The computer randomly chooses the winner from all bidders.

The computer randomly chooses the winner from the highest bidders.

What will each player know about the chance of high revenue?

Each player only knows their own chance.

Each player knows their chance and the other player's chance.

Each player knows their chance and learns the other player's chance after the auction.

Neither player knows either player's chance.

How will the auction's price be set?

The price is equal to the highest bid.

The price is equal to the second highest bid.

The price is randomly selected from the two bids.

The price is a randomly selected value between the two bids.

How is the price used when computing payoffs?

The auction's winner pays either the price or their revenue, whichever is smaller.

The auction's winner receives either the price or their revenue, whichever is smaller.

The auction's loser pays either the price or their revenue, whichever is smaller.

The auction's loser receives either the price or their revenue, whichever is smaller.

Suppose that the other player bids 1000 points and you bid 500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the revenue is

high.

You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the revenue is

high.

You will receive 1000 points if the revenue is low and 5000 points if the revenue is high. The other player will receive 2000

points.

You will receive 1500 points if the revenue is low and 5500 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 1000 points and you bid 5500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the revenue is

high.

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue is high.

You will receive 1000 points if the revenue is low and 5000 points if the revenue is high. The other player will receive 2000

points.

You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive 2000 points.

Suppose that the other player bids 4500 points and you bid 500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the revenue is high.

You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the revenue is

high.

Figure 37: Quiz for the first-price debt treatment.
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You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive 2000 points.

You will receive 1500 points if the revenue is low and 5500 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 4500 and you bid 5500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the revenue is high.

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue is high.

You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive 2000 points.

You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive 2000 points.

When you believe you have answered all questions correctly, press next to check your answers.

Next

Figure 38: Quiz for the first-price debt treatment.
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Quiz
You will now be given a series of questions to check your understanding of the instructions and examples. You will be paid $2 for

each answer you get correct.

How is the auction winner decided?

Another player chooses the winner.

The computer randomly chooses the winner from all bidders.

The computer randomly chooses the winner from the highest bidders.

What will each player know about the chance of high revenue?

Each player only knows their own chance.

Each player knows their chance and the other player's chance.

Each player knows their chance and learns the other player's chance after the auction.

Neither player knows either player's chance.

How will the auction's price be set?

The price is equal to the highest bid.

The price is equal to the second highest bid.

The price is randomly selected from the two bids.

The price is a randomly selected value between the two bids.

How is the price used when computing payoffs?

The auction's winner pays a percentage of their revenue equal to the price.

The auction's winner receives a percentage of their revenue equal to the price.

The auction's loser pays a percentage of their revenue equal to the price

The auction's loser receives a percentage of their revenue equal to the price.

Suppose that the other player bids 20% and you bid 10%. How many points will each player receive?

You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the revenue is

high.

You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the revenue is

high.

You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will receive 2000

points.

You will receive 1800 points if the revenue is low and 5400 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 20% and you bid 80%. How many points will each player receive?

You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the revenue is

high.

You will receive 2000 points. The other player will receive 400 points if the revenue is low and 1200 points if the revenue is high.

You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will receive 2000

points.

You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive 2000 points.

Suppose that the other player bids 70% and you bid 10%. How many points will each player receive?

You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the revenue is high.

You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the revenue is

high.

Figure 39: Quiz for the first-price equity treatment.

82



You will receive 600 points if the revenue is low and 1800 points if the revenue is high. The other player will receive 2000 points.

You will receive 1800 points if the revenue is low and 5400 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 70% and you bid 80%. How many points will each player receive?

You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the revenue is high.

You will receive 2000 points. The other player will receive 400 points if the revenue is low and 1200 points if the revenue is high.

You will receive 600 points if the revenue is low and 1800 points if the revenue is high. The other player will receive 2000 points.

You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive 2000 points.

When you believe you have answered all questions correctly, press next to check your answers.

Next

Figure 40: Quiz for the first-price equity treatment.
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Quiz
You will now be given a series of questions to check your understanding of the instructions and examples. You will be paid $2 for

each answer you get correct.

How is the auction winner decided?

Another player chooses the winner.

The computer randomly chooses the winner from all bidders.

The computer randomly chooses the winner from the highest bidders.

What will each player know about the chance of high revenue?

Each player only knows their own chance.

Each player knows their chance and the other player's chance.

Each player knows their chance and learns the other player's chance after the auction.

Neither player knows either player's chance.

How will the auction's price be set?

The price is equal to the highest bid.

The price is equal to the second highest bid.

The price is randomly selected from the two bids.

The price is a randomly selected value between the two bids.

How is the price used when computing payoffs?

The auction's winner pays either the price or their revenue, whichever is smaller.

The auction's winner receives either the price or their revenue, whichever is smaller.

The auction's loser pays either the price or their revenue, whichever is smaller.

The auction's loser receives either the price or their revenue, whichever is smaller.

Suppose that the other player bids 1000 points and you bid 500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the revenue is

high.

You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the revenue is

high.

You will receive 1000 points if the revenue is low and 5000 points if the revenue is high. The other player will receive 2000

points.

You will receive 1500 points if the revenue is low and 5500 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 1000 points and you bid 5500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the revenue is

high.

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue is high.

You will receive 1000 points if the revenue is low and 5000 points if the revenue is high. The other player will receive 2000

points.

You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive 2000 points.

Suppose that the other player bids 4500 points and you bid 500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the revenue is high.

You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the revenue is

high.

Figure 41: Quiz for the second-price debt treatment.
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You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive 2000 points.

You will receive 1500 points if the revenue is low and 5500 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 4500 and you bid 5500 points. How many points will each player receive?

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the revenue is high.

You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue is high.

You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive 2000 points.

You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive 2000 points.

When you believe you have answered all questions correctly, press next to check your answers.

Next

Figure 42: Quiz for the second-price debt treatment.
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Quiz
You will now be given a series of questions to check your understanding of the instructions and examples. You will be paid $2 for

each answer you get correct.

How is the auction winner decided?

Another player chooses the winner.

The computer randomly chooses the winner from all bidders.

The computer randomly chooses the winner from the highest bidders.

What will each player know about the chance of high revenue?

Each player only knows their own chance.

Each player knows their chance and the other player's chance.

Each player knows their chance and learns the other player's chance after the auction.

Neither player knows either player's chance.

How will the auction's price be set?

The price is equal to the highest bid.

The price is equal to the second highest bid.

The price is randomly selected from the two bids.

The price is a randomly selected value between the two bids.

How is the price used when computing payoffs?

The auction's winner pays a percentage of their revenue equal to the price.

The auction's winner receives a percentage of their revenue equal to the price.

The auction's loser pays a percentage of their revenue equal to the price

The auction's loser receives a percentage of their revenue equal to the price.

Suppose that the other player bids 20% and you bid 10%. How many points will each player receive?

You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the revenue is

high.

You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the revenue is

high.

You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will receive 2000

points.

You will receive 1800 points if the revenue is low and 5400 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 20% and you bid 80%. How many points will each player receive?

You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the revenue is

high.

You will receive 2000 points. The other player will receive 400 points if the revenue is low and 1200 points if the revenue is high.

You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will receive 2000

points.

You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive 2000 points.

Suppose that the other player bids 70% and you bid 10%. How many points will each player receive?

You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the revenue is high.

You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the revenue is

high.

Figure 43: Quiz for the second-price equity treatment.
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You will receive 600 points if the revenue is low and 1800 points if the revenue is high. The other player will receive 2000 points.

You will receive 1800 points if the revenue is low and 5400 points if the revenue is high. The other player will receive 2000

points.

Suppose that the other player bids 70% and you bid 80%. How many points will each player receive?

You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the revenue is high.

You will receive 2000 points. The other player will receive 400 points if the revenue is low and 1200 points if the revenue is high.

You will receive 600 points if the revenue is low and 1800 points if the revenue is high. The other player will receive 2000 points.

You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive 2000 points.

When you believe you have answered all questions correctly, press next to check your answers.

Next

Figure 44: Quiz for the second-price equity treatment.
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Quiz
You will now be given a series of questions to check your understanding of the instructions and examples. You will be paid $1.00 for

each answer you get correct.

How is the auction winner decided?

The seller chooses the winner

The computer randomly chooses the winner

The highest equity bid always wins

The highest debt bid always wins

Which of the following best describes a winning EQUITY bid?

The first 30% of the revenue earned (either 1800 or 600 points) goes to the seller, the rest is kept by the buyer

The first 1800 points of the revenue earned goes to the seller, the rest is kept by the buyer

Which of the following best describes a winning DEBT bid?

The first 30% of the revenue earned (either 1800 or 600 points) goes to the seller, the rest is kept by the buyer

The first 1800 points of the revenue earned goes to the seller, the rest is kept by the buyer

Are the chances of earning the high revenue the same for both bidders?

Yes

No

Does the seller know the chances of bidders earning the high revenue?

Yes

No

What happens for the bidder that loses the auction?

They keep their endowment of 2000 points, this becomes their payoff

They lose their endowment of 2000 points, and receive no payoff

They receive the same payoff as the seller

They receive the same payoff as the winner

Example A: An equity bid of 25% wins the auction. What are the winning bidder's payoffs in the high (6000) and low (2000) revenue

states?

High = 1500 and Low = 500

High = 4500 and Low = 1500

High = 6000 and Low = 2000

High = 3000 and Low = 1000

Example A: An equity bid of 25% wins the auction. What are the seller's payoffs in the high (6000) and low (2000) revenue states?

High = 1500 and Low = 500

High = 4500 and Low = 1500

High = 6000 and Low = 2000

High = 3000 and Low = 1000

Example B: A debt bid of 500 points wins the auction. What are the winning bidder's payoffs in the high (6000) and low (2000)

revenue states?

High = 500 and Low = 500

Figure 45: Quiz for the informal treatment.
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High = 5500 and Low = 1500

High = 6000 and Low = 2000

High = 3000 and Low = 1000

Example B: A debt bid of 500 points wins the auction. What are the seller's payoffs in the high (6000) and low (2000) revenue

states?

High = 500 and Low = 500

High = 5500 and Low = 1500

High = 6000 and Low = 2000

High = 3000 and Low = 1000

When you believe you have answered all questions correctly, press next to check your answers.

Next

Figure 46: Quiz for the informal treatment.

Quiz Answers
The answers for the quiz are given below. Please review the answers and note any mistakes you have made.

Question 1: How is the auction winner decided? 

Correct Answer: The computer randomly chooses the winner from the highest bidders. 

Your Answer: The computer randomly chooses the winner from the highest bidders.

Question 2: What will each player know about the chance of high revenue? 

Correct Answer: Each player only knows their own chance. 

Your Answer: Each player only knows their own chance.

Question 3: How will the auction's price be set? 

Correct Answer: The price is equal to the highest bid. 

Your Answer: The price is equal to the highest bid.

Question 4: How is the price used when computing payoffs? 

Correct Answer: The auction's winner pays either the price or their revenue, whichever is smaller. 

Your Answer: The auction's winner receives either the price or their revenue, whichever is smaller.

Question 5: Suppose that the other player bids 1000 points and you bid 500 points. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the

revenue is high.

Question 6: Suppose that the other player bids 1000 points and you bid 5500 points. How many points will each player receive? 

Correct Answer: You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 1000 points if the revenue is low and 5000 points if the

revenue is high.

Question 7: Suppose that the other player bids 4500 points and you bid 500 points. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the

revenue is high. 

Your Answer: You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive 2000

points.

Question 8: Suppose that the other player bids 4500 and you bid 5500 points. How many points will each player receive? 

Correct Answer: You will receive 0 points if the revenue is low and 500 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 0 points if the revenue is low and 1500 points if the revenue

is high.

You earned $6.0 from your correct answers. Please review any questions you answered incorrectly. When you are ready to begin the

auction, click the next button.

Next

Figure 47: Quiz answers for the first-price debt treatment.
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Quiz Answers
The answers for the quiz are given below. Please review the answers and note any mistakes you have made.

Question 1: How is the auction winner decided? 

Correct Answer: The computer randomly chooses the winner from the highest bidders. 

Your Answer: The computer randomly chooses the winner from the highest bidders.

Question 2: What will each player know about the chance of high revenue? 

Correct Answer: Each player only knows their own chance. 

Your Answer: Each player only knows their own chance.

Question 3: How will the auction's price be set? 

Correct Answer: The price is equal to the highest bid. 

Your Answer: The price is equal to the second highest bid.

Question 4: How is the price used when computing payoffs? 

Correct Answer: The auction's winner pays a percentage of their revenue equal to the price. 

Your Answer: The auction's loser pays a percentage of their revenue equal to the price

Question 5: Suppose that the other player bids 20% and you bid 10%. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the

revenue is high.

Question 6: Suppose that the other player bids 20% and you bid 80%. How many points will each player receive? 

Correct Answer: You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive

2000 points.

Question 7: Suppose that the other player bids 70% and you bid 10%. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the

revenue is high.

Question 8: Suppose that the other player bids 70% and you bid 80%. How many points will each player receive? 

Correct Answer: You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the

revenue is high.

You earned $10.0 from your correct answers. Please review any questions you answered incorrectly. When you are ready to begin

the auction, click the next button.

Next

Figure 48: Quiz answers for the first-price equity treatment.
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Quiz Answers
The answers for the quiz are given below. Please review the answers and note any mistakes you have made.

Question 1: How is the auction winner decided? 

Correct Answer: The computer randomly chooses the winner from the highest bidders. 

Your Answer: The computer randomly chooses the winner from the highest bidders.

Question 2: What will each player know about the chance of high revenue? 

Correct Answer: Each player only knows their own chance. 

Your Answer: Each player knows their chance and learns the other player's chance after the auction.

Question 3: How will the auction's price be set? 

Correct Answer: The price is equal to the second highest bid. 

Your Answer: The price is equal to the second highest bid.

Question 4: How is the price used when computing payoffs? 

Correct Answer: The auction's winner pays either the price or their revenue, whichever is smaller. 

Your Answer: The auction's winner receives either the price or their revenue, whichever is smaller.

Question 5: Suppose that the other player bids 1000 points and you bid 500 points. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the

revenue is high.

Question 6: Suppose that the other player bids 1000 points and you bid 5500 points. How many points will each player receive? 

Correct Answer: You will receive 1000 points if the revenue is low and 5000 points if the revenue is high. The other player will

receive 2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue

is high.

Question 7: Suppose that the other player bids 4500 points and you bid 500 points. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 1500 points if the revenue is low and 5500 points if the

revenue is high.

Question 8: Suppose that the other player bids 4500 and you bid 5500 points. How many points will each player receive? 

Correct Answer: You will receive 0 points if the revenue is low and 1500 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 0 points if the revenue is low and 500 points if the revenue

is high.

You earned $8.0 from your correct answers. Please review any questions you answered incorrectly. When you are ready to begin the

auction, click the next button.

Next

Figure 49: Quiz answers for the second-price debt treatment.
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Quiz Answers
The answers for the quiz are given below. Please review the answers and note any mistakes you have made.

Question 1: How is the auction winner decided? 

Correct Answer: The computer randomly chooses the winner from the highest bidders. 

Your Answer: The computer randomly chooses the winner from the highest bidders.

Question 2: What will each player know about the chance of high revenue? 

Correct Answer: Each player only knows their own chance. 

Your Answer: Each player only knows their own chance.

Question 3: How will the auction's price be set? 

Correct Answer: The price is equal to the second highest bid. 

Your Answer: The price is equal to the highest bid.

Question 4: How is the price used when computing payoffs? 

Correct Answer: The auction's winner pays a percentage of their revenue equal to the price. 

Your Answer: The auction's loser pays a percentage of their revenue equal to the price

Question 5: Suppose that the other player bids 20% and you bid 10%. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the

revenue is high. 

Your Answer: You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will receive

2000 points.

Question 6: Suppose that the other player bids 20% and you bid 80%. How many points will each player receive? 

Correct Answer: You will receive 1600 points if the revenue is low and 4800 points if the revenue is high. The other player will

receive 2000 points. 

Your Answer: You will receive 2000 points. The other player will receive 1600 points if the revenue is low and 4800 points if the

revenue is high.

Question 7: Suppose that the other player bids 70% and you bid 10%. How many points will each player receive? 

Correct Answer: You will receive 2000 points. The other player will receive 1800 points if the revenue is low and 5400 points if the

revenue is high. 

Your Answer: You will receive 2000 points. The other player will receive 600 points if the revenue is low and 1800 points if the

revenue is high.

Question 8: Suppose that the other player bids 70% and you bid 80%. How many points will each player receive? 

Correct Answer: You will receive 600 points if the revenue is low and 1800 points if the revenue is high. The other player will receive

2000 points. 

Your Answer: You will receive 400 points if the revenue is low and 1200 points if the revenue is high. The other player will receive

2000 points.

You earned $4.0 from your correct answers. Please review any questions you answered incorrectly. When you are ready to begin the

auction, click the next button.

Next

Figure 50: Quiz answers for the second-price equity treatment.
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Quiz Answers
The answers for the quiz are given below. Please review the answers and note any mistakes you have made.

Question 1: How is the auction winner decided?

Correct Answer: The seller chooses the winner. 

Your Answer: The seller chooses the winner.

Question 2: Which of the following best describes a winning EQUITY bid? 

Correct Answer: The first 30% of the revenue earned (either 1800 or 600 points) goes to the seller, the rest is kept by the buyer. 

Your Answer: The first 30% of the revenue earned (either 1800 or 600 points) goes to the seller, the rest is kept by the buyer.

Question 3: Which of the following best describes a winning DEBT bid?

Correct Answer: The first 1800 points of the revenue earned goes to the seller, the rest is kept by the buyer

Your Answer: The first 30% of the revenue earned (either 1800 or 600 points) goes to the seller, the rest is kept by the buyer.

Question 4: Are the chances of earning the high revenue the same for both bidders?

Correct Answer: No. 

Your Answer: Yes.

Question 5: Does the seller know the chances of bidders earning the high revenue?

Correct Answer: No. 

Your Answer: Yes.

Question 6: "What happens for the bidder that loses the auction?

Correct Answer: They keep their endowment of 2000 points, this becomes their payoff. 

Your Answer: They keep their endowment of 2000 points, this becomes their payoff.

Question 7: Example A: An equity bid of 25% wins the auction. What are the winning bidder's payoffs in the high (6000) and low

(2000) revenue states?

Correct Answer: High = 4500 and Low = 1500 

Your Answer: High = 1500 and Low = 500.

Question 8: Example A: An equity bid of 25% wins the auction. What are the seller's payoffs in the high (6000) and low (2000)

revenue states?

Correct Answer: High = 1500 and Low = 500 

Your Answer: High = 1500 and Low = 500.

Question 9: Example B: A debt bid of 500 points wins the auction. What are the winning bidder's payoffs in the high (6000) and low

(2000) revenue states?

Correct Answer: High = 5500 and Low = 1500 

Your Answer: High = 500 and Low = 500.

Question 10: Example B: A debt bid of 500 points wins the auction. What are the seller's payoffs in the high (6000) and low (2000)

revenue states?

Correct Answer: High = 500 and Low = 500 

Your Answer: High = 500 and Low = 500.

You answered 5 questions correctly, and received $5.0. 

Please review any questions you answered incorrectly. When you are ready to begin the auction, click the next button.

Next

Figure 51: Quiz answers for the informal treatment.
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Bid
If you win, the likelihood that the project's revenue will be 6000 is 61%. That means that the likelihood that the project's revenue will

be 2000 is 39%.

Please make your bid now. It may be between 0 and 6000 points, inclusive. Note that this round can be chosen as the round that

counts.

Bid:

2100

Next

Your Hypothetical Bid: Other Player's Hypothetical Bid:

2050 1250

Chance

61.00 %61.00 %  61.00 %

39.00 %39.00 %  39.00 %

Outcome in Points

3 9503 950  3 950

00  0

2 0002 000  2 000
3 9503 950  3 950

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

59.559.5  59.5

2020  20

4040  40

59.559.5  59.5

2020  20

4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 52: Bidding page for the first-price debt treatment.

Bid
If you win, the likelihood that the project's revenue will be 6000 is 56%. That means that the likelihood that the project's revenue will

be 2000 is 44%.

Please make your bid now. It may be between 0% and 100%, inclusive. Note that this round can be chosen as the round that counts.

Bid:

45

Next

Your Hypothetical Bid: Other Player's Hypothetical Bid:

35 26

Chance

56.00 %56.00 %  56.00 %

44.00 %44.00 %  44.00 %

Outcome in Points

3 9003 900  3 900

1 3001 300  1 300

2 0002 000  2 000
3 9003 900  3 900

1 3001 300  1 300
2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

5959  59

3333  33
4040  40

5959  59

3333  33 4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 53: Bidding page for the first-price equity treatment.
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Bid
If you win, the likelihood that the project's revenue will be 6000 is 97%. That means that the likelihood that the project's revenue will

be 2000 is 3%.

Please make your bid now. It may be between 0 and 6000 points, inclusive. Note that this round can be chosen as the round that

counts.

Bid:

3600

Next

Your Hypothetical Bid: Other Player's Hypothetical Bid:

3450 1150

Chance

97.00 %97.00 %  97.00 %

3.00 %3.00 %  3.00 %

Outcome in Points

4 8504 850  4 850

850850  850

2 0002 000  2 0004 8504 850  4 850

850850  850

2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

68.568.5  68.5

28.528.5  28.5

4040  40

68.568.5  68.5

28.528.5  28.5
4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 54: Bidding page for the second-price debt treatment.

Bid
If you win, the likelihood that the project's revenue will be 6000 is 32%. That means that the likelihood that the project's revenue will

be 2000 is 68%.

Please make your bid now. It may be between 0% and 100%, inclusive. Note that this round can be chosen as the round that counts.

Bid:

25

Next

Your Hypothetical Bid: Other Player's Hypothetical Bid:

24 18

Chance

32.00 %32.00 %  32.00 %

68.00 %68.00 %  68.00 %

Outcome in Points

4 9204 920  4 920

1 6401 640  1 640
2 0002 000  2 0004 9204 920  4 920

1 6401 640  1 640 2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Outcome in Dollars

69.269.2  69.2

36.436.4  36.4
4040  40

69.269.2  69.2

36.436.4  36.4 4040  40

Win Auction
 and High
 Revenue

Win Auction
 and Low
 Revenue

Lose Auction
0

25

50

75

100

Figure 55: Bidding page for the second-price equity treatment.
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Bid
If you win, the likelihood that the project's revenue will be 6000 is 40%. That means that the likelihood that the project's revenue will

be 2000 is 60%.

Please make your bid now. It may be in the form of either debt or equity. Debt bids may be between 0 and 6000, inclusive. Equity

bids may be between 0 and 100 (%), inclusive. Note that this round can be chosen as the round that counts.

Please choose the security type you will bid with and enter your bid.

Bid type:

Equity

Bid amount:

31

Next

You can use the sliders below to help choose your bid type and amount. Move each slider for the comparison charts to become

visible.

Hypothetical equity bid: Hypothetical debt bid:

20 450

Chance if Winner

40.00 %40.00 %  40.00 %

60.00 %60.00 %  60.00 %

Your Outcomes for Equity Bid
 (Points)

4 8004 800  4 800

1 6001 600  1 600
2 0002 000  2 0004 8004 800  4 800

1 6001 600  1 600 2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Your Outcomes for Debt Bid
 (Points)

5 5505 550  5 550

1 5501 550  1 550
2 0002 000  2 000

5 5505 550  5 550

1 5501 550  1 550
2 0002 000  2 000

Win Auction and
 High Revenue

Win Auction and
 Low Revenue

Lose Auction
0

2k

4k

6k

Figure 56: Bidding page for the informal treatment.
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Choose
The bidders in this auction have made the following bids. Please review the bids and choose the winner of the auction.

Bidder Bid Type Bid

1 Equity 31

2 Debt 1400

The payoffs you will receive if you select Bidder 1 or Bidder 2 as the winner are shown in the diagrams below.

Important: You do not know the chance of receiving the different payoffs.

Important: The chances of receiving the high and low payoff may be different for each bidder.

Please choose which bidder is the winner of the auction. Note that this round may be chosen as the round that counts.

Win choice:

1

Next

Your Payoffs if Bidder 1 is
 Winner

1 8601 860  1 860

620620  6201 8601 860  1 860

620620  620

High Revenue Low Revenue
0

2k

4k

6k

Your Payoffs if Bidder 2 is
 Winner

1 4001 400  1 400 1 4001 400  1 400

1 4001 400  1 400 1 4001 400  1 400

High Revenue Low Revenue
0

2k

4k

6k

Figure 57: Seller choice page for the informal treatment.

Results
You won the auction! Your bid was 2100 points while the second highest bid was 400 points. That means that if this round is chosen

for payment, you will have a 61% chance of receiving 3900 points and a 39% chance of receiving 0 points. The other player will

receive 2000 points.

Next

Figure 58: Winning result page for the first-price debt treatment.

Results
You won the auction! Your bid was 45% while the second highest bid was 13%. That means that if this round is chosen for payment,

you will have a 56% chance of receiving 3300 points and a 44% chance of receiving 1100 points. The other player will receive 2000

points.

Next

Figure 59: Winning result page for the first-price equity treatment.
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Results
You won the auction! Your bid was 3600 points while the second highest bid was 2100 points. That means that if this round is

chosen for payment, you will have a 97% chance of receiving 3900 points and a 3% chance of receiving 0 points. The other player

will receive 2000 points.

Next

Figure 60: Winning result page for the second-price debt treatment.

Results
You won the auction! Your bid was 25% while the second highest bid was 11%. That means that if this round is chosen for payment,

you will have a 32% chance of receiving 5340 points and a 68% chance of receiving 1780 points. The other player will receive 2000

points.

Next

Figure 61: Winning result page for the second-price equity treatment.

Results
You won the auction! You made an Equity bid of 31 %. Your opponent made a Debt bid of 1400 points. 

That means that if this round is chosen for payment, you will have a 40% chance of receiving 4140.0 points and a 60% chance of

receiving 1380.0 points. Your opponent will receive 2000 points for losing the auction.

Next

Figure 62: Winning result page for the informal treatment.

Results
You did not win the auction. Your bid was 400 points while the winning bid was 2100 points. That means that if this round is chosen

for payment, you will receive 2000 points. The other player will receive either 3900 or 0 points.

Next

Figure 63: Losing result page for the first-price debt treatment.

Results
You did not win the auction. Your bid was 13% while the winning bid was 45%. That means that if this round is chosen for payment,

you will receive 2000 points. The other player will receive either 3300 points or 1100 points.

Next

Figure 64: Losing result page for the first-price equity treatment.

98



Results
You did not win the auction. Your bid was 2100 points while the winning bid was 3600 points. That means that if this round is chosen

for payment, you will receive 2000 points. The other player will receive either 3900 points or 0 points.

Next

Figure 65: Losing result page for the second-price debt treatment.

Results
You did not win the auction. Your bid was 11% while the winning bid was 25%. That means that if this round is chosen for payment,

you will receive 2000 points. The other player will receive either 5340 points or 1780 points.

Next

Figure 66: Losing result page for the second-price equity treatment.

Results
You did not win the auction. You made a Debt bid of 1400 points. Your opponent made an Equity bid of 31 %. 

That means that if this round is chosen for payment, you will receive 2000.0 points.

Next

Figure 67: Losing result page for the informal treatment.

Results
You have selected Bidder 1 as the winner of the auction.

Bidder 1 made an Equity bid of 31 %. That means that if this round is chosen for payment, you will have an unknown chance of

receiving 1860.0 points and an unknown chance of receiving 620.0 points.

Next

Figure 68: Seller result page for the informal treatment.
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Instructions
PLEASE READ CAREFULLY AND DO NOT PRESS NEXT UNTIL INSTRUCTED TO DO SO.

In this part of the experiment, you will complete 10 rounds of an individual choice task. Every task has an interactive visual aid to

assist with picking your preferred choice. In this part of the study, your payoffs will depend only on your choices, and not any other

participants' choices.

In every task, you must choose among different options. Your choice will determine a monetary prize and its chance. All of your

choices will involve some chance of a monetary prize, otherwise you will get the show-up fee of $20. As you move the slider to the

right, the monetary prize will decrease but the chance you will receive the prize will increase. For each task you will have to

determine your preferred combination of a positive prize and its chance. The size of the potential outcomes and how their chance

changes with the slider will be different for different tasks.

Most choices involve some risk. For example, a choice could be between a 25 in 100 chance of 3000 points, and the corresponding

75 in 100 chance of 0 points. To aid with your choice, there will be a changing display for every possible choice. Therefore, for any

choice you will always be able to see the chance of receiving a positive amount.

The next page contains an example to familiarize you with how this works. Take your time and make sure you understand how it

works. We will not begin until everybody completes this example.

Very Important: For each task, the slider is a tool to help you decide the choice you like the best. Therefore, it is in your best interest

to move it around to help you determine which choice you like better.

Next

Figure 69: Instructions for the Andreoni-Harbaugh task in all treatments.

Example
Maximum gain is 10000 points and maximum chance is 80 in 100.

Choice example:

Verify example:

36

Please select your preferred chance and outcome. Note that this task is an example and cannot be chosen as the round that counts.

Important: Remember you must manually select a spot on the slider for this task to count.

Next

Chance

28.80 %28.80 %  28.80 %

71.20 %71.20 %  71.20 %

Outcome in Points

6 4006 400  6 400

00  0

6 4006 400  6 400

High Outcome Low Outcome
0

2.5k

5k

7.5k

10k

Outcome in Dollars

8484  84

2020  20

8484  84

2020  20

High Outcome Low Outcome
0

25

50

75

100

125

36

Figure 70: Examples for the Andreoni-Harbaugh task in all treatments.
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Round 1
Maximum gain is 12000 points and maximum chance is 60 in 100.

Choice:

Verify:

62

Please select your preferred chance and outcome. Note that this round can be chosen as the round that counts.

Important: Remember you must manually select a spot on the slider for this task to count.

Next

Chance

37.20 %37.20 %  37.20 %

62.80 %62.80 %  62.80 %

Outcome in Points

4 5604 560  4 560

00  0

4 5604 560  4 560

High Outcome Low Outcome
0

2.5k

5k

7.5k

10k

12.5k

Outcome in Dollars

65.665.6  65.6

2020  20
65.665.6  65.6

2020  20

High Outcome Low Outcome
0

50

100

150

62

Figure 71: Round 1 of the Andreoni-Harbaugh task in all treatments.
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