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Abstract
“King Solomon’s dilemma” is based on a biblical story that can be considered an
allocation problem for an indivisible good among two players. We experimentally
compare the performance of the mechanism of Mihara (Jpn Econ Rev 63(3):420–429,
2012) with amodified version of hismechanism that we propose.Mihara’smechanism
uses a second-price auction, while we change it to an ascending clock auction. We
find that the modified version performs relatively better than Mihara’s in terms of the
right-player allocations, “resource inefficiency,” “wrong-player inefficiency,” and the
equilibrium strategies of high valuation players. Regarding the first-best allocations
and equilibrium strategies of low valuation players, in our experiment, there was a
trend for improvement under the modified version relative to Mihara’s mechanism.

Keywords King Solomon’s dilemma · Mihara’s mechanism · Ascending clock
auctions · Laboratory experiment
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1 Introduction

“King Solomon’s dilemma” is based on a biblical story, where King Solomon assigns
a child to one of two women, both of whom claim to be the mother. The King knows
that themother is one of the twowomen. However, the King does not know the identity
of the mother. The woman who is not the mother keeps her true identity a secret, and
the King aims to assign the child to the mother without payment. This represents the
allocation problem of an indivisible good among two players, and several examples
show this story is a realistic description (seeGlazer andMa1989, footnote 1).1 A social
planner wants to assign the good without payment to the player whose valuation is the
highest. We say that such an allocation is the “first-best.” Several mechanisms have
been proposed to solve this problem.

While Glazer and Ma (1989) and Moore (1992) assume that each player knows
the other player’s valuation, Perry and Reny (1999), Olszewski (2003), Qin and Yang
(2009), and Mihara (2012) do not. We focus on Mihara (2012), who construct a
mechanism comprising the following two stages.2 First, each player chooses whether
to participate in a second-price auction. Second, if both players choose to participate
in the auction, each player pays a fee and participates in the auction. For details,
see Sect. 2. Mihara’s mechanism implements the first-best allocation in one round
of elimination of weakly dominated strategies, followed by two rounds of iterative
elimination of strictly dominated strategies. Mihara’s mechanism is simple and has
the feature that only the top valuation player chooses to participate in the auction on
the equilibrium path, which eliminates the need to hold the auction.

The result ofMihara (2012) relies on a property of a second-price auction, “strategy-
proofness.” This axiom states that truth-telling is always a weakly dominant strategy
for each player under the direct revelation mechanism. Although choosing when to
quit in an ascending clock auction is the same as choosing a bid in a second-price
auction, ascending clock auctions are easier to understand than second-price auctions.
As evidenced by a laboratory experiment, subjects are substantiallymore likely to play
the dominant strategy in an ascending clock auction than in a second-price auction
(Kagel et al. 1987).3,4 Inspired by this observation, Li (2017) formulates what he calls
“obvious dominance.” That is, for player i , a strategy Si is obviously dominant in a
game if, for any deviating strategy S′

i , starting from any earliest information set where
Si and S′

i diverge, the best possible outcome from S′
i is no better than theworst possible

outcome from Si .5 A mechanism is obviously strategy-proof if it has an equilibrium

1 King Solomon’s dilemma is generalized by Qin and Yang (2009) as an allocation problem for k identical
and indivisible goods among n players, where 1 ≤ k < n, among at least two players. Mihara (2012) also
investigates this generalized problem.
2 Mihara (2012) briefly compares the mechanisms proposed by Perry and Reny (1999), Olszewski (2003),
and Qin and Yang (2009) with Mihara’s mechanism. See Section 1 of Mihara (2012).
3 For second-price auction experiments, see Harstad (2000) and Kagel and Levin (1993). For ascending-
clock auction experiments, see McCabe et al. (1990). Note that, relative to Li (2017), the studies cited in
this footnote do not directly compare the two formats with the same value distribution and the same subject
pool.
4 For an experiment on multi-unit demand auctions, see Kagel and Levin (2009). They experimentally
study Vickrey (1961)’s static auction and the two dynamic auctions of Ausubel (2004).
5 For the formal definitions of earliest information sets and obviously dominant strategies, see Li (2017).
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King Solomon’s dilemma: an experiment on implementation in iterative… 3

in obviously dominant strategies. Li (2017) shows that obviously dominant strategies
are those considered optimal by a cognitively limited agent who cannot engage in
contingent reasoning. This definition allows differentiating between ascending clock
auctions and second-price auctions. Ascending clock auctions are obviously strategy-
proof, while second-price auctions are strategy-proof, but not obviously strategy-proof.
This motivates us to replace a second price auction in Mihara’s mechanism with an
ascending clock auction.

This study aims to experimentally compare the relative performance of Mihara’s
mechanism with a modified version of his mechanism that we propose. We modify
Mihara’s mechanism from the point of view of “iterative elimination of obviously
dominated strategies.” For details, see Sect. 2.

Although Li (2017) observed that subjects frequently selected obviously dominant
strategies,6 the notion of iterative elimination of obviously dominated strategies has
not been necessarily supported by other experimental studies. For example, Beard
and Beil (1994) observed the failure of a two-step iterative elimination of obviously
dominated strategies using a simple game.7 Players 1 and 2 move in sequence, each
chooses an action from their only two strategies, and a two-step iterative elimination of
obviously dominated strategies is needed to achieve the unique equilibrium outcome.
In five of seven games, less than half of the players who moved first chose the equi-
librium strategy. These results were replicated by Goeree and Holt (2001).8 However,
Masuda et al. (2014) report a positive result regarding iterative elimination of obvi-
ously dominated strategies.9 For public good provision, they construct a mechanism
to achieve a symmetric Pareto-efficient outcome in iterative elimination of obviously
dominated strategies, and report that their mechanism works well in their experiment,
as cooperation is observed frequently. 10 Based on these previous studies, it is not easy
to predict whether our mechanism will perform better than Mihara’s mechanism.

We experimentally compare the relative performance of Mihara’s mechanism with
ours, and observed the following. Our mechanism allocates the object to the right
player more frequently than does Mihara’s; the number of inefficient payments under
ourmechanism is lower than underMihara’s; and the equilibrium strategies of high val-

6 For further experimental evidence on obviously dominant strategies, see Breitmoser and Schweighofer-
Kodritsch (2021), who replicate Li’s experimental study and add three intermediate auction formats.
7 Note that Beard and Beil (1994) do not state the notion of iterative elimination of obviously dominated
strategies.
8 For a review of several studies on the failure of the finite-step iterative elimination of dominated strategies,
see Katok et al. (2002); Nagel (1995); Schotter et al. (1994), and Sefton and Yavas (1996). For a survey
regarding the failure of iterative elimination of dominated strategies, see Chapter 12 of Dhami (2016).
Further, for experimental studies on the assumption of common knowledge of rationality, see Costa-Gomes
et al. (2001) and Kneeland (2015).
9 For other positive experimental results on iterative elimination of obviously dominated strategies, see
Saijo and Shen (2018) and Saijo et al. (2018). Note that Masuda et al. (2014), Saijo and Shen (2018),
and Saijo et al. (2018) do not state the feature of the implementation of iterative elimination of obviously
dominated strategies in their mechanisms.
10 Regarding the experiment of Masuda et al. (2014), in Stage 1, players simultaneously and independently
choose their contributions to the public good as integers from 0 to 24. In Stage 2, players simultaneously and
independently decide on whether to approve the other player’s choice. Although our mechanism includes
more steps to eliminate obviously dominated strategies than Masuda et al. (2014), we frequently observed
the equilibrium outcome in our mechanism. For details on our results, see Sect. 4.
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uation players aremore frequently selected under ourmechanism than underMihara’s.
In our experiment, there were not significant differences between Mihara’s mecha-
nism and ours regarding the first-best allocations and the equilibrium strategies of low
valuation players. However, there were trends for improvement on these under our
mechanism relative to Mihara’s.

Ascending clock auctions themselves perform well in several experiments, such as
that of Li (2017), since subjects play such a simple game as they sequentially choose
to quit or stay in an auction.11 The experimental results on ascending clock auctions
suggest that subjects find the obviously dominant strategy while making a decision in
the auction. However, our experimental results suggest that subjects may find the best
strategy for themselves before participating in the auction in our mechanism since
most pairs of subjects do not proceed to the auction stage and select the first-best
allocation immediately (see Sect. 4.3.1).

The rest of this paper proceeds as follows. Section 2 presents the model and two
mechanisms. Sect. 3 describes our experimental design. Section 4 reports the results.
Section 5 discusses the results and three open questions.

2 Themodel and twomechanisms

There are only two players, player 1 and player 2. A single indivisible good is to be
allocated to the player with the highest valuation. It is common knowledge that, for
each pair of players’ valuations, there is a player whose valuation exceeds the other’s.
Each player knows her own valuation and whose valuation is the highest. A social
planner knows neither the players’ valuations nor whose valuation is highest. Each
player’s payoff for obtaining the object with the payment p ∈ R and the initial capital
balance w ∈ R is v + w − p, where v is the player’s valuation of the object. Each
player’s payoff for obtaining no object and payment p is w − p. We assume that the
two players and the planner know that a gap exists between the two valuations, which
is greater than a positive real number M > 0. The planner wants to allocate the object
without payment to the player with the highest valuation. Hereafter, we say that such
an allocation is the first-best.

In the allocation problem, the following mechanism has been designed by Mihara
(2012).

A Second-Price Auction with Participation Stage (hereafter, SPAPS)
Participation stage: The two players simultaneously choose either “auction” or “no
auction.”

If only one player chooses “auction,” then the object is assigned to this player
without payment, while the other player gets no object and pays nothing, and the game
ends. If no player chooses “auction,” then no player gets the object and pays, and the
game ends. If both players choose “auction,” then each player pays a participation fee
equal to M and we move to a second-price auction.

11 This feature of ascending clock auctions is generalized by Pycia and Troyan (2019), who show that
obvious strategy-proofness is characterized by clinch-or-pass games, which they call “millipede games.”
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King Solomon’s dilemma: an experiment on implementation in iterative… 5

Auction stage: The two players simultaneously and independently bid for the object.
The object is assigned to the player with the highest bid, at a price equal to the other
player’s bid. The other player gets the object and pays nothing, and the game ends.

Regarding SPAPS, Mihara (2012) presents the following result:

Proposition 1 SPAPS implements the first-best allocation in one round of elimination
of weakly dominated strategies, followed by two rounds of iterative elimination of
strictly dominated strategies.

Strategy-proofness requires that in the direct revelation mechanism, truth-telling
is a weakly dominant strategy for each agent.12 While the second-price auction is
strategy-proof, it is not obviously strategy-proof. Hence, SPAPS does not implement
the first-best allocation in iterative elimination of obviously dominated strategies.
Then, we modify SPAPS as follows:

An Ascending Clock Auction with Participation Stage (hereafter, ACAPS)
The participation stage: This stage is the same as SPAPS.
The auction stage: The price of the object begins at 0 and increases the price of the
object. Each participant will be regarded as an active bidder for the object until the
player ceases to bid on the object. Each player can drop out of the auction. The exit
from the auction is not reversible, that is, no player can re-enter once she is out. The
only player who is still an active bidder (i.e., did not drop out) is eligible to acquire
the object at the price at which the other bidder exited.

We will now explain how ACAPS implements the first-best allocation. In the first
round, we focus on the auction stage. Assume that, in the participation stage, each
player says “auction.” In this case, for each player, quitting when the price is her own
valuation is the unique obviously dominant strategy, as shown by Li (2017). In the
second round, we focus on the player whose valuation is highest in the participation
stage. If each player quits when the price is her own valuation in the auction stage,
choosing “auction” is the unique obviously dominant strategy for the player whose
valuation is highest. In the third round, we focus on the player whose valuation is low-
est in the participation stage. If each player quits when the price is her own valuation
at the auction stage and the player whose valuation is highest selects “auction” in the
participation stage, choosing “no auction” is the unique obviously dominant strategy
for the player whose valuation is lowest. In this sense, we say that the remaining strat-
egy profile is an equilibrium in the iterative elimination of obviously dominated
strategies. By the above three steps, we have the following statement of Proposition 2.

Proposition 2 ACAPS implements the first-best allocation in iterative elimination of
obviously dominated strategies.

3 Experimental design

We experimentally compare the performance of ACAPS relative to SPAPS. Our exper-
imental design is essentially the same as that of Elbittar and Di Giannatale (2017).

12 For the definition of strategy-proofness, see, for example, Barberà (2011).
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6 M. Hagiwara, F. Yonekura

Note that Elbittar and Di Giannatale (2017) experimentally compare the relative per-
formance of two mechanisms proposed by Moore (1992) and Perry and Reny (1999)
which are different mechanisms from ours. The differences between Elbittar and Di
Giannatale (2017) and our study are mentioned when needed from the next paragraph.

The details of the experimental design are as follows:

3.1 Subjects

For each session, the subjects were undergraduate and graduate students at Tokyo
Institute of Technology. The subjects were informed of an opportunity to earn money.
None of them had prior experiencewith second-price-auction experiments, ascending-
clock-auction experiments, or King-Solomon-dilemma experiments.

Two sessions were conducted under each of SPAPS and ACAPS, and 20 subjects
participated in each session (80 subjects in total). For convenience, we consider Ses-
sions 1 and 2 (resp. Sessions 3 and 4) the ones regarding SPAPS (resp. ACAPS).
No subject attended more than one session. Our experiment was conducted at Tokyo
Institute of Technology in December 2019. The study employed computers with the
experimental software z-Tree (Fischbacher 2007). In each session, 20 subjects were
seated at computer stations, separated with partitions in the Experimental Economics
Laboratory.

3.2 Flow of the experiment

Upon arrival, the subjects were randomly assigned to a computer terminal. Each sub-
ject received an instruction, a record sheet, and a post-experimental questionnaire in
Japanese.13 After the subjects confirmed having received all experimental materials,
the experimenter read the instructions aloud to ensure that all subjects understood
them. Subjects were allowed to ask questions. Then, a computer initiated the exper-
iment. At the end of the experiment, each participant answered a questionnaire and
was paid in cash.

3.3 Practice and true periods

To familiarize the subjects with the procedures, there were three practice periods, and
then 20 true periods.14

13 For the English translations of the documents, see the supplementary material.
14 In contrast to our study, Elbittar and Di Giannatale (2017) used two practice periods and 10 true periods.
We changed the number of practice periods for subjects to understand all cases of SPAPS or ACAPS and
we changed the number of true periods to ascertain whether the equilibrium outcome is more frequently
achieved as a period progresses.
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3.4 Matching procedure

After the three practice periods, each subject was designated either as a high valuation
player (HVP) or as a low valuation player (LVP). These types remained fixed for the
entire session for each type of player, so that they would identify themselves with a
type. In each period, an HVP was randomly paired with an LVP. However, they were
never paired with the same subject more than twice, nor were they ever paired with the
same subject in two consecutive periods. Furthermore, they did not know with whom
they were paired with in any given period.

3.5 Valuations

Let θH be the valuation of an HVP and θL the valuation of an LVP. Players’ valuations
for each period were integers drawn randomly from the interval [0, 200], with the
following restriction: θH − θL > M ≡ 50.

3.6 Information setting

Both players were informed whether they had the higher or lower valuation and of the
restriction that θH − θL > 50. However, they were not told the exact amount of the
opponent’s valuation.

3.7 Initial capital

All players were endowed with an initial capital balance per their type. The initial
capital balances were 30 for the HVPs and 70 for the LVPs, as in the experimental
design of Elbittar and Di Giannatale (2017).15 The difference between the initial
capital balance of the LVPs and that of the HVPs compensates for the asymmetry
in their valuations. Each subject knew her own initial capital balance but not the
opponent’s balance.

3.8 Information feedback

During the decision process, some of the possible payoff calculations were privately
assigned by the computer to each subject at different decision nodes. If players chose
to participate in an auction, after the bids were submitted for a second-price auction or
the first drop-out occurred for an ascending clock auction, the payoffs of the players
were calculated. Finally, at the end of each period, each subject received her payoff.

15 Section 5 discusses the initial capital balances.
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3.9 Payoffs and final payments

The final payoff was determined by selecting one period randomly out of the 20 true
periods played for the cash reward. Subjects were also informed that any winnings
would be added to their initial capital balances, and any losses would be subtracted
from it. The initial capital balances were considered players’ possible payoffs for each
period. Moreover, upon entry in the experiment, each subject was paid JPY 1,013 per
hour, with a payment independent of performance.16

Under SPAPS, the final payment was, on average, JPY 3,054; for HVPs, it was JPY
3,279; for LVPs, it was JPY 2,828; and the experimental time was approximately 2.5
hours. Under ACAPS, the final payment, on average, was JPY 3,702; for HVPs, it was
JPY 4,002; for LVPs, it was JPY 3,403; and the experimental time was approximately
3 hours.17 The experimental time was different between SPAPS and ACAPS because
of the waiting time in an ascending clock auction.

3.10 Bidding restrictions

For the ascending clock auction, subjects were informed that the price had reached
a maximum level of 270 without a subject dropping out, the sale price for the object
would be 270, and the object would be sold to one of the claimants (chosen randomly
by the computer) at this price. Accordingly, the other bidder would pay nothing.
This setting is the same as that of Elbittar and Di Giannatale (2017). To compare the
ascending clock auction with the second-price auction, subjects were not allowed to
bid above 270 in the second-price auction.

4 Results

4.1 Efficiency

We investigate whether the first-best and right-player allocations weremore frequently
achieved under ACAPS than under SPAPS.18 Table 1 provides the proportions of the
first-best and right-player allocations in each session for periods 1–20, periods 1–10,
and periods 11–20.

We measure how players’ valuations and the mechanisms affect the first-best and
right-player allocations. In the following three-level logit model using clustering at the

16 Elbittar and Di Giannatale (2017) paid MXN 50 to each subject as entry payment. In December 2019,
when our sessions were run, the exchange rate was approximately JPY 5.665 per MXN 1 (and JPY 108.873
per USD 1). In our study, the JPY 1,013 hourly payment was based on the minimum wage in Tokyo, Japan
in 2019. For details, see the website of the Japanese of the Ministry of Health, Labour and Welfare: https://
jsite.mhlw.go.jp/tokyo-roudoukyoku/news_topics/houdou/20190830chinginka.html.
17 Although the experimental time is different between the SPAPS and ACAPS sessions, the difference
regarding the average final payment between SPAPS and ACAPS is a result of both the experimental time
and players’ behavior in the game. See the equation regarding how to calculate the final payment in the
supplementary materials.
18 The right-player allocation means that the good is allocated to the player whose valuation is the highest.
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Table 1 Proportions of the first-best and right-player allocations in each session

SPAPS ACAPS

Session 1 Session 2 Session 3 Session 4

First-best Periods 1–20 72.0% 76.0% 78.0% 95.0%

Periods 1–10 57.0% 73.0% 71.0% 91.0%

Periods 11–20 87.0% 79.0% 85.0% 99.0%

Right-player Periods 1–20 87.0% 89.5% 96.0% 98.0%

Periods 1–10 81.0% 86.0% 94.0% 97.0%

Periods 11–20 93.0% 93.0% 98.0% 99.0%

session level and the subject level, SPAPS is the baseline model,19 which is compared
to ACAPS. The specifications can be formulated, in general, as follows:

yi j t = 1{intercept+β1θH ,i j t+β2θL,i j t+β3 period+γ dACAPS+ui+v j+εi j t ≥ 0},

where

• yi j t represents either the first-best or the right-player allocation for player i in
period t of session j ;

• yi j t = 1 (resp. yi j t = 0) means that either the first-best or the right-player alloca-
tion is achieved (resp. not achieved);

• 1{.} is an indicator function that takes the value of one if the left-hand side of
the inequality inside the parentheses is greater than or equal to zero, and zero
otherwise;

• θH is the valuation of the HVP;
• θL is the valuation of the LVP;
• period represents the period;
• dACAPS is a dummy variable that takes the value of one for ACAPS;
• ui is the subject-specific random effect;
• v j is the session-specific random effect; and
• εi j t is the usual error term.

Table 2 provides the regression results for the first-best and right-player allocations.
From Table 2, we derive the following results for each of the first-best and right-

player allocations.

Result 1. (First-best allocations) When HVPs’ valuations increase or LVPs’ valua-
tions decrease, the first-best allocation is achieved more frequently.

Result 2. (Right-player allocations)

1. Right-player allocation under ACAPS is achieved more frequently than under
SPAPS.

19 As in Sect. 3, we divided the 80 subjects into four sessions, each with 20 periods. As such, a three-
level model is appropriate. For the three-level model by clustering at the session and subject levels, see for
example Chapter 4 of Moffatt (2015).
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Table 2 Regression results for
the first-best and right-player
allocations

First-best Right-player

θH 0.007∗∗ 0.025∗∗∗
(0.003) (0.004)

θL − 0.025∗∗∗ − 0.028∗∗∗
(0.003) (0.004)

Period 0.099∗∗∗ − 0.086∗∗∗
(0.013) (0.019)

dACAPS 1.233 1.654∗∗∗
(0.684) (0.321)

I ntercept 0.464 0.714

(0.6) (0.53)

Observations 1600 1600

The numbers between parentheses below each coefficient represent
that coefficient’s standard error.
∗ p < 0.05; ∗∗ p < 0.01; ∗∗∗ p < 0.001

2. When HVPs’ valuations increase or LVPs’ valuations decrease, the right-player
allocation is frequently achieved.

In our experiment, there was not significant difference regarding the first-best allo-
cations between SPAPS and ACAPS. However, there was a trend for improvement
under ACAPS relative to SPAPS (p = 0.072 < 0.1).

In contrast to our theoretical predictions, the subjects’ valuations affect the achieve-
ment of the first-best and right-player allocation, as in Results 1 and 2(2). For HVPs,
if the valuation of an HVP increases, the player may have a stronger incentive to
claim the object and participate in the auction. For LVPs, if the valuation of an LVP
for the object is higher than the participation fee, the subjects may imagine that she
will obtain the object with payment. The subjects then participated in the auction.
An additional experiment is necessary to gauge the prediction accuracy for LVPs, in
which the participation fee changes from 50 to a higher or lower fee.

4.2 Sources of inefficiency

We consider the two possible sources of inefficiency introduced by Elbittar and Di
Giannatale (2017): resource inefficiency (RI) and wrong-player inefficiency (WPI).
The former is obtained by dividing the sum of the two players’ payments by the
sum of the high valuation and the two players’ initial capitals. The latter is obtained
by dividing the high valuation minus the winner’s valuation by the sum of the high
valuation and the initial capitals of the HVP and LVP. In other words, RI indicates
the inefficiency in monetary terms from paying the participation fee and the winning
bid. Additionally, WPI indicates the inefficiency from allocating the object to an LVP.
Note that, initial capital is included in the definitions of RI and WPI, and this amount
affects the measures.20

20 In Sect. 5, we discuss that one may change the amount of initial capital. It is thus better to exclude initial
capital from the definitions of RI andWPI to measure the sources of inefficiency when the amount of initial
capital changes.
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Table 3 Net mean efficiency,
resource inefficiency, and
wrong-player inefficiency

NMEa RIb WPIc

SPAPS Periods 1–20 73.8% 17.9% 8.3%

Periods 1–10 64.8% 23.0% 12.1%

Periods 11–20 82.7% 12.7% 4.5%

ACAPS Periods 1–20 93.9% 5.1% 1.0%

Periods 1–10 91.2% 7.2% 1.6%

Periods 11–20 96.6% 3.0% 0.4%

a NME=(Winner’s valuation−Players’ payments+Players’ initial
capital)/ (Highest valuation+ Players’ initial capital)
b RI=Players’ payments/(Highest valuation+ Players’ initial capital)
cWPI=(Highest valuation−Winner’s valuation)/(Highest valuation+
Players’ initial capital)

Before analyzing these two sources of inefficiency, let us introduce the notion of net
mean efficiency (NME), defined as the total of the players’ net gains as a proportion of
the total surplus. At equilibrium, NME should be 100% of the total surplus, otherwise
there would be two types of inefficiency: RI and WPI.

Table 3 reports the NME, RI, andWPI under SPAPS andACAPS for the 20 periods,
periods 1–10, and periods 11–20.

We measure the effect of players’ valuations and the mechanisms of the sources of
inefficiency. In the following three-level linear model using clustering at the session
level and the subject level, SPAPS is the baseline model, and we compare it to ACAPS.
We can formulate the specifications, in general, as follows:

y′
i j t = intercept + β1θH ,i j t + β2θL,i j t + β3 period + γ dACAPS + u′

i + v′
j + ε′

i j t ,

where y′
i j t is either RI or WPI for player i in period t of session j . Table 4 provides

the regression results for the sources of inefficiency.

from Table 4, we derive the following results for RI and WPI.
Result 3. (Resource inefficiency)

1. Resource inefficiency under ACAPS is lower than under SPAPS.
2. When LVPs’ valuations increase, resource inefficiency increases.

Result 4. (Wrong-player inefficiency)

1. Wrong-player inefficiency under ACAPS is lower than under SPAPS.
2. WhenHVPs’ valuations decrease or LVPs’ valuations increase, wrong-player inef-

ficiency increases.

From Results 3(1) and 4(1), ACAPS performs relatively better than SPAPS in both
RI and WPI.

In contrast to our theoretical predictions, the subjects’ valuations affect the sources
of inefficiency, as in Results 3(2) and 4(2). We have the same conjecture as in the final
paragraph of Sect. 4.1 regarding the reason why LVPs and HVPs are affected by their
valuations. To understand accurately the reason for the observations in Results 3(2)
and 4(2), additional experiments are necessary.
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Table 4 Regression results for
the sources of inefficiency

RI WPI

θH −0.0001 −0.0004∗∗∗
(0.0002) (0.00008)

θL 0.003∗∗∗ 0.0002∗∗
(0.0002) (0.00008)

Period − 0.007∗∗∗ − 0.002∗∗∗
(0.001) (0.0004)

dACAPS − 0.082∗ − 0.033∗∗∗
(0.041) (0.007)

I ntercept 0.137∗∗ 0.111∗∗∗
(0.043) (0.012)

Observations 1600 1600

The numbers between parentheses below each coefficient represent
that coefficient’s standard error
∗ p <0.05; ∗∗ p <0.01; ∗∗∗ p <0.001

Table 5 Players’ behaviors in the participation stage

SPAPS ACAPS

(1) HVPs’ decision

(1a) “auction” 96.5% = 386/400 99.3% = 397/400

(1b) “no auction” 3.5% = 14/400 0.7% = 3/400

(2) LVPs’ decision

(2a) “auction” 24.3% = 97/400 12.8% = 51/400

(2b) “no auction” 75.8% = 303/400 87.3% = 349/400

4.3 Players’behaviors

4.3.1 The participation stage

Table 5 describes the proportions of the players who choose “auction” or “no auc-
tion” at the participation stage for the 20 periods under SPAPS and ACAPS. Under
SPAPS, 96.5% of HVPs select “auction” and 75.8% of LVPs select “no auction.”
Under ACAPS, 99.3% of HVPs select “auction” and 87.3% of LVPs select “no auc-
tion.” Therefore, ACAPS performs relatively better than SPAPS in the participation
stage. Figure 1 (resp.Fig. 2) describes the transition regarding the proportion of the
players who say “auction” in the participation stage for each period under SPAPS
(resp. ACAPS). Additionally, 51 pairs proceeded to the auction stage under ACAPS,
compared to the 90 pairs did under SPAPS. Under ACAPS, since most pairs of players
do not proceed to the auction stage and select the first-best allocation immediately,
players may find the best strategy for themselves before participating in the auction.

We statistically measure the effects of players’ valuations and the mechanisms on
players’ behaviors regarding whether they participate in the auction. In the following
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Fig. 1 Participation rate for each period in the participation stage under SPAPS (Left: Session 1; Right:
Session 2)

Fig. 2 Participation rate for each period in the participation stage under ACAPS (Left: Session 3; Right:
Session 4)

three-level logit model using clustering at the session and the subject levels, SPAPS is
the baselinemodel to whichACAPS is compared.We can formulate the specifications,
in general, as follows:

y′′
i j t = 1{intercept + β ′′

1 θi j t + β ′′
2 period + γ ′′dACAPS + u′′

i + v′′
j + ε′′

i j t ≥ 0},

where y′′
i j t represents either “auction” or “no auction”, as chosen by player i in period t

of session j and y′′
i j t = 1 (resp. y′′

i j t = 0) means saying “auction” (resp. “no auction”)
and θi is the valuation of player i . Table 6 provides the regression results for HVPs’
and LVPs’ behaviors in the participation stage.

FromTable 6,we have the following results for players’ behavior at the participation
stage.

Result 5. (HVPs’ behaviors in the participation stage)

1. Saying“auction”at the participation stage forHVPsunderACAPS ismore frequent
than under SPAPS.

2. When HVPs’ valuations increase, choosing “auction” in the participation stage is
more frequent.

Result 6. (LVPs’ behaviors in the participation stage) When LVPs’ valuations
decrease, choosing “no auction” in the participation stage is more frequent.
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Table 6 Regression results for
HVPs’ and LVPs’ behaviors in
the participation stage

HVPs LVPs

θH 0.033∗∗∗ –

(0.005)

θL – 0.024∗∗∗
(0.002)

Period 0.095∗∗ − 0.098∗∗∗
(0.034) (0.014)

dACAPS 1.724∗∗∗ − 1.222

(0.464) (0.7)

I ntercept −1.897∗∗ − 1.66∗∗
(0.689) (0.516)

Observations 800 800

The numbers between parentheses below each coefficient represent
that coefficient’s standard error.
∗ p < 0.05 ∗∗ p < 0.01; ∗∗∗ p < 0.001

In our experiment, there was not significant difference regarding the equilibrium
strategies of LVPs between SPAPS and ACAPS. However, there was an improvement
trend under ACAPS relative to SPAPS (p = 0.081 < 0.1).

In contrast to our theoretical predictions, the subjects’ valuations affect the equi-
librium strategies as in Results 5(2) and 6. We have the same conjecture as in the final
paragraph of Sect. 4.1regarding the reason why LVPs and HVPs are affected by their
valuations. To understand accurately the reason for the observations in Results 5(2)
and 6, we need to conduct additional experiments.

4.3.2 The auction stage

Table 7 provides the distributions of players’ bids under SPAPS and ACAPS. To
analyze whether HVPs and LVPs bid rationally, we divide the regions of the second-
highest bid under SPAPS (or the first drop-out price under ACAPS), bSHB , into three
cases:

Case 1. bSHB is smaller than the loser’s valuation minus 2;

Case 2. bSHB is in the interval between the loser’s valuation plus 2 and minus 2; and

Case 3. bSHB is larger than the loser’s valuation plus 2. Note that we aim to analyze
whether a loser’s bid is their own valuation (or quitting when the price is their own
valuation) of the equilibrium price within 2 as in Elbittar and Di Giannatale (2017)
and Li (2017).

First, we observe the behavior of LVPs. Since we observe only the second-highest
bid under SPAPS (or the first drop-out price under ACAPS), we focus on the cases
where HVPs win the auction to determine the bidding behavior of LVPs. Of all HVPs,
63.3% win the auction under SPAPS and 82.4% win it under ACAPS. The proportion
of LVPs in Case 2 under ACAPS (45.2%) is greater than that under SPAPS (19.3%).
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Table 7 Players’ behavior in the auction stage

SPAPS ACAPS

(1) HVPs win the auction 63.3% = 57/90 82.4% = 42/51

(1a) and bSHB ∈ [0, θL − 2)a 28.1% = 16/57 21.4% = 9/42

(1b) and bSHB ∈ [θL − 2, θL + 2] 19.3% = 11/57 45.2% = 19/42

(1c) and bSHB ∈ (θL + 2, 270] 52.6% = 30/57 33.3% = 14/42

(2) LVPs win the auction 36.7% = 33/90 17.6% = 9/51

(2a) and bSHB ∈ [0, θH − 2) 69.7% = 23/33 88.9% = 8/9

(2b) and bSHB ∈ [θH − 2, θH + 2] 18.2% = 6/33 0.0% = 0/9

(2c) and bSHB ∈ (θH + 2, 270] 12.1% = 4/33 11.1% = 1/9

abSHB : the second highest bid (or the first drop-out price)

Therefore, LVPs chose the equilibrium strategy more frequently in the auction stage
under ACAPS than SPAPS, which is the same as the results regarding second-price-
auction and ascending-clock-auction experiments (e.g., Li 2017).

Second, we observe the behavior of HVPs. We focus on the cases where LVPs
win the auction to observe the bidding behavior of HVPs. Of all LVPs, 36.7% win
the auction under SPAPS and 17.6% win it under ACAPS. Note that most LVPs do
not select “auction” in the participation stage under both mechanisms, as in Sect. 4.1.
In contrast to the results for LVPs, the proportions of HVPs in Case 1 under SPAPS
(69.7%) and ACAPS (88.9%) are relatively large. This result is different from that
of the experiments comparing the relative performance between second-price and
ascending clock auctions (e.g., Li 2017), which may be explained by the difference
that two types of high values and low values are assigned and each player knows their
own and the opponent’s type.

Figure 3 (resp. Fig. 4) presents the scatterplot between HVPs’ and LVPs’ valuations
and their bids under SPAPS (resp. the first drop-out prices under ACAPS). Under
SPAPS, the correlation coefficient between HVPs’ valuations and their bids is 0.376,
and that between LVPs’ valuations and their bids is 0.328. By contrast, when we
exclude two extreme points, the correlation coefficient between HVPs’ valuations and
their bids under ACAPS is 0.582 and that between LVPs’ valuations and their bids
under ACAPS is 0.622.21 Therefore, for each type of HVP and LVP, the positive
correlation under ACAPS is stronger than that under SPAPS.

5 Conclusions

We first modified the mechanism SPAPS designed by Mihara (2012) on King
Solomon’s dilemma. SPAPS is constructed based on a second-price auction. We
then changed it into an ascending clock auction and we call the modified mecha-
nism ACAPS. We experimentally compared the performance of ACAPS with that of

21 If we include the two extreme points, the correlation coefficient between HVPs’ valuations and their
bids under ACAPS is 0.344, and that between LVPs’ valuations and their bids under ACAPS is 0.467.
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Fig. 3 The scatterplot between HVPs’ or LVPs’ valuations and their bids under SPAPS

SPAPS. We found that ACAPS performed relatively better than SPAPS in terms of the
right-player allocations, “resource inefficiency,” “wrong-player inefficiency,” and the
equilibrium strategies of high valuation players. Regarding the first-best allocations
and equilibrium strategies of low valuation players, in our experiment, there was a
trend for improvement under ACAPS relative to SPAPS.

Although, in our experiment, the performance of ACAPS was relatively better than
that of SPAPS, there remain open questions, such as participation fee, number of
players and objects, and types of players.
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Fig. 4 The scatterplot between HVPs’ or LVPs’ valuations and their bids under ACAPS

First, in our experiment, when LVPs’ valuations increase, resource inefficiency and
wrong-player inefficiency increase, as in Sect. 4.2. As discussed in Sect. 4.1, if the
valuation of a low valuation player for the object is higher than the participation fee,
the player may imagine that she obtains the object with payment and thus participate in
the auction. Therefore, increasing the participation fee may give a disincentive to low
valuation players to participate in the auction. Using a similar reasoning, future studies
can investigate whether conversely decreasing the participation fee may increase the
rate of low valuation players selecting “auction” in the participation stage.
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Second, our experiment has only two players and one object. If the numbers of
players and objects increase, it may be harder for players to find equilibrium strategies.
Even in this case, we expect ACAPS to perform relatively better than SPAPS. As
discussed in Sect. 1, in a laboratory experiment, subjects are substantially more likely
to play the dominant strategy in an ascending clock auction than in a second-price
auction, and this observation is discussed from the viewpoint of obvious dominance. If
players canmore easily find the equilibrium strategy in the auction stage underACAPS
than under SPAPS, theymay also find the equilibrium strategy in the participation stage
more easily, even if the numbers of players and objects increase.

Third, in our experiment, the two types of players were fixed to follow the setting
of Elbittar and Di Giannatale (2017). Under this setting, a few subjects with low
valuations (two out of the 40 subjects with low valuations under each SPAPS and
ACAPS) participated in the auctions to spite their counterparts with high valuations.22

This may be because subjects’ types were fixed, so that subjects with low valuations
envied their counterparts.23 In Ponti et al. (2003) that experimentally investigate two
mechanisms proposed by Glazer and Ma (1989) and Ponti (2000) for King Solomon’s
dilemma, the two types of players were not fixed. In this setting, regarding SPAPS and
ACAPS, each subject may change his/her strategy because they can be either a high
valuation player or a low valuation player.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10058-023-00328-8.
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