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Abstract. This research studies a resource pool-choice dilemma, in which a group of resource
seekers independently choose between a larger pool containing more resources and a
smaller pool containing fewer resources, knowing that the resources in each pool will be
divided equally among its choosers, so that the more (fewer) people choose a certain pool,
the fewer (more) resources each of them will get. This setting corresponds to many real-
world situations, ranging from students choosing majors as a function of job opportunities
to entrepreneurs choosing markets as a function of customer bases. Ten studies reveal a
systematic undershooting bias: fewer people choose the larger pool relative to both the nor-
mative equilibrium benchmark and chance (random choice), thus advantaging those who
choose the larger pool and disadvantaging those who choose the smaller pool. We present
evidence showing that the undershooting bias is driven by bounded rationality in strategic
thinking and discuss the relationship between our paradigm and other coordination games.

History: Accepted by Yuval Rottenstreich, decision analysis.
Supplemental Material: The appendix is available at https://doi.org/10.1287/mnsc.2020.3814.
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Introduction
Imagine that you are one of many individual vendors
who are allowed to sell ice cream at one of two events
tomorrow and must decide independently which one to
go to. Every vendor knows that one event will havemore
attendees than theotherand that everyattendeewill likely
buy one ice cream and is as likely to buy it from one
vendor as from another. Thus, the more (fewer) vendors
go to a certain event, the fewer (more) attendees will buy
each vendor’s ice cream, resulting in less (more) profit
for each vendor. Which event will you go to?

Pool-Choice Dilemma
This is an example of a pool-choice dilemma in resource
competition: A group of resource seekers choose
between a larger pool containing more resources and
a smaller pool containing fewer resources, knowing
that the resources in each pool will be shared evenly
by its choosers. Even though real-life decisions are
inevitably more complicated than the stylized case
above, many decisions share its characteristics; ex-
amples include firms deciding whether to enter a
large market with more customers or a niche market
with fewer customers, students deciding whether to
major in a field with more expected jobs or one with
fewer expected jobs, and residents in a virus-stricken

area who need face masks deciding whether to rush
to a store with more remaining masks or one with
fewer. In each case, one pool contains more resources
than the other, and the more (fewer) competitors
choose to acquire resources from a certain pool, the
fewer (more) resources will be available to each of its
choosers. In order to maximize one’s own outcome,
one must think about the choices of others. Biases in
such decisions carry potentially serious consequences
for both individuals and the efficiency of the system
as a whole, since deviations from optimal behavior
can generate substantial inequality between people.
The pool-choice dilemma described above can be

abstracted in the following account-choice game: N
players choose between a larger account containing
$l and a smaller account containing $s (where s <
l<N×s). The players are anonymous and cannot com-
municate with each other. Each player must make a
choice between the two accounts and must choose
independently. After everyone makes their choices,
the money in each account will be divided equally
among those who choose that account, so that the
more (fewer) players choose a certain account, the
less (more) money each of them will receive.
This game has a unique equilibrium outcome: l/(l+s)

of the players should choose the larger account in
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expectation (with the remaining players choosing the
smaller account). For example, if the larger account
contains $55 and the smaller account contains $45, the
unique equilibrium outcome is that 55% of the players
choose the larger account. The l/(l+s) proportion is
the only equilibrium outcome because, regardless of
which account they choose, all players earn the same
amount and no player has an incentive to deviate and
choose a different account.

Rational players could reach the above outcome by
adopting various equilibrium strategies. One such
equilibrium strategy is a mixed strategy: each player
chooses the larger account with a probability of l/(l+s).
In the example above, for instance, each player could
draw a card from a deck containing 11 red cards and 9
black cards, and choose the larger account if the card
drawn is red or the smaller account if the card drawn
is black.1

In reality, however, people may not adopt such
equilibrium strategies and may not reach the l/(l+s)
normative benchmark. Deviations from the norma-
tive equilibrium proportion fall under two categories.
If the proportion of players choosing the larger ac-
count exceeds the equilibrium proportion, then those
choosing the larger account will stand to earn less
than those choosing the smaller account; we term this
phenomenon overshooting. On the other hand, if the
proportion of players choosing the larger account
falls below the equilibrium proportion, then those
choosing the smaller account will stand to earn less
than those choosing the larger account; we term this
phenomenon undershooting.

Both overshooting and undershooting can cause
substantial inequality. For example, suppose that 100
players play the account-choice game in which the
larger account contains $55 and the smaller account
contains $45. If the players overshoot, say, 70% of
them choose the larger account, then each of those
choosing the larger account will end up with only
$0.79, whereas each of those choosing the smaller
account will end up with almost twice as much—
$1.50. If the players undershoot, say, 40% of them
choose the larger account, then each of those choosing
the larger account will end up with $1.38, whereas
each of those choosing the smaller accountwill end up
with a much smaller share—only $0.75.

Undershooting
We predict that people in the pool-choice dilemma
will systematically undershoot, beyond what mere
noise or random choice could explain. Our prediction
builds on models that incorporate bounded ratio-
nality into people’s beliefs about the actions and
beliefs of others (e.g., Stahl and Wilson 1994, Nagel
1995, Costa-Gomes and Crawford 2006, Melkonyan
et al. 2018), particularly how level-k thinking affects

decisions in coordination games (Crawford et al. 2008).
According to this framework, people adopt different
levels of strategic thinking, and a higher-level thinker
uses a strategy that best responds to the behavior
of lower-level thinkers. This bounded rationality in
strategic thinking leads to predictable patterns in
observed behavior.
In the context of the pool-choice dilemma, we de-

fine “K1 thinkers” as thosewho choose the larger pool
simply because it contains more resources. We define
“K2 thinkers” as those who believe that others are K1;
in turn, they best respond by choosing the smaller
pool.2 We define “K3 thinkers” as those who believe
that others are K2 thinkers, and therefore best re-
spond by choosing the larger pool. Note that K1
thinkers are nonstrategic in the sense that they do not
consider the behavior of others, whereas those with
higher levels of reasoning are strategic in the sense
that they best respond to what they perceive others
are doing. These classifications are closely related to
the setup of Crawford et al. (2008), who assume that
K1 thinkers choose the payoff-salient option in co-
ordination games with payoff asymmetries.3 Theo-
retically, there could be even higher-level thinkers,
but the literature shows that few people reason above
the K3 classification (Costa-Gomes and Crawford
2006, Arad and Rubinstein 2012).
Extensive psychological research shows that peo-

ple have a positive illusion about themselves, be-
lieving that they are better than others on a variety
of dimensions, including abilities, future outcomes,
and perceived control (e.g., Taylor and Brown 1988,
Alicke et al. 1995, Alicke and Govorun 2005, Moore
and Healy 2008, Scopelliti et al. 2015, Barasz et al.
2016). Likewise, research in game theory suggests
that people interacting strategically believe that they
are more sophisticated and think more deeply than
other players in the same situation even though others
are drawn from the same population, and are on
average just as smart and sophisticated (Nagel 1995,
Camerer 2003, Arad and Rubinstein 2012). For ex-
ample, using a series of guessing games with various
parameters to separate players’ thinking levels, Costa-
Gomes and Crawford (2006) find that the modal
player in a game considers other players to be non-
strategic and then reacts strategically based on that
belief, implying that the modal player is a K2 thinker.
Building on these findings, we predict that the

modal player in our paradigm believes that most
other players are nonstrategic and will choose the
larger pool, and responds to this belief by choosing
the smaller pool. In other words, we propose that the
modal player in our setting is a K2 thinker. This leads
to fewer people choosing the larger pool than the
equilibrium proportion, generating an undershoot-
ing bias.
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Relationship with Other Paradigms
Our pool-choice paradigm is related to classic coordi-
nationgames suchas themarket entrygame (Kahneman
1988, Sundali et al. 1995) and the minority game
(Challet and Zhang 1997). Our prediction of a sys-
tematic undershooting bias contrasts with the find-
ings from this existing literature which finds no sys-
tematic biases on the aggregate and leads Kahneman
to conclude that behaviors in those games look “like
magic” (Kahneman 1988).

However, there is a critical difference between our
setting and the other paradigms: Our setting has an
apparently superior option, namely, the larger pool. The
presence of the apparently superior option serves as
the starting point from which to reason strategically
about others’ behaviors (Crawford and Iriberri 2007,
Crawford et al. 2008). Specifically, it leads people,
who view others as nonstrategic to believe that they
will choose the apparently superior option (the larger
pool) and, to best respond to this belief by choosing its
alternative (the smaller pool). This generates an un-
dershooting bias.

By contrast, classic resource coordination games do
not entail options that are ex-ante apparently superior
than their alternatives. Take, for example, the market
entry game (Kahneman 1988, Sundali et al. 1995), in
which players choose between a riskless option (not
entering the market) and a risky option (entering).
The riskless option yields the same payoff regardless
of others’ decisions; the risky option has a lower
payoff when more players decide to enter the market.
Since risk is positively correlated with the expected
payoff, neither the riskless option nor the risky option
appears superior at first glance. The lack of an ap-
parently superior optionmeans that there is no salient
starting point for players (assuming they are K2
thinkers) to predict the behaviors of others, and
therefore, no systematic bias is expected in this
context. To provide evidence for this argument, we
conducted a study comparing our pool-choice di-
lemma with the market entry game directly and
found evidence in support of it. We outline this study
and present results in the General Discussion section.

In the minority game, an odd number of players
choose between two identical options, and players
who select the less popular optionwin a prize (Challet
and Zhang 1997). Since the game involves two identical
options, neither option is apparently superior, and no
systematic bias is observed (Chmura and Güth 2011,
Linde et al. 2014).

Our paradigm is also reminiscent of the route
choice game (Selten et al. 2007), in which commuters
choose between two different routes to a set desti-
nation with the goal of minimizing travel time. The
routes vary in length and traffic capacity such that if
the number of commuters is the same on each route,

travel time will be shorter on one route than on the
other. Commuters know the total number of other
commuters but not the formula that determines the
travel time. Because of the uncertainty of the formula,
there is no salient feature that makes either the main
route or the side route apparently superior. As a re-
sult, players’ strategies do not systematically depart
from the theoretical predictions, and outcomes quickly
converge to equilibrium.
Our work is conceptually related to research on the

X-Y game (Crawford et al. 2008), in which players are
paired and choose between options with more salient
labels versus options with higher payoffs; pairs who
coordinate on the same option receive more money.
Players often fail to coordinate when the label-salient
option in a choice set is different from the payoff-
superior option. The X-Y game is similar to our
paradigm in the sense that both generate a systematic
departure from the equilibrium benchmark that can
be modeled using level-k thinking, but it differs from
ours in important ways. In our paradigm, the larger
pool is the only salient (apparently superior) option,
and people “compete” for resources through their
decisions. In the X-Y game, one option is more salient
in label and the other more salient in payoffs, and
there is no element of competition. As a result, these
games are designed to model different types of real-
world settings. Decisions between pools with asym-
metric resources (as in our paradigm) are meant to
model competitive situations such as the choice of
where to conduct business or job search; decisions
between options that differ in the saliency of labels
or payoffs are meant to model classic coordination
game settings such as the ones described in Schelling
(1960). Departures from the equilibrium benchmark
in the former generate substantial inequality in the
system—creating winners and losers—whereas mis-
coordination in the latter decreases the payoffs for all
players. The implications of the results of these two
paradigms differ substantially for both the welfare of
the players and potential interventions.4

The pool-choice dilemmawe study is also related to
foraging behavior, in which multiple foragers search
for resources in multiple patches (e.g., Harper 1982,
Goldstone and Ashpole 2004, Goldstone et al. 2005,
Hills 2006, Hills et al. 2015). However, our research
differs from the foraging work in both design and
outcome. The typical foraging study does not tell
foragers in advance which patch contains more re-
sources (i.e., foragers are not aware which option is
apparently superior) and lets foragers explore and
learn through repeated trials. As a result, the forag-
ing research either finds no systematic biases rela-
tive to the ideal free distribution (e.g. Harper 1982,
Sokolowski and Tonneau 2004) or finds only mild
biases relative to the rational predictions that cannot
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be distinguished from noise (Kennedy andGray 1993,
Goldstone and Gureckis 2009).5

Study Overview
We now proceed to report results from 10 studies that
tested our predictions for the pool-choice dilemma.
Study 1 to Study 4 demonstrated and replicated the
predicted undershooting bias in different contexts
and with different levels of asymmetry. Study 5 and
Study 6 explored the psychological mechanism un-
derlying the bias by asking players to explain their
reasons for their decisions, providing support for our
model of bounded rationality in strategic thinking. Study 7
and Study 8 further tested our theory by directly manip-
ulatingparticipants’ thinking level. Finally, two studies
reported in the appendix compare the pool-choice
dilemma with the market entry game and explore a
potential boundary condition of the undershooting
bias, respectively. Table 1 provides an overview of the
studies. The method section of each study reports
how we determined the sample size, all data exclu-
sions (if any), all manipulations, and all measures.

A note about our samples: Whereas most prior
research on games used students as samples, most of
our studies used workers from Amazon Mechanical
Turk (MTurk). We did so not only because MTurkers
are relatively easy to recruit, but also because they are
more diverse in age, education, and experiences,
and more representative of the general public than

students (Buhrmester et al. 2011). However, to ensure
the generality of our research, two of the studies
(Study 2 and Study 7) used university students
as participants.
All our studies involve only one-shot decisions.

Studying one-shot decisions is important both theo-
retically and practically. On a theoretical level, one-
shot decisions represent the cleanest approach for
studying strategic reasoning (Camerer et al. 2004,
Crawford and Iriberri 2007, Crawford et al. 2008).
Unless learning dynamics of the self and others are
modeled explicitly, repeated decisions will not identify
the types of strategic considerations we aim to study in
ourparadigm. Practically,many real-worlddecisions are
made infrequently or only once in a lifetime (Thaler
2015). Even if they can repeat a decision, real-world
decision makers are often in what Hogarth et al. (2015)
refer to as “wicked learning environments” and rarely
receive appropriate and useful feedback for them
to learn.

Study 1
Method
Study 1 tested the predicted undershooting effect in
an incentive-compatible account-choice game. We
aimed to recruit 150 participants from MTurk to
guarantee relatively high statistical power, and we
received completed responses from 151 participants
(Nfemale = 81; Mage = 32.05).

Table 1. Overview and Main Results of All Studies

Study Purpose(s) and/or feature(s) Condition Equilibrium benchmark % choosing the larger pool

1 Tests undershooting in an incentive-compatible
account-choice game

55.0 35.1* [27.5, 43.3]

2 Replicates undershooting in a realistic mask-seeking
context, using a student sample

50.03 35.6* [27.0, 44.9]

3 Replicates undershooting in an incentive-compatible
and naturally occurring survey choice context

52.0 33.7* [24.6, 43.8]

4 Replicates undershooting with different levels of
asymmetry in an ice-cream vendor context

Low asymmetry 52.0 36.2* [28.6, 44.4]
High asymmetry 92.0 64.7* [56.5, 72.3]

5 Replicates undershooting in an incentive-compatible
account-choice game and explores thinking level

52.0 40.0* [30.3, 50.3]

6 Replicates undershooting in an incentive-compatible
account-choice game and explores both others’ and
one’s own thinking levels

55.0 42.0* [32.7, 51.7]

7 Tests the effect of thinking-level manipulation in a
mask-seeking context, using a student sample

Control 50.5 35.9* [28.4, 44.1]
Hint 50.5 62.6 [54.2, 70.4]

8 Tests the effect of thinking-level manipulation on
prediction of others’ choices and one’s own choices
in a gold-seeking context

Control 50.5 24.0* [17.4, 31.7]
Prediction 50.5 27.3* [20.4, 35.2]
Hint+prediction 50.5 47.3 [39.1, 55.6]

Additional studies reported in an appendix
A1 Compares our pool-choice dilemma with the market

entry game in a water-seller context
Pool choice 50.5 33.3* [25.9, 41.5]
Market entry 50.5 49.7 [41.4, 58.0]

A2 Tests the effect of vividness in an incentive-compatible
account-choice game, using a student sample

Control 55.0 33.3* [24.4, 43.2]
Treatment 55.0 57.9 [48.0, 67.4]

Notes. The results in Study 7 are from round 2. Numbers in brackets are 95% confidence intervals.
*Significant undershooting.
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All participants read the following instructions:

By participating in this study, you are guaranteed to
receive the payment advertised for the study. In addition,
everyone in this study has a chance to get more money.
Here is how (everyone has the following information):

At the end of the study, we will randomly pick 20 winners
from all the participants, and let them get some extra money.

Each winner will get money from one of two accounts,
one large and one small. The larger account contains $55,
and the smaller account contains $45.

Everyone must decide in advance which account to get
money from if they win.

After the winners are picked, the money in each account
will be divided equally among the winners who choose that
account. Therefore, the more winners choose a certain
account, the less money each winner will receive.

Note: This is not hypothetical, but real. You actually
have a chance to win, and, if you win, which account you
choose will influence how much money you can get.

After they made their choices, participants were
asked the following comprehension questions:

Which of the following is true?
- The more winners choose a certain account, the more

money each of them will get.
- The more winners choose a certain account, the less

money each of them will get.
- Regardless of how many winners choose a certain

account, each of them will get the same amount of money.
If half of the winners choose the larger account and half

the winners choose the smaller account, then which of the
following would be true?

- Those who choose the larger account will get more money.
- Thosewho choose the smaller accountwill getmoremoney.
- The two groups of winners will get the same amount

of money.

After the study, we picked 20 winners and paid
them according to their choices, as promised, with
each winner receiving $5 on average.

Results and Discussion
According to the equilibrium prediction, the pro-
portion of participants choosing the larger account
should be 55/(55+45) = 55%. In support of our be-
havioral prediction, we found a significant under-
shooting bias: only 35.1% of participants chose the larger
account, which was not only below the equilibrium
benchmark of 55%, but also below 50% (χ2(1, n = 151) =
13.41, ϕ = 0.30, p < 0.001).6 Because it was below 50%,
this result cannot be ascribed to mere noise or mere
random choice.

The result was essentially the same if we included
only the participants who answered both comprehension

questions correctly (n = 114): Among them, 34.2% chose
the larger account, significantly below both the equi-
librium benchmark and 50% (χ2(1, n = 114) = 11.37, p =
0.001, ϕ = 0.32).
The undershooting bias greatly affected partici-

pants’ earnings. Had there been no bias (i.e., had the
proportion of participants choosing the larger account
matched the equilibrium benchmark of 55%), then each
winner would have received $5.00. But because of un-
dershooting, each of those who chose the larger account
received $7.86while each of thosewho chose the smaller
account received less than half—only $3.46. This rep-
resents substantial inequality in the system.

Study 2
Study 2was a replication of Study 1 using an enriched
mask-seeking scenario inspired by real events sur-
rounding the concurrent coronavirus pandemic. The
study used a different participant sample than Study 1.
Furthermore, it involved only a slight asymmetry in
resources (i.e., 2001 vs. 1999) so that the equilibrium
benchmark (i.e., 50.03%) was essentially 50%; we were
curious whether such aminimal asymmetry could still
trigger an undershooting bias. The study was pre-
registered at http://aspredicted.org/blind.php?x=2ci8ek.

Method
Participants in the study were students from a large
university in China who did the study for a payment.
We hoped to recruit 100 participants and received
completed responses from 118 participants due to a
higher than expected response rate (Nfemale = 56;
Mage = 21.39). All participants read the following
(originally in Chinese):

Some students at your university are still living on
campus. There are two convenience stores on campus—A
and B. To prevent the spread of the coronavirus, both stores
decide to give away the face masks they have free of charge
to students at 9 a.m. tomorrow morning. Face masks are
in great shortage now, and many students—including
you—plan to go to the stores to claim masks tomorrow
morning, and want to get as many as possible.
Every student can go to only store to claim masks, must

decide independently which store to go to, and cannot
discuss with one another. Everyone has the following in-
formation: Store A has 2001 masks and Store B has 1999
masks. Each store will distribute the masks they have
equally to the students who wait there to claim masks.
Thus, the fewer the students who go to a certain store to
claim masks, the more the masks each student who goes
there will get; conversely, the more the students who go to a
certain store to claim masks, the fewer the masks each
student who goes there will get.
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Given the information above, which store would you go
to to claim masks?

Results and Discussion
Again, the study revealed a significant undershooting
bias: only 35.6% of the participants chose to go to the
larger store, which was both below the equilibrium
benchmark (50.03%) and chance (50%) (χ2(1, n =
118) = 9.80, p < 0.005, ϕ = 0.29). Replicating the result
of Study 1, this finding shows that the undershooting
bias occurs not only in the abstract account-choice
game but also in an enriched and realistic context.
Additionally, the bias can be generated by even a slight
asymmetry in resources between the two options.

Study 3
Whereas Study 1 tested the undershooting bias in an
incentive-compatible but abstract game and Study 2
tested the bias in a realistic but hypothetical scenario,
Study 3 tested the bias in a realistic (naturally oc-
curring) and incentive-compatible setting. The study
was preregistered at https://aspredicted.org/blind.php?
x=4k86ep.

Method
The study asked MTurkers to choose between two
surveys. To be consistent with the instructions to the
participants (see below), we set a target sample size
of 100 and received completed responses from 101
participants (Nfemale = 53; Mage = 35.66).

We first asked the participants to complete an
unrelated short consumer survey for $0.15. After that,
we told them they could do another survey and earn
extra money. We gave the following instructions:

We are recruiting about 100 workers (including you) to
do an additional survey and we will pay you additional
money. Everyone has the following information:

There are two surveys each worker can choose from—
Survey A or Survey B. They are similar in content and
length (about 5 minutes). Each worker can do only one
survey, not both. Each survey has its own budget. Survey A
has a budget of $26 and Survey B has a budget of $24. The
budget for each survey will be divided equally among the
workers who choose to do that survey. Therefore, the fewer
workers choose to do a certain survey, the more money each of
them will get; conversely, the more workers choose to do a
certain survey, the less money each of them will get.

Which survey will you do?

Even though doing the extra survey was optional,
everyonemadea choice betweenSurveyAandSurveyB.
They then completed the extra survey (which, again,was
unrelated to the present study) and received the prom-
ised payment.

Results and Discussion
Only 33.7% of the participants chose Survey A (the
surveywith a higher budget), whichwas significantly
below both the equilibrium benchmark of 52% and
50% (χ2(1, n = 101) = 10.78, p = 0.001, ϕ = 0.33). This
choice bias engendered severe inequality in earnings.
Although the two surveys were equally long, those
who did Survey A earned $0.76, while those who did
Survey B earned only $0.36, which is not a trivial
difference for workers on this platform. This study
replicated the undershooting bias in a naturally oc-
curring survey choice setting among workers who
make a living by performing similar tasks.

Study 4
Whereas the studies reported so far demonstrated the
undershooting bias when the asymmetry in resources
was small, Study 4 varied the level of asymmetry to
see ifpeoplewouldstill undershootwhen theasymmetry
was high. The study adopted an ice-cream vendor sce-
nario similar to the one introduced at the beginning of
the article. The study was preregistered at https://
aspredicted.org/blind.php?x=vn492d.

Method
We aimed to recruit 300 participants from MTurk to
ensure that each condition would have a sample size
of 150, andwe received completed responses from302
participants (Nfemale = 139;Mage = 37.59). Participants
were randomly assigned to either a low-asymmetry
condition (52%) or a high-asymmetry condition (92%).
They all read the following; the number before a “/”was
for the low-asymmetry participants and the number
after it was for the high-asymmetry participants:

You are one of 20 ice cream vendors who plan to go to one
of two outdoor events tomorrow to sell ice cream. Of those
events, one is larger than the other. The larger event is
expected to have 2600/4600 customers and the smaller
event is expected to have 2400/400 customers.
Each of you can go to only one event, and must decide

independently which one to go to. You cannot change your
mind afterward and cannot discuss your decision with
each other.
How much profit a vendor will make tomorrow depends

on how many customers will buy their ice cream. Every
customer will buy exactly one serving of ice cream, and
every vendor will make a $1 profit by selling one serving of
ice cream. Thus, the fewer vendors go to a certain event, the
more customers at the event will buy each vendor’s ice
cream, and the more profit each vendor will get. Specifi-
cally, if N vendors go to a certain event, then 1/Nth of the
customers at that event will buy each vendor’s ice cream,
and each vendor will get a 1/Nth share of the total profit
from that event.
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Again, the large event is expected to have 2600/4600
customers and the smaller event is expected to have 2400/
400 customers. Each vendor can go to only one event.Given all
the information above, which event will you go to?

Results and Discussion
Weobserved undershooting in both conditions. In the
low-asymmetry condition, the proportion of partic-
ipants choosing the larger event—36.2%—was sig-
nificantly below both the equilibrium benchmark of
52% and 50% (χ2(1, n = 152) = 11.61, p = 0.001, ϕ =
0.28). In the high-asymmetry condition, the propor-
tion of participants choosing the larger event—64.7%—
was significantly below the equilibrium benchmark
of 92% (χ2(1, n = 150) = 152.26, p < 0.001, ϕ = 1.00), but
significantly above 50% (χ2(1, n = 150) = 12.91, p <
0.001, ϕ = 0.29). This latter result indicates that, when
the resources in the two pools are highly asymmetric,
most people would choose the larger pool instead
of the smaller pool, but the proportion of people
choosing the larger pool is still below the equilib-
rium benchmark.

Because the choice proportion in the high-asymmetry
condition falls between the equilibrium benchmark and
chance (50%), we do not know whether it is a result of a
systematic undershooting bias or a combination of un-
biased choice and random choice. This ambiguity is
inevitable if the choice options involve highly asym-
metric resources, as in the high-asymmetry condition
of this study. To avoid this issue, all the remaining
studies adopt low asymmetries.

Study 5
Study 5 explored the mechanism underlying the
undershooting bias by asking participants to explain
the reasons behind their choices. These data were
used to begin our investigation intowhether bounded
rationality in strategic thinking was driving the un-
dershooting bias. Like Study 1, Study 5 used an
account-choice game, but unlike Study 1, which in-
centivized only some randomly chosen participants,
Study 5 paid everyone according to their choice.

Method
We aimed to recruit 100 participants fromMTurk and
received completed responses from 100 participants
(Nfemale = 61; Mage = 35.35). All participants received
the following instructions:

In this study, you will play an “account choice game”
with 11 otherMTurkers. By playing this game, you can get
some extra money. The rules of the game are as follows:

We have two accounts: a larger account containing 520
cents, and a smaller account containing 480 cents. Every
participant can get money from one of these accounts, and

everyone must decide in advance which account to get
money from.
At the end of the study, we will count how many par-

ticipants choose the larger account and how many choose
the smaller account, and we will divide the money in each
account equally among the participants who choose that
account. Thus, the more participants who choose a certain
account, the less money each of them will get. For example,
if only 2 participants choose a certain account, then each of
them will get 1/2 of the money in that account; if 10
participants choose a certain account, then each of them
will get only 1/10 of the money in that account.
Given the above rules, which account would you choose?

After participants made their choice, the next screen
asked for their rationale. Specifically, those who chose
the larger account were asked:

Why did you choose the larger account instead of the
smaller account?
(LA) Because it contains more money and I wanted to

get more money.
(LB) Because I figured that most other participants

would choose the smaller account and I wanted to choose a
different account from what they would choose.
(LC) Because I figured that most other participants

would choose the larger account and I wanted to choose the
same account as they would.
(LD) Other reason; please specify: ________

Those who chose the smaller account were asked:

Why did you choose the smaller account instead of the
larger account?
(SA) Because it contains less money and I wanted to get

less money.
(SB) Because I figured that most other participants

would choose the larger account and I wanted to choose a
different account from what they would choose.
(SC) Because I figured that most other participants

would choose the smaller account and I wanted to choose
the same account as they would.
(SD) Other reason; please specify: ________

The labels before the options are added here for
ease of reference. Note that option LA represented K1
thinking, option SB represented K2 thinking, option
LB represented K3 thinking, and the remaining op-
tions represented other thinking styles.7

At the end of the study,we paid everyone according
to their earnings in the game.

Results and Discussion
Choice. We replicated the undershooting effect: the
proportion of participants choosing the larger ac-
count was 40.0%, significantly below both the equi-
libriumbenchmark of 52% and chance (χ2(1, n= 100) =
4.00, p < 0.05, ϕ = 0.20).
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Thinking Level. Figure 1 shows the percentages of
participants associated with each thinking level, as
inferred from their answers to the questionnaire. As
the figure shows, 59.0% of the participants can be
classified as K2 thinkers, and this proportion was
higher than any other types of thinkers (goodness-of-
fit χ2(2, n = 100) = 10.23, p < 0.01, compared with the
next most frequent type, which was only 29.0%). This
result supports our proposition that the modal par-
ticipant was a K2 thinker.

To probe further, we conducted separate analyses
of the reasons given by those choosing the larger
account (theminority) and those choosing the smaller
account (the majority). Among those choosing the
larger account (the minority), 17.5% can be classified
as K1 thinkers, 72.5% as K3 thinkers, and the remaining
10.0% as other types. Among those choosing the smaller
account, almost everyone (98.3%) canbeclassifiedasaK2
thinker. These results suggest that the undershooting
bias was largely driven by K2 thinking.

Study 6
Whereas Study 5 used the reasons participants gave
for their choices to infer their levels of thinking,
Study 6 provided participants with information about
the different levels of potential strategic reasoning and
asked them to evaluate both others’ level of thinking
and their own.

Method
To have at least 100 players (as specified in the in-
structions), we aimed to recruit 110 participants from
MTurk and ended up receiving completed responses
from 112 participants (Nfemale = 49; Mage = 38.5).

All participants read the following instructions:

By participating in this study, everyone is guaranteed to
receive the minimal payment advertised for this study. In
addition, every participant will get some extra money. The
rules are as follows:

We have two accounts, one larger and one smaller: The
larger account contains $55, and smaller account contains

$45. We will recruit about 100 participants for this study,
and we will give all the money ($55+$45 = $100) to these
100 participants, including you.
Every participant will get money from only one of these

accounts, and everyone must decide in advance which
account to choose, the larger one or the smaller one.
At the end of the study, we will divide the money in each

account equally among the participants who choose that
account, and send the money to them. Thus, the more
participants choose a certain account, the less money each
participant who chooses that account will get.
This is real, not hypothetical. Everyone will receive the

extra money as a bonus at the end of the experiment.
Given the above rules, which account would you choose?

After they made their decision, participants were
led to the next page and read the following, adapted
from our earlier definitions of the different levels of
strategic thinking:

Let us define a few terms. Please read carefully.
A Level Zero Thinker is someone who makes a ran-

dom choice.
A Level One Thinker is someone who chooses the larger

account without thinking about what account most other
participants would choose.
A Level Two Thinker is someone who assumes that most

other participants would choose the larger account and
therefore chooses the smaller account him/herself.
A Level Three Thinker is someone who assumes that

most other participants would choose the smaller account
and therefore chooses the larger account him/herself.
And so on and so forth.
In your opinion, most other participants are _____

(choose one below):
- Level Zero Thinkers
- Level One Thinkers
- Level Two Thinkers
- Level Three Thinkers
- Higher than Level Three Thinkers
In your opinion, you are _____ (choose one below):
- a Level Zero Thinker
- a Level One Thinker
- a Level Two Thinker
- a Level Three Thinker
- a Higher than Level Three Thinker

After they answered the above question, partici-
pants continued to another page and answered the
following comprehension question:

To make sure you understand the instructions of this
study, please answer the following question(s):
- How much money I will get depends both on what

account I choose and what account most other partici-
pants choose.

Figure 1. Study 5 Thinking Level Results
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- Regardless of what account most other participants
choose, I will always get more money by choosing the
larger account.

- Regardless of what account most other participants
choose, I will always get more money by choosing the
smaller account.

- Regardless of which account most other participants
choose, I will always get the same amount of money.

After the study, all participants were paid according
to their earnings in the game.

Results and Discussion
Choice. Participants again undershot: 42% chose the
larger account, significantly below the equilibrium
benchmark of 55% (χ2(1, n = 112) = 7.69, p < 0.01, ϕ =
0.26) and marginally significantly below 50% (χ2(1, n =
112) = 2.89, p = 0.089, ϕ = 0.16). If we only included
participants who answered the comprehension ques-
tion correctly (n = 98), the proportion choosing the
larger account was even lower—37.8%, significantly
below both the equilibrium benchmark and 50%
(χ2(1, n = 98) = 5.88, p < 0.05, ϕ = 0.24).

Thinking Level. Figure 2 shows people’s judgements
about others’ thinking level as well as their own
thinking level. The results are stark: themost common
answer for others’ thinking level was K1 (46.4%,
marginally significantly above the nextmost common
prediction, 28.6%, goodness-of-fit χ2(2, n = 112) =
4.76, p = 0.09), and themost common answer for one’s
own thinking level was K2 (49.1%, significantly above
the next most common response, 16.1%, goodness-of-
fit χ2(2, n = 112) = 18.75, p < 0.001). Furthermore, the
combination of K1 for others and K2 for the self
(31.3%) was significantly higher than any other combi-
nations (goodness-of-fitχ2(2, n = 112) = 12.52, p< 0.005,
compared with the second most common combina-
tion, which was only 9.8%). Consistent with our
theory, these results indicate that the modal partici-
pant considers others to be K1 and themselves to be
K2. (Very few participants considered others to be

making randomchoices—K0 thinkers—and even fewer
identified themselves as such.)
To further test our theory, we compared the re-

sponses of those who chose the smaller account (thema-
jority) with the responses of those who chose the larger
account (theminority), andwe found that the thinking-
level pattern we theorized was more prevalent among
those who chose the smaller account than those who
chose the larger account. Among those choosing the
smaller account, most (56.9%) considered others to be
K1 and most (76.9%) considered themselves to be K2;
each of these percentages was significantly higher than
the corresponding percentage among those choosing
the larger account (31.9% and 10.6%, respectively,
both p’s < 0.01).
These results corroborate the results of Study 5 by

further suggesting that the undershooting bias re-
flects the modal participant’s belief that others have a
lower level of strategic reasoning, choosing the larger
account without considering the actions of others,
while they themselves are more sophisticated and
respond by choosing the smaller account instead.

Study 7
Whereas Study 5 and Study 6 tested our theory without
a manipulation and using a postchoice questionnaire,
Study 7 manipulated participants’ thinking level and
tested their choices and reasoning simultaneously. The
study used participants from yet another population—
students in Canada—and was preregistered at
https://aspredicted.org/blind.php?x=cp37ep.
The study comprised two between-participant con-

ditions: control and hint. All participants read a mask-
seeking scenario like the one in Study 2 and indicated
their choice and reasoning behind this choice. After
this, participants were asked to indicate their choice
and reasoning behind this choice again. The only
difference between the two conditions was that, be-
tween the first and second set of questions, partici-
pants in the hint condition received a thinking-level
manipulating hint asking them to assume that the
others were as smart as they were and would reason
in a similar way. Participants in the control condition
did not receive this information.
We predicted (a) that participants in both condi-

tions would undershoot in the first round and, more
importantly, (b) that participants in the control con-
dition would still undershoot in the second round but
participants in the hint condition would not.

Method
Participants in this study were students from a large
university in Canada who did this and other unrelated
studies for course credits. We aimed to recruit 300 par-
ticipants to ensure thatwehadat least 150participants per

Figure 2. Study 6 Thinking Level Results
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condition, andwe received completed responses from314
participants (Nfemale = 198; Mage = 19.63).

All participants first read the following:

A potentially fatal virus is spreading on a remote island.
The virus affects only visitors to the island, and does not
affect the islanders because they are already immune to
the virus.

You are one of 20 visitors who are stuck on the island and
do not know when you can be evacuated. These visitors are
strangers to each other and don’t talk to each other.

An effective way to prevent one from catching the virus
is to wear a mask. Every visitor is selfish, wants to get as
many masks as possible and will not share their masks with
others. Everyone has learned the following information:

There are only two stores on the island that have masks.
The two stores are identical except that one is slightly
larger than the other. The larger store has a total of 202
masks and the smaller store has a total of 198 masks. The
two stores plan to give all the masks they have free of charge
to the visitors.

Each visitor can go to only one store to claim masks, and
must decide independently which store to go to.

Each store will distribute all its masks equally to the
visitors who go to that store. Therefore, the fewer visitors go
to a certain store, the more masks each of them will get.
Conversely, the more visitors go to a certain store, the fewer
masks each of them will get.

Which store would you go to and why?
(A) I would go to the larger store, because it has

more masks.
(B) I would go to the smaller store, because I think most

other visitors would go to the larger store.
(C) I would go to the larger store, because I think most

other visitors would go to the smaller store.
(D) Other; please specify________

The labels A, B, C, and D are added here for ease of
reference. Note that answer A corresponded to K1
thinking, answer B to K2 thinking, and answer C to
K3 thinking.

After answering, participants in both conditions
proceeded to the next page. Those in the hint con-
dition then received the following instruction: “As-
sume that most other visitors are as smart as you are
and would think the same way as you would.” They
were then asked to answer the above question again.
Those in the control condition did not receive the
information, but were also asked to answer the above
question again. Participants in both conditions were
given the same four possible answers as before.

Results and Discussion
Choice. We coded a participant’s choice as going to
the larger store if they chose answer A or C or if they
chose answer D and specified that they would go to
the larger store. We coded a participant’s choice as
going to the smaller store if they chose answer B or if
they chose answer D and specified that theywould go
to the smaller store. If a participant did not specify
his/her choice, we considered his/her response as
missing. The percentage of such responses was rel-
atively low and not significantly different across
conditions: 2.5% and 2.5% during the first and the
second rounds in the control condition and 3.8% and
6.4% during the first and the second rounds in the
hint condition.
Table 2 presents the choice results. When answer-

ing thefirst time, only 35.9%of the participants (35.3%
in the control condition and 36.4% in the hint con-
dition) chose the larger store, significantly below both
the equilibrium benchmark of 50.5% and chance
(χ2(1, n = 304) = 24.33, p < 0.001, ϕ = 0.28), replicating
the undershooting effect.When answering the second
time, choices diverged in line with our predictions: In
the control condition, still only 35.9% chose the larger
store, not significantly different from their first choices
(χ2(1, n = 153) = 0.03, p > 0.5). This suggests that the
mere opportunity to make a choice a second time
was not sufficient to change their original choice or
overcome the bias. In the hint condition, however, the
percentage of participants choosing the larger store
rose to 62.6%, significantly above both the equilib-
rium benchmark and chance (χ2(1, n = 147) = 9.31, p <
0.01, ϕ = 0.25), revealing an overshooting bias. Al-
though our theory did not predict an overshooting
bias, this result supports our prediction that the thinking-
level manipulating hint would turn off undershooting
bias. Below, we provide evidence that this change in
behavior was driven by a change in strategic reasoning.

Thinking Level. We classified a participant’s thinking
level to be K1, K2, K3, or other levels if they chose
answer A, B, C, or D, respectively. Figure 3(a) shows
the percentages of participants fitting each of these
levels based on their initial answer. Because the hint
manipulation had not been introduced, the results of
the two conditionswere naturally similar. Replicating
the pattern from prior studies, the majority of the
participants could be classified as K2.
Figure 3(b) shows the percentages of participants

fitting each level the second time they answered, after

Table 2. Study 7 Choice Results

Condition % choosing the larger store in Round 1 % choosing the larger store in Round 2

Control 35.3% 35.9%
Hint 36.4% 62.6%
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the manipulation was introduced. As the figure re-
veals, the pattern in the control condition did not
change much from the first to the second round, but
the pattern in the hint condition changed consider-
ably: the proportion of K2 thinkers in the second
round (35.0%) was significantly lower than that in the
first round (61.1%, χ2(1, n = 157) = 47.04, p < 0.001, ϕ =
0.56), and the overall thinking-level distribution be-
came flatter.8 These results suggest that the hint was
effective in changing people’s level of strategic rea-
soning, which eliminated the undershooting bias.

Study 8
Study 8 was a replication and extension of Study 7.
Like Study 7, it manipulated thinking level, but un-
like Study 7, it asked (some) participants to first
predict others’ choices before making their own. We
preregistered the study at https://aspredicted.org/
blind.php?x=qb5df6.

The study consisted of three between-participants
conditions: control (without prediction), prediction,
and hint + prediction. All participants first read a
pool-choice dilemma involving gold seeking and a
choice between a larger mine and a smaller mine.
Participants in the control condition were asked to
make their choice without being asked to predict
others’ choices first. Participants in the prediction
condition were first asked to predict others’ choices
and then to make their own decision. Participants
in the hint + prediction condition were first given
a thinking-level manipulating prompt stating that
others were similarly sophisticated as themselves.
They then predicted the choices of others and made
their own.

We predicted that most participants in the control
condition would choose the smaller mine, replicating
the undershooting effect. More importantly, based
on our theory that the modal player is a K2 thinker,
we predicted that most participants in the predic-
tion conditionwould predict that others would choose
the largermine and choose the smallermine themselves—

just like those in the control condition. In contrast, we
predicted that the thinking-levelmanipulationwould
change both participants’ predictions of others’
choices and their own; that is, we predicted that
participants in the hint + prediction condition would
be less likely to predict that others would choose the
larger mine and less likely to choose the smaller
mine themselves.

Method
We expected to recruit 450 participants from MTurk
so that each condition would have a sample size of
around 150. We received completed responses from
450 participants (Nfemale = 255; Mage = 40.39). All
participants received the following instructions:

Imagine the following: You are one of 20 independent
gold seekers who have just learned of two newly discovered
gold mines. It is estimated that the larger mine contains 51
kilograms (kg) of gold and the smaller mine contains 50
kilograms (kg) of gold.
Each of you can get gold from only one of these two

mines, and must decide independently which mine to go to.
You cannot change your mind afterward and cannot
discuss your decision with the other gold seekers.
Once each of you have made your choice, you will go to

your chosen mine to excavate gold. All the gold in each
mine will belong to those who go to that mine, and will be
shared equally among them. Thus, the fewer gold seekers go
to a certain mine, the more gold each of them will get, and
the more gold seekers go to a certain mine, the less gold each
of them will get.

Participants in the control condition were directly
asked “Which mine would you go to?”
Participants in the prediction condition were first

asked, “First, make a prediction: Which mine do you
think most of the other gold seekers would go to?”
After they hadmade their prediction, the participants
were asked, “Now that you have predicted which
mine most of the other gold seekers would go to,
which mine would you go to?”

Figure 3. (a) Study 7 Round 1 Thinking Level Results; (b) Study 7 Round 2 Thinking Level Results
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Participants in the hint + prediction condition first
received a hint: “Please be aware that like you, the
other gold seekers are smart and sophisticated.” They
were then asked to predict which mine most of the
other gold seekerswould go to given the hint and then
to decide which mine they would go to.

Results and Discussion
The results, shown in Table 3, supported our pre-
dictions. In the control condition, only 24.0% of the
participants chose the larger mine, significantly be-
low both the equilibrium benchmark of 50.5% and
chance (χ2(1, n = 150) = 40.56, p < 0.001, ϕ = 0.52).

In the prediction condition, most participants (74.0%)
predicted that most others would choose the larger
mine (χ2(1, n = 150) = 34.56, p < 0.001, ϕ = 0.48), and
most (72.7%) chose the smallermine themselves. Only
27.3% chose the larger mine, significantly below both
the equilibrium benchmark and chance (χ2(1, n =
150) = 30.83, p < 0.001, ϕ = 0.45). The majority of the
participants in this condition (67.3%) both predicted
that others would choose the larger mine and chose
the smaller mine themselves. These results support
our proposition that the modal player is a K2 thinker
who expects others to choose the larger pool and
responds by choosing the smaller pool themselves.
Note that the choice result in the prediction condition
(27.3%)was quite similar to that in the control (without
prediction) condition (24.0%), which suggests that,
even if people are not explicitly asked to predict others’
choices before making their own, they perhaps im-
plicitly do so anyway.

Finally, we examine the results in the hint + pre-
diction condition in which the participants received a
thinking-level manipulating hint before predicting
others’ choices and making their own choices. Com-
pared with the participants in the prediction condi-
tion who did not receive the hint, significantly fewer
participants in the hint + prediction condition pre-
dicted that others would choose the larger mine
(49.3% vs. 74.0%, χ2(1, n = 300) = 19.30, p < 0.001, ϕ =
0.25) and significantly more chose the larger mine
themselves (47.3% vs. 27.3%, χ2(1, n = 300) = 12.82, p<
0.001, ϕ = 0.21). In fact, the participants in the hint +
prediction condition no longer exhibited systematic
bias (p > 0.1 when comparing 47.3% with the equi-
librium benchmark or chance). Although we could
not tell whether the choice result in this condition

reflected the use of equilibrium strategies, random
choice, or a combination of the two, it at least dem-
onstrated that the thinking-level manipulating hint is
effective in changing people’s beliefs about others’
responses and overcoming their own undershoot-
ing bias.

General Discussion
This research studies how resource-seekers choose
between a larger pool and a smaller pool, knowing
that the more (fewer) people who choose a certain
pool, the fewer (more) resources each chooser will
acquire. Using both an abstract incentive-compatible
game and enriched hypothetical scenarios, we doc-
ument a robust undershooting bias that creates severe
resource-allocation inequality, leaving those choosing
the larger pool with significantly more resources than
those choosing the smaller pool. Drawing on nonequi-
librium models of strategic thinking (e.g., Costa-Gomes
and Crawford 2006), we attribute the undershooting
bias to people’s misprediction of the strategies of
others. Specifically, we show that the modal player
can be classified as a K2 thinker—believing that most
others are nonstrategic and would choose the larger
pool, and best respond by choosing the smaller pool
themselves. This proposition is not only consistent
with our main finding (undershooting), but is also
supported by the studies that explored the underlying
mechanism and aimed to manipulate thinking levels.
We devote the remainder of this section to open
questions and tentative answers.

How Is the Pool-Choice Dilemma Different from
Other Resource Coordination Problems?
As we argued in the Introduction, a key difference is
that our paradigm has an apparently superior option,
whereas the other games do not. To test this propo-
sition, we conducted a study to compare our pool-
choice dilemma with the market entry game, which,
like our setting, involves competition over potential
resources. We adopted a scenario like the vendor case
introduced at the beginning of the article and designed
the stimuli so that the two conditions were identical
except for the features unique to each setting. In the
pool-choice condition, participants chose between
going to a larger event or a smaller event; in the
market-entry condition, participants chose between
going to an event (a risky option) or not going to the

Table 3. Study 8 Prediction and Choice Results

Condition % predicting most others would choose the larger mine % choosing the larger mine themselves

Control N/A 24.0%
Prediction 74.0% 27.3%
Hint + prediction 49.3% 47.3%
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event (a riskless option). As predicted, in the pool-
choice condition, the larger event was perceived by a
significant majority of the participants as the appar-
ently superior option, whereas in the market-entry
condition, neither the riskless option (not entering
the market) nor the risky option (entering the market)
was perceived by a significant majority as appar-
ently superior. Importantly, in line with our predic-
tion that the existence of a salient superior option is
key for generating a systematic bias, the pool-choice
condition again showed the systematic undershooting
bias whereas no systematic bias was observed in the
market-entry condition. See Study A1 for details.

Will the Undershooting Bias Disappear If Players Are
Visible to Each Other?
According to our proposition that the bias is driven
by bounded rationality in strategic reasoning, peo-
ple undershoot because they mistakenly believe that
others do not think as deeply as they do. Prior re-
search argues that people are less likely to have such
incorrect beliefs if others are vivid than if they are
abstract, because it is easier to identify others with
oneself as vividness increases (e.g., Alicke et al. 1995,
Hsee and Weber 1997, Small and Loewenstein 2003,
Sah and Loewenstein 2012, Steffel and Le Boeuf 2014).
Building on this literature, we conjecture that people
facing a pool-choice dilemma are less likely to un-
dershoot if they are “vivid” and identifiable to each
other. Study A2, reported in the appendix, tested this
conjecture. A group of students played a version of
the incentive-compatible account-choice game on a
social media platform. They were assigned to either
a control condition, in which the players were com-
pletely anonymous, or a treatment condition, in which
the players could see each other’s profile and nick-
name. Participants in the control condition again
showed a significant undershooting bias (just like
participants in the other studies), but participants in
the treatment condition did not. See StudyA2 for details.

We expect the undershooting bias to be more
prevalent in situations where the resource seekers are
anonymous and “abstract” to each other than in sit-
uations where the resource seekers are identified and
“vivid” to each other. In real life, both types of sit-
uations exist and abound. For example, in some sit-
uations, ice cream vendors are from different regions
and do not know each other; in other situations, they
are from the same region and know each other well. In
some situations, mask-seeking customers are strangers,
and in other situations, they are neighbors. In each
example, the undershooting bias ismore likely to occur
in the former type of situations than in the latter. This
discussion highlights the need for future research to
identify and explore the boundary conditions for the
undershooting bias.

Are There Individual Differences?
We have replicated the undershooting bias among
both online workers in the United States and uni-
versity students from Canada and China. This gives
us some confidence that the effect applies to different
types of individuals. However, we do not claim that it
applies to everyone. For example, we doubt that the
effect applies to people who have received game-
theory training or are otherwise highly sophisti-
cated. It is possible that they know how to reach the
equilibrium solution and do not exhibit a systematic
bias. It is also possible that they show an overshooting
bias—they expect others to be K2 thinkers, choosing
the smaller pool, and best respond through K3 thinking,
choosing the larger pool instead.

What Will Happen If There Are Only Two
Resource Seekers?
The pool-choice dilemma studied in this research
always involves many resource seekers (e.g., 20). As
such, it is practically impossible that all the resource
seekers choose the same pool, leaving the resources in
the other pool unclaimed. If there are only a small
number of resource seekers, say, only two, there will
be a good chance that both resource seekers choose
the same pool, leaving the resources in the other pool
unclaimed. Because of this difference and other
possible differences, peoplemay behave differently in
the two-player setting; we are currently investigating
this topic in a separate project (Hsee et al. 2020).

Will People Learn Over Repeated Trials?
Suppose that a group of people have played the
account-choice game once, learned howmany players
chose the larger account and how many chose the
smaller account, and realized that those choosing the
larger account earned more money. They are now
given an opportunity to play the game again. Will
they still undershoot? Likely not. Based on the results
of Nagel (1995) and subsequent research in this area,
people learn from feedback by conditioning their
strategy on the modal response in the previous pe-
riod. In our setting, this process predicts that players
will learn that most others chose the smaller account
in the previous round, and best respond by choosing
the larger account in the subsequent round—leading
to an overshooting bias. Iterating this process many
times will likely lead to behavior conforming to the
equilibrium benchmark (seeNagel (1995) and Camerer
(2003), for evidence on such convergence). However,
this does not undermine the undershooting bias docu-
mented in this research, because, as noted earlier, many
real-life decisions cannot be repeated, and even if a de-
cision can be repeated, decision makers in real life rarely
receive the kind of clear and valid feedback provided in
game theory experiments.
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Will the Undershooting Bias Disappear If ThereWere
More than Two Pools?
We have focused on pool-choice dilemmas with only
twounequal pools (e.g., a larger account and a smaller
account). But suppose that players are choosing among
four unequal accounts, containing $28, $26, $24, and
$22. According to equilibrium predictions, 28% of the
players should choose the $28 account, followed by
26%, 24%, and 22% for the respective remaining ac-
counts. However, we predict that a disproportionally
small percentage of the players would choose either
the largest or the smallest account, and a dispropor-
tionally high percentage of the players would choose
the third largest account ($24). These predictions are
based on a combination of prior research showing
extremity aversion (Simonson 1989, Simonson and
Tversky 1992, Neumann et al. 2016) and our frame-
work of limited strategic reasoning. If the predicted
biases indeed occur, theywould advantage the players
choosing the largest and the smallest accounts and
disadvantage those choosing the third largest account.

Although this work is far from conclusive, it makes
at least two contributions: drawing attention to an
understudied problem—the pool-choice dilemma—
and documenting a systematic bias—undershooting.
We hope that this work will spur future work to
further probe the psychology behind the effect, ex-
plore boundary conditions, and examine the gener-
alizability and robustness of our findings in real-
world settings.
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Footnotes
1There are other equilibrium strategies. For example, if 100 players
(labeled 1 through 100) are choosing between a $55 account and a $45
account, then another equilibrium strategy is for players 1–55 to
choose the larger account and players 56–100 to choose the smaller
account. However, regardless of which equilibrium strategy players
adopt, the only equilibrium outcome is that 55% of the players end up
choosing the larger account.
2Unless otherwise specified, we focus on situations in which the
asymmetry between the larger and the smaller accounts is not very
high. If the asymmetry is great—for example, if the larger account
contains 90% of all the money—then players may choose the larger
account even if they believe most others also will choose the
larger account.
3Our numbering of thinking level is consistent with that by Costa-
Gomes and Crawford (2006), Ho et al. (1998), and Nagel (1995), but
different from that by Crawford, Gneezy, and Rottenstreich (2008),
who define level 0 thinkers (instead of K1) as non-strategic players
who would choose the payoff-superior option.
4 For example, although undershooting in our paradigm is a de-
parture from the equilibrium prediction, it is still Pareto efficient. In

contrast, miscoordination in Crawford et al. (2008) is not Par-
eto efficient.
5For example, if one patch contains 60% of the resources and another
contains 40%, the proportion of foragers going to the larger patch falls
below 60% but not below 50%. Such mild biases could be attributed
to a combination of unbiased choices and noise (random choice).
6 If the choice proportion in a study is significantly below both the
equilibrium benchmark (always above 50%) and 50%, we report only
the statistics from the test comparing the choice proportion with 50%,
because that test is more stringent.
7Theoretically, these options could represent even higher thinking
levels; for example, option SB could represent K4 thinking. In
practice, however, people have rarely been observed to adopt such
higher levels of strategic reasoning (Costa-Gomes and Crawford
2006; Nagel 1995).
8Curiously, the hint manipulation increased the proportion of K1
thinkers. A possible reason is that the manipulation led some people
to feel that it was impossible to predict others’ choices, and thereby
simply to go to the larger store, since it had more masks. Strictly
speaking, these individuals were not K1 thinkers who never thought
about others’ choices; rather, they thought about others’ choices,
found them too hard to predict, and ignored them.
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