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Abstract
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dom component of a stochastic contest success function that determines
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idence that strategic thinking can explain the effect of winning. Varying
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1 Introduction

One success could be critical in triggering a string of subsequent successes. Anec-

dotes abound of high achievers (in business, sports or academia) describing how

one critical success paved the way for what they became (Robertson, 2012). How-

ever, whether success breeds success is debated and even if it is true, different ex-

planations could be driving it. Empirical studies have found mixed results (Fer-

rall and Smith Jr, 1999; Tong and Leung, 2002; Fu et al., 2015a) though recent

evidence tends to support the existence of a positive effect of winning on later

performances (Malueg and Yates, 2010; Mago et al., 2013; Van de Rijt et al., 2014;

Miller and Sanjurjo, 2014; Gauriot and Page, 2015; Cohen-Zada et al., 2017).

In this paper, we investigate this question experimentally using variations of

a simple dynamic (best-of-three) contest where players compete on a real-effort

task. The advantage of our design is twofold. First, using a stochastic contest

success function, we cleanly identify the causal effect of an early success from

the random component of the success function that determines the winner in

each round. Second, we toggle on and off different features of the contest in a

way that selectively eliminates one possible explanation at a time. Our results are

striking. We find clear evidence for a positive effect of winning. However, there

is no evidence of the strategic effect suggested by standard economic models.

The psychological momentum effect we find is likely driven by improved self-

confidence after experiencing an initial success.

In many instances, not everyone can be a winner. It is a truism in social com-

petitions such as job applications, internal promotions, political races, compet-

ing exams, grant applications, lawsuits, sports, and R&D races. Even in less open

competitions, whenever everyone strives to succeed, success is typically mea-

sured by how people compare to others (e.g. fame). Understanding what drives

success is key to identify where socio-economic inequalities arise. To a large ex-

tent, existing inequalities are driven by prior differences in economic and human

capital. However, even among people with similar advantages, substantial in-

come differences can arise. People having similar starting points may see their

chances of economic success diverge as differences in initial success lead to dif-

ferent opportunities. An easy explanation is that assets such as wealth, recogni-

tion, social networks grow after an initial success and give an advantage to the

initial winner later on. Another possible factor is that success can act on peo-

ple’s mindset and motivation in a way which fosters later successes. Which one
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plays a more important role has long been debated, mainly because identifying

the causal effect of a success on subsequent performance is challenging, due to

an obvious endogeneity problem. Early and later successes are influenced by in-

dividual traits which are imperfectly observed. Early success tends therefore to

be associated with later successes as it signals unobserved traits associated with

high performance.

Even if one could cleanly identify the causal effect of being successful, disen-

tangling the competing explanations are nontrivial. Broadly, two different types

of explanations co-exist. First, Harris and Vickers (1987) have shown in their sem-

inal paper, that rational players should not play competitions taking place over

time as a series of standalone sub-contests. In particular, they identify the ex-

istence of a “strategic momentum effect" which arises from the asymmetry of

incentives between past winners and losers. This result has later been replicated

across a range of contests (Ferrall and Smith Jr, 1999; Konrad and Kovenock, 2006;

Klumpp and Polborn, 2006; Konrad and Kovenock, 2009; Malueg and Yates, 2010;

de Roos and Sarafidis, 2015; Krumer et al., 2017; Gauriot and Page, 2015). When-

ever an early success gets you closer to a final prize, the incentives to perform

again are higher than if you did not succeed. On the contrary, an initial failure

means that a player may have first to catch up in order to secure future successes.

Catching up is costly (involving effort and resources) without bringing rewards in

itself, therefore, it decreases the incentives of the laggard. A strategic effect can

arise from winning because, by backward induction, the players’ future expected

rewards from the competition are asymmetric as a function of their initial suc-

cess. This asymmetry of incentives between early winners and losers can lead

to differences in motivation to expend effort and resources and therefore in later

chances of successes.

Beside the strategic effect of winning, there is a competing behavioural ex-

planation whereby psychological factors influence the competing agents after

an initial success. In this view, past performance has a direct causal effect, for

instance influencing self-confidence. The idea of “psychological momentum" is

a robust element of folk psychology with success being perceived as increasing

later performance (Markman and Guenther, 2007). There is a substantial litera-

ture in psychology supporting the existence of this effect (Iso-Ahola and Mobily,

1980; Taylor and Demick, 1994; Markman and Guenther, 2007). However the em-

pirical evidence on such a phenomenon is still debated (Bar-Eli et al., 2006).

These two approaches propose radically different frameworks to explain the
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effect of an early success. The mechanism underlying economic models is clear.

However, their ecological validity is limited by their restrictive assumptions. Since

Harris and Vickers (1987)’s study, most models of dynamic contests assume com-

plete information and homogeneous players which imperfectly capture complex

real world competitions. In comparison, the behavioural approach provides ap-

pealing intuitions, but it lacks a clear theoretical framework which articulates

underlying mechanisms.

Our experimental design aims to study the existence and origin of an effect

of winning on later performance. Doing so requires two things: cleanly identi-

fying the causal effect of winning and disentangling between its different possi-

ble explanations. We solve the identification problem using random variations

in winning generated in a controlled laboratory experiment. We use the work-

horse design of a best-of-three game as a simplified dynamic contest (Konrad

and Kovenock, 2009; Mago et al., 2013; Dechenaux et al., 2015; Fu et al., 2015a),

and we implement each round as a real effort contest with a Tullock contest suc-

cess function (Tullock, 1980). We then estimate the causal effect of winning by

matching winners and losers with identical winning probabilities. Conditional

on these winning probabilities, the success in one round is entirely exogenous.

We find a clear positive effect of winning (vs losing) early in the contest on the

performance in the following round effort task. We observe this effect both at the

intensive margin (productivity) and at the extensive margin (time worked).

Having established the existence of a causal effect of winning, we disentan-

gle the two explanations with modified versions of the best-of-three contest that

turn on and off the driving factors of each explanation. We use the fact that strate-

gic and psychological explanations are predicted to arise from different sources

of information: information about the future (strategic effect) and information

about the past (psychological effect). We replace either the first round or the

last round of the best-of-three contest with strategically neutral rounds (where

the winner is decided by the throw of a dice) to eliminate this information. Re-

placing the last round with a neutral round, we eliminate the cost of effort in the

last round which drives the asymmetric incentives and strategic momentum by

backward induction. Similarly, replacing the first round of the contest with a neu-

tral round, we eliminate the source of a psychological momentum as the initial

success is not driven by players’ performances and winning itself contains no in-

formation about the players’ relative strength. Surprisingly, we find no evidence

of a strategic effect of winning, but instead find clear evidence of a psychological
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effect.

We further investigate the mechanisms behind the psychological effect with

an additional treatment: By giving more information to players about their per-

formance, we reduce the marginal informational content of a win. We find that

the effect of winning stops being significant when players do not learn anything

about their own performance from winning early. The psychological effect of

winning seems therefore driven by the gain in self-confidence a player enjoys

after having experienced an initial success. This last result suggests that under-

standing behaviour in competition may require a departure from models with

complete information which leave out the role of players’ beliefs in their relative

strength.

The remainder of the paper is as follows: Section 2 describes the simplified

dynamic contest we are considering as well as our experimental design; Section

3 presents our identification strategy; Section 4 describes our results; Section 5

discusses the origins of the effect we observe and Section 6 concludes.

2 A simplified dynamic contest experiment

We set up a dynamic contest experiment using a best-of-three contest. We present

here a description of the strategic features of this game. Extended discussions

and equilibrium analysis of best-of-n contests can be found in Konrad and Kovenock

(2009) and Fu et al. (2015b).

2.1 Best-of-three contest: conceptual framework

Consider a game of complete information with players who are payoff maximis-

ing and homogenous in terms of ability. They compete over (up to) three rounds.

The player winning two rounds wins a prize V . We denote ei t the effort exerted

by player i (i ∈ {A;B}) in round t (t ∈ {1,2,3}), and c(ei t ) > 0 the associated cost.

The winner of a round is determined according to a contest success function,

which assigns a probability of success, depending on a player and his opponent’s

efforts. Let pi (ei t ;e−i t ) be this function. Figure 1 represents the structure of such

a contest.1

1The numbers given in brackets in Figure 1 are the score of player A versus the score of player
B at each point in time. Starting from a score of 0:0 at the beginning of the contest, a player can
increase his score by one after winning a round. The game ends with one of the four potential
outcome (namely, 2:0, 2:1, 1:2, or 0:2.)
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(0:0) (0:1) (0:2)
B wins V

(1:0)

(2:0)
A wins V

(1:1)

(2:1)
A wins V

(1:2)
B wins V

Figure 1: Representation of a best-of-three game.

The equilibrium strategy of this game is found by backward induction. In

round 3, the players face symmetric incentives. Whenever there is a symmetric

equilibrium to the game (which is the case for standard contest functions) both

players will have the same expected equilibrium level of effort e∗
3 which induces

an expected level of effort cost c∗3 .2 By symmetry, they have the same expected

chance of winning the last round. In equilibrium, the expected payoff of player i

when reaching the third round is therefore v3 = p(ei 3,e−i 3)V − c(ei 3) =V /2− c∗3 .

In round 2, one of the two players has already won the first round. Without

loss of generality, let’s assume that it is Player A. In case of success in round 2,

A gets a value of V . If A is not successful he gets v3, the expected payoff when

entering the third round. In comparison, B gets a value of v3 in case of success

in the second round and 0 otherwise. The two players’ incentives to exert effort

only depend on the difference in expected payoffs between winning and losing

in round 2 (i.e., the effective prize spread). For A, the incentive is δA = V − v3 =
V /2+ c∗3 and for B it is δB = v3 =V /2− c∗3 . The incentive to exert effort is greater

for the leading contestant (A), than it is for the lagging one (B): δA >V /2 > δB .

This asymmetry in incentives generates a strategic effect of winning whereby

the player winning the first round expends more effort in the second round than

the player who lost. Such an asymmetry has been found in a wide range of dy-

namic contests leading there to a similar strategic effect of winning (Konrad,

2009)

In comparison, the psychological effect is not supported by a single and well

defined conceptual framework (Taylor and Demick, 1994; Markman and Guen-

2If the equilibrium is in mixed strategy, this expected level of effort represents the expectation
of the equilibrium mixture over the different levels of possible effort.
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ther, 2007). It relies on the idea that winning, in itself, can affect behaviour and

future performances. Cohen-Zada et al. (2017) describe this idea of psychologi-

cal momentum in contests as “the tendency for an outcome to be followed by a

similar outcome not caused by any strategic incentive of the players.” Descrip-

tions of this effect typically involve an increase in efficacy (the ability to trans-

form effort in a good performance), motivation and or aggressiveness. This lack

of clear theoretical underpinning and the associated uncertainty about the pre-

cise mechanisms underlying such an effect has been stressed by economists in-

vestigating the reality of such an effect (Mago et al., 2013; Gauriot and Page, 2015;

Cohen-Zada et al., 2017).

2.2 Real effort competition

To implement the best-of-three contest, in each round, players compete on an

real-effort task. The task is inspired by Huck et al. (2015). Participants observe

on their computer screen a block of 20 characters (numbers, lower and upper

cases letters), and have to enter it backwards in a text box.3 Each time a block is

correctly entered, a new one appears on the screen. In each round, players have

10 minutes to enter as many blocks as possible. The higher the number of blocks

they complete correctly, the more likely they are to win that round.

Huck et al. (2015)’s results suggest that this task is unpleasant enough for par-

ticipants to adjust their effort when the reward associated with entering an extra

block varies. In addition, we follow Gächter et al. (2016) and add to this subjec-

tive opportunity cost of effort a monetary opportunity cost.4 Participants are en-

dowed with $3 per round, and have to pay half a cent for each second they spend

completing the task.5 At any time they have the opportunity to hit a “stop” but-

ton to stop working on the task. They can then keep whatever is left from their

endowment if they decide not to spend all the endowment on the effort task.6

3To avoid confusion, characters that are too similar were not included, such as capital “o” and
zeros. Participants need to give the correct answer before a new block is displayed.

4Real effort tasks have been criticized on the grounds that there is not much opportunity cost
to them (Erkal et al., 2016). It has been suggested that once participants are is in the lab, they
have nothing to do but complete the tasks and they try as hard as possible at all time, regardless
of incentives (Araujo et al., 2016). Our design addresses this problem by choosing an effort task
which has proven to be painful enough for participants to react to incentives and by creating an
additional monetary opportunity cost.

5All amounts are in Australian dollars. If a winner occurs after two rounds, both players keep
the full amount of endowment for the last round since no one need to work on the effort task.

6The experimental instructions in Appendix D provide the exact phrasing of the explanation
of this procedure to the participants. The effectiveness of the “stop” button as a way to induce
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Figure 2 shows a screen-shot of the effort task in our experiment.

Figure 2: A screen-shot of the effort task faced by participants.

2.3 Experimental design and testable hypotheses

In order to disentangle the strategic and psychological effects of winning, we de-

sign three variations of the experimental best-of-three contest.

The first one is our baseline treatment (called Baseline). It is a standard best-

of-three contest. The timing of Baseline is depicted in the top left corner of Figure

3. Before starting the contest, the participants enter a piece-rate round, without

the “stop” button. This piece-rate round lasts 10 minutes and each correct block

is rewarded with 20cts. The participants are then informed they will play a con-

test.

At the beginning of the contest, participants are told that they will be placed

in pairs of similar ability (the first ranked at the piece rate round with the second,

and so on). It is the only information they receive about their opponent.7 The

purpose of the piece-rate round is to pair the participants by ability in the contest

and for it to be common knowledge. Our experimental design follows therefore

closely the set up of a game of complete information with homogeneous players

as described in Section 2.1.

Players’ probability to win a round increases with their effort and decreases

with the effort of their opponent. This probability is determined by a stochastic

opportunity cost is supported by the study of Erkal et al. (2016).
7The information about the contest and the pairing is given only after the piece-rate round

to ensure that participants do not play strategically in the piece rate round. We follow here the
approach of Fu et al. (2015a).
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Figure 3: Representation of the different experimental treatments. The“P”
stands for psychological effect, and “S” stands for strategic effect.“Beliefs”
with an arrow represents the point in time when participants’ beliefs about
their winning probabilities are elicited.

Baseline

T T T

P. S.

Piece rate round 1 round 2 round 3

Beliefs Beliefs Beliefs

PsychOnly

T T

P. S.

Piece rate round 1 round 2 round 3

Beliefs Beliefs

StratOnly

T T

P. S.

Piece rate×2

×2

×2

round 1 round 2 round 3

Beliefs Beliefs

Player A Player B

contest function which links players efforts to a winning probability. We use the

Tullock contest function, the most widely used in the literature (Dechenaux et al.,

2015). With such a function, the probability to win for player i conditional on his

own and his opponent’s efforts in the first round (ei 1 and e j 1 respectively) is:

pi 1 = ei 1

ei 1 +e j 1
(1)

Before each round, participants are also asked their beliefs about their chance

to win the next round. We use here a simple non incentivised question: “Accord-

ing to you, how likely are you to win the next round (in %)”. It has been shown

that simply asking participants their subjective beliefs works well as an elicita-

tion method (Hollard et al., 2016). After each round, participants are informed

of the winner of that round. Neither the actual number of blocks completed nor

the winning probability of each player is revealed. In the real world, informa-

tion is often limited to outcomes with actual levels of effort being unobserved.

Our experimental set up reflects such a situation. Furthermore, in a game of

complete information with homogeneous players, the information on the per-

formance of the opponent only signals his/her level of effort and this information

has no strategic value in equilibrium. We change this informational structure in
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a complementary treatment discussed in Section 5.

Let’s define the causal effect of winning as:

Definition 1 Effect of winning. There is a causal effect of winning on perfor-

mance in a dynamic contest if a player displays a greater performance after a win

than in the counter-factual situation where he/she does not win.

The Baseline treatment is designed to test whether winning has any effect on

later performance. By using a stochastic contest function in each round we can

use a matching approach to estimate whether players with a similar chance of

winning the first round have a higher or lower performance in the second round

after winning or losing the first round (see Section 3).

Hypothesis 1 Positive effect of winning. A positive effect of winning will be ob-

served in the Baseline treatment.

This hypothesis reflects the widely held idea that winning can have a pos-

tive effect on performance. If an effect is observed in the baseline treatment,

it is impossible to tell whether it is psychological or strategic. Indeed, both ef-

fects point in the same direction, namely the first-round winner performs better

in the second round relative to his/her opponent. To disentangle the strategic

and psychological effects we use a key difference in the sources of these effects.

The strategic effect arises from backward-induction, and therefore from expec-

tations about the future evolution of the game. Instead, the psychological mo-

mentum assumes a direct effect of past performance on future motivation and

performance. We use this difference to identify which effect is prevalent by alter-

natively toggling on and off the information players can derive from the past and

the future of the game.

Our second treatment (PsychOnly) is designed to identify the psychological

effect by turning the strategic effect off. As mentioned in Section 2.1, the prospect

of effort cost expended in the third round is the cause of the strategic effect. If no

effort is to be exerted in the last round, the expected value of going to the last

round is equal to V /2 for both players. As a consequence, the round-1 winner’s

incentive in round 2 (i.e., V −V /2) is the same as round-1 loser’s incentive in

round 2 (i.e., V /2−0). We eliminate effort in round 3 by using a random device,

to select the outcome.

The players are randomly assigned to either odd or even numbers, and a com-

puter simulated dice determines the winner. The top right corner of Figure 3
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shows the timing of the PsychOnly treatment. In this scenario, if a player is more

likely to win round 2 after winning in round 1, it cannot be attributed to stan-

dard strategic considerations. Note, that the game structures are different across

the two conditions with players expecting to play two more rounds after a win in

Baseline and only one more round in PsychOnly. Therefore, we do not make any

prediction on a psychological effect being necessarily equal in the Baseline and

in PsychOnly. But if a psychological effect of winning exists, we would expect to

observe an effect of winning in PsychOnly.

Hypothesis 2 Psychological effect. There is a psychological effect of winning.

Therefore, we will observe an effect of winning in PsychOnly even though the strate-

gic effect is turned off.

Conversely, the third treatment (StratOnly) is designed to isolate the strategic

effect. We deactivate the psychological effect by randomly assigning a winner in

round 1, thus randomly affecting the history of the game. This is achieved using

the same dice procedure as in PsychOnly. As a consequence, the first round does

not provide successful players with the experience of winning as a consequence

of their performance. Most discussions about a psychological effect of winning

assume that this effect arises from past performance itself. This possible mecha-

nism is turned off in PsychOnly. One cannot exclude that even an explicitly ran-

dom success unrelated to any performance could have a psychological effect. In

that sense our treatment does not fully turn off all possibilities of a residual psy-

chological effect but rather its most commonly assumed versions. Observing a

causal effect of winning in the treatment StratOnly would reveal that this effect

cannot be explained as a commonly assumed version of a psychological effect.

Hypothesis 3 Strategic effect. There is a strategic effect of winning. Therefore, we

will observe an effect of winning in StratOnly even though the commonly assumed

source of psychological effect is turned off.

In StratOnly participants do not exert effort in the round 1. To avoid differ-

ences in fatigue in the second round relative to the other treatments, participants

play two piece-rate rounds before the contest. The bottom left panel of Figure 3

displays the timing of this treatment.
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2.4 Data collection

The experimental sessions were conducted in a large Australian University be-

tween March and April 2017. We ran 11 sessions, and each was around 75 min-

utes long, including instructions and payments. The same experimenter ran all

the sessions. The experiment was programmed in oTree (Chen et al., 2016). Par-

ticipants were recruited from various faculties using ORSEE (Greiner, 2015). In

total, 146 students took part in the experiment (mean age 21, 54% males, N=50

in Baseline, N=48 in PsychOnly and N=46 in StratOnly).8 The average payment is

composed of a $5 show-up fee, and a variable earning of $17, ranging from $3 to

$34.5.

Before starting the experiment the participants received written instructions

about the piece-rate round(s). After reading the instructions, the participants

were given a short presentation of the task using projected slides to ensure com-

mon knowledge. After the piece-rate round(s), participants were given a sepa-

rate set of instructions for the best-of-three contest to read, followed by a short

presentation. A few control questions were then displayed on their screens, test-

ing their understanding of the game. At the end of the experiment, participants

were asked a few demographic questions. The full list of questions is available

in Appendix. Overall, there is no significant difference in demographics across

treatments (see Table 8 in Appendix).

3 Identification strategy

We aim to estimate the effect of winning the first round on the performance in

the second round. For simplicity, and in line with the game theoretic model, we

use “effort" as the main driver of performance in the discussion about the iden-

tification strategy. This framework naturally generalises to situations where per-

formance can be affected by other factors, such as the effectiveness of the effort

(what psychologists call “efficacy"). To model the effort in the second round (ei 2)

let’s consider the following equation:

ei 2 =α+βwi ni 1 +δ2 + ci +εi 2 (2)

8In PsychOnly, one pair is dropped from analysis as one participant declared in the post exper-
iment survey not having understood the rules.
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The variable wi ni 1 in (2) is a dummy taking the value 1 if individual i won in

round 1, and 0 otherwise. The intercept δ2 is a round specific element which

accounts for learning or exhaustion as the participants move through the con-

test. The term ci is an individual effect which accounts for heterogeneity, such

as individual differences in ability. Finally, εi 2, is a round and individual specific

disturbance which captures residual variations in effort in a given round for a

given individual.

Equation (2) is, de facto, a dynamic panel data model. As a consequence,

usual estimation procedures will deliver biased estimates. It is for instance easy

to see that estimating (2) by OLS will suffer from an endogeneity problem. The

individual effect (ci ) impacts effort in the first round (ei 1), which in turn affects

individual i ’s winning odds (wi ni 1). Individuals who exert more effort than their

opponent in each round will be more likely to win round 1 and round 2. It creates

a spurious correlation between the outcome of the two rounds.

A seemingly intuitive way to solve this problem is to estimate a fixed effects

regression for equation (2). However, the fixed effects estimation will suffer from

the Nickell bias arising from the fact that the fixed effects absorb part of the

noises εi 2 (Nickell, 1981). It creates an attenuation bias which can be very large

when the panel dimension is short as in our case.

Another intuitive solution is to take the first difference of equation (2):

∆ei =βwi ni 1 +∆δ+∆εi (3)

with∆ei = ei 2−ei 1, ∆δ= δ2−δ1, ∆εi = εi 2−εi 1. The individual heterogeneity

ci is netted out of the estimation, solving the endogeneity problem of equation

(2). However, a different endogeneity problem appears. Effort in the first round

(ei 1) affects the likelihood of winning round 1, but is itself affected by unobserved

individual heterogeneity in round 1 (εi 1). Hence, the exogeneity assumption is vi-

olated. We can expect in particular a negative bias in β̂due to a regression towards

the mean. Random variations of εi 1 in round 1 are positively correlated with the

winning probability. As a consequence there is a negative correlation between

∆εi and wi ni 1. A win in round 1 partially signals a likely high εi 1, meaning that

the effort in round 2 is not likely to be as high in round 2 due to a lower εi 2.

One solution, proposed by Gill and Prowse (2014), is to use as instrumental

variable the effort of a contestant’s opponent. The opponent’s effort is not corre-

lated with the contestant’s effort choice and directly affects his winning chances.
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However, in our experiment participants are paired with each others by ability in

order to closely match the hypothesis of homogeneous ability from the game the-

oretic model. Effort levels are therefore highly correlated within a pair, thereby

making the instrument invalid.9

We propose here a novel approach. Since we use a stochastic contest suc-

cess function, the performances of both participants do not determine the result

of the round but the winning probability of each player. We therefore use this

probability to match winners and losers with similar winning probabilities. This

approach is similar to a propensity score matching procedure (Todd, 2010), but

contrary to most propensity score matching applications we perfectly know the

probability of an observation being in one or the other conditions.

In order to recover the causal effect of winning, we want to estimate the (coun-

terfactual) potential change in performance a player would experience after a

win or a loss. Using the Rubin (1974) framework, let’s denote ∆e1
i and ∆e0

i the

potential outcomes in terms of change of effort for player i if, respectively, the

player wins in round 1 (wi ni 1 = 1) or not (wi ni 1 = 0). Due to the endogeneity

problem, players who won would likely have had a different performance if they

had lost than players who actually lost. The potential changes in performance

are therefore not independent of the observed win/loss outcome. But given that

we know the exact winning probability determined by the performance of the

player, conditional on this probability the win/loss outcome is purely random

(i.e. unrelated to the player’s characteristics). As a consequence, the conditional

independence assumption holds:

(∆e1
i ,∆e0

i ) ⊥⊥ wi ni 1|pi (4)

Conditioning on winning probability (using the matching approach) we can

therefore identify the causal effect of winning. To do so we match and com-

pare winners and losers who have similar ex-ante winning probabilities. We im-

plement a local linear regression matching which compares each winner to a

weighted average of losers with similar probabilities (Heckman et al., 1998). More

weights are given to counterfactual observations with closer matching probabil-

9Let’s consider player i and his opponent j . The performance e j ,1 of the opponent j in the first
round of the contest is likely correlated with his performance in the piece rate round e j ,0 (due to
unobserved heterogeneity c j ). Due to the pairing, this performance is itself correlated with the
performance of the player i in the piece rate round, ei ,0. And, therefore, it is also correlated
with the performance ei ,1 of the player i in the first round of the contest (due to unobserved
heterogeneity ci ).
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ity. As shown by Fan (1992), local linear regression performs strictly better than

local weighted averaging like kernel regression.

Let’s consider a game where n participants compete in pairs in a given round.

Let Mi denote the matching neighbourhood of observation i , which includes all

observations j that had a different outcome wi n j 1 (win/loss) in the first round

and were located within a bandwidth h in regard to their winning probability:

Mi =
{

j ∈ {1, ..,n} : ||pi −p j || < h ∩wi n j 1 6= wi ni 1

}
(5)

We estimate the following regression in a given matching neighbourhood of ob-

servation i :

min
ai ,bi

∑
j∈Mi

(
∆e j −ai −bi × (pi −p j )

)2 K
(p j −pi

h

)
Where ai and bi are the parameters of the local linear regression and K a

kernel weighting function with a bandwitdh h (see Fan, 1992). The prediction of

the above regression is a synthetic counter-factual to observation i . Let ∆êi
1 and

∆êi
0 be these estimated counterfactuals after a win and a loss, respectively. We

can compute the individual effect (β̂i ) of winning as:

β̂i =
{
∆ei −∆êi

0 if wi ni 1 = 1

∆êi
1 −∆ei if wi ni 1 = 0

And the average treatment effects (β̂), henceforth denoted as ATE, is:

β̂= 1

n

N∑
i=1

β̂i

For our estimation procedure to be valid, we need observations to lie in an

area where there exists potential counter-factuals (Smith and Todd, 2005). That

is, we need to impose a common support condition, whereby each observation

can be compared with at least one counter-factual that had a similar probability

to win. To do so we only consider the set of observations where the empirical

distributions of the winning odds of the winners and losers overlap:

Sp =
{

pi : f̂ (pi |wi ni 1 = 0) > 0 ∩ f̂ (pi |wi ni 1 = 1) > 1
}

, (6)

where f̂ (pi ) is the empirical distribution of the winning probabilities.

We estimate the effect’s standard error by bootstrap clustered at the session
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level as suggested by Fréchette (2012). While bootstrapping fails for nearest neigh-

bour matching, it provides reliable standard errors in the local linear regression

case (Abadie and Imbens, 2008).

In the StratOnly treatment, where participants are randomly allocated to a

win or loss outcome in round 1 with a 50% chance, we simply use ordinary least

squares (OLS) to measure the effect of winning on effort.

4 Results

We first provide an overview of the data in terms of summary statistics. It gives an

opportunity to discuss how simple measures of an effect of winning can be biased

by the endogeneity issue discussed in Section 3. We then present our results from

the matching procedure which solve this issue. We present robustness checks in

Appendix.

4.1 Summary Statistics

Table 1 shows the number of blocks completed, overall and by treatment. On

average, participants completed 20 blocks over the 10 minutes. Our randomisa-

tion was successful with no significant difference in average performance across

treatments. The spread of performances is characterised by a standard deviation

of around 5.5 (see Table 6 in Appendix for detailed summary statistics).

After the piece rate, participants are paired by performance (the first partic-

ipant with the second one, and so on). The resulting within-pair differences of

piece rate performance is fairly small. The interquartile range of the difference in

performance within a pair is 1.5. This difference is even smaller when looking at

the sample of participants who end up being on the common support in terms

of winning probability at the end of the first round (our matching estimation is

restricted to this sample). For these participants, the average difference within a

pair is 0.9.

In round 1 the contest starts and participants have to pay half a cent per sec-

ond of time spent on performing the effort task. We observe that in the two treat-

ments with a first round, Baseline and PsychOnly, the average number of blocks

completed is respectively 19.96 and 19.64. These averages are very close to piece

rate performances, except that participants spent less than full 10 minutes on the

task (8m32s and 8m53s respectively) given the choice of “stop" button (see Table
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Number of blocks Kruskal-Wallis test

Overall Baseline PsychOnly StratOnly
Mean 20.38 20.84 19.92 20.35 p = 0.561

Piece-rate (sd) (5.466) (5.377) (6.253) (4.799)
N 144 50 48 46

Mean 19.81 19.96 19.64 - p = 0.349
Round 1 (sd) (7.893) (8.174) (7.673) -

N 98 50 48 46

Mean 19.51 20.3 19.54 18.63 p = 0.304
Round 2 (sd) (7.502) (8.229) (6.925) (7.316)

N 144 50 48 46

Mean 22.39 21.63 - 23.14
Round 3 (sd) (6.314) (5.332) - (7.213) p = 0.335

N 44 22 26 22

Table 1: Comparison of effort indicators between treatments. Only the out-
come of the first piece-rate round is presented for the StratOnly treatment in
order to have a comparable situation to the other treatments. Note that, by
design, the overall number of observations is only the sum of observations
in Baseline and PsychOnly in round 1 and only the sum of observations in
Baseline and StratOnly in round 3.

6 in Appendix).

In round 2, we want to assess whether participants’ performance are influ-

enced by the result of round 1 as described in Section 2.3. Comparing directly

the performance in round 2 of the winners and losers from round 1 does not give

clear results. Figure 4 displays the differences in performance as a function of

the round 1 result. When looking at absolute performance (left panels), winners

in round 1 seem to complete more blocks in round 2. This comparison is simi-

lar to estimating equation (2). The observed difference cannot be interpreted as

a causal effect of winning given the endogeneity problem: winners in round 1

may just happen to be better at the task. While such a concern should be allevi-

ated with our pairing of contestants, residual differences can exist. When looking

at the changes in performance between round 1 and round 2 (right panels), we

do not observe any clear difference.10 This comparison is similar to estimating

equation (3). As discussed, another endogeneity problem exists here. Partici-

pants who happened to perform unusually well in round 1 were more likely to

win then. In round 2, these participants are more likely to be back to a normal

10The right panels do not include the StratOnly treatment, because participants do not to make
effort in a first round there.
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(lower) level of performance. Such a selection pattern can create a regression

towards the mean, biasing downward the estimate of the effect of winning.

A few pairs of participants enter the round 3 after the initial loser won the

round 2. They represent a selected subsample and any differences can be driven

by the selection process. If participants react differently to winning/losing, pairs

reaching the third round may have different behavioural traits than in the origi-

nal sample. We therefore do not include the round 3 performances in our analy-

ses.

Figure 4: Number of blocks completed and the time spent on it by treatment
and round-1 outcome

4.2 Matching results

Table 2 shows the ATE (β̂) of winning on effort variables. For treatments Base-

line and PsychOnly, we use the matching approach described in Section 3 with a

bandwidth of h = 0.025 for the local linear regression (we show that our results

are robust to other choices of bandwidth in Section B.4). It means that a round 1

winner with a 50% chance of winning is compared to round 1 losers with a min-

imum probability of winning of 47.5% and a maximum one of 52.5%. For the
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StratOnly treatment, winning is fully random, so we use a standard OLS regres-

sion to analyze the effect of winning.

In Baseline, we observe a positive causal effect of winning on effort across all

measures. At the extensive margin, we find that winners spent on average more

time in round 2 than losers (difference of 1.96min, p = 0.073). At the intensive

margin, winners display a higher productivity. On average they complete 0.65

more blocks per minute (p = 0.022). These two joint effects combine into a signif-

icantly larger performance for winners who complete 4.46 blocks more in round

2 (p = 0.039). It means that participants with similar probability of winning in

round 1, will diverge in their variation of performance in the second round based

on their success in round 1.

Result 1 (Positive effect of winning) We observe a positive effect of winning on

performance in the Baseline treatment.

Such an effect can be driven by a strategic effect on the decision to expend

higher effort, a psychological momentum, or both. Taken on its own, the result

from the Baseline treatment does not allow us to disentangle the two possible

effects. For instance the difference in productivity could either reflect a differ-

ence in effort or a difference in efficacy whereby round 1 losers take more time to

complete blocks as they lose some confidence following the round 1 result and

become more cautious and hence less productive.

In order to identify the source of the effect, we now turn to the PsychOnly and

StratOnly treatments. In PsychOnly, we find that winning has a strong impact

on the number of blocks completed and productivity. The average performance

of round 1 winners is greater by an average of 2.93 blocks in round 2 compared

to the situation where they would not have won (p = 0.020). The productivity

of winner is also higher by 0.26 tasks per minute (p = 0.006). Winners spent on

average half a minute more on the task, however, the difference is not statistically

significant (p = 0.239).

As the round 3 winner is randomly determined in PsychOnly, there can’t be

any strategic effect. The presence of a positive effect in PsychOnly points to the

existence of a psychological effect of winning.

Result 2 (Positive Psychological effect) We observe a positive effect of winning

on performance in the PsychOnly treatment.
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In StratOnly, we do not observe any effect in round 2 of having won in round

1.11 Randomly assigned round 1 winners do not spend significantly more time in

the second round (p = 0.446), they do not become more productive (p = 0.952)

and they do not complete more blocks in round 2 (p = 0.859).

Result 3 (No Strategic effect) We do not observe an effect of winning when we

turn off the source of psychological effect (even if a strategic effect is still predicted

to be present).

Table 2: Effect of winning round 1 on effort in round 2. This table dis-
plays the regression results of the impact of winning on various effort in-
dicators. For Baseline and PsychOnly the LLR matching procedure is used,
and in StratOnly an OLS regression is employed. The bandwidth for the LLR
is set to 0.025. Standard errors are clustered at the session level, and con-
structed by bootstrap (2000 replications). Significance levels are denoted as
*** p<0.01, ** p<0.05, *p<0.1.

Treatment Blocks
completed

Time
spent

Productivity

Baseline β̂ 4.46** 1.96* 0.65**
se (2.156) (1.091) (0.285)
p-value p = 0.039 p = 0.073 p = 0.022

PsychOnly β̂ 2.93** 0.52 0.26***
se (1.264) (0.441) (0.094)
p-value p = 0.020 p = 0.239 p = 0.006

StratOnly β̂ 0.30 0.28 -0.01
se (1.715) (0.366) (0.152)
p-value p = 0.859 p = 0.446 p = 0.952

The joint results of our three experimental conditions provide two clear con-

clusions. First, winning has indeed a positive causal effect on players’ perfor-

mance. Second, this effect persists when the source of strategic effect is turned

off and it disappears when the source of the psychological effect is turned off.

Therefore, we do not observe evidence of a strategic effect while at the same time

we find evidence supporting a psychological effect.12

11We look here directly at the effort level in round 2. The absence of effort in round 1 does not
make it possible to look at a difference of effort between round 2 and 1. Note that we do not use
the change in effort between the second piece-rate and round 2 as it might capture heterogeneity
in the willingness to use the “stop" button, or in behaviour in a competitive environment rather
than actual effect of winning on effort. Using such a difference gives similar results though.

12Note that as we do not find a strategic effect, one could be tempted to expect for the effect in
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5 Investigating the psychological effect

Our experimental results point to the existence of a positive effect of winning

on later performance driven by a psychological effect. These results naturally

open new questions about the mechanisms underlying this psychological effect.

In psychology, there is no unified conceptual framework describing the mech-

anisms behind such an effect. And in economics, the term psychological mo-

mentum has been used by default to describe behavioural effects unrelated to

rational strategies in contest.

The most frequent interpretation of the psychological momentum is that it

comes from an increase of players’ self-confidence after experiencing a success.

The idea that self-confidence can enhance performance idea was formalised in

economics by Compte and Postlewaite (2004) who coined the term confidence-

enhanced performance. In their model, the information on past successes raise

the self-confidence of agents in their ability to succeed again. This increase in

self-confidence raises their ability to perform and their willingness to take risks

in order to succeed.

We designed a new treatment, to investigate whether the confidence-enhanced

performance hypothesis is a possible explanation for the effect of winning. Start-

ing from the design of the PsychOnly treatment, we removed all the informational

content of a win. We call this treatment PsychOnlyInfo. In this treatment, after

each round of the best-of-three contest, every participants receive information

about the number of blocks completed, the winning odds, the time spent in the

round and productivity, of both paired participants.

If the effect of winning in PsychOnly comes from the informational content of

a win, the psychological effect should disappear in PsychOnlyInfo. Once partici-

pants know their relative performance and their winning odds, winning or losing

itself does not bring any new information on their relative strength and it should

therefore have no impact on their self-confidence and performance.

Hypothesis 4 Effect of a win without information value Winning should not

have a causal effect on performance in PsychOnlyInfo given that it has no infor-

mational value to raise self-confidence.

Baseline and PsychOnly to be equal. However, as indicated in Section 2.3, the Baseline and the
PsychOnly treatments have different game structures and we therefore can’t make a prediction
about the equality of a psychological effect in these two conditions. The coefficients we find are
different (though not significantly, see Table 12 in Appendix) across the two conditions.
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Second, if the effect of winning comes from the impact of information about

past performance then the direct provision of information itself should have a

positive effect on performance. We can here use the fact that participants get

different level of information about their round 1 performance in PsychOnly and

PsychOnlyInfo to investigate the effect of information. In PsychOnly, players get

an imperfect signal of their relative strength (whether they won or not). In com-

parison, in PsychOnlyInfo they get detailed information of how well they did rel-

ative to their opponent. Furthermore, in each pair the strong players always

get a positive information in PsychOnlyInfo but they get a positive information

only when they win in PsychOnly. As a consequence, one would expect the best

players from each pair to increase their effort more in PsychOnlyInfo than in Psy-

chOnly as they get better information about their strength.

Hypothesis 5 Effect of information in itself Relatively strong players should have

a higher performance in round 2 in PsychOnlyInfo compared to PsychOnly.

These two predictions are indeed observed in PsychOnlyInfo. First, the causal

effect of winning stops being significant in PsychOnlyInfo. The results of our

matching approach in this treatment are displayed in Table 3. We do not observe

a significant effect of winning on any of the effort variables in round 2. Winners

did not spend significantly more time than losers in round 2 (p = 0.188), they

did not complete more blocks per minute (p = 0.424, Wilcoxon signed-rank test,

henceforth denoted as WSR) and as a consequence they did not increase their

number of blocks completed relative to losers (p = 0.376).

Second, players who are relatively strong in their pair indeed react to infor-

mation in PsychOnlyInfo more than in PsychOnly. Table 4 shows the regression

results of the performance of a player in round 2 as a function of the difference

in performance relative to the other player in round 1. We observe that in the

PsychOnly condition where winning the round 1 is the only information, the rel-

ative performance of the player in round 1 has a positive, but insignificant, effect

on measures of performance in round 2. While winning has an effect on beliefs

in itself (see Table 5), many weak players win by chance and many strong play-

ers lose by chance so the player’s strength does not fully determine the signal

received (win/loss). On the contrary, in the PsychOnlyInfo, players receive an ac-

curate information about their relative strength, whether they won or lost. We

observe that the interaction term between relative strength and the dummy for

the PsychOnlyInfo is large and clearly significant for number of blocks performed
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and the time spent on the task. It indicates that strong players increased their ef-

fort more in the PsychOnlyInfo treatment relative to strong players in PsychOnly.

Table 3: Effect of winning round 1 on measures of performance in round
2 for PsychOnlyInfo. This table displays the OLS regression results of the
impact of winning on various effort indicators in PsychOnlyInfo. The band-
width for the LLR is set to 0.025. The common support for this treatment
includes 36 observations, and covers participants with winning odds be-
tween 37% and 63%. Standard errors are clustered at the pair level and con-
structed by bootstrap (2000 replications). Significance levels are denoted as
*** p<0.01, ** p<0.05, *p<0.1.

Treatment Blocks
completed

Time
spent

Productivity

PsychOnlyInfo β̂ 1.46 1.15 -0.06
se (1.654) (0.872) (0.079)
p-value p = 0.376 p = 0.188 p = 0.424

Table 4: Effect of information on effort in round 2, depending on differences
within a pair. The table displays the regression results of the impact of re-
ceiving information about relative performance in round 1 on measures of
effort. Info is a dummy variable that takes the value 0 in PsychOnly and 1 in
PsychOnlyInfo.

Blocks

completed

Time

spent

Productivity

Info -1.97 -0.98 0.07

(se) (1.656) (0.347) (0.078)

Rel perf R1 0.07 0.02 -0.00

(se) (0.075) 0.026 (0.005)

Info × Rel perf R1 0.34* 0.11** 0.01

(se) (0.182) (0.052) (0.010)

Constant 19.54*** 9.24*** 2.07***

(se) (0.779) (0.222) (0.052)

N 102 102 102

Another sign that the players’ self-confidence drives the positive effect of win-

ning should be that players’ beliefs in their chance of winning are positively in-

fluenced by a win in Baseline and PsychOnly but not in PsychOnlyInfo where win-
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Table 5: Effect of winning round 1 on elicited confidence in round 2. This
table displays the regression results of the impact of winning on elicited con-
fidence. The LLR matching procedure is used. The bandwidth for the LLR
is set to 0.025. We use WSR tests to test for significance. Standard errors are
clustered at the pair level and constructed by bootstrap (2000 replications).
Significance levels are denoted as *** p<0.01, ** p<0.05, *p<0.1.

Treatment Baseline PsychOnly PsychOnlyInfo

β̂ 18.58*** 14.76*** 7.23
se (2.544) (3.967) (4.661)
p-value p < 0.001 p < 0.001 p = 0.121

ning does not have informational value in itself. It is indeed what we find. Using

our matching approach we can estimate the causal effect of winning on players’

belief in their winning chances in the next round. Table 5 shows the results of this

estimation. In all three treatments, winning leads participants to become more

confident. In Baseline and PsychOnly the observed effect is of similar magnitude

(18.58 and 14.76 respectively), and significantly different from zero (p < 0.001 in

both cases). However, the effect is not significantly different from zero (p = 0.121)

in PsychOnlyInfo.

These results on belief updating and the effect of information in itself in Psy-

chOnlyInfo suggests that the effect we observed in PsychOnly was driven by the

effect of information on past performance on self-confidence.13

Result 4 (Confidence-enhanced performance) The causal effect of winning seems

associated with the informational content of a win about the players performance

which increases their self-confidence and as a consequence their later performance.

6 Conclusion

We studied experimentally the existence and origin of a causal effect of win-

ning. To do so we designed a series of simplified dynamic contests with ran-

domly generated variations in early success. We find a clear positive causal effect

13To be clear, the absence of evidence is not evidence of absence and therefore the fact that we
do not find a significant effect of winning in PsychOnlyInfo does not prove that there is no effect
of winning in this treatment. We simply interpret this result as being in support of the predictions
form Hypotheses 4 and 5.
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of winning. Participants who won early in the contest had relatively higher per-

formance in a subsequent period both at the extensive margin (time spent) and

at the intensive margin (quality of performance per unit of time). This effect is

causal and not due to unobserved differences between early winners and losers.

By turning on and off the mechanisms considered to be underlying the causal

effect of winning we are able to disentangle two possible explanations of this ef-

fect: strategic thinking and psychological factors. Surprisingly, we do not find

support for a role of strategic thinking. Instead, our results support the psy-

chological explanation: winning has a direct effect on motivation, confidence

and/or competitiveness. To understand further the mechanism of this psycho-

logical effect we designed an additional treatment allowing us to remove all the

informational content from a win. By giving all the relevant information to the

participants about their and their opponent’s performance we ensure that win-

ning or losing does not bring any additional information to the players about

their strength relative to their opponent. We find that doing so eliminates the

positive effect of winning.

Our results pave the way to new research on competitions as games of incom-

plete information. While we did not find evidence of the strategic effect predicted

in a complete information framework with symmetric players, we find evidence

compatible with the “confidence-enhanced performance hypothesis”, the idea

that the self confidence (which can be boosted by a positive performance) can

foster a rise in later performance. Our study suggests that self-confidence plays

a critical role in people’s performance. Understanding how self-confidence is

shaped by past successes and in turn shapes future successes can play an im-

portant role in understanding how identical people can end up having very dif-

ferent success path. Indeed, even with an initially even playing field, differences

in success at some point can play a critical role in future success and therefore

contribute to the rise of inequalities.
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A.2 Summary statistics of the additional treatment PsychOnly-

Info

Table 7 provides summary statistics on the number of blocks completed and the

time spent in this new treatment. We find that participants in a pair are similar in

the piece-rate round, as we cannot reject the hypothesis that they had the same

performance in the piece rate. In round 2, the observed behaviour is very close

to that of round 1: losers spent less time competing and completed less blocks.

Table 7: Summary statistics on effort provision PsychOnlyInfo, conditional
on outcome of round 1. Significance levels for WSR tests are denoted as ***
p<0.01, ** p<0.05, *p<0.1. P-values are for MW tests, testing whether the
value of the variable is the same for winners and losers.

PsychOnlyInfo
Winners (1) Losers (2) ∆ [(1) - (2)]

Piece-rate 1 N=54
Mean # blocks 20.3 18.59 1.70
(se) (1.27) (1.25) (1.78)
Contest - round 1 N=54
Mean # blocks 19.59 15.52
(se) (1.62) (1.65)
Use of button 59% 59%
Mean time spent 8min44s 7min37s
(se) (0.38) (0.61)
Contest - round 2 N=54
Mean # blocks 19.52 15.63
(se) (1.47) (1.74)
Use of button 59% 59%
Mean time spent 8min53s 7min37s
(se) (0.34) (0.65)
Contest - round 3 N=22

B Robustness checks

B.1 Balance tests across treatments
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Overall Baseline PsychOnly StratOnly Kruskal-Wallis test

% Males 54% 60% 46% 57% p = 0.347
(sd) (0.500) (0.495) (0.504) (0.501)

Mean age 21.07 21.7 20.58 20.91 p = 0.978
(sd) (4.738) (5.59) (3.506) (4.871)

% Enjoyed task 73% 76% 73% 70% p = 0.779
(sd) (0.446) (0.431) (0.449) (0.465)

% Effort pays off 69% 66% 67% 74% p = 0.658
(sd) (0.465) (0.479) (0.476) (0.444)

Mean risk assessment 6.01 5.68 6.40 5.98 p = 0.318
(sd) (2.052) (2.084) (2.111) (1.926)

Table 8: Comparison of demographics between treatments

B.2 Common support

It is standard to check the size of the common support (set of observations where

the matching scores overlap) when using a propensity score matching. In our

case, our matching strategy is facilitated by the fact that the Tullock function pro-

duces winning probabilities concentrated around 50%. Therefore most winners

in our sample can be matched with losers with a similar winning probability and

vice-versa.

The empirical distribution of the round 1 winning probabilities is represented

in Figure 5. In Baseline, the common support includes participants having a

chance to win the first round between 41% and 59% (N = 32). In PsychOnly, the

common support includes pairs whose propensity score range between 27% and

73% (N = 46). Detailed summary statistics over the common support are pre-

sented in Table 9.
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Figure 5: Distribution of winning probability in each treatment conditions

Table 9: Summary statistics over the common support.

Change in #

blocks

Change in

time spent

Change in

productivity

Winners Losers Winners Losers Winners Losers

Baseline Mean -0.25 -4.63 -0.066 -2 0 -0.58

se (0.955) (2.427) (0.232) (1.035) (0.075) (0.261)

MW test p = 0.279 p = 0.480 p = 0.151

PsychOnly Mean 0.86 -1.65 0.43 0.02 -0.02 -0.24

se (0.946) (1.669) (0.292) (0.681) (0.133) (0.060)

MW test p = 0.473 p = 0.432 p = 0.176

Note: p-values are for Mann-Whitney tests testing whether the effort measure is from the same

distribution for winners and losers.

As the common supports differ in size, we checked that it does not affect our

results. We ran our matching approach in PsychOnly using only observations

having a winning probability between 41% and 59% (N=26), like for the common

support of the Baseline. The results of this regression are displayed in Table 10.
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The magnitude of the effects stay the same (while not significant due to small

number of observations).

Table 10: Effect of winning round 1 on effort in round 2 for PsychOnly with
the same common support as Baseline

Treatment Blocks
completed

Time
spent

Productivity

PsychOnly β̂ 2.41 0.51 0.15
se (2.407) (0.838) (0.116)
p-value p = 0.317 p = 0.546 p = 0.198

Note: This table displays the regression results of the impact of winning on various effort indica-
tors in PsychOnly while considering the same common support as Baseline. The bandwidth for
the LLR is set to 0.025. Standard errors are clustered at the pair level and constructed by bootstrap
(2000 replications). Significance levels for WSR tests are denoted as *** p<0.01, ** p<0.05, *p<0.1.

B.3 Details of the local linear regression matching

We build the composite control group using a local linear regression matching

(LLR), which is depicted on Figure 6. It has the advantage of using more, and

more precise, information than the standard nearest neighbour matching (Heck-

man et al., 1997; Todd, 2010). Indeed, k nearest neighbour matching is a situation

where a unit weight is given to k observations. On the other hand, the LLR proce-

dure compares a treated observation with a weighted combination of all control

observations in a given neighbourhood in the propensity score space (Fan, 1992).

More precisely, we estimate the following regression in a given neighbourhood of

observation i :

min
ai ,bi

∑
j∈Mi

(
∆e j −ai −bi × (pi −p j )

)2
K

(p j −pi

h

)
Where K () is a kernel weighting function, and ai and bi are the parameters

of the weighted ordinary least squares (OLS) regression. The prediction of the

above estimation at propensity score pi is the constructed counter-factual to ob-

servation i (∆êi ) .

For our estimation procedure to be valid, we need that every treated observa-

tion lies in an area where there exist potential counter-factuals (Smith and Todd,

2005). That is, we need to impose the common support condition, whereby each
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Figure 6: Representation of the construction of the synthetic control group.
This figure represents how the synthetic control group is built. It represents
how the counterfactual value of a variable of interest Y is estimated for a
winning player, using observerations from losing players.

treated observation can be compared with at least one untreated that had a sim-

ilar probability to win (and vice versa). The estimation therefore relies only on

observations where the distributions of the winning probabilities of the treated

and controls overlap.

B.4 Bandwidth selection

We relax the assumption of a bandwidth of 2.5% for the local linear regression to

check the robustness of our results. First, we use a leave-one-out cross-validation

method (Härdle et al., 2012) to determine the bandwidth minimising the Asymp-

totic Mean Integrated Squared Errors (AMISE). This bandwidth is referred as the

“optimal bandwidth” in typical applications. It is however not necessarily opti-

mal in a matching estimation. The identification strategy requires observations

to be matched with very close observations in order to ensure that they are sim-

ilar. The best bandwidth in a matching approach may therefore be smaller than

the one minimising the AMISE. We therefore only use this different bandwidth as

an objective benchmark, different from our initial choice of a small bandwidth.

The leave-one-out cross-validation method consists in estimating the AMISE

of the estimator by running the model on the whole sample minus one observa-

35



tion and compare the model prediction for this observation with the actual value

of the variable studied. By successively leaving out each observation in the sam-

ple once, one can estimate an error for each observation. The average of these

errors provides an estimate of the AMISE of the model given its bandwidth. The

“optimal bandwidth” is the one that minimizes the mean square error of the pre-

dictions. The results of this procedure are displayed in Table 11.

Table 11: Results of our cross validation procedure. This table displays the
regression results of the impact of winning on various effort indicators, at
the optimally chosen bandwidth. Standard errors are clustered at the ses-
sion level and constructed by bootstrap (2000 replications). Significance
levels for WSR tests are denoted as *** p<0.01, ** p<0.05, *p<0.1.

Blocks
completed

Time
spent

Productivity

Baseline Optimal bw 0.037 0.037 0.089
Estimated effect 4.06* 1.84* 0.58**

PsychOnly Optimal bw 0.10 0.01 0.041
Estimated effect 2.82** 0.3 0.25***

In Baseline, we find that this bandwidth varies from 0.01 in to 0.09, depend-

ing on the outcome variable considered. Given that the common support covers

the range [41,59], a bandwidth of 0.09 means that the whole common support

is considered. The average synthetic counter-factual is therefore the outcome of

a weighted OLS regression. Our main results still hold for these optimal band-

widths: winning leads to more blocks completed (p = 0.075), more time spent

in the second round (p = 0.096) and an increase in productivity (p = 0.037). In

PsychOnly our findings also hold at the optimal bandwidth: winning has a sig-

nificant positive impact on the number of blocks completed (p = 0.040) and pro-

ductivity (p = 0.008).

Second, we assess the sensitivity of our results to bandwidth selection by

looking at how our results vary for all the possible bandwidths. We start by es-

timating the model with a bandwidth of 0.01, and progressively increase it up

to the point where all observations on the common support are included. The

estimated effects are displayed in Figure 7. Our findings hold regardless of the

chosen bandwidth. In Baseline, the positive impact of winning on productivity is

significantly different from zero for all the bandwidths considered. We also find

that the effect of winning on time spent on the task and number of blocks com-

pleted is weakly significantly different from zero for all cases we considered. In
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Figure 7: Impact of varying bandwidth on effort measures

PsychOnly, the effect of winning on the number of blocks completed and pro-

ductivity is significantly different from zero for 90% of the bandwidths. Overall,

varying the bandwidth for the construction of the synthetic control group seems

to have little impact on our results.

C Comparison of the effects in the Baseline and Psy-

chOnly treatments
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Table 12: Comparison of treatment effects between Baseline and PsychOnly.
This table compares the relative size of the average treatment effects. The
standard errors for the ratio of expenditures were computed by bootstrap-
ping (5 000 replications), and clustered at the session level. Significance lev-
els are denoted as *** p<0.01, ** p<0.05, *p<0.1.

Blocks
completed

Time
spent

Productivity

βB asel i ne −βPs ychOnl y 1.53 1.44 0.39
(se) (2.834) (1.284) (0.325)
H0 :βB asel i ne −βPs ychOnl y = 0 p = 0.589 p = 0.263 p = 0.223
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Experimental Instructions 
 
Welcome to our experiment! You will receive AUD 5 for showing up on time. Please 
read these instructions carefully and completely. Properly understanding the 
instructions will help you to make better decisions and, hence, to earn more money. If 
you read these instructions carefully and perform well in the experiment, you can earn 
a significant amount of money (which will be paid out to you in cash at the end of the 
experiment). 
 
Please keep in mind that you are not allowed to communicate with other participants 
during the experiment. You are not allowed to use your mobile phone at any time 
either. If you do not obey these rules you will be asked to leave the laboratory and 
will not be paid. Whenever you have a question, please raise your hand; an 
experimenter will come to assist you. 
 
This experiment consists of two parts. You will receive separate instructions for each 
part. Your final payment will be the sum of your earnings in both parts, plus your 
show-up fee.  
 

Part 1 
 
In this experiment you will be asked to reverse strings of characters that will appear 
on your screen. Each string is randomly generated and has 20 characters. 
 
For example, if you see: 

NvpXEu39GXBvaBTqUirj 
You have to enter: 

jriUqTBavBXG93uEXpvN 
 

You will be doing this task for 10minutes. For each string you correctly reverse you 
will get 20cts. A typical screen that you will be seeing is as follows: 
 
 

 

 1 



 
Your payoff will be computed as follows:  
 

Number of tasks completed correctly × 20cts 
 

For instance, if you completed 8 tasks, you will earn: 8 × $0.2 = $1.6. 
 
To make sure that you understand the task and know how to work, you will have the 
opportunity to practice for 1 minute without payment.  
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Part 2 
Matching 
In this part, the computer will rank all the participants in this session according to the 
number of tasks completed in Part 1. Then it will match the two participants with the 
closest ranks into a pair. 
For instance, a participant with rank 1 will be paired with a participant with rank 2, 
and a participant with rank 3 will be paired with the one in rank 4, etc. 
The ranking and pairing assignments remain anonymous throughout the entire 
experiment. You will not be informed about the identity of the participant in this room 
you have been paired with. You will also not be able to learn your actual rank or the 
rank of anyone else. All you should keep in mind is that your opponent has the closest 
rank to you (based on performance records from Part 1). 
 

Competition 
In this part, the two participants in a pair will compete against each other. The 
competition consists of maximum three independent rounds. The one who wins two 
out of the three rounds wins the competition and will be awarded a prize of AUD 20.  
 
The competition in the first two rounds is organized as follows: both you and your 
competitor will work simultaneously and independently on the same 10-minute task 
as in Part 1.You will NOT learn how many tasks you or your opponent has completed 
during the competition. Nonetheless, the more tasks you complete, the more likely 
you are to win in each round.  
 
The winner of round 1 and round 2 is determined according to the following 
procedure: 
 
Imagine that you are facing an urn. Each time you complete a task correctly, you earn 
one black ball that will go into the urn. Each time your competitor complete a task 
correctly, he/she earn a white ball that goes into the urn. At the end of the round, the 
computer randomly picks a ball from the urn. If it is black you win that round, if it is 
white your competitor wins that round. This procedure is depicted in the following 
figure. 
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This means that your probability to win a round depends on both your performance 
and your competitor’s performance in that round. Specifically, it is computed as: 
 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤 =
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑦𝑦𝑦𝑦𝑦𝑦

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑦𝑦𝑦𝑦𝑦𝑦 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

 
For example, if you and your competitor complete equal number of tasks (including if 
you both solve 0 tasks) you have 50% chance of winning. If you solve more (or less) 
tasks than your competitor, you have more than (or less than) 50% chance to win. 
 
 
 

Time is money 

 
Spending time to work on the tasks in this competition is costly. In the first two rounds, 
you are endowed with AUD 3 for each round. As soon as you enter a round, your 
endowment starts depleting. You pay AUD 0.005 (i.e., half a cent) per second for the 
time you spend working on the tasks. You are free to stop working at any point during 
the competition though.  
Once you decide that you have worked enough for the competition, you could simply 
click the "STOP" button displayed at the right-bottom of the screen (see the screen shot 
below).  
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All the tasks you completed correctly before hitting the Stop button will be accounted 
for, when the winner is determined (i.e., the black balls you have earned stay in the 
urn). 
 
For instance, if you stop as soon as the round starts, you will receive the full endowment 
AUD 3 for that round, but you will lose that round for sure if your competitor completes 
at least one task correctly; If you work for 5 minutes (300 seconds) and then press the 
Stop button, your initial endowment will be reduced by: AUD 1.50 (=300 x AUD 
0.005) and the remaining endowment will be included in your final payment; At the 
same time, your chance of winning that round is determined by the total number of 
tasks you have completed correctly within that 5 minutes, together with the total 
number of tasks your competitor has completed.  
 
Please note that once the “stop” button is hit, you cannot come back to the task 
anymore. 
 

Tie breaking rule 

 
Remember that you will not see the number of correct tasks completed by you and your 
competitor during each round. This is also true when the round is finished. However, 
you will be informed who the winner is at the end of each round. After two rounds of 
competition, if you have won (or lost) both rounds, you have won (or lost) the prize. 
There is no need to compete in the third round. However, if you and your competitor 
each have won one round, you will enter a third round to break the tie and the winner of 
the third round receives the prize.  
 
In the third round, the computer will first randomly assign you and your opponent to 
odd numbers and even numbers respectively. And then the computer will throw a 
rolling die (with numbers 1, 2, 3, 4, 5, 6 on each side of the dice). If the number 
showing up on the die is an odd number (either 1, or 3, or 5), then the one who has 
been assigned to odd numbers will win round 3; if the number showing up on the dice 
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is an even number (either 2, or 4, or 6), then the one who has been assigned to even 
numbers will win round 3. The winner in this round will be awarded the prize.  
 

After the competition 

After everyone has finished the competition, you will need to finish a simple exit 
questionnaire. All the information you provide in this questionnaire, as well as your 
performance data in the experiment will only be used for statistical analysis and will 
be kept anonymous and strictly confidential. 
 
Once the questionnaire is done, your total payment from this experiment will be 
calculated as the following: 
 
If you win:  
Total payment=show-up fee (AUD 5) + earnings from Part 1 + prize (AUD 20) + 
total endowment you kept  
 
If you lose: 
Total payment=show-up fee (AUD 5) + earnings from Part 1 +total endowment you 
kept  
 
At the end of this session, your performance and your competitor’s performance in 
each round, as well as your payoff will be displayed to you. See the following 
screenshot as an example.  
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D.1 Demographic questions

Figure 8: Screenshot of the end of experiment survey questions
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