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a b s t r a c t

We use hand-collected data on penalty kicks in the top-level football competitions across France,
Germany, Italy, Spain, and the United Kingdom over the 2019/2020 season to analyse how social
environment affects the performance of individuals. We exploit the Covid-19 outbreak to induce a
plausible source of variation in the supporters’ attendance. We find that for home teams the probability
of missing a penalty increases when matches are forced to be played behind closed doors, while visiting
teams are less likely to choke on a penalty kick, with these effects being more pronounced when the
level of attendance (measured before the pandemic) was high. Taken together, these findings indicate
that not only a supportive audience, but also the size of the support plays a key role for success of
skill tasks.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

There are many examples of professions in which individuals
ave to perform in front of an audience, and it is quite intuitive to
elieve that performing in front of a supportive crowd increases
otivation, and thus enhances performance (DeVaro, 2006). Nev-
rtheless, while an audience might increase a performer’s will to
ucceed, the fear of not meeting expectations might conversely
ecome dominant. In this case, it is likely that the higher level
f pressure induced by a friendly audience is associated with
ow performance, leading to the so-called ‘choking under pres-
ure’ effect. The key question is therefore which of the two
revails. The evidence is mixed. On the one hand, Apesteguia
nd Palacios-Huerta (2010) and Dohmen (2008), among others,
upport the theory of choking in football competition. On the
ther hand, Braga and Guillén (2012) find no effect of pressure
n performance by relying on data from the Brazilian Soccer
hampionships in 2006.
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Although these studies point to test the social support against
the choking hypothesis, evidence of a causal relationship in real
tournament settings is quite scarce (Böheim et al., 2019; Harb-Wu
and Krumer, 2019). Therefore, they call for more causal evidence
in different environments, which may shed additional light on
the relationship between a supportive audience and absolute
performance.

We complement the existing literature on the social sup-
port vs the choking under pressure effect by employing a novel
identification strategy on a sample of teams from the major
European football leagues, which allows a credible and reliable
causal effect to be estimated.1 Specifically, we rely on hand-
collected information on all penalty kicks in the top-level football
competitions across France (Ligue 1), Germany (Bundesliga), Italy
(Serie A), Spain (Liga), and the United Kingdom (Premier League)
over the 2019/2020 season to study whether and to what extent
supporters influence the individual performance. To do so, we
take advantage of an unusual opportunity provided by the Covid-
19 lockdown, which forced all matches to take place behind

1 While there is a growing literature exploiting the closed doors effects in
ootball induced by the Covid-19 pandemic on several outcomes, and on leagues
n multiple countries, all these papers are focused on the ‘home advantage’
ather than on the ‘choking’ effect (see among others Bryson et al., 2020; Endrich
nd Gesche, 2020; Ferraresi and Gucciardi, 2020; Reade et al., 2020; Scoppa,
021).
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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losed doors. Such an exogenous change allows us to compare the
robability of failing to score on a penalty kick by teams playing
t home and teams competing away before Covid-19, when sup-
orters could attend any match, with the same difference after
he lockdown, when all matches took place behind closed doors.

The evidence suggests that the social environment has an im-
act on the performance of individuals. In particular, we find that
efore the lockdown, for high level of attendance, players of the
ome team are positively affected by public expectations, while
layers of the away team are more likely to choke. Conversely,
fter the lockdown – when playing behind closed doors – the
robability a player misses a penalty kick is higher for home as
ompared to away teams, but only for high levels of pre-Covid
tadium attendance.
The remainder of this work is structured as follows. Sec-

ion 2 describes the institutional context and illustrates the data.
ection 3 develops the empirical framework, while Section 4
iscussed the results. The last Section summarises and concludes.

. Football setting and data

We engaged an extensive hand-collection of penalty kicks
warded to home and visit teams (and the scored ones) in the
ain five leagues of Europe (France, Germany, Italy, Spain, and

he United Kingdom) for the 2019/2020 season. To gather this
ata by single match and team, we leveraged on the website
hoscored.com. We used the same source to control for the

defensive attitude of opponent teams causing the penalty by
hand-collecting information on tackles by match and team. Lastly,
we also collected team-level data on the average stadium atten-
dance for the matches played with open doors in the same season
from Transfermarkt.com.2 The final sample is thus composed by
45 penalty kicks observations (295 awarded to home teams),
f which 148 are related to games played behind closed doors
27%).3

As our main variable of interest, similarly to Dohmen (2008),
e adopt the probability that a player misses a penalty kick,
hich is a dummy variable that takes on the value of one if the
enalty is missed, and zero otherwise.
Fig. 1 plots the relationship between our outcome variable

nd the attendance size, before the lockdown. As for the home
eam (Panel A), it turns out that the probability of missing a
enalty decreases as the size of the attendance increases. On the
ontrary, the performance of away teams is negatively affected by
he crowd, as the probability of missing a penalty increases with
he size of a (hostile) audience (Panel B).

What Fig. 1 seems to indicate is that – under regular
ircumstances – players are more likely to choke on a penalty kick
hen they play away, while home teams are positively influenced
y the encouragement expressed by a friendly audience.
However, how does this attitude change when players are

orced to kick the penalties in empty stadiums? Intuition based on

2 Summary statistics are shown in Table A1 of the Online Appendix.
3 Since the spread of Covid-19, many matches have been rescheduled. The
rench leagues resumed on April 28th 2020. Conversely, the Spanish league
as suspended at the 27th round (in March), resumed in June, and eventually
oncluded in July. Analogously, after it was suspended in the 26th round, the
erman league resumed in May and ended at the end of June. In Italy, four
atches of the 25th round taking place in February were postponed for reasons
nrelated to Covid-19 and were played right after the league resumed. Based
n a last-minute decision, many matches of the 26th round were played behind
losed doors. The competition was then interrupted, resumed in June, and was
ompleted at the beginning of August. Finally, the UK Premier League was
topped after the 29th round and resumed in mid-June, running until late July.
t the same time, a few (3) matches of the 28th round were postponed due to
easons unrelated to Covid, and were the first ones played after the re-opening
n June.
2

Fig. 1 would suggest that, if the social support hypothesis holds,
we should expect home teams have a lower scoring rate than the
visiting teams when performing in front of a neutral one (that
is, when playing at home behind closed doors, after the Covid-
19 outbreak). In addition, this effect should be more pronounced
when the audience size is high, as the supporters of the home
teams typically represent the larger fraction of the crowd and can
thus express their support more strongly. The opposite should
hold for away teams.

3. Empirical strategy

Since we are interested in analysing the role of supporters in
explaining the player’s performance at the time when the penalty
kick is taken, we exploit the staggered time in the countries’
decision to permit football events to take place behind closed
doors. This exogenous change allows us to compare the proba-
bility of missing a penalty for a given level of attendance before
the pandemic, when supporters could attend any match, with
the same probability after the Covid-19 outbreak, when football
matches took place behind closed doors.

The model estimated is the following:

Yir = α+γ Closed-doorsir+λClosed-doorsir×Audienceir+ft+ut , (1)

where Yir is the outcome variable which equals 1 if the observed
penalty i in round r is an unsuccessful attempt and zero oth-
erwise; Closed-doorsir is a binary variable that is equal to one
for penalties that were kicked behind closed doors, and zero
otherwise; Audienceir is the (average) number of spectators in
the stadium where the penalty kick is taken; ft are team fixed
effects that control for unobserved heterogeneity in the capacity
of success in the score of a penalty, such as the quality of the
penalty kicker chosen by the team; and ut is the error term,
clustered at the team level.4

It is important to note at the outset that in this framework, the
estimated impact is measured by γ + λAudienceir , which varies
according to the size of audience. More precisely, it accounts for
the differential effect of playing behind closed doors in stadiums
that, before the lockdown, used to have a given size of attendance.
In practice, within a team, we compare the probability of missing
a penalty in a situation where the player kicks the penalty in a
crowded stadium, say, of 75,000 supporters, to the situation in
which the penalty kick is taken in the same stadium (or in a
similar one in terms of size), but when it is empty.5

A few more empirical choices merit further explanation. First,
the absence of the crowd might have had an impact not only on
players’ performance, but also on the referee’s decisions (Scoppa,
2021). Within this framework, were the rate of penalty kicks
awarded affected by the change of the behaviour of the referee
(because of the absence of the crowd), any comparison of penalty
kicks between home and away teams before (with supporters)

4 While in principle the penalty kicker might change from match to match,
t is reasonable to assume that he does not vary within team, as he is usually
hosen at the beginning of the season. Were this the case, the inclusion of team
ixed effects should account for it. Instead, in the case the penalty kicker had
o change from match to match, for instance due to injuries or to penalties
warded after the substitution of the selected penalty-kicker, in another set of
egressions we further include round fixed effects that should mitigate such a
oncern.
5 The most suitable way to conduct the analysis would be to compare the
robability of missing a penalty taking in the same fixture pre (open-doors) and
ost (closed-doors) pandemic. This approach would reduce the sample size of
round 35%. Nevertheless, in the spirit of reinforcing our analysis, we replicate
ur results by relying only on teams for which one penalty is kicked in the
re-pandemic scenario and the other in the post pandemic one in the same
itch. Results are shown in Tables A5 of the Online Appendix and, reassuringly,
onfirm our main findings.
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Fig. 1. Binned scatter plot of the probability of missing a penalty and (average) size attendance (before the lockdown — open doors). Note: each dot represents the
verage value of the probability of missing penalty by equally-sized bins (15 bins) based on stadium attendance.
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nd after the lockdown (without supporters) would be leading
o biased results. Therefore, we test whether the rate of penalty
icks was different between home and away status behind open
nd closed doors, by comparing the (average) difference in the
umber of penalties awarded to home and away teams, before
nd after the closure of the stadiums. The result of this analysis
s reported in Table A2 of the Online Appendix and, reassuringly,
ndicates that coefficients of the differences are not statistically
ignificant, thus suggesting that the allocation of penalty kicks to
ome/away teams has not been significantly affected by crowd
bsence. Second, it shall be noted that a penalty kick could be
issed either by the kicker strictu sensu (i.e., shot out of the

arget or hitting the post) – thus implying his mistake – or saved
y the goalkeeper, instead (partially) exonerating the kicker by
is faults. In order to rule out the possibility that the impact on
issing penalties in the absence of supportive crowd is due to

he goalkeepers’ savings, rather than a mistake of the kicker, we
ave collected information on the missed penalty kicks.6 Then,
e compare the difference in the number of saved penalties
y home and away teams, before and after the stadiums’ doors
ere closed. Were the number of saved penalties increasing
cross home and away teams before and after the closure of
tadiums, we would conclude that the absence of the crowd has
lso had a positive impact on the goalkeepers’ performances.
esults are reported in Table A3 of the Online Appendix and
how that the goalkeepers seem to have not been affected by the
bsence of the crowd, as the difference of the average (savings)
etween home and away teams is statistically insignificant with
pen doors, as well as the same difference turns out to be not
tatistically significant with closed-doors, and thus leading to a
ifference-in-differences coefficient indistinguishable from zero.

6 Out of 545 penalty kicks awarded during the 2019/2020 season, 119 were
issed. Among these 119, the majority (92) was saved, and the rest (27) was
icked out of the target or on the post.
 t

3

4. Results

Findings are shown in Table A4, columns 1 through 6. To help
interpretation of the results, we also report estimates in Fig. 2. In
particular, in Panel A we use the estimated coefficients of Eq. (1)
to compute the combination of γ + λAudienceir for the sample of
ome teams, and then plot the relative coefficients (and their 90%
onfidence interval). In panel B, we replicate the same approach
or the sample of visiting teams.7

As for home teams (Panel A), it turns out that the probability
f missing a penalty increases when playing behind closed doors
s compared to playing in front of a supportive audience, and
uch an effect is more pronounced as the size of the attendance
ncreases. To see this, consider a level of attendance which, before
he pandemic, was equal to 45,000. Then, the probability for the
ome team to miss a penalty after the lockdown – when playing
ehind closed doors – remains unchanged as compared to before
−0.2836 + 0.0064×45 = 0.0044 an estimation that is not
tatistically significant). Take now a high level of attendance (say
5,000). In this case, kicking a penalty without being supported
y the crowd implies an increase of the probability of missing
t of approximately 20% (−0.2836 + 0.0064×75 = 0.1964 an
stimation that is statistically significant at 5% level).
Let us now consider away teams. According to the figure de-

icted in Panel B, it emerges that players choke less in the absence
f (non-supportive) crowd, with this effect being more marked
or higher levels of audience. As before, if the penalty is kicked in
stadium that, before the Covid-19 outbreak, was not so crowded
45,000 spectators), the probability of the away team to miss it
s not significantly affected by playing without audience, as the
stimation of Eq. (1) leads to an estimate that is not statistically
ignificant. Conversely, when the penalty is kicked in a stadium
hat is very crowded under regular circumstances, the probability
f failure decreases of about 21% once matches are forced to be

7 In particular, we use coefficients shown in Cols. (2) and (4) of Tables A4 of
he Online Appendix.
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Fig. 2. Impact of closed doors on the probability of missing a penalty according to the (average) size of attendance. Notes: the figure depicts point estimates and
ts 90th confidence interval of estimations carried out in Cols. 2 and 4 of Table A4 of the Online Appendix.
layed behind closed-doors (0.1544− 0.0049×75 = −0.2131 an
stimation that is statistically significant at 5% level).
Taken together, these findings indicate the existence of an

symmetric response to the intensity of the crowd on the individ-
al performance of home and away teams. While for home teams
he (supportive) crowd has a positive effect and, indeed, when
emoving it the penalty conversion rate declines, for away teams
he presence of (hostile) supporters puts pressure on the players,
hereby inducing them to miss penalty kicks. When this pressure
s removed, the probability of missing a penalty decreases signifi-
antly. In practice, we find evidence that pressure is more intense
or away teams than for home teams.8

. Summary and concluding remarks

This paper contributes to the literature that investigates the
ole of audience size on player’s performance. To induce a source
f plausible exogenous variation, we exploited the fact that teams
f the five main national European football leagues had to play
ehind closed doors for a sizable fraction of the 2019/2020 sea-
on as a consequence of the Covid-19 pandemic. Moreover, we

8 The presence of an asymmetric response is also confirmed when we
ompare the impact on the probability of missing a penalty and the size of the
rowd, before and after the lockdown, separately for home and away teams. As
or home teams, we found that players respond positively to the support they
et from the home crowd. Along these lines, and following results depicted in
igure A1 of the Online Appendix, it turns out that the supportive crowd has
positive impact as before the lockdown the probability that a player misses
penalty kick decreases as the size of the (supportive) crowd increases (Panel
). After the lockdown – when matches were forced to be played behind closed
oors – the same relationship is much flatter (Panel B). For away teams, the
hostile) crowd seems to induce a decline in the penalty conversion rate. To
ee this, we have replicated the same figure as above on the sample of away
eams. Results are shown in Figure A2 of the Online Appendix. While before
he lockdown the probability of missing a penalty increases as the size of the
ttendance increases (Panel A), after it – when playing behind closed doors –
he same probability of missing a penalty reduces significantly (Panel B).
4

analyse whether, and to what extent, the probability that a player
misses a penalty kick is affected by the absence of the crowd.

What emerges from the empirical analysis is that social envi-
ronment affects the performance of individuals. In particular, for
home teams the social support leads to improved performance,
as the probability of missing a penalty increases when matches
are forced to be played behind closed doors, with such an effect
being larger when the level of attendance registered before the
pandemic was higher. Conversely, in the absence of audience,
away teams are less likely to choke on a penalty kick, especially
in stadiums that before the Covid-19 outbreak used to be very
crowded. These results are consistent with recent findings that
suggest that football team performances are negatively affected
by the forced absence of friendly audiences (Ferraresi and Guc-
ciardi, 2020; Reade et al., 2020; Scoppa, 2021). What all of this
seems to indicate is that both supportive audience and the size
of the support play a key role for success of skill tasks.

Appendix A. Supplementary data

Supplementary material related to this article can be found
online at https://doi.org/10.1016/j.econlet.2021.109868.
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