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Abstract

We use a series of natural experiments in association football (soccer) to test whether the lack

of social pressure from spectators affected behaviour and outcomes. We observe that the normal

advantage to the home team from playing in their own stadium was on average eroded when they

played behind closed doors, with no supporters. Among the various effects from no fans being

present, visiting players were cautioned significantly less often by referees. This suggests that

closed doors matches are different because referees favour the home team less in their decision

making. We discuss these findings in the light of the Covid-19 pandemic that has led to the

remainder of the 2019/20 European football season playing out in empty stadiums.
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1 Introduction

Social forces and pressure have the potential to affect behaviour, decision making and economic
outcomes (e.g., Akerlof, 1980; Bernheim, 1994; Becker and Murphy, 2000). There is growing
experimental evidence that individuals make different and potentially biased decisions in situations
where there is some form of salient group membership (e.g., Charness et al., 2007; Charness and
Sutter, 2012). There is evidence from real-life settings that a crowd can bias the decision making
of an individual toward its preferred outcome. Specifically, home team support in a professional
sports contest can impact on the officials’ decisions (see the summary by Dohmen and Sauermann,
2016). In fact, fans in a football crowd believe that they do affect the outcome of a match in their
own team’s favour, by influencing the referee’s decisions (Wolfson et al., 2005).

In this paper, we exploit a series of natural experiments in high stakes European professional
football when matches had to be played in empty stadiums, to ask whether playing ‘behind closed
doors’ disproportionately affected outcomes. Teams have typically been banned from admitting
supporters into their stadiums as one-off punishments for bad behaviour off the football pitch (e.g.,
due to corruption, racist abuse or violence). These events provide clean breaks in the presence or
not of a large crowd of spectators, which could affect the decisions made by those participating
in a contest. We can also address the question of why individuals and teams perform better in
specific locations, referred to as home advantage in professional sports (e.g., Schwartz and Barsky,
1977). Besides the impact of the crowd, familiarity and fatigue from travel have been proposed as
explanations for why a team playing at home tends to have an increased chance of winning a contest.
Since closed doors matches take place in the same venue and at the same time as they would have
done if supporters were not banned, we can focus on the impact of the crowd.

We focus on 160 matches which took place behind closed doors since the beginning of the
2002/03 European season and before April 2020, comparing them with over thirty-three thousand
other matches in the same competitions and period. On average, the home team won 36% of the time
in empty stadiums, compared with 46% when fans were present. This was mirrored by a significant
increase in the percentage of matches won by the away team in closed doors matches, accounted for
by fewer goals being scored by the home teams. These patterns were common across the different
competitions represented, in Italian, French and cross-border European football. However, when we
account for the selection of different team qualities into these rare closed doors matches, the effect
of playing without fans on home advantage is reduced and not statistically significant.

We also study whether playing football behind closed doors was associated with differences in
what happened within matches. Although there was no difference in the frequency or severity of how
the referee disciplined the home team, there were significant differences for the away team. With
fans in the stadium, away teams were awarded on average a third of a yellow card more per match
than home teams. This difference was generally cancelled out when teams played behind closed
doors, with up to 0.8 fewer yellow cards awarded to the away team in the elite Serie A and French
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Ligue 1 competitions. This estimated effect, also large and significant in Italian football overall and
in the full sample of matches, was robust to the assignments of different teams and referees, as well
as reasonable variations on the preferred specification of the regression model. These results suggest
that the complete absence of a crowd in a football match eliminates the bias against the away team
in punishments, normally caused by social pressure from the mostly home team supporting fans.
This is broadly consistent with a study by Pettersson-Lidbom and Priks (2010) (henceforth PLP)
of 21 Italian closed doors matches in 2006/07, which also feature in our sample. We extend this
previous study by increasing the sample size considerably, by addressing the selection of participant
characteristics into the matches played without fans, and by looking at other outcomes besides team
discipline. Like PLP, we find further support for the conclusion that a crowd affects football matches
through the referee, by showing that some features of game play were not significantly different when
a match was played behind closed doors, such as ball possession and the rate of shots on goal being
on target.

These results are particularly relevant at the present time, as global professional sport has largely
had to take place behind closed doors since the beginning of the Covid-19 pandemic. For a highly
infectious and destructive airborne virus, common sense suggests that playing in empty stadiums
could become the new normal for sports. Not only that, but there is evidence that the transmission
of influenza can be significantly increased by the public gatherings surrounding major sports events
(Stoecker et al., 2016; Cardazzi et al., 2020). There is also preliminary evidence that professional
sports can explain some of the regional variation in US deaths during the early Covid-19 outbreak
(Ahammer et al., 2020).

We proceed as follows: in section 2, we discuss some related literature; in section 3, we describe
our dataset of football matches and provide some descriptive information (e.g., regarding match
outcomes); in section 4, we present both our estimation strategy and the main results; in section 5,
we reflect on what has happened to home advantage in European professional football since the
Covid-19 lockdowns began; and in section 6, we offer some concluding remarks.

2 Related literature

This paper contributes to a large literature describing or seeking to explain the causes of home
advantage in professional sports. This tendency of a team to win more often when playing in
their home stadium, city or country has been prevalent throughout the history of professional team
sports in North America and Europe (e.g., Courneya and Carron, 1992; Nevill and Holder, 1999;
Pollard and Pollard, 2005). In an early study, Schwartz and Barsky (1977) pointed toward greater
home advantage within indoor sports, such as basketball and ice hockey, than outdoor, finding
that the support of the home crowd was a major factor. In the English Football League, since its
founding in 1888, for a long time there were only small variations in home advantage between
seasons (Pollard, 1986), but in recent decades there has been a persistent and substantial decline
in home advantage, that otherwise exists independently of the large cross-league differences in
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stadium attendances (Koyama and Reade, 2009; Peeters and van Ours, 2020).1 This has led to
the suggestion that crowd size may not play a substantial role in football, and instead familiarity
with home conditions could be a more important factor. Although Boyko et al. (2007) found some
evidence that home advantage in English football may relate to the crowd and its influence on
referees, this was contradicted by Johnston (2008) in a replication study using more recent data.
Clarke and Norman (1995) identified the home advantage of different English football teams over
time, finding that this appeared to be lower for teams clustered in London. They reasoned that this
could be due to fatigue as London-based teams’ opponents had to travel less to play them. There is
also some suggestion that home advantage could be caused by the territoriality of players, based on
monitoring their testosterone levels before matches (Neave and Wolfson, 2003).

Recent studies have sought to shed new light on the question of what drives home advantage
by exploiting specific features of leagues and the scheduling of matches. Ponzo and Scoppa (2018)
studied football matches in Italy where teams shared the same home stadium, ruling out differences
in travel fatigue and familiarity. They found sizeable effects of crowd support on home advantage. In
a similar study of two basketball teams who share a stadium in Los Angeles, Boudreaux et al. (2017)
found large attendance effects on the home team’s performance. Goller and Krumer (2020) studied
four of the major European football leagues and found that matches scheduled on non-frequently
played days tended to have both lower attendances and less home advantage. However, Belchior
(2020) studied the quasi-random reassignment of matches in Brazilian football to time slots which
generally increased attendances, finding that this had no effect on home advantage.

This paper also contributes to past studies which have focused on the bias of sports officials, and
how this interacts with social pressure from the crowd. In an experimental setting using qualified
English referees, Nevill et al. (2002) found that background noise significantly affected judgements
of what constituted foul play, with decisions becoming less certain and increased bias toward the
home team. Garicano et al. (2005) and Sutter and Kocher (2004) identified a systematic bias among
referees in the top levels of Spanish and German football, respectively. In particular, they found
that referees behave as if to satisfy the home crowd, by systematically shortening matches when the
home team is winning and lengthening them when the home team is losing. Garicano et al. (2005)
also used variation in crowd size and composition to suggest that social pressure is the cause of
referee bias. Similar effects of the crowd on referee bias in injury time decisions were documented
by Dohmen (2008a) for German football and Scoppa (2008) for Italian football. Rocha et al. (2013)
showed that this source of referee bias is more prevalent in Brazilian football when matches are
televised. Studying punishments for foul play, Dawson et al. (2007) found that home teams tend to
accumulate fewer red and yellows cards than away teams, with this not relating to home advantage
but instead appearing to be driven by referee bias. Extending this analysis to international football,
Dawson and Dobson (2010) identified the nationality of referees as another important factor affecting
their favouritism toward one team or another. Buraimo et al. (2010) and Buraimo et al. (2012) found

1See the left-hand panel of Figure 5 for a graphical representation of this long decline across football in 105 countries
and geographical areas, a trend that appears to begin after the Second World War.
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further convincing evidence that social pressure affects the punishment decisions of referees, by
accounting for the specific patterns of play within English, German and Spanish top league matches.
In addition, they found that the presence of a running track in the stadium, increasing the distance
between the fans and the referee, tended to reduce the bias against the away team. But Goumas
(2014) found that a crowd’s density was the most important factor in European football, rather than
its size or proximity to the pitch. Looking at heterogeneity among referees, Page and Page (2010)
showed that some referees are more susceptible to being influenced by a crowd than others. Finally,
as an example away from football, Sacheti et al. (2015) studied the home bias of international cricket
umpires, exploiting rule changes governing whether they could share the same nationality as teams
playing. They found that these natural experiments decreased the bias toward the home team in
important umpiring decisions within games, with the reduction in social pressure from the home
crowd on home-based umpires being the probable cause.

3 Data

In our analysis, we explore all football matches since the beginning of the 2002/03 European season
in the following seven competitions: (1) UEFA Champions League, (2) UEFA Europa League, (3)
French Ligue 1, (4) Italian Serie A, (5) Italian Serie B, (6) Italian Serie C, and (7) Coppa Italia, the
major Italian domestic cup competition.2 As such, our rich data set contains a heterogeneous mix of
matches, played in both domestic and European cup competition and involving teams with a range
of abilities.

We considered looking at a longer time period, i.e., since the end of WW2, but we found
that football matches taking place behind closed doors in the major European professional football
competitions were sporadic before 2002. In fact, to the best of our knowledge, the last game prior
to 2002 in these competitions that took place without fans was in 1993 in Italy. Also, we ignore the
other three of the top five European football leagues, in England, in Germany and in Spain, because
there were only two matches in these competitions since 2002 and before April 2020 without fans.

We exclude all matches since the Covid-19 shutdown from the main analysis here because the
absence of the fans is not the only thing that has changed. Rules have been temporarily altered to
facilitate the completion of the 2019/20 domestic seasons in less time than was planned, such as on
the number and timing of player substitutions within matches. Further, we would not be able to rule
out that the virus itself or the break from training and competition that it caused have affected match
outcomes. Despite not using matches since the Covid-19 shutdown in the main analysis because of
the above facts, in Section 5, we document how home advantage, at least on the surface, appears to
have been substantially reduced across the leagues that have returned to action since May 2020.

In Figure 1, we show the distribution of the studied closed doors matches over competitions
and seasons. We define three partly overlapping sub-groups of matches: (1) continental football in

2Excludes the qualifying stages of the UEFA competitions, but the Coppa Italia is included from round 1 onward.
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the UEFA competitions, (2) domestic football in Italy, and (3) what we call Elite football, which
comprises of the top leagues in France and Italy, Ligue 1 and Serie A. There were just 160 matches
that had no fans present since 2002, out of a total of 33,796 matches, excluding those that took
place in neutral stadiums, such as the UEFA competition finals. As one can see from Figure 1,
around 40% of the closed doors matches took place in just two seasons, 2006/07 and 2019/20. Italy
accounted for most of these matches. The first cluster of games without fans followed from the
Italian Calciopoli scandal, which was previously studied by PLP. The second cluster of games took
place in 2020, just before the the Covid-19 virus lockdowns and bans on professional sports. As
such, Italian football dominates our sample of closed doors matches, but almost a quarter took place
in the UEFA competitions, and there were nineteen in the French Ligue 1.

FIGURE 1: Sample number of closed doors matches by season and competition/country

Notes.- “All” refers to all competitions in the sample. “UEFA” refers to matches in the UEFA Champions League,
Europa League and their previous iterations under different names. “Italy” refers to matches in Seria A, Serie B, Serie
C and Coppa Italia. “Elite” refers to the French Ligue 1 and the Italian Serie A. Source.- worldfootball.net; accessed 14
March 2020.

We collect data on what happened within these football matches and their final outcomes from
two data sources: (1) worldfootball.net and (2) espn.co.uk/football. The first of these sources is the
most important. In Tables 1 & 2, we present descriptive statistics over all 33,796 matches, as well
as the 5,684, 21,377 and 13,301 matches in the UEFA, Italy and Elite sub-samples, respectively.
The data represent 458 different teams playing at home and 581 different teams playing away from
home. They correspond to 13,993 distinct match ups between specific home and away teams, e.g.,
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Juventus F.C. playing at home in Turin against A.C. Milan.3 We also know the identity of the 701
different referees who officiated these matches. In Table 1, we show that attendances in professional
European football were quite variable in this period, ranging from zero in matches played behind
closed doors to a maximum of 98,800. Attendances were on average higher and more variable in
the UEFA competitions than the domestic leagues, though the Elite matches still had a respectable
median attendance of 18,200. The matches studied in Italy typically had lower attendances than the
rest of the sample, because the lower leagues and Coppa Italia generally attracted fewer fans.

In Table 1, we also summarise the Elo (1978) ratings of the home and away teams represented in
the study. These are time-varying measures of each team’s relative strengths, and are a function of the
entire history of European domestic and continental professional football result outcomes scraped
from worldfootball.net. They also capture the recent form of teams, as the recursive updating of the
ratings after each match weights those completed recently more highly.4 The Elo ratings will be
useful control variables in the following regression analysis. Elo ratings were typically lower in the
Italian domestic sub-sample, and they were on average higher in the Elite leagues than in the UEFA
competitions. The latter involved teams from countries with weaker domestic leagues than in Italy
and France.

It is well-known that home advantage is substantial in professional football. In Table 2, we show
that in all the matches considered here since 2002, 46% ended in a home win, 28% in a draw and
26% in an away win. The home advantage has tended to be greater in the UEFA competitions than in
domestic football and was marginally greater at the Elite level than in Italy overall, when including
the lower-league teams. These patterns across the competitions were also reflected in the average
goal difference between the home and away teams, which was 0.4 goals in the whole sample and
had a median value in all the competitions of zero.

When a referee determines that there has been foul play in a football match, in addition to
awarding a free-kick to the team that was fouled, there are three more serious ways that he can
decide to punish players and teams. First, he/she can award a yellow card to a player, also know as
a caution. Cumulative yellow cards over matches can result in players becoming suspended. If a
player is awarded two yellow cards in the same match, then he/she is excluded from the remainder
of the match, meaning that their team must finish the match at a significant disadvantage to the
opponent, with one player fewer. Second, the referee can award a straight red card to a player for
serious foul play, resulting in a direct exclusion. Third, if a foul is committed by a team in their
own penalty area, then the referee will award a penalty kick to the opposing team. A penalty is a
significant punishment in football, since the game is generally low-scoring and it results in a goal

3We discard and never describe all matches where the team playing at home only appeared once in the respective
sub-group in a season, because in the regression analysis that follows we at least account for home-team-season fixed
effects. For example, if an Italian Serie D team lost at home in the first round of the Coppa Italia, then that match would
be discarded.

4Elo ratings, originally proposed by Elo (1978) for chess players and tournaments, are commonly used to estimate the
strengths and form of football teams, both in practical applications (e.g., https://www.eloratings.net/) and in academic
research (e.g., Hvattum and Arntzen, 2010).
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TABLE 1: Summary statistics over football matches (Part I), 2002/03-2019/20

Mean St. Dev. Min. Median Max.

All
Attendance (1000s) 16.0 15.9 0.0 11.1 98.8
Home Elo rating 1085 107 732 1076 1532
Away Elo rating 1079 107 741 1069 1517

N of home teams 458
N of away teams 581
N of home-away team pairs 13,993
N of referees 701
N of matches 33,796
N behind closed doors 160

European Competition (UEFA)
Attendance (1000s) 29.8 19.5 0.0 25.5 98.8
Home Elo rating 1095 100 835 1090 1524
Away Elo rating 1096 101 836 1089 1510

N of home teams 284
N of away teams 375
N of home-away team pairs 4,767
N of referees 392
N of matches 5,684
N behind closed doors 38

Italy
Attendance (1000s) 10.8 12.8 0.0 6.0 81.8
Home Elo rating 1074 111 732 1064 1532
Away Elo rating 1066 111 740 1055 1517

N of home teams 171
N of away teams 204
N of home-away team pairs 7,962
N of referees 296
N of matches 21,377
N behind closed doors 103

Serie A & Ligue 1 (Elite)
Attendance (1000s) 22.3 13.7 0.0 18.2 81.8
Home Elo rating 1135 107 824 1122 1532
Away Elo rating 1130 106 860 1114 1517

N of home teams 85
N of away teams 85
N of home-away team pairs 2,650
N of referees 191
N of matches 13,301
N behind closed doors 53

Notes.- statistics are calculated over all matches in the analysis sample since the beginning of the 2002/03 season.
Excludes matches where the home team appeared only once in a competition in a given season. Source.-
worldfootball.net; accessed 14 March 2020.
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TABLE 2: Summary statistics over football matches (Part II), 2002/03-2019/20

Mean St. Dev. Min. Median Max.

All
Home win (%) 45.8
Draw (%) 28.2
Away win (%) 26.0
Goal diff. (Home-Away) 0.40 1.62 -9 0 15
Yellow cards 4.21 1.98 0 4 13
Red cards 0.29 0.57 0 0 5
Penalty kicks 0.19 0.45 0 0 5
Penalties missed (%) 21 40 0 0 100

European Competition (UEFA)
Home win (%) 49.2
Draw (%) 23.9
Away win (%) 26.9
Goal diff. (Home-Away) 0.51 1.85 -7 0 8
Yellow cards 3.83 2.07 0 4 12
Red cards 0.20 0.47 0 0 3
Penalty kicks 0.18 0.45 0 0 5
Penalties missed (%) 31 45 0 0 100

Italy
Home win (%) 44.9
Draw (%) 29.3
Away win (%) 25.8
Goal diff. (Home-Away) 0.37 1.54 -7 0 15
Yellow cards 4.50 1.94 0 4 13
Red cards 0.33 0.60 0 0 5
Penalty kicks 0.20 0.46 0 0 5
Penalties missed 18 37 0 0 100

Serie A & Ligue 1 (Elite)
Home win (%) 45.7
Draw (%) 27.8
Away win (%) 26.6
Goal diff. (Home-Away) 0.39 1.63 -9 0 9
Yellow cards 4.07 1.95 0 4 11
Red cards 0.27 0.55 0 0 5
Penalty kicks 0.19 0.45 0 0 5
Penalties missed 24 42 0 0 100

Notes.- see also Table 1. Source.- worldfootball.net; accessed 14 March 2020.
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more often than not.5 In Table 2, we show sample statistics for these three punishments. On average,
4.2 yellow cards were awarded per match, with more cards in Italy than in the continental football.
The standard deviation of yellow cards per match was around two. Depending on the competition, a
red card, both straight and via two yellows, was awarded every three to five matches, being rarer in
the UEFA competitions than in domestic football. On average, a penalty was awarded in around one
in five matches. These penalties were missed (i.e., not scored) substantially more often in the UEFA
matches (31%) than in Italy (18%) and at the Elite domestic level (24%).

For a sub-sample of the matches described in Tables 1 & 2, namely most of those in the UEFA
and Elite sub-samples, we have information on other match features from espn.co.uk/football: the
numbers of fouls committed; injury time awarded by the referee toward the end of the first and
second halfs, along with the match scoreline at the time; the share of ball possession by the home
team; total shots on goal by each team, including the numbers on target; and the numbers of saves
made by goalkeepers. In the next section, we describe whether professional football with or without
fans is associated with differences in all these match features, along with the main outcomes that we
described in Tables 1 & 2.

4 Estimation & main results

The ideal experiment to test the impacts of playing football without fans would involve repeating
the same matches many times, with the same players, officials and conditions, only varying whether
or not spectators were allowed into the stadium. But this is impractical, and so we apply panel data
regression methods to the historical sample of matches described above, to get as close as possible
to the ideal experiment.

With some small variations, for each outcome, yi, in match i, we estimate the following using
least squares:

yi = α +λClosedDoorsi +β1Attendancei +β2HomeEloi +β3AwayEloi + εi . (1)

The regression models all include a constant, α , and controls for the time-varying strengths and
form of both the home and away teams, via Elo ratings with coefficients β2 and β3. For robustness,
we allow different structures for the error term, εi. In our preferred specification, this includes fixed
effects for both the home-team-season, ψHS(i) and the away-team-season, ψAS(i), where HS(i) and
AS(i) are functions indicating that match i took place in season s and involved home team h or away
team a:

εi = ψHS(i)+ψAS(i)+ηi ,

5With this in mind, when an apparent foul in the penalty area isn’t awarded by the referee, it is often said by football
match commentators and fans: “if that were anywhere else on the pitch, then it would have been a foul”, i.e., the
implications of awarding a penalty kick suggestively make the referee think twice about awarding a foul. The same is
also often said about a referee’s decision to award a second yellow card for foul play or not, i.e., the necessary severity
of a foul to warrant a second yellow is typically higher.
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where the remaining heterogeneity is in the residual, ηi. In this case, β1 estimates the effect on each
outcome of a change in the number of spectators within a home team’s season, conditional on who
the visiting team was. ClosedDoorsi is a dummy variable taking the value one if a match was played
behind closed doors. The associated coefficient, λ , estimates the disproportionate impacts on the
outcomes of a match from playing behind closed doors, with no fans present at all. This is what
we focus on in the results, as it could suggest that playing without fans matters far more than the
typically small or insignificant effects of regular variation in match attendances accounted for by the
linear β1Attendancei term.6

We also estimate Equation (1) with match-up fixed effects: εi = ψM(i)+ηi, where M(i) indicates
that i was a match up, m, between specific home and away teams. Since each match up typically
occurs once per season, the effect of playing behind closed doors is then identified within matches
that were similar besides the presence or not of fans, but over a long period of time. We prefer
estimates that instead address team-season level heterogeneity, as these better address the fact that
teams change over time, especially between seasons, through changes in the players, managers,
tactics and fans. This is also akin to how home advantage in sports league is normally estimated
(e.g., Clarke and Norman, 1995). We also check whether our results are robust to the assignment of
different referees over matches by the inclusion in Equation (1) of referee fixed effects, ψR(i). It is
plausible that some referees tend to impart stricter discipline or greater home advantage than others.
Given the relatively small number of closed doors matches in the sample, it is important that we
check whether referee heterogeneity drives any of the results.

Despite the fact that the final outcomes of football matches are ordinal, e.g., win, draw or lose,
and counts of goals, we prefer to estimate the linear regression model given by Equation (1) rather
than, for example, an ordered latent variable model or a Poisson count model. This is justified
because we are focused on the average marginal effects of playing a match behind closed doors,
and the models also control for a lot of unobserved heterogeneity with the different sets of fixed
effects (Wooldridge, 2010). Besides, the linear regression model, with its easy implementation
and interpretation, is preferable to selecting some potentially wrong non-linear model.7 To address
heteroskedasticity in the residuals, we generally estimate standard errors that are clustered at the
level of the home-team-season, reasoning that some outcomes may have been more or less variable
within particular stadiums and seasons, and because the sample selects particular stadium-seasons in
European professional football from the overall historical population of football matches. When the
outcome relates more to the actions of the away team players, e.g., yellow cards awarded to the away
team or the percentage of shots on target, we instead cluster standard errors at the away-team-season
level.

6We considered the inclusion of squared attendance and ELO ratings in the regression models. These terms were
typically insignificant and the estimated marginal effects of closed doors matches were robust to their inclusion. These
results are available on request.

7To assuage doubts about our preference for the more tractable linear regression model, we estimate non-linear
equivalents for some match outcomes, such as the ordered probit model for the final results of matches. The marginal
effects of playing football behind closed doors were robust to this regression model choice. Some Poisson regression
results are presented below and other results are available on request.

10



4.1 Final match outcomes and home advantage

Before estimating any regression models, in Table 3 and the first seven statistics in Figure 2, we
compare the sample means of final outcomes in matches played with fans and without. In the top
panel of Table 1, we pool all matches, whereas in the three panels below we focus on the UEFA,
Italy and Elite sub-samples, as described in Section 3. Of the 160 closed doors matches, 35.6% were
won by the team playing at home, 10.2 percentage points less than in matches with fans (p-value <
0.01). Mirroring this, the away team was 7.8 percentage points more likely to have won in the
sample of closed doors matches than when fans were present (p-value < 0.05). These patterns are
replicated in the three smaller sub-samples, though the difference between the two types of matches
was only statistically significant in the UEFA competitions, where closed doors matches were on
average 20.4 percentage points less likely to end in a home win than with fans (p-value < 0.05). The
lower mean goal difference between teams of 0.30 when matches were played behind closed doors
(p-value < 0.05) also implies less home advantage. There was no significant difference between
with and without fans in the mean total goals scored in a match, suggesting that the presence of fans
was not related to more attacking play, only reduced home advantage.

FIGURE 2: Differences in sample means of football match outcomes: closed doors vs with fans,
2002/03-2019/20

Notes.- Uses all matches in the UEFA Champions League, Europa League, Italian Serie A, Serie B, Serie C, Coppa Italia
and French Ligue 1 since the beginning of the 2002/03 season. See Figure 1 and Tables 1-2 for further sample description.
95% confidence intervals displayed. Source.- author calculations using worldfootball.net and espn.co.uk/football;
accessed 14 March 2020.

11

https://www.worldfootball.net/
https://www.espn.co.uk/football/


TABLE 3: Comparison of sample means for final outcomes between matches with fans and without,
2002/03-2019/20

With fans Closed doors Diff.
(I) (II) (III)

All
Home win (%) 45.8 35.6 10.2∗∗

Draw (%) 28.2 30.6 -2.4
Away win (%) 25.9 33.8 -7.8∗

Home goals 1.45 1.23 0.22∗

Away goals 1.05 1.14 -0.09
Goal diff. 0.40 0.09 0.30∗

Total goals 2.50 2.37 0.13

European Competition (UEFA)
Home win (%) 49.3 28.9 20.4∗

Draw (%) 23.9 28.9 -5.1
Away win (%) 26.8 42.1 -15.3∗

Home goals 1.61 1,39 0.22
Away goals 1.10 1.37 -0.27
Goal diff. 0.51 0.03 0.48
Total goals 2.71 2.76 -0.05

Italy
Home win (%) 45.0 36.9 8.1
Draw (%) 29.3 33.0 -3.7
Away win (%) 25.7 30.1 -4.4
Home goals 1.42 1.21 0.21
Away goals 1.05 1.09 -0.03
Goal diff. 0.37 0.13 0.24
Total goals 2.47 2.30 0.17

Serie A & Ligue 1 (Elite)
Home win (%) 45.7 39.6 6.1
Draw (%) 27.8 28.3 -0.5
Away win (%) 26.5 32.1 -5.5
Home goals 1.45 1.21 0.25
Away goals 1.06 1.15 -0.08
Goal diff. 0.39 0.06 0.33
Total goals 2.52 2.36 0.16

Notes.- ***,**,* indicate significant differences in means between matches with fans and without at 0.1%, 1% and 5%
levels, respectively, two-sided t-tests. See Table 1 for Ns. Source.- author calculations using worldfootball.net; accessed
14 March 2020.
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In the top panel of Table 4, we show linear probability model (LPM) estimates of the
disproportionate impact of playing matches behind closed doors on whether the home team wins,
draws or loses, i.e., λ̂ in Equation (1). In column (I), we show results for the pooled sample of
matches, and in columns (II)-(IV) we focus on the UEFA, Italy and Elite sub-samples. For the sake
of brevity throughout the remainder of the paper, for each regression model we do not describe the
coefficient estimates for the ELO rating and linear attendance control variables, instead focusing only
on the marginal effect of a closed doors match.8 In row 1, we display significant negative impacts of
playing without fans on the probability of a home win when only controlling for home-team-season
fixed effects. But when we also control for away-team-season heterogeneity in row 2, the impact of
playing behind closed doors on home advantage is reduced and not statistically significant from zero
at standard levels. Although, the marginal effect is nonetheless large, with an implied decrease in
the probability of a home win of around 0.05 when there are no fans.

In row 3 of Table 4, we identify the impact of playing behind closed doors within specific
match-ups. In this case, home advantage is significantly decreased when fans are not present, with
a reduction in the home win probability in the pooled sample of matches of 0.13 (p-value < 0.01).
However, we prefer the estimates in row 2, because they control for the different strengths of the
teams playing either at home or away, across different seasons. In other words, these estimates are
robust to the possibility that closed doors matches may have tended to involve weak home teams and
strong away teams. This tendency does appear to account for most of the reduced home advantage
in matches played without fans that we described in the sample means in Table 3. In row 4, when we
restrict the estimation samples to home-team-seasons that actually featured a closed doors match,
i.e., just 1,884 matches in the pooled sample, the effect of playing without fans on the final result
remains statistically insignificant.

In the lower panel of Table 4, we estimate the preferred regression model specification as per
row 2 but vary the dependent variable. In rows 5-8, we show that there are generally no significant
effects of playing behind closed doors on goal difference and the numbers of goals scored by the
home team, the away team or in total. This is the case not only for the whole sample but also for
the three sub-samples. The magnitudes of some of the estimated marginal effects are large, such
as the 0.27 reduction in home goals scored both in Italy and at the Elite level in empty stadiums
(p-value < 0.1). But the small number of closed doors matches available to us, coupled with the
general unpredictability of football, means that these estimates struggle to pass standard levels of
statistical significance.

8The coefficient estimates on these control variables are generally small, and not especially interesting, being
consistent with the broader literature. For example, in {row 1, column (I)} of Table 4, the estimated effect of an
additional 1,000 fans in the stadium is to decrease the probability of a home win by 0.003 (p-value < 0.001), because
stronger opponents attract more fans. But this effect goes toward zero and is statistically insignificant when we add
away-team-season fixed effects to the regression model, i.e., {row 2, column (I)} of Table 4.
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TABLE 4: Regression model estimates of the effect of playing matches behind closed doors on final
outcomes, 2002/03-2019/20

All UEFA Italy Elite
(I) (II) (III) (IV)

Match result
1. Home-season FEs -0.141∗∗∗ -0.265∗∗ -0.097∗ -0.148∗

(0.04) (0.08) (0.04) (0.07)
2. + away-season FEs -0.054 -0.058 -0.041 -0.037

(0.04) (0.12) (0.05) (0.06)
3. Match-up FEs -0.131∗∗ -0.121∗ -0.151∗

(0.04) (0.05) (0.07)
4. Reduced sample -0.063 -0.053 0.043

(0.07) (0.06) (0.10)

Goals scored
5. Home -0.203 0.363 -0.265∗ -0.265

(0.11) (0.42) (0.13) (0.14)
6. Away -0.093 -0.088 -0.108 -0.132

(0.10) (0.32) (0.12) (0.19)
7. Goal diff. -0.110 0.451 -0.156 -0.134

(0.15) (0.51) (0.17) (0.21)
8. Total -0.294 0.294 -0.339 -0.397

(0.16) (0.53) (0.19) (0.26)

Notes.- ***,**,* indicate significance from zero at 0.1%, 1% and 5% levels, respectively, two-sided tests,
home-team-season cluster robust standard errors are displayed in parentheses. All regression models should be
interpreted as linear (probability) models, unless stated otherwise (see Equation (1)). All models include as control
variables: home team Elo rating, away team Elo rating and match attendance. 1. {Home,Draw,Away} = {1,0.5,0},
home-team-season fixed effects included only; 2. adds away-team-season fixed effects to 1; 3. home-team-away-team
(match-up or fixture) fixed effects instead; 4. equiv. to 2. but reduced sample (see text); 5. equiv. to 2. but the outcome
is the number of home goals scored; 6. equiv. to 2. but the outcome is the number of away goals scored; 7. equiv. to 2.
but the outcome is the goal difference (home - away); 8. equiv. to 2. but the outcome is the total goals scored (home +
away). Source.- author calculations using worldfootball.net; accessed 14 March 2020.
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4.2 Discipline and foul play

In Table 5 and the middle part of Figure 2, we compare the sample means of the different
punishments that referees can hand out, between matches with fans and without. Column (I) shows
that when spectators were present, referees awarded around 0.4 more yellow cards to players on the
away team than on the home team. This was consistent across all the competitions studied here.
Likewise, the proportions of matches where the away team was awarded at least one red card or
where they gave away at least one penalty were higher than for the home team. These differences
are why previous studies have suggested that referee bias toward the home team may account for
at least some of the home advantage in football (e.g., Dohmen, 2008b; Dohmen and Sauermann,
2016), though it has proven impossible to completely rule out that the nature of play by teams could
also explain these differences in punishments. We find that on average there was no statistically
significant difference between matches with fans and without in the mean number of yellow cards
awarded to home team players. Likewise, playing behind closed doors was not associated with any
significant differences in how likely a given match was to feature a red card or a penalty for either
the home or away teams. But on average, 0.4 fewer cards per match were awarded to the away team
in empty stadiums (p-value < 0.001), effectively cancelling out the mean difference in yellow cards
between teams when fans were present. This pattern is replicated in the three sub-samples, though
not significantly so in the UEFA competitions.

Looking beyond the mean, in Figure 3, we plot the sample distribution of the numbers of
yellow cards awarded to the home and away teams, comparing matches with and without fans.
The distribution for home yellows is similar in both cases, with 30% of matches having the modal
number of two cards. But the modal number of away yellows was reduced to one from two when
matches were played behind closed doors. More matches in empty stadiums had zero away yellows
than when fans were present, and less had two, three, four and five yellows. In other words, there is
a clear shift in the distribution of yellow cards awarded to away teams behind closed doors.
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TABLE 5: Comparison of sample means for discipline between matches with fans and without,
2002/03-2019/20

With fans Closed doors Diff.
(I) (II) (III)

All
Home yellow cards 1.93 1.93 0.01
Away yellow cards 2.28 1.90 0.38∗∗∗

Home red cards > 0 0.11 0.14 -0.03
Away red cards > 0 0.15 0.12 0.04
Home penalties against > 0 0.07 0.07 0.00
Away penalties against > 0 0.11 0.14 -0.03

European Competition (UEFA)
Home yellow cards 1.70 1.50 0.20
Away yellow cards 2.13 1.89 0.24
Home red cards > 0 0.08 0.08 0.00
Away red cards > 0 0.11 0.11 0.01
Home penalties against > 0 0.06 0.08 -0.02
Away penalties against > 0 0.10 0.16 -0.05

Italy
Home yellow cards 2.10 2.16 -0.05
Away yellow cards 2.40 2.00 0.40∗∗

Home red cards > 0 0.13 0.17 -0.05
Away red cards > 0 0.17 0.12 0.04
Home penalties against > 0 0.08 0.07 0.01
Away penalties against > 0 0.11 0.15 -0.04

Serie A & Ligue 1 (Elite)
Home yellow cards 1.86 1.91 -0.47
Away yellow cards 2.21 1.57 0.64∗∗∗

Home red cards > 0 0.10 0.15 -0.05
Away red cards > 0 0.10 0.15 -0.00
Home penalties against > 0 0.07 0.06 0.02
Away penalties against > 0 0.11 0.13 -0.02

Notes.- ***,**,* indicate significant differences in means between matches with fans and without at 0.1%, 1% and 5%
levels, respectively, two-sided t-tests. See Table 1 for Ns. Source.- author calculations using worldfootball.net; accessed
14 March 2020.
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FIGURE 3: Sample distribution of yellow cards awarded over matches: with fans vs without,
2002/03-2019/20

Notes.- All sample matches. Source.- worldfootball.net; accessed 14 March 2020.

4.2.1 Home team regression results

In Table 6, we show regression model estimates for the impact of playing matches behind closed
doors on home team discipline. Rows 1 & 2 focus on yellow cards, with the first row only
controlling for home-team-season heterogeneity, and the second row adding away-team-season fixed
effects to the model. Rows 3 & 4 show LPM estimates for whether or not the home team was
awarded a red card or gave away a penalty, using our preferred specification of the error term in
Equation (1). Finally, row 5 looks at the number of fouls in a match committed by home team using
the sub-samples where this information was available.9 Across all these different regression models
and the UEFA, Italy and Elite sub-samples, we find no evidence that home team punishments were
affected by a match being played behind closed doors, at standard levels of statistical significance.

9The total (closed doors) numbers of matches in the sample for which fouls data were available from
espn.co.uk/football are: All, 13,265 (64); UEFA, 3,461 (31); Elite, 9635 (33).
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TABLE 6: Regression model estimates of the effect of playing matches behind closed doors on
home team discipline, 2002/03-2019/20

All UEFA Italy Elite
(I) (II) (III) (IV)

All yellow cards
1. Home-season FEs -0.017 -0.148 0.054 -0.035

(0.10) (0.31) (0.12) (0.15)
2. + away-season FEs -0.142 -0.084 -0.147 -0.125

(0.11) (0.45) (0.12) (0.16)

Others
3. Red cards > 0 0.010 -0.133 0.046 0.049

(0.03) (0.08) (0.04) (0.06)
4. Penalties against > 0 -0.034 -0.079 -0.028 -0.046

(0.03) (0.09) (0.03) (0.04)
5. Fouls 0.009 0.077 0.225

(0.58) (1.32) (0.74)

Notes.- ***,**,* indicate significance from zero at 0.1%, 1% and 5% levels, respectively, two-sided tests,
home-team-season cluster robust standard errors are displayed in parentheses (described in text). All regression models
should be interpreted as linear (probability) models, unless stated otherwise below (see Equation (1)). All models
include as control variables: home team Elo rating, away team Elo rating and match attendance. 1. number of yellow
cards awarded to the home team, home-team-season fixed effects included only; 2. adds away-team-season fixed effects
to 1; 3. whether the home team was awarded at least one red card, equiv. to 2.; 4. whether at least one penalty was
awarded against the home team, equiv. to 2; 5. number of fouls committed by the home team, equiv. to 2. Source.-
author calculations using worldfootball.net and espn.co.uk/football; accessed 14 March 2020.

4.2.2 Away team regression results

In the first two rows of Table 7, we show estimates equivalent to the same rows in Table 6, changing
the dependent variable to the number of yellow cards awarded to the away team. Controlling for
both home and away team season-level heterogeneity in row 2, our preferred specification, the
disproportionate effect of playing behind closed doors in all sample matches is a decrease of 0.36
yellow cards (p-value < 0.01). This effect is insignificant in the UEFA competitions, but larger
in the Italy and Elite sub-samples, -0.43 (p-value < 0.001) and -0.82 (p-value < 0.001) cards,
respectively. The linear attendance control variable in these regressions, not displayed in the table,
implies that 1,000 fewer spectators decreases the number of away yellow cards awarded by 0.008
(p-value < 0.001; row 2, column (I)). For the median or mean stadium attendances in the samples,
(see Table 1) the closed doors effect by itself, λ̂ , is substantially larger than the cumulative linear
effect, β̂1, of going down to zero spectators from the stadium average. At the Elite level, the linear
attendance effect was statistically insignificant (row 2, column (IV)).10

10We estimated the models in row 2 of Table 7 with the addition of a squared attendance term, finding that this tended
to lead to a small decrease in the estimated effect of playing behind closed doors, i.e., a greater magnitude, but the
adjusted R-squared was not improved; results available on request.
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TABLE 7: Regression model estimates of the effect of playing matches behind closed doors on away
team discipline, 2002/03-2019/20

All UEFA Italy Elite
(I) (II) (III) (IV)

All yellow cards
1. Away-season FEs -0.501∗∗∗ -0.310 -0.544∗∗∗ -0.805∗∗∗

(0.09) (0.24) (0.12) (0.15)
2. + home-season FEs -0.359∗∗ 0.188 -0.428∗∗∗ -0.816∗∗∗

(0.11) (0.46) (0.13) (0.17)
3. Match-up FEs -0.565∗∗∗ -0.573∗∗∗ -0.748∗∗∗

(0.11) (0.13) (0.16)
4. + referee FEs -0.541∗∗∗ -0.349 -0.555∗∗∗ -0.850∗∗∗

(0.10) (0.29) (0.12) (0.15)
5. Poisson -0.168∗∗∗ 0.130 -0.190∗∗∗ -0.426∗∗∗

(0.05) (0.16) (0.06) (0.09)

Others
6. Red cards > 0 -0.033 0.150 -0.078∗ -0.024

(0.02) (0.09) (0.04) (0.06)
7. Straight red cards > 0 0.007 0.080 -0.007 0.005

(0.03) (0.06) (0.03) (0.05)
8. 2nd Yellows > 0 -0.048∗ 0.079 -0.079∗∗ -0.047

(0.02) (0.08) (0.02) (0.04)
9. Penalties against > 0 0.009 -0.017 0.017 0.017

(0.03) (0.11) (0.04) (0.05)
10. Fouls 0.041 0.333 -0.094

(0.82) (1.62) (0.98)
11. Yellows/Fouls -0.020 0.039 -0.043∗∗

(0.02) (0.05) (0.02)
12. Away-Home yellow cards -0.231 0.389 -0.327 -0.691∗∗∗

(0.15) (0.60) (0.18) (0.21)

Notes.- ***,**,* indicate significance from zero at 0.1%, 1% and 5% levels, respectively, two-sided tests,
away-team-season cluster robust standard errors are displayed in parentheses (described in text). All regression models
should be interpreted as linear (probability) models, unless stated otherwise below (see Equation (1)). All models
include as control variables: home team Elo rating, away team Elo rating and match attendance. 1. number of yellow
cards awarded to the away team, away-team-season fixed effects included only; 2. adds home-team-season fixed effects
to 1; 3. home-team-away-team (match-up) fixed effects instead; 4. adds home-team-season fixed effects to 1; 5. Poisson
count model equiv. of 2, estimated coefficients should be interpreted as the difference in expected log yellow cards
between closed doors matches and those with fans; 6. whether the away team was awarded at least one red card, equiv.
to 2; 7. whether the away team was awarded at least one straight red card, equiv. to 2; 8. whether at least one away
team player was awarded a second yellow card, equiv. to 2; 9. whether at least one penalty was awarded against the
away team, equiv. to 2; 10. number of fouls committed by the away team, equiv. to 2; 11. yellow cards per foul, equiv.
to 2; 12. Away minus home yellow cards (all), equiv. to 2. Source.- author calculations using worldfootball.net and
espn.co.uk/football; accessed 14 March 2020.
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In row 3 of Table 7, we show that the effects of playing without fans on away yellow cards
are also large and statistically significant within specific match ups (or fixtures). Likewise, row 4
shows that the effects are marginally higher when we control for the selection of different referees
into closed doors matches. In row 5, we check whether the results are robust to using a non-linear
Poisson regression model, which reflects the count nature of yellow cards within matches. The
displayed coefficients should be interpreted as the log change in the expected number of away yellow
cards. The Poisson model effects are statistically significant, except in the UEFA competitions, and
translate into similar magnitudes of effects as in the linear model of row 2: e.g., exp(−0.168) =
0.845 and the mean number of away yellow cards is 2.3, implying a marginal effect of approximately
0.35 fewer cards per match; row 5, column (I).

In rows 6-12 of Table 7, we show estimates from our preferred specification of Equation (1),
varying the dependent variable with other measures of discipline or punishment against the away
team. In Italy, row 6, the probability of seeing a red card awarded to the away team without fans
is reduced by 0.08 (p-value < 0.05), but this effect is not significant overall or in the UEFA and
Elite sub-samples. The Italian effect is not driven by the awarding of straight red cards (row 7), but
instead by the decreased likelihood of a second yellow card without fans (row 8). Row 9 shows that
at least one penalty kick awarded against the away team is no more or less likely with than without
fans. Likewise, the number of fouls committed by the away team is not significantly different when
a match is played behind closed doors, conditional on general attendance effects and the identities of
the teams involved. Row 11 tests whether the number of yellows cards per foul committed decreases
in an empty stadium. This is the case at the Elite level, by 0.04 cards per foul (p-value < 0.01).
This suggests that the punishment handed out by the referee per foul by the away team is less severe
behind closed doors. Finally, row 12 looks to test more directly the referee bias in punishments
within a match, by looking at the effect of there being fans or not on the difference between the
numbers of yellow cards awarded to the away and home teams. This difference is reduced without
fans across all matches and in Italy, but not significantly. In the small sample of UEFA closed
doors matches, the referee bias in yellow cards increases, but also not significantly. At the Elite
level, playing a match behind closed doors leads to a 0.69 (p-value < 0.001) reduction of the normal
referee bias toward more yellow cards for the away team. We use the term ‘referee bias’ bias in
describing these estimates only suggestively, as we have not yet addressed the possibility that the
effects are driven by changes in player behaviour.

The results in this section, and their suggestion of how referee bias interacts with a football
crowd, do not dovetail perfectly with what PLP found in just twenty-one matches in empty Italian
stadiums in 2006/07. PLP found significantly fewer yellow cards awarded to both the home and
the away teams without fans, with the difference between them narrowing, as well as significantly
fewer fouls awarded against the away team. By increasing the sample of closed doors matches here,
generalising to other competitions outside of Italy, and controlling for the selection of team attributes
into these matches, we find that only the negative impact of playing without fans on the number of
yellow cards awarded to the away team is convincingly robust.
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4.3 Injury time

For a smaller sample of matches, we have information on the amount of injury time awarded by
referees. In Table 8 and Figure 4, we compare the sample means for these decisions with and without
fans.11 Injury time in football is at the discretion of the referee, and should reflect how disrupted the
play was by stoppages during a half. One rule that referees are supposed to apply is the addition of
thirty seconds for each player substitution, which mostly take place in the second half. In column
(I) of Table 8, we show that on average, with fans in the stadium, over two minutes more injury time
was awarded at the end of the second half compared with the first half.

Several studies have pointed toward injury time as a way in which referee bias relates to home
advantage in football (e.g., Sutter and Kocher, 2004; Garicano et al., 2005; Dohmen, 2008b; Scoppa,
2008). Specifically, if a referee is affected by social pressure form the home crowd, then we might
expect him/her to award more injury time when the home team is losing at the end of 90 minutes,
allowing a greater chance for them to catch up, and vice versa if the home team is winning. We
would also expect these effects to disappear if the absolute goal difference between the home and
away team at the end of regular time is large enough that the final result is effectively already decided,
normally two goals or more, because then there will be less pressure from the home crowd, many of
whom may already be on their way to the car park.

In Table 8, we show the average amount of injury time awarded in the second half of matches
depending on the goal difference at 90 minutes. More time was generally awarded when a match
was close, and more so when the away team was leading by a single goal. This was the case in both
the UEFA and Elite competitions, and is consistent with what the previous literature has found about
the effects of social pressure on referee bias. In columns (II) & (III) of Table 8, we show that the
amount of injury time awarded in both the first and second half was on average significantly less,
by 0.3-0.4 minutes (p-value < 0.05), in the pooled sample of closed doors matches. But there is
no evidence that this decrease was associated with whatever the match scoreline was at 90 minutes.
Because of the small sample size, we don’t carry out any regression analysis of injury time and
how it depended on match situations. But this could be an area of interest for future research as
the number of closed doors matches increases during the Covid-19 outbreak. Not least, one way to
definitively test whether referee bias exists in the awarding of injury time, affected by the presence
of fans, would be to look at the impact from the number of substitutions, since these should each
result in an additional 30 seconds regardless of which team made them.

11The total (closed doors) numbers of matches in the sample for which injury time details were available from
espn.co.uk/football are: All, 13,331 (77); UEFA, 3,427 (31); Elite, 9904 (46).
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TABLE 8: Comparison of sample means of injury time (mins) between matches with fans and
without, 2002/03-2019/20

With fans Closed doors Diff.
(I) (II) (III)

All
1st half 1.93 1.58 0.34∗

2nd half 4.10 3.69 0.41∗

2nd half: away >1 up at 90 mins 3.68 2.83 0.85
2nd half: away 1 up at 90 mins 4.44 4.00 0.44
2nd half: even at 90 mins 4.28 3.60 0.68
2nd half: home 1 up at 90 mins 4.26 3.82 0.44
2nd half: home >1 up at 90 mins 3.53 4.10 -0.57

European Competition (UEFA)
1st half 1.47 1.23 0.24
2nd half 3.11 2.55 0.57
2nd half: away >1 up at 90 mins 3.08 1.6 1.48
2nd half: away 1 up at 90 mins 3.34 3.10 0.24
2nd half: even at 90 mins 3.12 2.60 0.52
2nd half: home 1 at 90 mins 3.15 2.20 0.95
2nd half: home >1 up at 90 mins 2.93 3.00 -0.07

Serie A & Ligue 1 (Elite)
1st half 2.09 1.83 0.26
2nd half 4.43 4.46 -0.02
2nd half: away >1 up at 90 mins 3.92 3.71 0.21
2nd half: away 1 up at 90 mins 4.83 5.13 -0.30
2nd half: even at 90 mins 4.64 4.60 0.04
2nd half: home 1 at 90 mins 4.64 4.50 0.14
2nd half: home >1 up at 90 mins 3.76 4.22 -0.46

Notes.- ***,**,* indicate significant differences in means between matches with fans and without at 0.1%, 1% and 5%
levels, respectively, two-sided t-tests. See Table 1 for Ns. Source.- author calculations using worldfootball.net and
espn.co.uk/football; accessed 14 March 2020.
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FIGURE 4: Differences in sample means of injury time awarded, depending on the match situation
at 90 mins: closed doors vs with fans, 2002/03-2019/20

Notes.- “2nd half g. diff = -1" refers to matches where at 90 minutes the away team was leading by one goal, etc. Uses
all matches in the UEFA Champions League, Europa League, Italian Serie A, and French Ligue 1 since the beginning
of the 2002/03 season. See Figure 1 and Tables 1-2 for further sample description. 95% confidence intervals displayed.
Source.- author calculations using worldfootball.net and espn.co.uk/football; accessed 14 March 2020.

4.4 Player performances

The results above suggest that the presence or not of fans in stadiums probably affects home
advantage in football through the decision making of the referee. But it is possible that changes
in the nature of match play also have a role and, for example, could account for the reduced number
of yellow cards awarded to away team players. To explore this further, we look at several metrics
of player performance within matches. In Table 9 and the final seven statistics in Figure 2, we
compare the sample means of these metrics between matches with and without fans.12 The average
amount of ball possession in closed doors matches was 50.0%, an insignificant reduction of 1.1
percentage compared with when fans were allowed into stadiums. Whether a penalty kick leads
directly to a goal is an outcome which ought to be almost entirely independent of the referee, apart
from the rare cases where the referee deems a kick must be retaken for some infringement. In
matches behind closed doors, fewer (more) penalty kicks were missed (saved) by away team players
and more (fewer) were missed (saved) by home team players. Though these difference were not
statistically significant, owing to the small sample sizes, they are consistent with home support
motivating and improving home team player performances but distracting and worsening away team

12The information on penalty kicks is available for all sample matches, but the other metrics are only available for the
same smaller samples in which fouls were studied in Section 4.2.
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player performances. These events could be looked at more closely in future research, not least
because past studies have found evidence of athletes choking under the pressure of home support
and the size of the crowd (e.g., Dohmen, 2008a in football, Böheim et al., 2019 in basketball and
Harb-Wu and Krumer, 2019 in biathlon).

In Table 9, we also show that the percentages of shots on target, i.e., shots that would have
always led to a goal without being blocked, were greater in closed doors matches than with fans,
though not significantly so. But the percentage of shots on target which were saved was significantly
higher in closed doors matches, by 10 and 12 percentage points (p-value < 0.05) for home and away
team goalkeepers, respectively. This pattern was prevalent in both the UEFA and Elite competitions.
One potential explanation would be that goalkeepers were less distracted by crowd noise without
fans and their performances improved. Another explanation would be that shots were easier to save
behind closed doors, perhaps because the ball contrasted more with the background of empty seats
or players were shooting further away from the goal, although the the percentage of shots on target
was not significantly different without fans.

TABLE 9: Comparison of player performance sample means between matches with fans and
without, 2002/03-2019/20

With fans Closed doors Diff.
(I) (II) (III)

All
Home possession (%) 51.1 50.0 1.1
Home penalties missed (%) 21.2 27.3 -6.1
Away penalties missed (%) 20.4 9.1 11.4
Home shots on target (SOT) (%) 35.0 36.0 -1.0
Away shots on target (SOT) (%) 34.3 37.2 -2.9
Home SOT saved (%) 73.8 83.7 -9.9∗

Away SOT saved (%) 72.4 84.9 -12.5∗∗

European Competition (UEFA)
Home possession (%) 51.4 48.4 3.0
Home shots on target (SOT) (%) 37.5 41.6 -4.1
Away shots on target (SOT) (%) 37.1 45.5 -8.4∗

Home SOT saved (%) 85.6 91.4 -5.7
Away SOT saved (%) 85.8 97.1 -11.2

Serie A & Ligue 1 (Elite)
Home possession (%) 51.0 51.5 -0.5
Home shots on target (SOT) (%) 34.1 30.7 3.4
Away shots on target (SOT) (%) 33.3 29.4 3.9
Home SOT saved (%) 69.7 76.1 -6.4
Away SOT saved (%) 67.7 73.4 -5.7

Notes.- ***,**,* indicate significant differences in means between matches with fans and without at 0.1%, 1% and 5%
levels, respectively, two-sided t-tests. See Table 1 for Ns. Source.- author calculations using worldfootball.net and
espn.co.uk/football; accessed 14 March 2020.
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In Table 10, we show regression model estimates of the impact of playing behind closed doors
on five different football performance metrics, using the preferred specification of Equation (1):
the percentages of shots on target by home and away players; the percentages of those shots that
were saved by home and away goalkeepers; and the home ball possession percentage. Conditional
on the strengths and form of both teams taking part, playing without fans tends to increase home
possession, decrease the percentage of shots on target and increase the percentage of shots on target
that are saved. But these effects are generally not significant. Tentatively, because this particular
analysis is lacking statistical power due to the small number of closed doors matches with the
required information, the results suggest that major changes in match play are unlikely to account for
less home advantage and referee bias against the away team in an empty stadium. This is consistent
with what PLP found in their smaller sample of Italian matches.

TABLE 10: Regression model estimates of the effect of playing matches behind closed doors on
player performances, 2002/03-2019/20

All UEFA Elite
(I) (II) (III)

Home team
1. Possession (%) 1.87 1.46 1.99

(0.98) (2.44) (1.11)
2. Shots on target (SOT) (%) -0.94 3.67 -2.86

(2.40) (5.39) (2.99)
3. SOT saved (%) 0.97 2.79 2.08

(4.76) (16.43) (4.72)

Away team
4. Shots on target (SOT) (%) -2.98 0.33 -7.73∗

(2.77) (6.64) (3.09)
5. SOT saved (%) 6.61 6.11 7.87

(4.39) (14.73) (4.64)

Notes.- ***,**,* indicate significance from zero at 0.1%, 1% and 5% levels, respectively, two-sided tests,
home/away-team-season cluster robust standard errors are displayed in parentheses (described in text). All models
include as control variables: home team Elo rating, away team Elo rating, match attendance, home-team-season fixed
effects and away-team-season fixed effects (see Equation (1)). Source.- author calculations using worldfootball.net and
espn.co.uk/football; accessed 14 March 2020.

5 What has happened to home advantage since Covid-19?

The first major European football league to return after Covid-19 had shut down the sporting calendar
was the German Bundesliga on 16th May 2020, over two months after the last match was played. All
matches in Germany since then have taken place behind closed doors. While we could replicate the
above analysis for these matches, we are reluctant to do so, as it is not as clear as in the pre-Covid-19
data that the presence of fans is the only thing that has changed. Temporary new rules on the number
and timing of substitutions in matches have been introduced, which could affect tactics and play.
Further, it is plausible that the presence of the virus has altered the competitiveness of matches, with
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players avoiding close contact and referees becoming more protective, resulting in either more or less
fouls and punishments. We believe that studying these issues is better suited to future research, when
more professional leagues have returned to action and more matches have been played, exploiting
variation between countries and over time in the new rule changes. Further, in some leagues that
have returned to action, rather than being behind closed doors, limited numbers of socially distanced
fans are being allowed into stadiums, such as in Hungary and the Czech Republic.13 In addition,
home teams throughout Europe have come up with initiatives to replace some of the atmosphere that
is lost when the fans are absent.14

Followers of German football have taken to calling the new format of the Bundesliga
“geisterspiele” or “ghost games”. It has been widely noted that home advantage has not only
disappeared but even reversed in these ghost games, with a statistically implausible sequence of
results compared with normal times.15 Between the return from the league’s shutdown and 14th June
2020, home teams in the Bundesliga, had won just 20% of the matches played (11 of 55, compared
with 43% in the same season before March. Away teams, however, had won 51% (28 of 55) of the
post-shutdown matches, compared with 35% in the season beforehand. Similar patterns have been
observed in other leagues that have returned and played a reasonable number of matches behind
closed doors, such as in Estonia and the Czech Republic. Commenting on this, one Bundesliga team
manager stated that he was not surprised as: “Without Spectators, it comes down more to the quality
of players.”16 Referees and players in Germany have also described the effects of there being no
fans, with at least one example of the former describing a lack of emotion in games and the latter
claiming that motivation had decreased.17

To put this apparent recent reduction in home advantage in European professional football into
perspective, and to generalise beyond the German Bundesliga, we collected the result outcomes
since 2016 of all football played in top professional leagues, including those that have returned early
after the Covid-19 suspension. On the right panel of Figure 5, we show the monthly averages in
the proportions of matches ending in a home win, draw and away win. Home advantage throughout
these leagues completely disappeared in May 2020, with an identical number of matches being won
by the home team as the away team. In June, the pattern has changed slightly, with more home wins,
but the relatively high level of away wins has not abated. To put these recent trends into context, the
left-hand panel of Figure 5 plots the proportion of matches ending in home wins, draws and away
wins on an annual basis back to 1890. This shows the persistent and substantial decline in home
advantage over the decades, but even in 2020 taken as a whole, 44% of matches have ended in home
wins, rather than the 36.5% recorded in May 2020. These patterns deserve further attention going

13In Hungary, from June 2020 only one seat in every four can be occupied within stadiums; CNN, 31st May 2020,
https://edition.cnn.com/2020/05/31/football/hungary-football-fans-return-spt-intl/index.html.

14For example, a team in Denmark has introduced a virtual grandstand so that fans can feel present at home games;
BBC Sport, 28th May 2020, https://www.bbc.co.uk/sport/football/52843806.

15See for example ESPN, 9th June 2020; https://www.espn.co.uk/football/german-bundesliga/story/4107639/.
16Bayer Leverkusen manager Peter Bosz, reported on the team’s official website, 25th May, 2020.
17See for example ESPN, 9th June 2020; https://www.espn.co.uk/football/german-bundesliga/story/4107639/.
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forward, to discern whether it is the lack of social pressure from spectators that is causing these
unusual outcomes, and, if so, what the mechanisms are, or whether other factors are at play.

FIGURE 5: Professional football result outcomes since 1890 (left panel), and between January 2016
to June 2020 (right panel)

Notes.- “H” refers to home wins, “D” refers to draws and “A” refers to away wins. Uses all matches in the top leagues
of 108 countries or regions since 1890, 82 countries since January 2016, and 29 in May and June 2020. Source.- author
calculations using worldfootball.net; accessed 16 June 2020.

6 Concluding remarks

In this paper, we investigated the impact of social pressure on the outcomes of historical European
football matches. We exploited the rare instances when professional and competitive matches were
played behind closed doors, treating these as natural experiments, where the only factor varied was
the presence or not of the fans in the stadium. We found that the substantial and commonly observed
home advantage in football was disproportionately eroded when fans were absent, although not
completely once we controlled for the selection of different teams into these relatively rare events.
The standout effect of playing behind closed doors was the decreased severity of punishments for
the away team, mainly through the reduced number of yellow cards awarded for foul play. This
suggests that the referee is normally affected by the social pressure of a predominantly home team
supporting crowd, thus punishing the away team players more severely. These results contribute to
a wide literature that has also found evidence that home advantage in professional sports can be in
part attributed to the unconscious bias of those officiating (e.g., Dohmen and Sauermann, 2016).
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The results in this paper could have implications for the competitive balance of sports leagues
and demand. Home advantage ensures that a weak team playing in its own stadium often has a good
chance of beating a strong team (Forrest et al., 2005). If this effect is greater for weaker teams,
then without it strong teams would win more often and the competitive balance of leagues would be
reduced. The evidence on the interaction between home advantage and team quality is limited. Bray
et al. (2003) found in English football that home advantage in terms of wins was slightly greater for
stronger teams, but weaker teams appeared to have a relatively greater advantage in earning draws at
home. Rottenberg’s 1956 “Uncertainty of Outcome Hypothesis”, whereby sports demand increases
the less certain is the outcome, has been shown to apply to football fans watching on television (e.g.,
Buraimo and Simmons, 2009; Cox, 2018; Schreyer et al., 2018a,b). This suggests that TV audience
demand for league football could be affected if matches remain behind closed doors. Reduced
home advantage should increase the attractiveness of matches featuring a strong home team and a
weak away team, and vice versa when those relative strengths are reversed. In addition, there could
be a second magnifying effect on demand, as changes in home advantage which are not equally
distributed over team strengths would tend toward making the overall league championships more
or less competitive, affecting the interest of fans. We should also be cautious in assuming that the
reduction in home advantage observed in one-off historical matches behind closed doors transfers
to the present situation in professional sport, where empty stadiums are becoming the norm. One
potential explanation for home advantage is a team’s familiarity with its surroundings. For example,
there is evidence that sports teams who move to new stadiums only temporarily experience reduced
home advantage (e.g., Pollard, 2002; Wilkinson and Pollard, 2006). Although our results suggest
that the closed doors effect acts through the referees and their bias, this may diminish or alter if
they and the other participants become accustomed to playing without spectators. More research
is needed to unpick these issues, especially on whether the closed doors effect is greater for some
teams than others.

From a behavioural perspective, ideally we would have isolated the actions of the different
agents in a football match, i.e., the players, officials and managers, to identify more precisely the
mechanisms through which outcomes are affected by playing behind closed doors. In the historical
data considered here, this was not practical, as the small sample of matches without fans did not
afford much statistical power. This is something that future research could look to address in the
coming months, as European football continues alongside Covid-19 in empty stadiums.
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